





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































11.6.4 Calculate Immediate Effective Address Mode (ciea) (Continued)

ﬁ Address Mode | Head l Tail ] I-Cache Case ]No-Cache Case I

FULL FORMAT EXTENSION WORD(S) (CONTINUED)

#(data).L,([d16,An],Xn,d32) or (Id16,PCLXn.d32) 6 0 16 (1/0/0) 17 (1/3/0)
% #(data).W,(B) 8+ op head 0 8 (0/0/0) 8 (0/1/0)
% #(data).L,(B) . 10+ op head 0 10 (0/0/0) 10 (0/2/0)

#(data).W,(d1¢,B) 6 0 10 (0/0/0) 11 (0/2/0)

#(data).L,(d16.B) 8 0 12 (0/0/0) 13 (0/2/0)

#(data).W,(d32,8) 6 0 14 (0/0/0) 15 (0/2/0)

#(data).L,(d32,B) 8 0 16 (0/0/0) 17 (0/3/0)

#(data).W,([B]) 6 0 12 (1/0/0) 12 (1/1/0)

#(data).L,([B]) 8 0 14 (1/0/0) 14 (1/2/0)

#(data).W,([B],I) 6 0 12 (1/0/0) 12 (1/1/0)

#(data).L,([B],I) 8 0 14 (1/0/0) 14 (1/2/0)

#(data).W,([B],d1g) 6 0 14 (1/0/0) 15 (1/2/0)

#(data).L,([B],d1§_) 8 0 16 (1/0/0) 17 (1/2/0)

#(data).W,([B],l.d16) 6 0 14 (1/0/0) 15 (1/2/0)

#(data).L,([B],l.d16) 8 0 16 (2/0/0) 17 (1/2/0)

#(data).W,([B],d32) 6 0 14 (1/0/0) 15 (1/2/0)

#(data).L,([B],d32) 8 0 16 (1/0/0) 17 (1/3/0)

#(data).W,([B].l.d32) 6 0 14 (1/0/0) 15 (1/2/0)

#(data).L,([B],),d32) 8 0 16 (1/0/0) 17 (1/3/0)

#(data).W,([d16,B]) 6 0 14 (1/0/0) 15 (1/2/0)

#(data).L,([d16,B]) 8 0 16 (1/0/0) 17 (1/2/0)

#(data).W,([d16.B.1) 6 0 14 (1/0/0) 15 (1/2/0)

#(data).L,([d16,B].!) 8 0 16 (1/0/0) 17 (1/2/0)

#(data).W,{[d16,B].d1g) 6 0 16 (1/0/0) 18 (1/2/0)

#(data).L{[d1¢,Bl.d1g) 8 0 18 (1/0/0) 20 (1/3/0)

#(data).W, ([d16,B11.d16) 6 0 16 (1/0/0) 18 (1/2/0)

#(data).L,([d1g,B].1.d1g) 8 0 18 (1/0/0) 20 (1/3/0)

#(data).W,([d16,B],d32) 6 0 16 (1/0/0) 18 (1/3/0)

#(data).L ([d16,B1.d3) 8 0 18 (1/0/0) 20 (1/3/0)

#(data).W,([d16,B].1,d32) 6 0 16 (1/0/0) 18 (1/3/0)

#(data).L,([d1,Bl...d3) 8 0 18 (1/0/0) 20 (1/3/0)

#(data).W,([d32.B]) 6 0 18 (1/0/0) 19 (1/2/0)

#(data).L,([d32,B]) 8 0 20 (1/0/0) 21 (1/3/0)

#(data).W,([d32,Bl.1) 6 0 18 (1/0/0) 19 (1/2/0)

#(data).L,([d32,B].!) 8 0 20 (1/0/0) 21 (1/3/0)

#(data).W.([d30,B].d16) 6 0 20 (1/0/0) 22 (1/3/0)

#(data).L,{[d3,B],d1) 8 0 22 (1/0/0) 24 (1/3/0)

#(data).W,{[d30,B].l.d1¢) 6 0 20 (1/0/0) 22 (1/3/0)

#(data).L,([d30,B],),d1¢g) 8 0 22 (1/0/0) 24 (1/3/0)

#(data).W,([d32,B],d32) 6 0 20 (1/0/0) 22 (1/3/0)

#(data).L,([d32,B],d32) 8 0 22 (1/0/0) 24 (1/4/0)

#(data).W,{[d32,B],1,d32) 6 0 20 (1/0/0) 22 (1/3/0)

#(data).L,([d30,B],1,d32) 8 0 22 (1/0/0) 24 (1/4/0)

B= Base address; 0, An, PC, Xn, An+Xn, PC+Xn. Form does not affect timing.
= Index; 0, Xn
%= Total Head for Address Timing includes the Head Time for the Operation.

NOTE: Xn cannot be in B and | at the same time. Scaling and size of Xn does not affect timing.
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11.6.5 Jump Effective Address Mode

The jump effective address table indicates the number of clock periods needed for the
processor to calculate the specified effective address for the JMP or JSR instructions. Fetch
time is only included for the first level of indirection on memory indirect addressing modes.
The effective addresses are divided by their formats (refer to 2.5 Effective Address Encoding
Summary). For instruction-cache case and for no-cache case, the total number of clock
cycles is outside the parentheses. The number of read, prefetch, and write cycles are given
inside the parentheses as (r/p/w). The read, prefetch, and write cycles are included in the
total clock cycle number.

All timing data assumes two clock reads and writes.

l Address Mode ] Head | Tail ] I-Cache Case | No-Cache Case |
SINGLE EFFECTIVE ADDRESS INSTRUCTION FORMAT
%  (An) 2+op head 0 2 (0/0/0) 2 (0/0/0)
% (d16,An) 4+op head 0 4 (0/0/0) 4 (0/0/0)
% (xxx).W 2 +op head 0 2 (0/0/0) 2 (0/0/0)
% (xxx).L 2+op head 0 2 (0/0/0) 2 (0/0/0)
BRIEF FORMAT EXTENSION WORD
[[% " (dg,An.Xn) or (dg,PC,Xn) [ 6+0p head | o [  ew0o0 | 6(0/0/0) |
FULL FORMAT EXTENSION WORD(S)
(d16.An) or (d16,PC) 2 0 6 (0/0/0) 6 (0/0/0)
% __ (d1.An,Xn) or (d16,PC,Xn) 6+op head 0 6 (0/0/0) 6 (0/0/0)
([d16,An)) or ([d16,PC]) 2 0 10 (1/0/0) 10 (1/1/0)
([d16.An],Xn) or ([d16,PC].Xn) 2 0 10 (1/0/0) 10 (1/1/0)
([d16,An],d16) or {[d16,PCl.d16) 2 0 12 (1/0/0) 12 (1/1/0)
([d16.An].Xn,d1g) or ([d16,PC].Xn,d16) 2 0 12 (1/0/0) 12 (1/1/0)
([d16.Anl.d32) or ([d16,PCl.d32) 2 0 12 (1/0/0) 12 (1/1/0)
([d16.An],Xn,d32) or ([d16,PCl.Xn,d32) 2 0 12 (1/0/0) 12 (1/1/0)
%  (B) 6+op head 0 6 (0/0/0) 6 (0/0/0)
(d16.B) 4 0 8 (0/0/0) 9 (0/1/0)
(d32.B) 4 0 12 (0/0/0) 13 (0/1/0)
([B)) 4 0 10 (1/0/0) 10 (1/1/0)
([B].1) 4 0 10 (1/0/0) 10 (1/1/0)
([Bl.d1¢) 4 0 12 (1/0/0) 12 (1/1/0)
1 1 ([B),).d16) 4 0 12 (1/0/0) 12 (1/1/0)
([B],d32) 4 0 12 (1/0/0) 12 (1/1/0)
([B),d32) 4 0 12 (1/0/0) 12 (1/1/0)
([B],1,d32) 4 0 12 (1/0/0) 12 (1/1/0)
([d16.B]) 4 0 12 (1/0/0) 13 (1/1/0)
([d16.BL1) 4 0 12 (1/0/0) 13 (1/1/0)
(Id16,Bl.d16) 4 0 14 (1/0/0) 15 (1/1/0)
([d16.B,1.d16) 4 0 14 (1/0/0) 15 (1/1/0)
([d16,Bl.d32) 4 0 14 (1/0/0) 15 (1/1/0)
([d16,B1.,d32) 4 0 14 (1/0/0) 15 (1/1/0)
([d32,B]) 4 0 16 (1/0/0) 17 (1/2/0)
([d32,B],1) 4 0 16 (1/0/0) 17 (1/2/0)
([d32,Bl,d1g) 4 0 18 (1/0/0) 19 (1/2/0)
([d32.B.1.d16) 4 0 18 (1/0/0) 19 (1/2/0)
([d32,B).d32) 4 0 18 (1/0/0) 19 (1/2/0)
(Id32.B],l.d32) 4 0 18 (1/0/0) 19 (1/2/0)
B= Base address; 0, An, PC, Xn, An+ Xn, PC+ Xn. Form does not affect timing.
I="Index; 0, Xn

%= Total Head for Effective Address Timing includes the Head Time for the Operation.
NOTE: Xn cannot be in B and | at the same time. Scaling and size of Xn does not affect timing.
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11.6.6 MOVE Instruction

The MOVE instruction timing table indicates the number of clock periods needed for the
processor to calculate the destination effective address and perform the MOVE or MOVEA
instruction, including the first level of indirection on memory indirect addressing modes.
The fetch effective address table is needed on most MOVE operations (source, destination
dependent). The destination effective addresses are divided by their formats (refer to 2.5
Effective Address Encoding Summary). For instruction cache case and for no-cache case,
the total number of clock cycles is outside the parentheses. The number of read, prefetch,
and write cycles are given inside the parentheses as (r/p/w). The read, prefetch, and write
cycles are included in the total clock cycle number.

All timing data assumes two clock reads and writes.

L MOVE Source,Destination I Head I Tail I I-Cache Case |No-Cache Case '
SINGLE EFFECTIVE ADDRESS INSTRUCTION FORMAT
MOVE Rn, Dn 2 0 2 (0/0/0) 2 (0/1/0)
MOVE Rn, An 2 0 2 (0/0/0) 2 (0/1/0)
* MOVE EA An 0 0 2 (0/0/0) 2 (0/1/0)
* MOVE EA,Dn 0 0 2 (0/0/0) 2 (0/1/0)
MOVE Rn,(An) 0 1 3 (0/0/1) 4 (011)
* MOVE SOURCE, (An) 2 0 4 (0/0/1) 5 (0/1/1)
MOVE Rn,(An) + 0 1 3 (0/0/1) 4(0/1/1)
* MOVE SOURCE, (An)+ 2 0 4 (0/0/1) 5 (0/1/1)
MOVE Rn,—(An) 0 2 4 (0/0/1) 4 (0/1/1)
* MOVE SOURCE, —(An) 2 0 4 (0/0/1) 5 (0/1/1)
* MOVE EA, (dqg,An) 2 0 4 (0/0/1) 5 (0/1/1)
* MOVE EAXXX.W 2 0 4 (0/0/1) 5 (0/1/1)
* MOVE EA XXX.L 0 0 6 (0/0/1) 7 (0/2/1)
BRIEF FORMAT EXTENSION WORD
* MOVE EA, (dg,An,Xn) 4 0 | 6 (0/0/1) [ 7 (0/1/1) |
FULL FORMAT EXTENSION WORD(S)
* MOVE EA, (d16.An) or (d16,PC) 2 0 8 (0/0/1) 9 (0/2/1)
* MOVE EA, (d16,An,Xn) or (d16.PC,Xn) 2 0 8 (0/0/1) 9 (0/2/1)
* MOVE EA, ([d16.An],Xn) or ([d16.PC].Xn) 2 0 10 (1/0/1) 11 (1/2/1)
*  MOVE EA,([d1g.An].d1g) or ([d16,PCl.d1g) 2 0 12 (1/0/1) 14 (1/1211)
* MOVE EA,([d16,An],Xn,d1g) or ([d16.PC].Xn.d16) 2 0 12 (1/0/1) 14 (1/2/1)
* MOVE EA,([d16,An],d32) or ([d16,PC].d32) 2 0 14 (1/0/1) 16 (1/3/1)
* MOVE EA.([d16.An].Xn,d39) or {[d16.PC].Xn.d32) 2 0 14 (1/0/1) 16 (1/3/1)
* MOVE EA,(B) 4 0 8 (0/0/1) 9 (01/1)
* MOVE EA,(d1g,B) 4 0 10 (0/0/1) 12 (0/2/1)
* MOVE EA,(d32,B) 4 0 14 (0/0/1) 16 (0/2/1)
* MOVE EA,([B]) 4 0 10 (1/0/1) 11 (1/1/1)
* MOVE EA,([B],) 4 0 10 (1/0/1) 11 (1/1/1)
* MOVE EA,([B].d1¢) 4 0 12 (1/011) 14 (1/2/1)
* MOVE EA,([B].l.d16) 4 0 12 (1/0/1) 14 (1/2/1)
* MOVE EA,([B],d32) 4 0 14 (1/0/1) 16 (1/21)
* MOVE EA,([B].l,d32) 4 0 14 (1/0/1) 16 (1/2/1)
* MOVE EA,([d16.B]) 4 0 12 (1/0/1) 14 (1/211)
* MOVE EA,([d16.B).1) 4 0 12 (1/0/1) 14 (1/2/1)
* MOVE EA,(Id16,B].d16) 4 0 14 (1/011) 17 (1/2/1)
*  MOVE EA,([d16,Bl),d1g) 4 0 14 (1/0/1) 17 (1/211)
*  MOVE EA,([d16.Bl.d3p) 4 0 16 (1/0/1) 19 (1/31)

|
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11.6.6 MOVE Instruction (Continued)
[ MOVE Source,Destination I Head Tail | I-Cache Case I No-Cache Case I
FULL FORMAT EXTENSION WORD(S) (CONTINUED)

* MOVE EA.([d16.Bl.l.d32) 4 0 16 (1/0/1) 19 (1/3/1)

* MOVE EA,([d32.B]) 4 0 16 {1/0/1) 18 (1/2/1)

* MOVE EA,([d32.B].1) 4 0 16 (1/0/1) 18 (1/2/1)

* MOVE EA,([d32,B].d1g) 4 0 18 (1/0/1) 21 (1/3/1)

* MOVE EA,([d32,B].l.d16) 4 0 18 (1/0/1) 21 (1/3/1)

* MOVE EA,(Id32,B],d33) 4 0 20 (1/0/1) 23 (1/3/1)

* MOVE EA.,([d32,B].l.d32) 4 0 20 (1/0/1) 23 (1/3/1)
* Add Fetch Effective Address Time SOURCE Is Memory or Immediate Data Address Mode
Rn Is a Data or Address Register EA Is any Effective Address

11.6.7 Special Purpose MOVE Instruction

The special purpose MOVE timing table indicates the number of clock periods needed for
the processor to fetch, calculate, and perform the special purpose MOVE operation on the
control registers or specified effective address. Footnotes indicate when to account for the
appropriate effective address times. The total number of clock cycles is outside the paren-
theses. The number of read, prefetch, and write cycles are given inside the parentheses
as (r/p/w). The read, prefetch, and write cycles are included in the total clock cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail I-Cache Case | No-Cache Case
EXG Ry,Rx 4 0 4 (0/0/0) 4 (0/1/0)
MOVEC Cr,Rn 6 0 6 (0/0/0) 6 (0/1/0)
MOVEC Rn,Cr—-A 6 0 6 (0/0/0) 6 (0/1/0)
MOVEC Rn,Cr-B 4 0 12 (0/0/0) 12 (0/1/0)
MOVE CCR,Dn 2 0 4 (0/0/0) 4 (0/1/0)

* MOVE CCR,Mem 2 0 4 (0/0/1) 5 (0/1/1)
MOVE Dn,CCR 4 0 4 (0/0/0) 4 (0/1/0)

* MOVE EA,CCR 0 0 4 (0/0/0) 4 (0/1/0)
MOVE SR,Dn 2 0 4 (0/0/0) 4 (0/1/0)

* MOVE SR,Mem 2 0 4 (0/0/1) 5 (0/1/1)

n # MOVE EA,SR 0 0 8 (0/0/0) 10 (0/2/0)

% + MOVEM EA,RL 2 0 8+4n (n/0/0) 8+4n (n/1/0)

% + MOVEM RL,EA 2 0 4+ 2n (0/0/n) 4+2n (0/1/n)
MOVEP.W Dn,(d16.An) 4 0 10 (0/0/2) 10 (0/1/2)
MOVEP.W (d16.An),Dn 2 0 10 (2/0/0) 10 (2/1/0)
MOVEP.L Dn,(d16,An) 4 0 14 (0/0/4) 14 (0/1/4)
MOVEP.L (d16,An),Dn 2 0 14 (4/0/0) 14 (4/1/0)

% MOVES EA,Rn 3 0 7 (1/0/0) 7 (1/1/0)

% MOVES Rn,EA 2 1 5 (0/0/1) 6 (0/1/1)
MOVE USP,An 4 0 4 (0/0/0) 4 (0/1/0)
MOVE An,USP 4 0 4 (0/0/0) 4 (0/1/0)
SWAP Dn 4 0 4 (0/0/0) 4 (0/1/0)

CR-A Control Registers USP, VBR, CAAR, MSP, and ISP + MOVEM EA,RL — For n Registers (n > 0) and w Wait States
CR-B Control Registers SFC, DFC, and CACR I-Cache Case Timing = w < 2: (8+4n)

n Number of Register to Transfer (n>0) w > 2: (8+4n)+(w-2)n

RL Register List Tail =0 for all Wait States

* Add Calculate Effective Address Time MOVEM RL,EA — For n Registers (n > 0) and w Wait States
# Add Fetch Effective Address Time I-Cache Case Timing = w < 2: (4+2n)+(n—1)w

% Add Calculate Immediate Address Time w>2:(4+2n)+(n-1)w+(w-2)

Tail = w=<2:(n-1w
w > 2: (n)w+(n}w-2)
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11.6.8 Arithmetical/Logical Instructions

The arithmetical/logical operation timing table indicates the number of clock periods needed
for the processor to perform the specified arithmetical/logical instruction using the specified
addressing mode. Footnotes indicate when to account for the appropriate fetch effective
address or fetch immediate effective address times. For instruction cache case and for no-
cache case, the total number of clock cycles is outside the parentheses.The number of
read, prefetch, and write cycles are given inside the parentheses as (r/p/w). The read,
prefetch, and write cycles are included in the total clock cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail I-Cache Case | No-Cache Case
ADD Rn,Dn 2 0 2 (0/0/0) 2 (0/1/0)
ADDAW Rn,An 4 0 4 (0/0/0) 4 (0/1/0)
ADDA.L Rn,An 2 0 2 (0/0/0) 2 (0/1/0)
* ADD EA,Dn 0 0 2 (0/0/0) 2 (0/1/0)
* ADD.W EAAn 0 0 4 (0/0/0) 4 (0/1/0)
* ADDA.L EAAn 0 0 2 (0/0/0) 2 (0/1/0)
* ADD Dn,EA 0 1 3 (0/0/1) 4(0/1/1)
AND Dn,Dn 2 0 2 (0/0/0) 2 (0/1/0)
* AND EA,Dn 0 0 2 (0/0/0) 2 (0/1/0)
* AND Dn,EA 0 1 3(0/0/1) 4(0/1/1)
EOR Dn,Dn 2 0 2 (0/0/0) 2 (0/1/0)
* EOR Dn,EA 0 1 3 (0/0/1) 4(0/1/1)
OR Dn,Dn 2 0 2 (0/0/0) 2 (071/0)
* OR EA,Dn 0 0 2 (0/0/0) 2 (0/1/0)
* OR Dn,EA 0 1 3 (0/0/1) 4 (0/1/1)
SUB Rn,Dn 2 0 2 (0/0/0) 2 (0/1/0)
* SUB EA,Dn 0 0 2 (0/0/0) 2 (0/1/0)
* SUB Dn,EA 0 1 3 (0/0/1) 4(011/1)
SUBA.W Rn,An 4 0 4 (0/0/0) 4 (0/1/0)
SUBA.L Rn,An 2 0 2 (0/0/0) 2 (0/1/0)
* SUBA.W EAAn 0 0 4 (0/0/0) 4 (0/1/0)
* SUBA.L EA,An 0 0 2 (0/0/0) 2 (0/1/0)
CMP Rn,Dn 2 0 2 (0/0/0) 2 (0/1/0)
* CMP EA,Dn 0 0 2 (0/0/0) 2 (0/1/0)
CMPA Rn,An 4 0 4 (0/0/0) 4 (0/1/0)
* CMPA EAAn 0 0 4 (0/0/0) 4 (0/1/0)
** + CMP2 EA,Rn 2 0 20 (1/0/0) 20 (1/1/0)
* + MULS.W EA,Dn 2 0 28 (0/0/0) 28 (0/1/0)
** + MULS.L EA,Dn 2 0 44 (0/0/0) 44 (0/1/0)
* + MULUW EA,Dn 2 0 28 (0/0/0) 28 (0/1/0)
** + MULU.L EA,Dn 2 0 44 (0/0/0) 44 (0/1/0)
DIVS.W Dn,Dn 2 0 56 (0/0/0) 56 (0/1/0)
* + DIVS.W EA,Dn 0 0 56 (0/0/0) 56 (0/1/0)
** + DIVS.L Dn,Dn 6 0 90 (0/0/0) 90 (0/1/0)
** + DIVS.L EA,Dn 0 0 90 (0/0/0) 90 (0/1/0)
+ DIVU.W Dn,Dn 2 0 44 (0/0/0) 44 (0/1/0)
* + DIVUW EA,Dn 0 0 44 (0/0/0) 44 (0/1/0)
** + DIVU.L Dn,Dn 6 0 78 (0/0/0) 78 (0/1/0)
** + DIVU.L EA.Dn 0 0 78 (0/0/0) 78 (0/1/0)
*Add Fetch Effective Address Time +Indicates Maximum Time (Acutal time is data dependent)

**Add Fetch Immediate Effective Address Time
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11.6.9 Immediate Arithmetical/Logical Instructions

The immediate arithmetical/logical operation timing table indicates the number of clock
periods needed for the processor to fetch the source immediate data value, and perform
the specified arithmetic/logical operation using the specified destination addressing mode.
Footnotes indicate when to account for the appropriate fetch effective or fetch immediate
effective address times. For instruction-cache case and for no-cache case, the total number
of clock cycles is outside the parentheses. The number of read, prefetch, and write cycles
are given inside the parentheses as (r/p/w). The read, prefetch, and write cycles are included
in the total clock cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail I-Cache Case | No-Cache Case

MOVEQ #(data),Dn 2 0 2 (0/0/0) 2 (0/1/0)

ADDQ #(data),Rn 2 0 2 (0/0/0) 2 (0/1/0)
* ADDQ #(data),Mem 0 1 3 (0/0/1) 4 (0/1/1)

SuBQ #(data),Rn 2 0 2 (0/0/0) 2 (0/1/0)
* SUBQ #(data),Mem 0 1 3 (0/0/1) 4(01/1)
**  ADDI #(data),Dn 2 0 2 (0/0/0) 2 (0/1/0)
**  ADDI #(data),Mem 0 1 3 (0/0/1) 4 (0/1/1)
**  ANDI #(data),Dn 2 0 2 (0/0/0) 2 (0/1/0)
**  ANDI #(data),Mem 0 1 3 (0/0/1) 4 (011/1)
**  EORI #(data),Dn 2 0 2 (0/0/0) 2 (0/1/0)
**  EORI #(data),Mem 0 1 3(0/0/1) 4 (0/1/1)
** ORI #(data),Dn 2 0 2 (0/0/0) 2 (0/1/0)
** ORI #(data),Mem 0 1 3 (0/0/1) 4 (0/1/1)
**  suBl #(data),Dn 2 0 2 (0/0/0) 2 (0/1/0)
**  SUBI #(data),Mem 0 1 3 (0/0/1) 4 (0/1/1)
**  CMPI #(data),Dn 2 0 2 (0/0/0) 2 (0/1/0)
**  CMPI #(data), Mem 0 0 2 (0/0/0) 2 (0/1/0)

*Add Fetch Effective Address Time
**Add Fetch Immediate Effective Address Time
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11.6.10 Binary Coded Decimal and Extended Instructions

The binary coded decimal and extended instruction table indicates the number of clock
periods needed for the processor to perform the specified operation using the given ad-
dressing modes. No additional tables are needed to calculate total effective execution time
for these instructions. For instruction-cache case and for no-cache case, the total number
of clock cycles is outside the parentheses. The number of read, prefetch, and write cycles
are given inside the parentheses as (r/p/w). The read, prefetch, and write cycles are included

in the total clock cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail |-Cache Case | No-Cache Case
ABCD Dn,Dn 0 0 4 (0/0/0) 4 (0/1/0)
ABCD —(An), - (An) 2 1 13 (2/0/1) 14 (2/1/1)
SBCD Dn,Dn 0 0 4 (0/0/0) 4 (0/1/0)
SBCD —(An), - (An) 2 1 13 (2/0/1) 14 (2/1/1)
ADDX Dn,Dn 2 0 2 (0/0/0) 2 (0/1/0)
ADDX —(An),—(An) 2 1 9 (2/0/1) 10 (2/1/1)
SUBX Dn,Dn 2 0 2 (0/0/0) 2 (0/1/0)
SUBX —(An),—(An) 2 1 9 (2/0/1) 10 (2/1/1)
CMPM (An) +,(An) + 0 0 8 (2/0/0) 8 (2/1/0)
PACK Dn,Dn, #(data) 6 0 6 (0/0/0) 6 (0/1/0)
PACK —(An), - (An),#(data) 2 1 11 (1/0/1) 11 (1/1/1)
UNPK Dn,Dn,#(data) 8 0 8 (0/0/0) 8 (0/1/0)
UNPK —(An), - (An),#(data) 2 1 11 (1/0/1) 11 (1/1/1)
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11.6.11 Single Operand Instructions

The single operand instructions table indicates the number of clock periods needed for the
processor to perform the specified operation on the given addressing mode. Footnotes
indicate when it is necessary to account for the appropriate effective address time. For
instruction-cache case and for no-cache case, the total number of clock cycles is outside
the parentheses. The number of read, prefetch, and write cycles are given inside the
parentheses as (r/p/w). The read, prefetch, and write cycles are included in the total clock
cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail I-Cache Case | No-Cache Case
CLR Dn 2 0 2 (0/0/0) 2 (0/1/0)
**  CLR Mem 0 1 3 (0/0/1) 4(0/1/1)
NEG Dn 2 0 2 (0/0/0) 2 (0/1/0)
* NEG Mem 0 1 3 (0/0/1) 4(011/1)
NEGX Dn 2 0 2 (0/0/0) 2 (0/1/0)
* NEGX Mem 0 1 3 (0/0/1) 4(01/1)
NOT Dn 2 0 2 (0/0/0) 2 (0/1/0)
* NOT Mem 0 1 3 (0/0/1) 4 (0/1/1)
EXT Dn 4 0 4 (0/0/0) 4 (0/1/0)
NBCD Dn 0 0 6 (0/0/0) 6 (0/1/0)
Scc Dn 4 0 4 (0/0/0) 4 (0/1/0)
** Scc Mem 0 1 5 (0/0/1) 5 (0/1/1)
TAS Dn 4 0 4 (0/0/0) 4 (0/1/0)
**  TAS Mem 3 0 12 (1/0/1) 12 (1111)
TST Dn 0 0 2 (0/0/0) 2 (0/1/0)
* TST Mem 0 0 2 (0/0/0) 2 (0/1/0)

*Add Fetch Effective Address Time
**Add Calculate Effective Address Time
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11.6.12 Shift/Rotate Instructions

The shift/rotate instruction table indicates the number of clock periods needed for the
processor to perform the specified operation on the given addressing mode. Footnotes
indicate when it is necessary to account for the appropriate effective address time. The
number of bits shifted does not affect the execution time, unless noted. For instruction-
cache case and for no-cache case, the total number of clock cycles is outside the paren-
theses. The number of read, prefetch, and write cycles are given inside the parentheses
as (r/p/w). The read, prefetch, and write cycles are included in the total clock cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail |-Cache Case | No-Cache Case
LSd #(data),Dy 4 0 4 (0/0/0) 4 (0/1/0)
% LSd Dx,Dy 6 0 6 (0/0/0) 6 (0/1/0)
+ LSd Dx,Dy 8 0 8 (0/0/0) 8 (0/1/0)
* LSd Mem by 1 0 0 4 (0/0/1) 4 (0/1/1)
ASL #(data),Dy 2 0 6 (0/0/0) 6 (0/1/0)
ASL Dx,Dy 4 0 8 (0/0/0) 8 (0/1/0)
* ASL Mem by 1 0 0 6 (0/0/1) 6 (0/1/1)
ASR #(data),Dy 4 0 4 (0/0/0) 4 (0/1/0)
%  ASR Dx,Dy 6 0 6 (0/0/0) 6 (0/1/0)
+ ASR Dx,Dy 10 0 10 (0/0/0) 10 (0/1/0)
* ASR Mem by 1 0 0 4 (0/0/1) 4(011/1)
ROd #(data),Dy 4 0 6 (0/0/0) 6 (0/1/0)
ROd Dx,Dy 6 0 8 (0/0/0) 8 (0/1/0)
* ROd Mem by 1 0 0 6 (0/0/1) 6 (0/1/1)
ROXd Dn 10 0 12 (0/0/0) 12 (0/1/0)
* ROXd Mem by 1 0 0 4 (0/0/0) 4 (0/1/0)

d Is direction of shift/rotate; L or R
*  Add Fetch Effective Address Time

% Indicates shift count is less than or equal to the size of data

+ Indicates shift count is greater than size of data

____________________________________________________________________________________|
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11.6.13 Bit Manipulation Instructions

The bit manipulation instructions table indicates the number of clock periods needed for
the processor to perform the specified bit operation on the given addressing mode. Foot-
notes indicate when it is necessary to account for the appropriate effective address time.
For instruction-cache case and for no-cache case, the total number of clock cycles is outside
the parentheses. The number of read, prefetch, and write cycles are given inside the
parentheses as (r/p/w). The read, prefetch, and write cycles are included in the total clock
cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail I-Cache Case | No-Cache Case
BTST #(data),Dn 4 0 4 (0/0/0) 4 (0/1/0)
BTST Dn,Dn 4 0 4 (0/0/0) 4 (0/1/0)
# BTST #(data),Mem 0 0 4 (0/0/0) 4 (0/1/0)
* BTST Dn,Mem 0 0 4 (0/0/0) 4 (0/1/0)
BCHG #(data),Dn 6 0 6 (0/0/0) 6 (0/1/0)
BCHG Dn,Dn 6 0 6 (0/0/0) 6 (0/1/0)
# BCHG #(data),Mem 0 0 6 (0/0/1) 6 (0/1/1)
* BCHG Dn,Mem 0 0 6 (0/0/1) 6 (0/1/1)
BCLR #(data),Dn 6 0 6 (0/0/0) 6 (0/1/0)
BCLR Dn,Dn 6 0 6 (0/0/0) 6 (0/1/0)
# BCLR #(data),Mem 0 0 6 (0/0/1) 6 (0/1/1)
* BCLR Dn,Mem 0 0 6 (0/0/1) 6 (0/1/1)
BSET #(data),Dn 6 0 6 (0/0/0) 6 (0/1/0)
BSET Dn,Dn 6 0 6 (0/0/0) 6 (0/1/0)
# BSET #(data),Mem 0 0 6 (0/0/1) 6 (0/1/1)
* BSET Dn,Mem 0 0 6 (0/0/1) 6 (0/1/1)

*Add Fetch Effective Address time
#Add Fetch Immediate Effective Address time
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11.6.14 Bit Field Manipulation Instructions

The bit field manipulation instructions table indicates the number of cloc
for the processor to perform the specified bit field operation usingthe given addressing
mode. Footnotes indicate when it is necessary to account for the appropriate effective
address time. For instruction-cache case and for no-cache case, the total number of clock
cycles is outside the parentheses. The number of read, prefetch, and write cycles are given
inside the parentheses as (r/p/w). The read, prefetch, and write cycles are included in the
total clock cycle number.

All timing data assumes two clock reads and writes.

s needed

Instruction Head Tail I-Cache Case | No-Cache Case
BFTST Dn 8 0 8 (0/0/0) 8 (0/1/0)
* BFTST Mem (<5 Bytes) 6 0 10 (1/0/0) 10 (1/1/0)
* BFTST Mem (5 Bytes) 6 0 14 (2/0/0) 14 (2/1/0)
BFCHG Dn 14 0 14 (0/0/0) 14 (0/1/0)
* BFCHG Mem (<5 Bytes) 6 0 14 (1/0/1) 14 (1/1/1)
* BFCHG Mem (5 Bytes) 6 0 22 (2/0/2) 22 (2/1/2)
BFCLR Dn 14 0 14 (0/0/0) 14 (0/1/0)
* BFCLR Mem (<5 Bytes) 6 0 14 (1/0/1) 14 (1/1/1)
* BFCLR Mem (5 Bytes) 6 0 22 (2/0/2) 22 (2/1/2)
BFSET Dn 14 0 14 (0/0/0) 14 (0/1/0)
* BFSET Mem (<5 Bytes) 6 0 14 (1/0/1) 14 (1/1/1)
* BFSET Mem (5 Bytes) 6 0 22 (2/0/2) 22 (2/1/2)
BFEXTS Dn 10 1) 10 (0/0/0) 10 (0/1/0)
* BFEXTS Mem (<5 Bytes) 6 0 12 (1/0/0) 12 (1/1/0)
* BFEXTS Mem (5 Bytes) 6 0 18 (2/0/0) 18 (2/1/0)
BFEXTU Dn 10 0 10 (0/0/0) 10 (0/1/0)
* BFEXTU Mem (<5 Bytes) 6 0 12 (1/0/0) 12 (1/1/0)
* BFEXTU Mem (5 Bytes) 6 0 18 (2/0/0) 18 (2/1/0)
BFINS Dn 12 0 12 (0/0/0) 12 (0/1/0)
* BFINS Mem (<5 Bytes) 6 0 12 (1/0/1) 12 (1/1/1)
* BFINS Mem (5 Bytes) 6 0 18 (2/0/2) 18 (2/1/2)
BFFFO Dn 20 0 20 (0/0/0) 20 (0/1/0)
* BFFFO Mem (<5 Bytes) 6 0 22 (1/0/0) 22 (1/1/0)
* BFFFO Mem (5 Bytes) 6 0 28 (2/0/0) 28 (2/1/0)

*Add Calculate Immediate Effective Address time

NOTE: A bit field of 32 bits may span 5 bytes that require two operand cycles to access, or may span 4 bytes that require

only one operand cycle to access.

|
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~_ - 11.6.15 Conditional Branch Instructions

The conditional branch instructions table indicates the number of clock periods needed for
the processor to perform the specified branch on the given branch size, with complete
execution times given. No additional tables are needed to calculate total effective execution
time for these instructions. For instruction-cache case and for no-cache case, the total
number of clock cycles is outside the parenthees. The number of read, prefetch, and write
cycles are given inside the parentheses as (r/p/w). The read, prefetch, and write cycles are
included in the total clock cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail I-Cache Case | No-Cache Case
Bcc (Taken) 6 0 6 (0/0/0) 8 (0/2/0)
Bcc.B (Not Taken) 4 0 4 (0/0/0) 4 (0/1/0)
Bce. W (Not Taken) 6 0 6 (0/0/0) 6 (0/1/0)
Bec.L (Not Taken) 6 0 6 (0/0/0) 8 (0/2/0)
DBcc (cc =False, Count Not Expired) 6 0 6 (0/0/0) 8 (0/2/0)
DBcc (cc = False, Count Expired) 10 0 10 (0/0/0) 13 (0/3/0)
DBcc (cc=True) 6 0 6 (0/0/0) 8 (0/1/0)
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11.6.16 Control Instructions T
The control instructions table indicates the number of clock periods needed for the pro-

cessor to perform the specified operation. Footnotes indicate when it is necessaryto ac-

count for the appropriate effective address time. For instruction-cache case and for no-

cache case, the total number of clock cyclces is outside the parentheses. The number of

read, prefetch, and write cycles are given inside the parentheses as (r/p/w). The read,

prefetch, and write cycles are included in the total clock cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail I-Cache Case | No-Cache Case
ANDI to SR 4 0 12 (0/0/0) 14 (0/2/0)
EORI to SR 4 0 12 (0/0/0) 14 (0/2/0)
ORI to SR 4 0 12 (0/0/0) 14 (0/2/0)
ANDI to CCR 4 0 12 (0/0/0) 14 (0/2/0)
EORI to CCR 4 0 12 (0/0/0) 14 (0/2/0)
ORI to CCR 4 0 12 (0/0/0) 14 (0/2/0)
BSR 2 0 6 (0/0/1) 9 (0/2/1)
## CAS (Successful Compare) 1 0 13 (1/0/1) 13 (1/11)
## CAS (Unsuccessful Compare) 1 0 11 (1/0/0) 11 (1/1/0)
+ CAS2 (Successful Compare) 2 0 24 (2/0/2) 26 (2/2/2)
+ CAS2 (Unsuccessful Compare) 2 0 24 (2/0/0) 24 (2/2/0)
CHK Dn,Dn  (No Exception) 8 0 8 (0/0/0) 8 (0/1/0)
CHK Dn,Dn  (Exception Taken) 4 0 28 (1/0/4) 30 (1/3/4)
* CHK EA,Dn  (No Exception) 0 0 8 (0/0/0) 8 (0/1/0)
* + CHK EA,Dn  (Exception Taken) 0 0 28 (1/0/4) 30 (1/3/4)
# + CHK2 Mem,Rn (No Exception) 2 0 18 (1/0/0) 18 (1/1/0)
# + CHK2 Mem,Rn (Exception Taken) 2 0 40 (2/0/4) 42 (2/3/4)
% JMP 4 0 4 (0/0/0) 6 (0/2/0)
%  JSR 0 0 4 (0/0/1) 7 (0/211)
**  LEA 2 0 2 (0/0/0) 2 (0/1/0)
LINK.W 0 0 4 (0/0/1) 5 (0/1/1)
LINK.L 2 0 6 (0/0/1) 7 (0/2/1)
NOP 0 0 2 (0/0/0) 2 (0/1/0)
**  PEA 0 2 4 (0/0/1) 4 (011)
RTD 2 0 10 (1/0/0) 12 (1/2/0)
RTR 1 0 12 (2/0/0) 14 (2/2/0)
RTS 1 0 9 (1/0/0) 11 (1/2/0)
UNLK 0 0 5 (1/0/0) 5 (1/1/0)

+ Indicates Maximum Time
* Add Fetch Effective Address Time
** Add Calculate Effective Address Time
# Add Fetch Immediate Address Time
## Add Calculate Iimmediate Address Time
% Add Jump Effective Address Time
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11.6.17 Exception Related Instructions and Operations

The exception related instructions and operations table indicates the number of clock
periods needed for the processor to perform the specified exception related action. No
additional tables are needed to calculate total effective execution time for these operations.
For instruction-cache case and for no-cache case, the total number of clock cycles is outside
the parentheses. The number of read, prefetch, and write cycles are given inside the
parentheses as (r/p/w). The read, prefetch, and write cycles are included in the total clock
cycle number.

All timing data assumes two clock reads and writes.

Instruction Head Tail I-Cache Case |No-Cache Case
BKPT 1 0 9 (1/0/0) 9 (1/0/0)
Interrupt (I-Stack) 0 0 23 (2/0/4) 24 (2/2/4)
Interrupt (M-Stack) 0 0 33 (2/0/8) 34 (2/2/8)
RESET Instruction 0 0 518 (0/0/0) 518 (0/1/0)
STOP 0 0 8 (0/0/0) 8 (0/2/0)
TRACE 0 0 22 (1/0/5) 24 (1/2/5)
TRAP #n 0 0 18 (1/0/4) 20 (1/2/4)
lllegal Instruction 0 0 18 (1/0/4) 20 (1/2/4)
A-Line Trap 0 0 18 (1/0/4) 20 (1/2/4)
F-Line Trap 0 0 18 (1/0/4) 20 (1/2/4)
Privilege Violation 0 0 18 (1/0/4) 20 (1/2/4)
TRAPcc (Trap) 2 0 22 (1/0/5) 24 (1/2/5)
TRAPcc (No Trap) 4 0 4 (0/0/0) 4 (0/1/0)
TRAPcc.W (Trap) 5 0 24 (1/0/5) 26 (1/3/5)
TRAPcc.W (No Trap) 6 0 6 (0/0/0) 6 (0/1/0)
TRAPcc.L (Trap) 6 0 26 (1/0/5) 28 (1/3/5)
TRAPcc.L (No Trap) 8 0 8 (0/0/0) 8 (0/2/0)
TRAPV (Trap) 2 0 22 (1/0/5) 24 (1/2/5)
TRAPV (No Trap) 4 0 4 (0/0/0) 4 (0/1/0)

11.6.18 Save and Restore Operations

The save and restore operations table indicates the number of clock periods needed for

the processor to perform the specified state save, or return from exception, with complete
execution times and stack length given. No additional tables are needed to calculate total
effective execution time for these operations. For instruction-cache case and for no-cache
case, the total number of clock cycles is outside the parentheses. The number of read,
prefetch, and write cycles are given inside the parentheses as (r/p/w). The read, prefetch,
and write cycles are included in the total clock cycle number.

All timing data ssumes two clock reads and writes.

Operation Head Tail |-Cache Case |No-Cache Case
Bus Cycle Fault (Short) 0 0 36 (1/0/10) 38 (1/2/10)
Bus Cycle Fault (Long) 0 62 (1/0/24) 64 (1/2/24)
RTE (Normal-4 Word) 1 0 18 (4/0/0) 20 (4/2/0)
RTE (Six-Word) 1 0 18 (4/0/0) 20 (4/2/0)
RTE (Throwaway) 1 0 12 (4/0/0) 12 (4/0/0)
RTE (Coprocessor) 1 0 26 (7/0/0) 26 (7/2/0)
RTE (Short Fault) 1 0 36 (10/0/0) 26 (10/2/0)
RTE (Long Fault) 1 0 76 (25/0/0) 76 (25/2/0)
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11.7 Address Translation Tree Search Timing

The time required for a search of the address translation tree depends on the configuration
of the tree structure and the descriptors in the tree, the states of the used (U) and modified
(M) bits in the descriptors, bus cycle time, and other factors. The large number of variables
involved implies that search time can best be calculated by a program. To determine the
time required for the MC68030 to perform the table search for a specific configuration, the
following interactive program can be used. It is a shell script suitable for use with sh(1)
on either UNIX (tm) System V or BSD 4.2. To use the program, run the script and answer
the questions about the system configuration and current state. The values shown in square
brackets at the ends of the question lines are the default values that the program uses
when carriage returns are entered.

The shell script assumes that the data bus between the MC68030 and memory is 32 bits
wide. To calculate the search time for a narrower bus, enter the appropriate multiple of
the bus cycle time in response to the bus cycle time prompt. Use the time required for
two bus cycles in the case of a 16-bit data bus. Use the time required for four bus cycles
in the case of an 8-bit data bus.

The times provided by this program include all phases of the translation tree search. With
various mask versions of the MC68030, times may differ slightly from those calculated by
the program.

(222222 ETELTITIIITILIIZTTSTILIL ST ZIZIT LTRSS 2222222 s i Rt s idatatadd

This Shell script is suitable for use with sh(l) on either System V or
BSD 4.2. When run, it will prompt for several parameters, print a
configuration message, and then print the number of clocks and bus
cycles required for the table search. Questions may be answered with
a carriage return, and the default in square brackets will be selected.

The following things should be noted by the user:

1. This script gives an approximation for the time taken for a table
search and associated overhead for a miss in the ATC. The exact time
will vary with the instruction sequence being executed at the time of the
miss, and may vary plus or minus 2 clocks (see pre-walk overhead, below).
2. It will give accurate times for normal table walks (due to misses
in the ATC) and for PLOAD table walks but not for PTEST table walks.
Table walks due to the PTEST instruction will be somewhat longer.

3. It does little error checking. It is possible to describe
inconsistent and impossible configurations in the script.

PR S SR T R O S R S T SR R R R

echo -n "Enter bus cycle time (in clocks) [(2]: "

read bus
if test ! "$bus"; then
bus=2
fi
echo -n "Enter 1 if there is a function code lookup, 0 otherwise (0]: "
read fcl
if test ! "$fcl"; then
fcl=0
fi

echo -n "Enter number of long descriptors (page and pointer), including FCL ones [1]: "
read long
if test ! "$long"; then
long=1
fi
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echo -n "Enter number of short descriptors (page or pointer), including FCL ones ([1]: "
read short
if test ! "$short"; then
short=1
£i

echo -n "Enter 1 if there is a long indirect descriptor, 0 otherwise ([0]: "
‘read 1_ind
if test ! "$1 _ind"; then
1 ind=0
£i

echo -n "Enter 1 if there is a short indirect descriptor, 0 otherwise ([0]: "
read s_ind
if test ! "$s_ind"; then
s_ind=0
fi

echo -n "Enter number of cleared ubits encountered in pointer descriptors [0]: "
read pointer_ubits
if test ! "$pointer_ubits"; then
pointer_ ubits=0
£i

echo -n "Enter 1 if the page descriptor ubit and/or mbit is clear, 0 otherwise [0]: 7

read page m ubit

if test ! "$page_m ubit"; then
page_m_ubit=0

£i

echo -n "Enter 1 if the page descriptor is encountered unexpectedly, 0 otherwise [0]: "
read et
if test ! "$et"; then
et=0
£i

echo -n "Enter 1 if the page descriptor is long (and no rp et) ([0]: "
read long_page
if test ! "$long_page"; then
long_page=0
fi

FHERER R AR AR R BB A R R R R R R AR R R R R R R B R R R
#

# Print Configuration message.

levels=‘expr $short + $long + $1_ind + $s_ind"®

1 1 if test $fcl -eq 1; then
tmpl=" (one for FCL)"
else
tmpl=""
fi

outl="Configuration: $levels levels $tmpl - "

if test $long -ne 0 ; then
outl="$outl $long long descriptor(s) "
£i

if test $short -ne 0 ; then
outl="$outl $short short descriptor(s)"
fi

if test $1_ind -eq 1 ; then
outl="$outl long indirection”
elif test $s_ind -eq 1 ; then
outl="$outl short indirection”
£fi
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if test $pointer_ubits -ne 0 ; then
out2="$out2 $pointer_ubits pointer ubits clear, "
£fi

if test $page_m ubit -eq 1 ; then
out2="$out2 page ubit and/or mbit clear, "
£fi

if test Set -eq 1 ; then
out2="$out2 early termination, "
fi

if test $long_page -eq 1 ; then
out2="%out2 page is long;"
else
out2="$out2 page is short;"
fi

out3="$bus clock bus cycle time."

echo

echo $outl

echo " " $out2
echo " " $out3

FE a2 a2 a2 AL ILST LIS LILSTELISSILIESETL
Calculate result.
Variables:

cough --- the number of clocks from the start of the bus cycle that will miss to
the first clock of the first micro-instruction.

startup -- microcode startup overhead common to all flows
termination -- microcode termination overhead common to all flows

bus_max_4 bus max_3 the maximum value of the bus cycle time (in clocks) and
4 or 3, respectively.

#x Ak Ak kA6 e W 3k 3k Ak 2R Ak Sk e SR ¥

bus_reads=0
bus_writes=0
ind_clocks=0

# time from BEGINNING of bus cycle which misses to first box
# this is 6 to 9 clocks depending on i- and d-state at miss-- use 7 as average
cough=7

# 4 boxes of startup, when no FCL.
startup=8

# 4 boxes of termination.
termination=8

# Bus accesses begin sooner if FCL - no limit check.
if test $fcl -eq 1 ; then

startup="‘expr $startup - 2°
fi

# calculate max((bus-4),0) for overlap
bus_max_4=‘expr $bus - 4°

if test $bus max 4 -1t 0; then

bus_max_4=0
fi
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# calculate max((bus-3),0) for overlap
bus_max 3=‘expr $bus - 3°

if test $bus _max_3 -1t 0; then
bus_max_3=0
£fi

overhead=‘expr $cough + $startup + $termination’

# number of clock due to long descriptors
1_clocks=‘expr $long \* \( 6 + Sbus + $bus_max 4 \)°

#long page is one box less than long pointer

if test $long_page -eq 1; then
*1_clocks=‘expr $1_clocks - 2°

fi

bus_reads=‘expr $bus_reads + \( $long \* 2 \)*

# number of clock due to short descriptors
s_clocks=‘expr $short \* \( 3 + $bus \)°
bus_reads=‘expr $bus_reads + $short’

# total clocks due to descriptor fetches
t_clocks=‘expr $1_clocks + $s_clocks’

if test $t_clocks -eq 0 ; then
if test $et -ne 1 ; then
echo Error: 0 bus accesses must imply unexpected page encountered.
fi
et=0
£i

# now caculate clocks due to setting u bits in pointer descriptor

u_clocks=‘expr $pointer_ubits \* \( 4 + $bus_max 3 \)°
bus_writes=‘expr $bus_writes + $pointer_ubits + $page_m ubit’

# clocks due to setting u/m bits in page descriptor
page_clocks=‘expr $page_m_ubit \* \( 2 + $bus_max_3 \)*
bus_writes=‘expr $bus_writes + $page_m_ubit®

# clocks due to indirect level (long)

if test $1_ind -ne 0; then
ind_clocks=‘expr 2 + \( $bus \* 2 \)*
bus_reads=‘expr $bus_reads + 2°

£i

# clocks due to indirect level (short)
if test $s_ind -ne 0; then

1 1 ind_clocks=‘expr 3 + $bus‘
bus_reads=‘expr $bus_reads + 1°

£fi

# early termination penalty
if test $et -eq 1; then
et_delay=3
else
et_delay=0
£i
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FREARERHER R R R R R R R R R R R R R R R R R R R R R
#

# Perform the calculation.
#

clocks=‘expr $overhead \
+ $1_clocks \
+ $s_clocks \
+ $u_clocks \
+ S$page_clocks \
+ $ind_clocks \
+ $et_delay®
out=" Clocks required (from beginning of missed bus cycle):
echo
echo $out

write_accesses=‘expr $pointer_ubits + $page_m_ubit‘

out=" Bus Reads:
echo $out

print_total=0

if test $write_accesses -ne 0 ; then
out=" Bus Writes:
echo $out
print_total=l

£i

bus_accesses=‘expr $bus_reads + $write_accesses’

if test $print_total -eq 1 ; then
out=" Total Bus Cycles:
echo $out

£fi

$clocks"”

$bus_reads"

$write_accesses”

$bus_accesses"”

The following table gives some sample times obtained using the shell script. Each row of
the table indicates a translation table configuration. The identifier on each row consists of
five positions. Each position may have either an “x”" meaning that there is no table at the
level, an “S"”" meaning that the table at the level is composed of short format descriptors,
or an “L'" meaning that the table at the level is composed of long format descriptors. The

format of the entires is:

XX/ XX/ xx/ xx/

Function Code Table
Level A Table
Level B Table
Level C Table
Level D Table

XX
]
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Each entry in the table consists of three numbers that give the number of clock cycles, the
number of bus reads, and the number of bus writes required for a table search. An RMC
cycle to set the U bit is counted as one read and one write. The format of the entires is:

xx/ XX/ XX

Number of Clock Cycles J
Number of Read Bus Cycles

Number of Write Bus Cycles

The table is calculated based on the following assumptions:
1. Bus cycle time is two clock cycles,
2. There are no indirect descriptors,
3. There are no page descriptors encountered unexpectedly (no early termination), and
4. The memory port is 32 bits wide.

Table All U and M Bits Page U and M Bits No U and M Bits
Format Must be Set Only Must be Set Must be Set
LLxxx 41/4/2 37/411 35/4/0
LLLxx 53/6/3 45/6/1 43/6/0
LLLLx 65/8/4 53/8/1 51/8/0
LLLLL 77110/5 61/10/1 59/10/0
SSxxx 37/2/2 337211 31/2/0
SSSxx 46/3/3 38/3/1 36/3/0
SSSSx 55/4/4 43/4/1 41/4/0
SSSSS 64/5/5 48/5/1 46/5/0
xSSxx 39/2/2 35/211 33/2/0
xSLxx 40/3/2 36/3/1 34/3/0
xLSxx 42/3/2 38/3/1 36/3/0
xLLxx 43/4/2 39/4/1 37/4/0
xSSSx 48/3/3 40/31 38/3/0
xSSLx 49/4/3 41/41 39/4/0
xSLSx 51/4/3 43/41 41/4/0
xSLLx 52/5/3 44/51 44/5/0
xLSSx 51/4/3 43/4/1 41/4/0
xLSLx 52/5/3 44/51 42/5/0
xLLSx 54/5/3 46/5/1 44/5/0
xLLLx 55/6/3 47/6/1 45/6/0
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11.7.1 MMU Effective Address Calculation

The calculate effective address table for MMU instructions lists the numbers of clock periods
needed for the processor to calculate various effective addresses. Fetch time is only in-
cluded for the first level of indirection on memory indirect addressing modes. The total
number of clock cycles is outside the parentheses. This total includes the numbers of read,
prefetch, and write cycles, which are shown inside the parentheses as (r/pr/w).

Address Mode Head Tail I-Cache Case | No-Cache Case
(An) 4+ op head 0 4 (0/0/0) 4 (0/1/0)
(d16,An) 4+ op head 0 4 (0/0/0) 4 (0/1/0)
(xxx).W 4+ op head 0 4 (0/0/0) 4 (0/1/0)
(xxx).L 6+op head 0 6 (0/0/0) 6 (0/2/0)
(dg,An,Xn) 4+ op head 0 4 (0/0/0) 4 (0/1/0)
FULL FORMAT EXTENSION WORD(S)

(d16,An) 4 0 8 (0/0/0) 8 (0/2/0)
(d16,An,Xn) 4 0 8 (0/0/0) 8 (0/2/0)
([d16.An]) 4 0 12 (1/0/0) 12 (1/2/0)
([d16,An],Xn) 4 0 12 (1/0/0) 12 (1/2/0)
([d16,An],d16) 2 0 12 (1/0/0) 12 (1/2/0)
(Id16,An],Xn,d16) 4 0 12 (1/0/0) 12 (1/2/0)
([d16,An],d32) 4 0 14 (1/0/0) 14 (1/3/0)
([d16,An],Xn,d32) 4 0 14 (1/0/0) 14 (1/3/0)
(B) 8+op head 0 8 (0/0/0) 8 (0/1/0)
(d16.8) 6 0 10 (0/0/0) 10 (0/2/0)
(d32,B) 6 0 16 (0/0/0) 16 (0/2/0)
([B)) 6 0 12 (1/0/0) 12 (1/1/0)
([B],1) 6 0 12 (1/0/0) 12 (1/1/0)
((Bl.d1g) 6 0 12 (1/0/0) 12 (1/2/0)
((BLl.d1g) 6 0 12 (1/0/0) 12 (1/2/0)
((B],d32) 6 0 14 (1/0/0) 14 (1/2/0)
({B].l.d32) 6 0 14 (1/0/0) 14 (1/2/0)
([d1,B]) 6 0 14 (1/0/0) 14 (1/2/0)
([d16.BL.1) 6 0 14 (1/0/0) 14 (1/2/0)
([d16.Bl.d16) 6 0 14 (1/0/0) 14 (1/2/0)
([d16.Bl.l.d16) 6 0 14 (1/0/0) 14 (1/2/0)
([d16.B1.d32) 6 0 16 (1/0/0) 16 (1/3/0)
((d16.B].1,d32) 6 0 16 (1/0/0) 16 (1/3/0)
([d32.B]) 6 0 20 (1/0/0) 20 (1/2/0)
({d32.BL.) 6 0 20 (1/0/0) 20 (1/2/0)
([d32,Bl.d1g) 6 0 20 (1/0/0) 20 (1/3/0)
([d32,Bl.l,d16) 6 0 20 (1/0/0) 20 (1/3/0)
([d32,B],d32) 6 0 22 (1/0/0) 22 (1/3/0)
({d32.B].1,d32) 6 0 22 (1/0/0) 22 (1/3/0)
B= Base address; O, An, Xn, An+ Xn. Form does not affect timing.

I=Index; O, Xn

*No separation on Effective Address and Operation in timing. Head and Tail are the operation’s.
NOTE: Xn cannot be in B and | at the same time. Scaling and size of Xn does not affect timing.
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11.7.2 MMU Instruction Timing

The MMU instruction timing table lists the numbers of clock periods needed for the MMU
to perform the MMU instructions. The total number of clock cycles is outside the paren-
theses. It includes the numbers of read, prefetch, and write cycles, which are shown inside
the parentheses as (r/pr/w).

Instruction Head Tail I-Cache Case | No-Cache Case
PMOVE (from CRP, SRP)* 0 0 4 (0/0/2) 5 (0/1/2)
PMOVE (to CRP, SRP, valid)* 0 0 12 (2/0/0) 14 (2/2/0)
PMOVE (to CRP, SRP, invalid)'* 0 0 28 (3/0/4) 30 (3/2/4)
PMOVE (from TTO, TT1)* 0 0 8 (0/0/1) 8 (0/1/1)
PMOVE (to TTO, TT1)* 0 0 12 (1/0/0) 14 (1/2/0)
PMOVE (from MMUSR)* 2 0 4 (0/0/1) 5 (0/1/1)
PMOVE (to MMUSR)* 0 0 6 (1/0/0) 6 (1/1/0)
PMOVE (from TC)* 2 0 4 (0/0/1) 5 (0/1/1)
PMOVE (to TC, valid)2* 0 0 38 (1/0/0) 40 (1/2/0)
PMOVE (to TC, invalid)3* 0 0 56 (2/0/4) 58 (2/2/4)
PMOVE (to TC)4* 0 0 14 (1/0/0) 16 (1/2/0)
PFLUSHA 0 0 12 (0/0/0) 14 (0/2/0)
PFLUSH (fc),#(mask) (fc is immediate or data register) 0 0 16 (0/0/0) 18 (0/2/0)
PFLUSH (fc),#(mask) (fc is in SFC or DFC register) 0 0 20 (0/0/0) 22 (0/2/0)
PFI).iJSH (fc),#(mask),(ea) (fc is immediate or data regis- 0 0 16 (0/0/0) 18 (0/2/0)
ter
PFLUSH (fc),#(mask),(ea) (fc is in SFC or DFC register)* 0 0 20 (0/0/0) 22 (0/2/0)
PLOAD[R:W] (fc),(ea) (fc is immediate or data register)** 0 0 8 (0/0/0) 10 (0/2/0)
PLOADI[R:W] (fc),(ea) (fc is in SFC or DFC register)** 0 0 12 (0/0/0) 14 (0/2/0)
PTEST[R:W] (fc),(ea),#6 * *** 0 0 88 (12/0/0) 88 (12/1/0)
PTESTI[R:W] (fc),(ea),#0* 0 0 22 (0/0/0) 22 (0/1/0)
NOTES: ’
1. Attempt to load invalid root pointer.
2. Translation enabled.
3. Number. is m?ximum, assuming valid page size but Tlx fields do not add up to 32. Translation enabled.
4. Translation disabled.

*Add the appropriate effective address calculation time.
**Add the appropriate effective address calculation time and the table search time.
***Number given is the maximum for a six level table (FC lookup, a, b, ¢, and d levels with indirect level, all long descriptors).

11.8 Interrupt Latency

In real-time systems, the response time required for a processor to service an interrupt is
a very important factor pertaining to overall system performance. Processors in the M68000
Family support asynchronous assertion of interrupts and begin processing them on sub-
sequent instruction boundaries. The average interrupt latency is quite short, but the max-
imum latency is often critical because real-time interrupts cannot require servicing in less
than the maximum interrupt latency. The maximum interrupt latency for the MC68030
alone is approximately 200 clock cycles (for the MOVEM.L ([d32,An],Xn,d32), DO-D7/A0-A7
instruction where the last data fetch is aborted with a bus error), but when the MMU is
enabled, some operations can take several times longer to execute.
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Interrupt latency in systems using the MMU is affected by the length of the main processor
instructions, the address translation tree configuration, the number of translation tree
searches required by the instructions, the access time of main memory, and the width of
the data bus connecting the MC68030 to main memory. It is important to note that the
address translation tree configuration is under software control and can strongly affect the
system interrupt latency. The maximum interrupt latency for a given system configuration
can be computed by adding the length of the longest main processor instruction to the
time required for the maximum number of translation tree searches that the instruction
could require. For the MC68030 microprocessor, one instruction of particular interest is a
memory-to-memory move with memory indirect addressing for both the source and des-
tination, with all of the code and data items crossing page boundaries. The assembler
syntax for this instruction is:

MOVE.L (od,[bd,An,Rm]),(od,[bd,An,Rm])

This instruction can cause ten address translation tree searches: two for the instruction
stream, two for the source indirect address, two for the destination indirect address, two
for the operand fetch, and two for the destination write. System software can reduce the
maximum number of translation searches by placing additional restrictions on generated
code. For example, if the language translators in the system only generate long words
aligned on long-word boundaries, the indirect address and operands can cause only one
translation search each. This reduces the number of searches for the instruction to a
maximum of six.

11.9 Bus Arbitration Latency

In a system that uses the MMU, the bus arbitration latency is affected by several factors.
The MC68030 does not relinquish the physical bus while it is performing a read-modify-
write operation. Since the address translation search is an extended read-modify-write
operation, the no-cache case latency is incurred by the longest address translation search
required by the system.

Another bus arbitration delay occurs when a coprocessor or other device delays or fails
to assert DSACKx or STERM signals to terminate a bus cycle. The maximum delay in this
case is undefined; it depends on the length of the delay in asserting the signals.
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SECTION 12
APPLICATIONS INFORMATION

This section provides guidelines for using the MC68030. First, it discusses the requirements
for adapting the MC68030 to MC68020 designs. Then, it describes the use of the MC68881
and MC68882 coprocessors with the MC68030. The byte select logic is described next,
followed by memory interface information. A description of external caches, the use of the
STATUS and REFILL signals, and power and ground considerations complete the section.

12.1 ADAPTING THE MC68030 TO MC68020 DESIGNS

Perhaps the easiest way to first utilize the MC68030 is in a system designed for the MC68020.
This is possible due to the complete compatibility of the asynchronous buses of the MC68020
and MC68030. This section describes how to configure an adapter for the MC68030 to
allow insertion into an existing MC68020-based system. Software and architectural differ-
ences between the two processors are also discussed. The need for an adapter is absolute
because the MC68020 and MC68030 are NOT pin compatible. Use of the adapter board
provides the immediate capability for evaluating the programmer’s model and instruction
set of the MC68030, and for developing software to utilize the MC68030’s additional en-
hanced features. This adapter board also provides a relatively simple method for increasing
the performance of an existing MC68020 or MC68020/MC68851 system by insertion of a
more advanced 32-bit MPU with an on-chip data cache, and an on-chip MMU. The adapter
board does not support of the synchronous bus interface of the MC68030 and thus per-
formance measurements for the MC68030 used in this manner may be misleading when
compared to a system designed specifically for the MC68030.

The adapter board plugs into the CPU socket of an MC68020 target system, drawing power,
ground and clock signals through the socket and running bus cycles in a fashion compatible
with the MC68030. The only support hardware necessary is a single 1K ohm pullup resistor

and two capacitors for decoupling power and ground on the adapter board.

12.1.1 Signal Routing

Figure 12-1 shows the complete schematic for routing the signals of the MC68030 to the
MC68020 header. All signals common to both processors are directly routed to the cor-
responding signal of the other processor. The signals on the MC68030 that do not have a
compatible signal on the MC68020 are either pulled up or left unconnected:

Pulled Up No Connect
STERM STATUS
CBACK REFILL

CIIN CBREQ
MMUDIS CIOUT
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MC68030 MC68020 HEADER

STATUS BR BR
—] REFILL BG BG
BGACK BGACK .
P2 P2
28] HALT FALT PP
1PLO BERR BERR _IPL0
IPEND iPEND
AVEC DSACKT DSACKT AVEC
DSACKD DSACKD
CLK CLK
Sizo sI20
RESET siz1 sizi RESET
[ AMC AMC ics
ocs DBEN DBEN ocs
R/W RAW
tos bs 05 oS
—1 ouT AS AS
——] CBRED
1k TBACK  D0-D31 00-031
MMUDIS
CiN FCO-FC2 FCO-FC2
STERM AO-A31 AQ-A31

Figure 12-1. Signal Routing for Adapting the MC68030 to MC68020 Designs

12.1.2 Hardware Differences

Before enabling the on-chip caches of the MC68030, an important system feature must be
checked. Because of the MC68030 cache organization and implementation, cachable read
bus cycles are expected to transfer the entire port width of data (as indicated by the DSACKx
encoding) regardless of how many bytes are actually requested by the SIZx pins. The
MC68020 did not have this requirement and system memory banks or peripherals may or
may not supply the amount of data required by the MC68030. If the target system does
not supply the full port width with valid data for any cachable instruction or data access
the user should either designate that area of memory as non-cachable (with the MMU) or
not enable the corresponding on-chip cache(s). In some systems, modifying the target
system hardware may also be an option; frequently, the byte select logic is generated by
a single PAL, which might easily be replaced or reprogrammed to select all bytes during
read cycles from multi-byte ports.

The HALT input-only signal of the MC68030 is slightly different than the bidirectional HALT
signal of the MC68020. However, this should not cause any problems beyond eliminating
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an indication to the external system (e.g., lighting an LED) that the processor has halted
due to a double bus fault.

When used in a system originally designed for both an MC68020 and an MC68851, the
MC68851 may be left in the system or removed (and replaced with a jumpered header).
However, if left in the system, the MC68851 is not accessible to the programmer with the
M68000 coprocessor interface. All MMU instructions access the MC68030’s on-chip MMU.
This is true even if the MC68030's MMUDIS signal is asserted. The benefit in removing the
MC68851 is that the minimum asynchronous bus cycle time to the physical bus is reduced
from four clock cycles to three.

If the MC68851 is removed and replaced with a jumpered header, the following MC68851

and LBGI. During translation table searches the MC68851 asserts the CLI (Cache Load
Inhibit) signal but not RMC, while the MC68030 asserts RMC but not CIOUT. In simple
MC68020/MC68851 systems without logical bus arbitration or logical caches, the MC68851's
jumper can have the following signals connected together:

LBGACK @ PBGACK
LA(8-31) @ PA(8-31)
CLI @ no connect, or LAS

CLI has two connection options because some systems may use CLI to qualify the occur-
rence of CPU space cycles since the MC68851’s PAS does not assert.

12.1.3 Software Differences

The instruction cache control bits in the cache control register (CACR) of the MC68030 are
in the identical bit positions as the corresponding bits as the MC68020's CACR. However,
the MC68030 has additional control bits for burst enable, and data cache control. Because
this adapter board does not support synchronous bus cycles (and thus burst mode) enabling
burst mode through the CACR does not affect system operation in any way. Refer to
SECTION 6 ON-CHIP CACHE MEMORIES for more information on the bit positions and
functions of the CACR bits.

When used in a system originally designed for an MC68020 a difference a programmer
must be aware of is that the MC68030 does not support the CALLM and RTM instructions
of the MC68020. If code is executed on the MC68030 using either the CALLM or RTM
instructions, an unimplemented instruction exception is taken. If no MMU software de-
velopment capability is desired, and the cache behavior described under hardware differ-
ences is understood, the user may ignore the MC68030 MMU.

When the adapter is used in a system originally designed for the MC68020/MC68851 pair,
the software differences described below also apply. The MC68030’s MMU offers a subset
of the MC68851 features. The features not supported by the MC68030 MMU are listed
below:

® On-chip breakpoint registers
® Task aliasing
® Instructions: PBcc, PDBcc, PRESTORE, PSAVE, PScc, PTRAPcc, PVALID
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Only control-alterable addressing modes are allowed for MMU instructions on the MC68030.

A feature new to the MC68030 MMU (and not on the MC68851) is the transparent translation
of 2 logical address blocks with the transparent translation registers. See SECTION 9 MEM-
ORY MANAGEMENT UNIT.

12.2 FLOATING-POINT UNITS

Floating point support for the MC68030 is provided by the MC68881 Floating-Point Copro-
cessor and the MC68882 Enhanced Floating-Point Coprocessor. Both devices offer a full
implementation of the /EEE Standard for Binary Floating-Point Arithmetic (754). The MC68882
is a pin and software compatible upgrade of the MC68881, with an optimized MPU interface
that provides over 1.5 times the performance of the MC68881 at the same clock frequency.

Both coprocessors provide a logical extension to the integer data processing capabilities
of the main processor. They contain a very high performance floating-point arithmetic unit
and a set of floating-point data registers that are utilized in a manner that is analagous to
the use of the integer data registers of the processor. The MC68881/MC68882 instruction
set is a natural extension of all earlier members of the M68000 Family, and supports all of
the addressing modes and data types of the host MC68030. The programmer perceives
the MC68030/coprocessor execution model as if both devices are implemented on one
chip. In addition to supporting the full IEEE Standard, the MC68881 and MC68882 provide
a full set of trigonometric and transcendental functions, on-chip constants and a full 80-
bit extended precision real data format.

The interface of the MC68030 to the MC68881 or the MC68882 is easily tailored to system
cost/performance needs. The MC68030 and the MC68881/MC68882 communicate via stand-
ard asynchronous M68000 bus cycles. All data transfers are performed by the main pro-
cessor at the request of the MC68881/MC68882; thus memory management, bus errors,
address errors, and bus arbitration function as if the MC68881/MC68882 instructions are
executed by the main processor. The floating-point unit and the processor may operate at
different clock speeds, and up to seven floating-point coprocessors may reside in an MC68030
system simultaneously.

Figure 12-2 illustrates the coprocessor interface connection of an MC68881/MC68882 to an
MC68030 (uses entire 32-bit data bus). The MC68881/MC68882 is configured to operate
with a 32-bit data bus when both the A0 and SIZE pins are connected to VcC. Refer to the
MC68881/MC68882 User’s Manual for configuring the MC68881/MC68882 for smaller data
bus widths. Note that the MC68030 cache inhibit input (CIIN) signal is not used for the
coprocessor interface because the MC68030 does not cache data obtained during CPU
space accesses.

The chip select (CS) decode circuitry is asynchronous logic that detects when a particular
floating-point coprocessor is addressed. The MC68030 signals used by the logic include
the function code signals (FC2-FCO0), and the address lines (A19-A13). Refer to SECTION
10 COPROCESSOR INTERFACE DESCRIPTION for more information concerning the en-
coding of these signals. All or just a subset of these lines may be decoded depending on
the number of coprocessors in the system, and the degree of redundant mapping allowed
in the system.

The major concern of a system designer is to design a CS interface that meets the AC
electrical specifications for both the MC68030 (MPU) and the MC68881/MC68882 (FPCP)
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MC68030 MC68881/MC68882

FCO-FC2
CHIP
A20-A31 — SMCTE »| TS
A16-A19 »| DECOD
A13-A15 » .
A5-A12 — veo —»| S
Al-A4 »| ALAS
A0 — Veg —» A0
AS aS
DS [
R/W »{ R/W
024-D31 »| 024031
D16-023 | »{ 016-023
08-D15 »| D8.015
00-D7 | 00-07
DSACKD |- DSACKD
TEACKT | DSACK]
[N —
MAIN PROCESSOR COPROCESSOR
cLock CLOCK

Figure 12-2. 32-Bit Data Bus Coprocessor Connection

without adding unnecessary wait states to FPCP accesses. The following maximum spec-
ifications-(relative to CLK low) meet these objectives:

tCLK low to AS low=(MPU Spec 1—MPU Spec 47A —FPCP Spec 19) (1)
tCLK low to CS low=(MPU Spec 1—MPU Spec 47A — FPCP Spec 19) (2)

Even though requirement (1) is not met under worst case conditions, if the MPU AS is
loaded within specifications and the AS input to the FPCP is unbuffered, the requirement
is met under typical conditions. Designing the CS generation circuit to meet requirement
(2) provides the highest probability that accesses to the FPCP occur without unnecessary
wait states. A PAL 16L8 (Figure 12-3) with a maximum propagation delay of 10 ns, pro-
grammed according to the equations in Figure 12-4, can be used to generate CS. For a 25
MHz system, tCLK low to CS low is less than or equal to 10 ns when this design is used.
Should worst case conditions cause tCLK low to AS low to exceed requirement (1), one
wait state is inserted in the access to the FPCP; no other adverse effect occurs. Figure 12-
5 shows the bus cycle timing for this interface. Refer to MC68881/MC68882 Floating-Point
Coprocessor User’s Manual for FPCP specifications.

The circuit that generates CS must meet another requirement. When a nonfloating-point
access immediately follows a floating-point access, CS (for the floating-point access) must
be negated before AS and DS (for the subsequent access) are asserted. The PAL circuit
previously described also meets this requirement.

For example, if a system has only one coprocessor, the full decoding of the ten signals
(FCO-FC2 and A13-A19) provided by the PAL equations in Figure 12-4 is not absolutely
necessary. It may be sufficient to use only FCO-FC1 and A16-A17. FC1-FCO indicate when
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ClK ————— F— e
A — —————— NC
FC2 ——————— —————— NC
FCl —
FCo —— PAL16LS ————— — N¢
Ay ——————— 10ns ———————— A3
Alg ———————— ———— Al4
Al] —————— ————— ciko
Alf —————— ——— S
GND A5

Figure 12-3. Chip-Select Generation PAL

PAL1618

FPCP CS GENERATION CIRCUITRY FOR 25 MHz OPERATION

MOTOROLA INC., AUSTIN, TEXAS

CLK AS FC2 FC1 FCO A19 A18 A17 A16 GND

A15 /CS /CLKD A14 A13 NC NC NC NC vce
CS =FC2 * FC1 * FCO ;cpu space = $7

*/A19  */A18  * A17 */A16 ;coprocessor access = $2

*/A15  */A14  * A13 ;coprocessor id = $1

* /ICLK ;qualified by MPU clock low

+ FC2 * FC1 * FCO ;cpu space = $7

*/A19  */A18  * A17 * /A16  ;coprocessor access = $2

*/A15  */A14  * A13 ;coprocessor id = $1

* JAS ;qualified by address strobe low

+FC2 *FC1 * FCO
*/A19  */A18 * A17 * /A16  ;coprocessor access = $2
*/A15  */A14 * A13 ;coprocessor id = $1

* /ICLKD ;qualified by CLKD (delayed CLK)
CLKD = CLK

Description: There are three terms to the CS generation. The first term denotes the earliest time
CS can be asserted. The second term is used to assert CS until the end of the FPCP access. The
third term is to ensure that no race condition occurs in case of a late AS.

Figure 12-4. PAL Equations

a bus cycle is operating in either CPU space ($7) or user-defined space ($3), and A16-A17
encode CPU space type as coprocessor space ($2). A13-A15 can be ignored in this case
because they encode the coprocessor identification code (Cp-ID) used to differentiate be-
tween multiple coprocessors in a system. Motorola assemblers always default to a Cp-ID
of $1 for floating-point instructions; this can be controlled with assembler directives if a
different Cp-ID is desired or if multiple coprocessors exist in the system.
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DSACKO/DSACK1

O FPCP SPECIFICATION |:| MPU SPECIFICATION

Figure 12-5. Bus Cycle Timing Diagram

12.3 BYTE SELECT LOGIC FOR THE MC68030

The architecture of the MC68030 allows it to support byte, word, and long word operand
transfers to any 8-, 16-, or 32-bit data port regardless of alignment. This feature allows the
programmer to write code that is not bus-width specific. When accessed, the peripheral
or memory subsystem reports its actual port size to the processor, and the MC68030 then
dynamically sizes the data transfer accordingly, using multiple bus cycles when necessary.
Hardware designers also have the flexibility to choose implementations independent of
software prejudices. The following paragraphs describe the generation of byte select con-
trol signals that enable the dynamic bus sizing mechanism, the transfer of differently sized
operands and the transfer of misaligned operands to operate correctly.

The following signals control the MC68030 operand transfer mechanism:
® A1, A0 = Address lines. The most significant byte of the operand to be transferred is
addressed directly.
® SIZ1, SIZ0 = Transfer size. Output of the MC68030. These indicate the number of bytes
of an operand remaining to be transferred during a given bus cycle.

® RW = Read/Write. Output of the MC68030. For byte select generation in MC68030
systems, R/W must be included in the logic if the data from the device is
cachable.

® DSACK1, DSACKO = Data Transfer and Size Acknowledge. Driven by an asynchronous
port to indicate the actual bus width of the port.

® STERM = Synchronous Termination. Driven by a 32-bit synchronous port only.

The MC68030 assumes that 16-bit ports are situated on data lines D16-D31, and that 8-bit
ports are situated on data lines D24-D31. This ensures that the following logic works
correctly with the MC68030’s on-chip internal-to-external data bus multiplexer. Refer to
SECTION 7 BUS OPERATION for more details on the dynamic bus sizing mechanism.

The need for byte select signals is best ililustrated by an example. Consider a long word
write cycle to an odd address in word-organized memory. The transfer requires three bus
cycles to complete. The first bus cycle transfers the most significant byte of the long word
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on D16-D23. The second bus cycle transfers a word on D16-D31, and the last bus cycle
transfers the least significant byte of the original long word on D24-D31. In order not to
overwrite those bytes which are not used these transfers, a unique byte data strobe must
be generated for each byte when using devices with 16- and 32-bit port widths.

For non-cachable read cycles and all write cycles, the required active bytes of the data bus
for any given bus transfer are a function of the the size (S1Z1/S1Z0) and lower address (A1/
A0) outputs and are shown in Table 12-1. Individual strobes or select signals can be gen-
erated by decoding these four signals for every bus cycle. Devices residing on 8-bit ports
can utilize Data Strobe (DS) alone since there is only one valid byte for any transfer.

Table 12-1. Data Bus Activity for Byte, Word, and Long Word Ports

Data Bus Active Sections
Trg?zs:er siz1 SI20 Al A0 Byte (B) - Word (W) — Long Word (L) Ports
D31-D24 | D23-D16 D15-D8 D7-D0
0 1 0 0 BWL - - —
Byte 0 1 0 1 B WL — —
v 0 1 1 0 BW - L —
0 1 1 1 B w — L
1 0 0 0 BWL WL — —
1 0 0 1 B WL L —
Word 1 0 1 0 BW w L L
1 0 1 1 B w — L
1 1 0 0 BWL WL L —
1 1 0 1 B WL L L
Three-Byte 1 1 1 0 BW w L L
1 1 1 1 B w — L
0 0 0 0 BWL WL L L
0 0 0 1 B WL L L
Long Word 0 0 1 0 BW w L L
0 0 1 1 B w — L

During cachable read cycles, the addressed device must provide valid data over its full bus
width (as indicated by DSACKx or STERM). While instructions are always prefetched as
long-word-aligned accesses, data fetches can occur with any alignment and size. Because
the MC68030 assumes that the entire data bus port size contains valid data, cachable data
read bus cycles must provide as much data as signaled by the port size during a bus cycle.
To satisfy this requirement, the R/W signal must be included in the byte select logic for
the MC68030.

Figure 12-6 shows a block diagram of an MC68030 system with two memory banks. The
PAL provides memory mapped byte select signals for an asynchronous 32-bit port, and
unmapped byte select signals that are available to other memory banks or ports. Figure
12-7 provides sample equations for the PAL.

The PAL equations and circuits presented here are not intended to be the optimal imple-
mentation for every system. Depending on the CPU’s clock frequency, memory access
times, and system architecture, different circuits may be required.
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MC68030 BYTE DATA SELECT GENERATION FOR 32-BIT PORTS, MAPPED AND UNMAPPED.
MOTOROLA INC., AUSTIN, TEXAS

A0 A1 Sizo Siz1 RW A18 A19  A20 A21 GND

/CPU /UUDA /UMDA /LMDA /LLDA /UUDA /UMDB /LMDB ALDB VCC

UUDA = RW ;enable upper byte on read of 32-bit port
+ /A0 * /A1 ;directly addressed, any size
UMDA = RW ;enable upper middle byte on read of 32-bit port
+ A0 * /A1 ;directly addressed, any size
+/A1*/SIZ0 ;word aligned, size byte or three byte
+/A1* SIZ1 ;word aligned, size is word or long word
LMDA = RW ;enable lower middle byte on read of 32-bit port
+/A0* A1 ;directly addressed, any size
+/A1*/SIZ0* /SIZ1 ;word aligned, size is long word
+/A1* 8120 * SIZ1 ;word aligned, size is three byte
+/A1* A0 * /SIZ0 ;word aligned, size is word or long word
LLDA = RW ;enable lower byte on read of 32-bit port
+A0* Al ;directly addressed, any size
+A0* SIZ0 * SIZ1 ;0dd alignment, three byte size
+/S120 * /SIZ1 ;size is long word, any address
+A1*SIZ1 ;word aligned, word or three byte size
UUDB = RW * /CPU * (addressb) ;enable upper byte on read of 32-bit port
+/A0* /A1 * /CPU * (addressb) .directly addressed, any size
UMDB = RW * /CPU * (addressb) ;enable upper middle byte on read of 32-bit port
+A0* /A1 * /CPU * (addressb) ;directly addressed, any size
+/A1*/SIZ0 * /CPU * (addressb) ;word aligned, size byte or three byte
+/A1* SIZ1 * /CPU * (addressb) ;word aligned, size is word or long word
LMDB = RW* /CPU * (addressb) ;enable lower middle byte on read of 32-bit port
+/A0* A1 * /CPU * (addressb) ;directly addressed, any size
+/A1*/SI20 * /SIZ1 * /CPU * (addressb) ;word aligned, size is long word
+/A1* SIZ0 * S1Z1 * /ICPU * (addressb) ;word aligned, size is three byte
+/A1* A0 */SIZ0 * /CPU * (addressb) word aligned, size is word or long word
LLDB = RW * /CPU * (addressb) ;enable lower byte on read of 32-bit port
+A0* A1 */CPU * (addressb) ,directly addressed, any size
+ A0 * SIZ0* SIZ1 * /CPU * (addressb) ;odd alignment, three byte size
+/S120 * /SIZ1 * /|CPU * (addressb) ;size is long word, any address
+ A1 * 8121 * /CPU * (addressb) ;word aligned, word or three byte size

DESCRIPTION: Byte select signals for writing. On reads, all bytes selects are asserted if the respective
memory block is addressed. The input signal /CPU prevents byte select assertion during CPU space
cycles and is derived from NANDing FCO-FC1 or FCO-FC2. The label, (addressb), is a designer-selectable
combination of address lines used to generate the proper address decode for the system's memory bank.
With the address lines given here the decode block size is 256K bytes. A similar address might be
included in the equations for UUDA, UMDA, etc. if the designer wishes them to be memory mapped also.

Figure 12-7. MC68030 Byte Select PAL Equations

12.4 MEMORY INTERFACE

The MC68030 is capable of running three types of external bus cycles as determined by
the cycle termination and handshake signals (refer to SECTION 7 BUS OPERATION). These
three types of bus cycles are:
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1. Asynchronous cycles, terminated by the DSACKx signals, have a minimum duration
of three processor clock periods in which up to four bytes are transferred.

2. Synchronous cycles, terminated by the STERM signal, have a minimum duration of
two processor clock periods in which up to four bytes are transferred.

3. Burst operation cycles, terminated by the STERM and CBACK signals, have a duration

of as little as five processor clock periods in which up to four long words (16 bytes)
are transferred.

During read operations, M68000 processors latch data on the last falling clock edge of the
bus cycle, one half clock before the bus cycle ends (burst mode is a special case). Latching
data here, instead of the next rising clock edge helps to avoid data bus contention with
the next bus cycle, and allows the MC68030 to receive the data into its execution unit
sooner for a net performance increase.

Write operations also use this data bus timing to allow data hold times from the negating
strobes and again to avoid any bus contention with the following bus cycle. This usually
allows the system to be designed with a minimum of bus buffers and latches.

One of the benefits of the MC68030’'s on-chip caches is that the effect of external wait
states on performance is lessened because the caches are always accessed in fewer than
‘no wait states’ regardless of the external memory configuration. This feature makes the
MC68030 (and MC68020) unique among other general purpose microprocessors.

12.4.1 Access Time Calculations

The timing paths that are typically critical in any memory interface are illustrated and
defined in Figure 12-8. For burst transfers, the first long word transferred also uses these
parameters, but the subsequent transfers are different and are discussed in 12.4.2 Burst
Mode Cycles.

The type of device that is interfaced to the MC68030 determines exactly which of the paths
is most critical. The address-to-data paths are typically the critical paths for static devices
since there is no penalty for initiating a cycle to these devices and later validating that
access with the appropriate bus control signal. Conversely, the address-strobe-to-data-
valid path is often most critical for dynamic devices since the cycle must be validated
before an access can be initiated. For devices that signal termination of a bus cycle before
data is validated (e.g., error detection and correction hardware, and some external caches)
in order to improve performance, the critical path may be from the address or strobes to
the assertion of BERR (or BERR and HALT). Finally, the address-valid-to-DSACKx or STERM-
asserted path is most critical for very fast devices and external caches, since the time
available between when the address is valid and when DSACKx or STERM must be asserted
to terminate the bus cycle is minimal. Table 12-2 provides the equations required to cal-
culate the various memory access times assuming a 50 percent duty cycle clock.

During asynchronous bus cycles, DSACK1 and DSACKO are used to terminate the current
bus cycle. In true asynchronous operations such as accesses to peripherals operating at a
different clock frequency, either or both signals may be asserted without regard to the
clock, and then data must be valid a certain amount of time later as defined by specification
#31. With a 16.67 MHz processor, this time is 50 ns after DSACKx asserts and with a 20.0
MHz processor, this time is 43 ns after DSACK asserts (both numbers vary with the actual
clock frequency).
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NOTE: This diagram illustrates access time calculations only. DSACKO/DSACK1 and STERM should
never be asserted together during the same bus cycle.

Paramter Description System Equation
a Address Valid to DSACKx Asserted tAVDL 121
b Address Strobe Asserted to DSACKx Asserted tSADL 12-2
c Address Valid to STERM Asserted tAVSL 12-3
d Address Strobe Asserted to STERM Asserted tSASL 12-4
e Address Valid to BERR/HALT Asserted tAVBHL 12-5
f Address Strobe Asserted to BERR/HALT Asserted tSABHL 12-6
g Address Valid to Data Valid tAVDV 12-7
h Address Strobe Asserted to Data Valid tSADV 12-8

Figure 12-8. Access Time Computation Diagram

However, many local memory systems do not operate in a truly asynchronous manner
because the memory control logic can either be related to the MC68030’s clock or worst
case propagation delays are known, and thus asynchronous setup times for the DSACKx
signals can be guaranteed. The timing requirements for this pseudo-synchronous DSACKx
generation is governed by the equation for tAVDL.

Synchronous cycles use the STERM signal to terminate the current bus cycle. In bus cycles
of equal length, STERM has more relaxed timing requirements than DSACKx since an
additional 30 ns is available when comparing tAySL(or tSASL) to tAVDL (or tSADL). The
only additional restriction is that STERM must meet the setup and hold times as defined

by specifications #60 and #61 respectively for all rising edges of the clock during a bus
cycle. The value for tgASL when the total number of clock periods (N) equals two in Table
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Table 12-2. Memory Access Time Equations at 20 MHz

N=2 N=3 N=4 N=5 N=6

(12-1) taypL =(N-1)t1 —t2 - t6 —t47A — 46 ns 96 ns 146 ns 196 ns
(12-2) tsApL = (N-2):t1 —t9 - t47A — 26 ns 76 ns 126 ns 176 ns
(12-3) taysL = (N-1)t1 - 16— t60 21 ns 71 ns 121 ns 171ns | 221 ns
(12-4) tgasL = (N-1)t1 —t3-t9-160 1ns 51 ns 101 ns 151 ns | 201 ns
(12-5) tayBHL = Net1 -t2—-t6 —t27A 40 ns 90 ns 140ns | 190ns | 240 ns
(12-6) tsABHL = (N-1)t1 -t9 - t27A 20 ns 70 ns 120 ns 170 ns | 220 ns
(12-7) taypy = Net1 —t2—t6 - 127 46 ns 96 ns 146ns | 196ns | 246ns
(12-8) tsADV = (N-1)t1 —t9 - 127 26 ns 76 ns 126 ns 176 ns | 226 ns

where:

tX = Refers to AC Electrical Specification #X

t = The Clock Period

t2 = The Clock Low Time

t3 = The Clock High Time

t6 = The Clock High to Address Valid Time

t9 = The Clock Low to AS Low Delay

t27 = The Data-In to Clock Low Setup Time

t27A = The BERR/HALT to Clock Low Setup Time

t47A = The Asynchronous Input Setup Time

t60 = The Synchronous Input to CLK High Setup Time

N = The Total Number of Clock Periods in the Bus Cycle (Non-Burst)
(N=2 for Synchronous Cycles; N=3 for Asynchronous Cycles)

12-2 requires further explanation. Because the calculated value of this access time, Equation
12-4, is zero under certain conditions, hardware cannot always qualify STERM with AS at
all frequencies. However, such qualification is not a requirement for the MC68030. STERM
can be generated by the assertion of ECS, the falling edge of S0, or most simply by the
output(s) of an address decode or comparator logic. Note that other devices in the system
may require qualification of the access with AS since the MC68030 has the capability to
initiate bus cycles and then abort them before the assertion of AS.

Another way to optimize the CPU-to-memory access times in a system is to use a clock
frequency less than the rated maximum of the specific MC68030 device. Table 12-3 provides
calculated taypV (Equation 12-7) results for an MC68030RC16 and MC68030RC20 operating
at various clock frequencies. If the system uses other clock frequencies, the above equations
can be used to calculate the exact access times.

Table 12-3. Calculated taAypDV Values for Operation at Frequencies
Less Than or Equal to the CPU’s Maximum Frequency Rating
Equation 12-7 taypy MC68030RC20 MC68030RC25
Clocks Per Bus Wait Clock at Clock at Clock at Clock at Clock at
Cycle (N) and Type States | 16.67 MHz 20 MHz 16.67 MHz 20 MHz 25 MHz
2 Clock Synchronous 0 61 46 68 53 38
3 Clock Synchronous 1 121 96 128 103 78
3 Clock Asynchronous 0 121 96 128 103 78
4 Clock Synchronous 2 181 146 188 153 1118
4 Clock Asynchronous 1 181 146 188 153 118
5 Clock Synchronous 3 241 196 248 203 158
5 Clock Asynchronous 2 241 196 248 203 158
6 Clock Synchronous 4 301 246 308 253 198
6 Clock Asynchronous 3 301 246 308 253 198
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12.4.2 Burst Mode Cycles

The memory access times for burst mode bus cycles follow the above equations for the
first access only. For the subsequent (second, third and fourth) accesses, the memory
access time calculations depend on the architecture of the burst mode memory system.

Architectural trade-offs include the width of the burst memory, and the type of memory
used. If the memory is 128 bits wide, the subsequent operand accesses do not affect the
critical timing paths. For example, if a 3-1-1-1 burst accesses 128-bit wide memory, the
first access is governed by the equations in Table 12-2 for N equal to three. The subsequent
accesses also use these values as a base, but have additional clock periods added in. The
second access has one additional clock period, the third access has two additional clock
periods and the fourth has three additional clock periods. Thus the access time for the first
cycle determines the critical timing paths.

Memory that is 64-bits wide, presents a compromise between the two configurations listed
above in both access times and parts, count.

12.5 STATIC RAM MEMORY BANKS.

When the MC68030 is operating at a high clock frequency, a no wait state external memory
system will most likely be composed of static RAMs. The following paragraphs discuss
three static memory banks which may be used as shown or as a starting point for an
external cache design. The designs offer different levels of performance, bus utilization,
and cost.

12.5.1 A Two Clock Synchronous Memory Bank Using SRAMs.

The MC68030 normally attains its highest performance when the external memory system
can support a two clock synchronous bus protocol. This section describes a complete
memory bank containing 64K bytes that can operate with a 20 MHz MC68030 using two-
clock accesses. Also discussed are several options and minor alterations to reduce cost or
power consumption.

Figure 12-9 shows the complete memory bank and its connection to the MC68030. As
drawn, the required parts include:

(8) 16K x4 SRAMs, 35 ns access time with separate 1/O pins
(4) 74F244 buffers

(2) 74F32 OR gates

(1) PAL16L8D (or equivalent)

The system must also provide any STERM consolidation circuitry as required (for instance
by the presence of multiple synchronous memory banks or ports). In Figure 12-9, this
consolidation circuitry is shown as an AND gate.

The memory bank can be divided into three sections:
1. The byte select and address decode section (provided by the PAL).
2. The actual memory section (SRAMs).
3. The buffer section.
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Figure 12-9. Example Two Clock Read, Three Clock Write Memory Bank

The first section consists of two 74F32 OR gates, a 74F74 D-type flip flop, and a PAL16L8D.
Example PAL equations are provided in Figure 12-10. The PAL generates six memory
mapped signals; four byte select signals for write operations, a buffer control signal, and
the cycle termination signal. The byte select signals are only asserted during write oper-
ations when the processor is addressing the 64K bytes contained in the memory bank, and
then only when the appropriate byte (or bytes) is being written to as indicated by the SIZ0,
SIZ1, A0 and A1 signals. The four signals, UUCS, UMCS, LMCS and LLCS, control data
bits D24-D31, D16-D23, D8-D15 and D0-D7 respectively. AS is used to qualify the byte select
signals to avoid spurious writes to memory before the address is valid. During read op-
erations, the read chip select (RDCS) signal, qualified with AS, controls the data buffers
only (since the memory is already enabled with its E input grounded). The last signal
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UUCS =/A0 * /A1 8 /RW */A16*/A17*/A18*A30* ,directly addressed, any size

UMCS =A0 * /A1 * /RW * /A16*/A17*/A18*A30* ;directly addressed, any size
+/A1 * /SIZ0 * /RW * /A16*/A17*/A18*A30* ;word aligned, size byte or three byte
+/A1 *SIZ1 * /RW * /A16%/A17*/A18*A30* ;word aligned, size is word or long word
LMCS =/A0 *A1 * /RW * /A16*/A17*/A18*A30* ;directly addressed, any size
+/A1 * /SIZ0 * /SIZ1 * /RW * /A16*/A17*/A18*A30* ;word aligned, size is long word
+/A1 * SIZ0 * SIZ1 * /RW * /A16*/A17*/A18*A30* ;word aligned, size is three byte
+/A1 * A0 * /SIZ0 * /RW * /A16%/A17*/A18*A30* ;word aligned, size is word or long word
LLCS = A0 * A1 /RW * /A16*/A17%/A18*A30* ,directly addressed, any size
+A0 * SIZ0 *SIZ1 * /RW * /A16*/A17*/A18*A30* ;0dd alignment, three byte size
+/SI1Z0 * /SIZ1 * /RW * /A16*/A17*/A18*A30* ;size is long word, any address
+ A1 * SIZ1 * /RW * /A16%/A17*/A18*A30* ;word aligned, word or three byte size
RDCS =/A16*/A17*/A18*A30*RW ;immediate STERM with proper address
+/A15 * /A17 * /A18*A30* /RW*DAS ;write cycles take three clocks

DESCRIPTION: Byte select signals. The byte select signals are asserted only during write operations when the particular byte is being written.
The synchronous bank of memory is always enabled, and writes are controlled by W on the memory. RDCS is for buffer
control and only asserts for read operations. TERM is the cycle termination signals to the MC68030.

Figure 12-10. Example PAL Equations for Two Clock Bank

generated by the PAL is the TERM signal. As its equation shows, TERM consists of two
events: one for read cycles, and the other for write cycles. For read cycles. TERM is an
address decode signal that is asserted whenever the address corresponds to the encoded
memory-mapped bank of SRAM. For write operations, a delayed form of AS (DAS) is used
to qualify the same address decode, which lengthens write operations to three clock cycles.
The DAS signal generation is delayed from the clock edge by running the clock signal
through two 74F32 OR gates before connecting to the 74F74 D-type flip flop. This guarantees
that the maximum propagation delay to generate the TERM signal does not violate the
synchronous input hold time of the MC68030. By increasing write operation to three clock
cycles, the MC68030 can easily meet the specified data setup time to the SRAMs before
the negation of the write strobes (W). TERM is then connected to the system’s STERM
consolidation circuity. The consolidation circuitry should have no more than 15 nanose-
conds of propagation delay. If the system has no other synchronous memory or ports,
TERM may be connected directly to STERM.

The second section contains the memory devices. Eight devices are used, but some designs
may wish to increase this to support EDAC, or to increase density. The most important
feature of the memory devices used in this design is the separate data-in and data-out
pins, which allow the SRAMs to be enabled before address decode is complete without
causing data bus contention. The enable pins on the SRAMs have been grounded for both
simplicity and improved memory access timing. If the designer wishes to include some
type of enable circuitry to take advantage of low bus utilization for lower power con-
sumption, the timing in this design will be preserved if the memory’s E signal is asserted
before the falling edge of state SO (at the same time as or before the address becomes
valid). Two possible enable circuits are shown in Figure 12-11.

The third section of the memory bank is the data buffers. The data buffers are shown as
74F244, but 74AS244s may also be used. The RDCS signal qualified with AS controls the
data buffers during read operations as described above.
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Figure 12-11. Additional Memory Enable Circuits

To maximize performance both read and write operations should be capable of completing
in two clock cycles. Figure 12-12 shows a two clock read and write memory bank. The
required parts include:

(8) 16K x4 SRAMs, 25 ns access time with separate I/0 pins

(4)  74F244 buffers

(2)  74F32 OR gates

(1) PAL16L8D (or equivalent)

(1) 74F74 D-type flip flop

(2) 74F373 transparent latches

(1) 74AS21 AND gate

(1) 74F04 inverter

The structure of this design is very similiar to the previous design and can similarly be
divided into three main sections:

1. The byte select and address decode section (provided by the PAL).
2. The actual memory section (SRAMs).
3. The buffer/latch section (address and data).

The same PAL equations listed in Figure 12-10 are used with the exception of the TERM
signal. Figure 12-13 shows the equation for TERM, which is used by the two clock read
and write design.

TERM is simply an address decode signal in this design because both read and write
operations complete in two clock periods. The other signals generated by the PAL have
already been discussed in the previous design and are not repeated here. A latched version
of AS is generated by a 74F74 D-type flip flop and used to qualify the individual byte select
signals from the PAL. The required SRAM data setup time on write cycles is ensured by
keeping the write strobes (W) active to the SRAMs until the rising edge of the clock which
completes the MC68030 write operation.

The memory section in this design uses 25 nanoseconds SRAMs rather than the 35 na-
noseconds SRAMs used in the previous design. The faster SRAMs compensate for the
74F373 transparent latches used on the address lines. Since the memory write operations
complete after the MC68030 write bus cycle, both address and data are latched and held
valid to the SRAMs until the write strobes (W) negate. During read operations the trans-
parent latches on the address lines remain in the transparent mode allowing the SRAMs
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Figure 12-12. Example Two Clock Read and Write Memory Bank

TERM = /A16 * /A17 * /A16 * A30 ;immediate STERM for both reads and writes
Figure 12-13. Example PAL Equation for Two Clock Read and Write Bank

to provide data through the 74F244 buffers in time to meet the specified data setup time
to the MC68030.

Not all systems require the performance of 20 MHz two clock bus cycles, nor will all systems
be able to afford the fast devices. Fortunately, several small changes to this design could
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assist designers with different cost/performance ratios. The simplest and most direct method
is to reduce the clock frequency of the MC68030. For instance, if the clock frequency is
below approximately 18.1 MHz, the same control logic supports two clock bus cycles with
45 ns memory (55 ns if < 15.8 MHz). If 20 MHz is still the frequency of choice, the designer
may choose to run three clock bus cycles. This can be accomplished with the addition of
a flip flop to delay the TERM signal by one clock. The resulting memory access time is
over 85 ns with a 20 MHz processor running with three clock bus cycles.

12.5.2 A 2-1-1-1 Burst Mode Merﬁory Bank Using SRAMs

The MC68030 normally attains its lowest bus utilization when the external memory system
can support a 2-1-1-1 burst protocol. However, éxceptions to this can occur. For instance,
when a large amount of memory accesses are not governed by the locality of reference
principles, burst accesses may not decrease bus utilization. This section describes a com-
plete 2-1-1-1 memory bank with 256K bytes that can operate with a 20 MHz MC68030. Non-
burst reads and all write cycles execute in two clocks.

Figure 12-14 shows the complete memory bank and its connection to the MC68030. The
required parts include:

(32) 64K x1 SRAMs 25 ns access time (Motorola’s MCM6287-25 or equivalent)

(2) 74ALS244 buffers

(4) 74AS373 latches

(2) 74F32 OR gates

(4) 74F191 counters

(1) PAL16L8D (or equivalent)

(1) 74F04 inverter

The system must also provide any STERM or CBACK consolidation circuitry as required
(for instance due to the presence of multiple synchronous memory banks or ports). In
Figure 12-14, this consolidation circuitry is shown as an AND gate.

The memory bank can be divided into four sections:
1. The byte select and address decode section (provided by the PAL).
2. The burst address generator (provided by the counters).
3. The actual memory section (SRAMs).
4. The buffer section (address and data).

The first section is completely contained within the PAL16L8D. The PAL equations are the
same as those provided in Figure 12-8 for the two-clock read, three-clock write memory
bank, although slightly modified to support the larger block of memory (use A18-A20
instead of A16-A18). The PAL generates six memory mapped signals: four byte select
signals for write operations, a buffer control signal, and the cycle termination signal. The
byte select signals are only asserted during write operations when the processor is ad-
dressing the 256K bytes contained in the memory bank, and then only when the appropriate
byte or bytes is being written to as indicated by the SI1Z0, SIZ1, A0, and A1 signals. The
four signals, UUCS, UMCS, LMCS, and LLCS, control data bits D24-D31, D16-D23, D8-15,
and D0-D7 respectively. AS is used to qualify the byte select signals to avoid spurious
writes to memory before the address is valid. During read operations, the read chip select
(RDCS) signal, qualified with AS, controls the data latches only (since the memory is already
enabled with its E input grounded). The last signal generated by the PAL is the TERM
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Figure 12-14. Example 2-1-1-1 Burst Mode Memory Bank at 20 MHz, 256K Bytes
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signal. As the equation shows, TERM consists of two events: one for read cycles, and the
other for write cycles. For read cycles, TERM is an address decode signal that is asserted
whenever the address corresponds to the encoded memory-mapped bank of SRAM. Write
operations use the DAS signal to qualify the address decode, which lengthens write cycles
to three clock periods. If a two-clock write cycle is required, this design can be modified
to incorporate the address and data latches used in Figure 12-12. TERM is connected to
the system’s STERM and CBACK consolidation circuitry such that both are asserted when
TERM is asserted. The consolidation circuitry should have a maximum propagation delay
of 15 ns or less. If the system has no other synchronous memory or ports, TERM can be
connected directly to STERM, and CBACK may be grounded.

The second section is the burst address generator which contains the four counters and
the inverter. The counters serve to both buffer the MC68030’s address lines (A2 and A3)
and to provide the next long word address during a burst operation. The 74F191s are
asynchronously preset at the beginning of every bus cycle when AS is negated. When AS
asserts, the counting is dependent on the CBREQ signal and the CLK signal. During writes,
CBREQ is always negated and the counters serve only as address buffers. During reads,
if CBREQ asserts, the current value of counter bits Q1:Q0 are incremented on every falling
clock edge of the MC68030’s clock after AS asserts. Four counters are used to provide
enough drive capability to avoid an additional buffer propagation delay. Each counter drives
eight memory devices.

The third section contains the memory devices. The most important feature of the memory
devices used in this design is the separate data-in and data-out pins, which allow the
SRAMs to be constantly enabled before address decode is complete without causing data
bus contention. If the designer wishes to include some type of enable circuitry to take
advantage of low bus utilization, the timing in this design will be preserved if the memory’s
E signal is asserted within 13 ns after the falling edge of state SO.

The fourth and last section of the memory bank is the address and data buffers. The address
buffers are shown as 74ALS244s, but 74AS244s and 74F244s are also acceptable. Two
inputs to the address buffers remain unused allowing the possibility for expansion up to
1 MEG bytes without any additional devices when SRAMs of suitable density become
available. The RDCS signal qualified with AS controls the data buffers during read oper-
ations. The address buffers are always enabled.

Some modifications to this design can improve performance. Specifically, circuitry to con-
trol CBACK and thus prevent or discontinue a burst cycle is a simple addition. The circuitry
should have two functions: first to prevent wrap around, and second to prevent bursting
when a data operand crosses a long word boundary.

Not all systems require the performance of 20 MHz 2-1-1-1 burst cycles, nor will all systems
be able to afford the fast devices of this design. If the clock frequency is below approximately
17.5 MHz, the same support logic supports 2-1-1-1 burst cycles with 35 ns memory. If 20
MHz is still the frequency of choice, the designer may choose to run 3-1-1-1 burst cycles.

12.5.3 A 3-1-1-1 Burst Mode Memory Bank Using SRAMs.

Figure 12-15 shows the complete 3-1-1-1 memory bank with 256K bytes that can operate
with a 20 MHz MC68030. The required parts include:

(32) 64Kx 1 SRAMs 35 ns access time (Motorola’s MCM6287-35 or equivalent)

(4) 74ALS244 buffers
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Figure 12-15. Example 3-1-1-1 Pipelined Burst Mode Memory Bank at 20 MHz, 256K Bytes
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(4) 74F374 latches

(2) 74F32 OR gates

(4) 74F191 counters

(1) PAL16L8D (or equivalent)
(2) inverters

(1) flip flop

The structure of this memory bank is very similiar to the 2-1-1-1 memory bank described
in 12.5.2 A 2-1-1-1 Burst Mode Memory Bank Using SRAMs. In fact, the PAL and address
buffers are exactly the same. The PAL equations are provided in Figure 12-10. The most
important differences occur in the data latches which are now flip flops. Also, the D-type
flip flop has been moved from the input side of the PAL to the TERM output.

The data flip flops allow the long words out of the memory to be pipelined such that setup
and hold times are easier to satisfy. The memory devices are generating the next long
word of data even before the MC68030 has latched the ““current”” long word. This alteration
eases access timing requirements such that 35 ns memory can be used with a clock
frequency of 20 MHz. If the clock frequency is less than 17 MHz, 45 ns memory can be
used. Another benefit of the slower cycle, is a relaxed timing requirement for the enable
inputs of the SRAMs. Although Figure 12-15 has all the SRAM chip enables grounded, the
timing in this design will be preserved if the memory’s E signal is asserted within 10 ns
after the rising edge of state S2. Figure 12-16 shows four possible enable circuits.

Vee Vee

é 4574 (I) 474

PR AS T PR
Vg — 0 ob——ax (BUFFERED) T —| 0 tb—»
B—poak Tpo— W _ Kk —>ctk Tjo—

CLR (BUFFERED) t CLR

o w

Figure 12-16. Additional Memory Enable Circuits

™
2

The flip flop connected to the TERM signal serves two purposes: first, the TERM signal is
delayed at the beginning of the cycle to insert the wait state for the first long word, and
second, the burst address generator is also prevented from incrementing the long word
base address until the first long word has been latched by the 74F374s.

The performance enhancing modifications described for the 2-1-1-1 design also apply to
this design. Specifically, circuitry to control CBACK and thus prevent or discontinue a burst
cycle can be added. The circuitry should have two functions: first to prevent wraparound,
and second to prevent bursting when a data operand crosses a long word boundary.
Another enhancement might be to alter the TERM control circuitry with the addition of a
write latch mechanism to run two clock writes.

The critical path for the 3-1-1-1 memory bank is not the first long word access as in the 2-
1-1-1 memory bank, but rather the subsequent long words during burst cycles. No alter-
native architecture can correct the critical path for the 2-1-1-1 burst cycle. However, for 3-
1-1-1 burst cycles the designer might consider memory banks which are 64 or 128 bits
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wide. In this manner, the access time for the subsequent long words can be hidden un-
derneath the access of the previous long word(s).

12.6 EXTERNAL CACHES

In order to provide lower average access times to memory, some systems implement
caches local to the main processor that store recently-used instructions and/or data. For
the MC68030, several architectural options are available to the cache designer. The primary
decisions are whether to configure the cache as an asynchronous or synchronous device
and whether the cache accesses are terminated early (before the cache look-up is complete)
or only after validation.

The MC68030 late BERR/HALT facility allows an external device to signal completion of a
bus cycle by asserting DSACKx or STERM and later (approximately one clock period or
one half clock, respectively) aborting or retrying that cycle if an error condition is detected.
As one critical access path in many memory structures is the assertion of DSACKx/STERM
to avoid additional wait states, the late abort capability allows the memory controller to
terminate a bus cycle before data is valid on the processor data bus. If the data validation
fails, the memory controller can then abort (BERR) or retry (BERR/HALT) the cycle. This
technique is useful in memory error detection schemes where the cycle can be terminated
as soon as data becomes available and the error checking can take place during the period
between the signaling of termination of the cycle and the latching of data by the processor
with a late retry or abort signaled upon error indication. Likewise, this technique can be
used in cache implementations where the cache tag validation cannot be completed before
termination of the cycle must be signaled but the validation is completed before late abort
or retry must be indicated.

The major consideration in choosing whether or not to utilize late cycle retry for an external
cache miss is the overhead involved in retrying a bus cycle after a miss in the cache. The
minimum penalty is the four clock periods required to retry the cycle (two clocks during
which the miss is detected and two clocks idle bus time), assuming that the bus control
strobes (BERR and HALT) are negated soon enough after the completion of the aborted
cycle that the next cycle can begin immediately. In evaluating this overhead, the projected
cache miss rate determines the percentage of cycles that must be retried. Additionally, the
degree of parallelism in the system should be considered. If, after a cache miss, it is possible
to continue the bus cycle to main memory while the processor is retrying the cycle, it is
possible to avoid some, or all, of the performance penalty associated with late retry (al-
though the control circuitry required may be more complex).

For a two clock bus or burst capability, use of the synchronous bus is mandated, but for
a three or more clock, non-burst cache the choice of synchronous versus asynchronous
operation must be made. If the bus cycle is terminated only after validation, use of the
synchronous bus is recommended since the address valid to STERM asserted timing re-
quirement is longer than the address valid to DSACK asserted timing for bus cycles of the
same length. If the cache implements late cycle retry the choice of which bus control mode
to use is less important and depends on system-specific features and control structures.
Some external caches might use both synchronous and asynchronous transfers: synchron-
ous for hits and asynchronous for misses or vice versa. The following discussion assumes
that the external cache uses the synchronous two clock protocol, but most statements also
apply to the asynchronous protocol.
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If the MC68030 MMU is disabled, all bus cycles use logical addresses. If the MMU is enabled,
the external address bus uses physical addresses (including directly mapped logical-to-
physical addresses from the transparent translation (TTx) registers). These two modes of
operation, logical and physical, affect the maintenance of external caches. For example,
when the external cache uses physical addresses, the cache need not be flushed on each
context switch. Since each task in a system may have its own unique mapping of the logical
address space, a logical cache must be flushed of all entries any time the logical-to-physical
mapping of the system changes (as occurs during a context switch). Since there is only a
single physical address space, this problem does not occur with a physical cache as all
references to a particular operand must utilize the same physical address.

The intended cache size should be evaluated when considering the utility of allowing
multiple tasks to maintain cache entries. If the cache is relatively small, and the time
between context switches is large, each task will tend to fill the cache and to remove all
entries created during the execution of previous tasks. Conversely, if the cache size is
relatively large and the period between context switches is relatively small, the cache may
provide an efficient sharing of entries.

12.6.1 Cache Implementation

An example organization of an external cache is shown in Figure 12-15. With this orga-
nization, the cache timing controller does not terminate a bus cycle until the cache has
had sufficient time to validate the access as a "hit"” or a “miss’. When a “hit” decision is
made, the cache controller asserts the STERM signal and also blocks propagation of AS
(A) to the external system. If the cache decision cannot be completed before AS would
normally be asserted by the MC68030, some provision must be made to delay the prop-
agation of AS until the decision is valid. Otherwise, spurious assertions of the AS signal
are likely to occur. .

The cache control circuit (B) contains all logic required to clear or create cache entries.
Also contained in (B) is the decision logic required to determine whether a hit or miss has
occurred and the timing logic that is required to prevent propagation of the “hit"” signal
until the lookup and compare circuitry has had sufficient time to generate a valid decision.
The critical path in the design of this cache is from the output of valid address by the
MC68030 to the assertion of STERM by the cache controller (Equation 12-3). After a cache
hit decision has been made, the hit signal directly drives the STERM signal. Qualifying
STERM with AS is not necessary assuming the appropriate setup and hold times are
respected when AS is asserted. Operating at 20 MHz with no wait states, 21 nanoseconds
are available from the presentation of valid address by the MC68030 to the assertion of
STERM by the cache controller while 46 nanoseconds are available from valid address to
data valid at the processor.

If the access times cannot be met due to the particular cache architecture, size, cost, or
other consideration, the system designer may choose to utilize an early termination ap-
proach, as discussed above, that increases the decision time available to the cache con-
troller by meeting the critical path from address valid to BERR/HALT asserted (Equation
12-5). The only required changes to the cache structure shown in Figure 12-17 is the
generation of STERM. Figure 12-18 shows an example circuit that could be positioned
between the MC68030 and the external cache to provide the early-termination or late-retry
function.
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Figure 12-17. Example MC68030 Hardware Configuration with External Physical Cache

Normally, as soon as AS is asserted, circuit (C) immediately asserts the STERM signal to
terminate the bus cycle, assuming that the cache will produce a valid “hit” later in the
cycle. Circuit (C) also prevents the early termination from occurring from those cycles that
access operands that are non-cachable or had missed in the cache on the previous cycle
(and have not already been retried). In this example, (C) prevents early termination of all
CPU space accesses, all write cycles (assuming a write-through cache is implemented),
cycles with CIOUT asserted and all cycles that missed in the cache on the previous cycle
and were not accesses to non-cachable locations. The flip-flop in (C) latches the termination
condition of the current bus cycle at the rising edge of AS and this status is used during
the next cycle. Other conditions to suppress early termination may be included as required
by a particular system but propagation delays must be carefully considered in order that
the output of (C) be valid before the rising edge of state S1 (see Equation 12-3).
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Figure 12-18. Example Early-Termination Control Circuit

The late-termination circuit is formed by the gates (D) and (E). If the current cycle is
accessing a cachable location, as determined by the output of (C), and a cache hit has not
occurred (D), then the BERR and HALT signals are driven low (E).

Note that the logic depicted in Figure 12-18 is designed to support a cache operating with
no wait states. A provision for generating wait states may be included by placing additional
timing stages between (C) and the MC68030 to delay propagation of this output by the
required number of clock periods.

In order to minimize the potential for delays in retrying a bus cycle, the negation path of
the bus error and halt signals should be carefully controlled. Light capacitive loading of
these signals lines as well as the use of a properly-sized pullup resistor for any open
collector drivers, or some equivalent method, is recommended.

The available cache tag lookup, compare, and logic delay (D) and (E) time for this imple-
mentation is given by Equation 12-5 (40 nanoseconds at 20.0 MHz no wait states).

A further design consideration is the response of the main memory controller to accesses
that miss in the cache and are retried. During a retry operation, and in the absence of
arbitration for the logical bus, the MC68030 continously drives the address bus with the
address that caused the retry to be signaled. This presents the designer with the opportunity
to utilize this information in order to continue (or initiate) the access in the main memory
(by latching the state of the AS signal during the initial bus cycle and holding it asserted
for the duration of the retry) and thus decreasing the overhead associated with retrying
the cycle.
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12.6.2 “Instruction-Only”’ External Cache Implementations

In some cases, particularly in multi-processing systems where cache coherence is a con-
cern, it is desirable to store only instruction operands since they are not considered to be
alterable and, hence, cannot generate stale data. In general, this is feasible with the MC68000
architecture as long as PC-relative addressing modes are not used. This restriction allows
program and data accesses to be distinguished externally by decoding the function code
signals.

12.7 DEBUGGING AIDS

The MC68030 supports the monitoring of internal microsequencer activity with the STATUS
and REFILL signals. The use of these signals is described in the following paragraph. A
useful device to aid programming debugging is described in 12.7.2 Real-Time Instruction
Trace.

12.7.1 STATUS and REFILL

The MC68030 provides the STATUS and REFILL signals to identify internal microsequencer
activity associated with the processing of data in the pipeline. Since bus cycles are inde-
pendently controlled and scheduled by the bus controller, information concerning the
processing state of the microsequencer is not available by monitoring bus signals by
themselves. The internal activity identified by the STATUS and REFILL signals include
instruction boundaries, some exception conditions, when the microsequencer has halted,
and instruction pipeline refills. STATUS and REFILL track only the internal microsequencer
activity and are not directly related to bus activity.

As shown in Table 12-4, the number of consecutive clocks during which STATUS is asserted
indicates an instruction boundary, an exception to be processed or that the processor has
halted. Note that the processor halted condition is an internal error state in which the
microsequencer has shut itself down due to a double bus fault and is not related to the
external assertion of the HALT input signal. The HALT signal only affects bus operation,
not the microsequencer.

Table 12-4. Microsequencer STATUS Indications

Asserted for Indicates

1 Clock Sequencer at instruction boundary — will begin execution of next instruction

2 Clocks Sequencer at instruction boundary but will not begin thenext instruction immediately due to:
e pending trace exception

OR
o pending interrupt exception

3 Clocks MMU address translation cache miss — processor to begin table search
OR
Exception processing to begin for:
o reset OR
bus error OR
address error OR
spurious interrupt OR
autovectored interrupt OR
F-line instruction (no coprocessor responded)

Continuously Processor halted due to double bus fault
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The REFILL signal identifies when the microsequencer requests an instruction pipeline
refill. Refill requests are a result of having to break sequential instruction execution to
handle non-sequential events. Both exceptions and instructions can cause the assertion of
REFILL. Instructions that cause refills include branches, jumps, instruction traps, returns,
coprocessor general instructions that modify the program counter flow, and status register
manipulations. Logical and arithmetic operations which affect the condition codes of the
status register do not result in a refill request. However, operations like the “MOVE <ea>,SR"
instruction which updates the status register cause a refill request since this can change
the program space as defined by the function codes. When the program space changes,
the processor must fetch data from the new space to replace data already prefetched from
the old program space. Similarly, operations which affect the address translation mech-
anism of the Memory Management Unit (MMU) cause a refill request. An instruction like
the “"PMOVE <ea>,TC"”, which changes the translation control register, requires the pro-
cessor to fetch data from the new address translation base. The “‘Test Condition, Decrement,
and Branch” instruction (DBcc) causes two refill requests when the condition being tested
is false. To optimize branching performance, the DBcc instruction requests a refill before
the condition is tested. If the condition is false, another refill is requested to continue with
the next sequential instruction.

Figure 12-19 illustrates the relation between the CLK signal and normal instruction bound-
aries as identified by the STATUS signal. STATUS asserting for one clock cycle identifies
normal instruction boundaries. Note that the assertion of REFILL does not necessarily
correspond to the assertion of STATUS. Both STATUS and REFILL assert and negate from
the falling edge of the CLK signal.

INSTRUCTION

BOUNDARIES l l

STATUS / \ /

Figure 12-19. Normal Instruction Boundaries

boundary. STATUS asserting for two clock cycles identifies a trace or interrupt exception.
Instruction boundary information is still present since both trace and interrupt exceptions
are processed only at instruction boundaries. Before the exception handler instructions
are prefetched, the REFILL signal asserts (not shown) to identify a change in program flow.

Figure 12-20 shows a normal instruction boundary followed by a trace or interrupt exception -
12

INSTRUCTION PENDING TRACE OR
BOUNDARIES l l INTERRUPT EXCEPTION

PROCESSING

REFILL

STATUS \ / \ /

Figure 12-20. Trace or Interrupt Exception
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Figure 12-21 illustrates the assertion of the STATUS signal for other exception conditions
which include MMU address translation cache miss, reset, bus error, address error, spu-
rious interrupt, autovectored interrupt, and F-line instruction when no coprocessor re-
sponds. Exception processing causes STATUS to assert for three clock cycles to indicate
that normal instruction processing has stopped. Instruction boundaries cannot be deter-
mined in this case since these exceptions are processed immediately, not just at instruction
boundaries.

STATOS \ /

Figure 12-21. Other Exceptions

Figure 12-22 shows the assertion of STATUS indicating that the processor has halted due
to a double bus fault. Once a bus error has occurred, any additional bus error exception
occurring before the execution of the first instruction of the bus error handler routine
constitutes a double bus fault. The processor also halts if it receives a bus error or address
error during the vector table read operations or the prefetch for the first instruction after
an external reset. STATUS remains asserted until the processor is reset.

STATES \

Figure 12-22. Processor Halted

12.7.2 Real-Time Instruction Trace

Microprocessor based systems used for real-time applications typically lack development
aids for program debug. The real-time environment does not allow program instruction
execution to arbitrarily stop to handle debugging events. These systems include control
applications where mechanical events cannot halt such as robotics, automotive and in-
dustrial control and emulator systems which may need to keep the target system executing
in real-time.

To solve the problems inherent with real-time systems, the MC68030 incorporates extra
hardware based features to enhance program debug. Real-time systems cannot take ad-
vantage of the trace exception mechanism built into all M68000 Family processors since
this takes processing time away from real-time events. Additional output pins have been
incorporated into the MC68030 to gain real-time visibility into the processor. Tracing ca-
pability can be added by decoding MC68030 control signals to detect which cycles are
important for tracking. Post analysis of collected data allows for program debug.

Several problems exist with an external trace mechanism. These problems include deter-
mining which cycles are important for tracking program flow, detecting if instructions
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obtained in prefetch operations are discarded by the execution unit, and the inability of
external trace circuitry to capture accesses to on-chip cache memories.

External trace hardware used for program debug must be synchronized to the MC68030
bus activity. Since all clock cycles are not traced in a program debug environment, the
trace hardware requires a sampling signal. For external read and write operations trace
sampling occurs when the data bus contains valid data. Two modes of external bus op-
eration are possible: the synchronous mode where the system returns the STERM signal,
and the asynchronous mode in which the system responds with the DSACK1 and/or the
DSACKO signals. Both modes of bus operation need to generate a sampling signal when
valid data is present on the bus. This allows for tracing data flow in and out of the processor,
which is the basis for tracking program execution.

The pipelined architecture of the MC68030 prefetches instructions and operands to keep
the three stages of the instruction pipe full. The pipeline allows concurrent operations to
occur for up to three words of a single instruction or for up to three consecutive instructions.
While sequential instruction execution is the norm, it is possible that prefetched data is
not used by the execution unit due to a non-sequential event. The STATUS signal allows
trace hardware to mark the progress of the execution unit as it processes program memory
operands and allows marking of some exceptions. Non-sequential events, where the entire
pipeline needs to reload before continuing execution, are marked by the REFILL signal.

External hardware typically has no visibility into on-chip cache memory operations. How-
ever, the MC68030 provides a local address reference to increase visibility. Write operations
are totally visible since the MC68030 implements a write-through policy allowing external
hardware to capture data. For read operations from on-chip cache memories, the least
significant byte of the address bus provides a local address reference.

The MC68030 begins an external cycle by driving the address bus and asserting the external
cycle start (ECS) signal. Address strobe (AS) asserts later in the cycle to validate the address.
If a hit occurs in the cache or the cache holding register, then the external cycle is aborted
and AS is not asserted. In addition, the low order address bits (A0-A7) are not involved in
the address translation process performed by the on-chip memory management unit (MMU)
creating a local address reference which can be used by trace functions. All read cycles
from the on-chip cache memories cannot be captured externally since the cache access
does not depend on the availability of the external bus.

Figure 12-23 shows a trace interface circuit which can be used with a logic analyzer for
program debug. The nine input signals (DSACK1, DSACKO, CLK, AS, RESET, STATUS,
REFILL, STERM and ECS) are connected to the MC68030 processor in the system under
development. Six output signals are generated to aid in capturing and analyzing data. In
addition to connecting the logic analyzer to the address bus, the data bus, and the bus
control signals, the trace interface signals SAMPLE, PHALT, FILL, EP, IE and ECSC should
also be connected. The external clock probe of the logic analyzer connects to the system
CLK signal for synchronization. Setting up the logic analyzer for data capture requires that
samples be taken on the falling edge of the CLK signal when the SAMPLE signal is high.
Table 12-5 lists the parts required to implement this circuit.

The sample signal (SAMPLE) is an active high signal which qualifies the next falling edge
of the CLK signal as the sampling point. Five types of conditions cause SAMPLE to assert:

1. An external bus cycle.
2. An internal cache hit including a hit in the cache holding register.
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Table 12-5. List of Parts

Quantity Part Part Description
1 74F00 Quad 2 Input NAND Gate
1 74F114 Dual JK Negative Edge-Triggered Flip-Flop
2 74F74 Dual D-Type Positive Edge-Triggered Flip-Flop
1 PAL16R6D | Programmable Logic Array, Ultra High Speed

3. An instruction boundary.
4. Exception processing as marked by the EP signal discussed below.
5. The processor halting.

The remaining five output signals are used to qualify the information collected.

The Processor Halt (PHALT) signal indicates that the MC68030 has received a double bus
fault and needs a reset operation to continue processing. PHALT asserts after the assertion
of STATUS for greater than three clock cycles and generates a SAMPLE signal.

The FILL signal indicates a break in sequential instruction execution. FILL is a latched version
of the REFILL signal and remains asserted until a sample is collected as indicated by the
assertion of SAMPLE. The assertion of FILL does not generate a SAMPLE signal.

The exception pending (EP) signal indicates that the MC68030 is beginning exception
processing for either a reset, bus error, address error, spurious interrupt, autovectored
interrupt, F-line instruction, MMU address translation cache miss, trace exception or in-
terrupt exception. The EP signal asserts after STATUS negates from a two or three clock
cycle assertion. The assertion of EP does generate a SAMPLE signal.

The instruction executed (IE) signal indicates the execution unit has just finished processing
an instruction. The IE signal asserts after STATUS negates from a one clock cycle assertion.
The assertion of IE also generates a SAMPLE signal.

The external cycle start condition (ECSC) signal is used in conjunction with the AS signal
to determine if the address bus and data bus are valid in the current trace sample. Table
12-6 lists the possible combinations of AS and ECSC and shows what parts of the traced
address and data bus are valid. The assertion of ECSC does not generate a SAMPLE signal.

Table 12-6. AS and ECSC Indications

AS | ECSC Indicates
0 0 Both Address and Data Bus are Valid
1 Both Address and Data Bus are Valid
1 0 Address Bits (A0-A7) are Valid

Address Bits (A8-A31) are Invalid
Data Bus is Invalid

1 1 Both Address and Data Bus are Invalid

Figure 12-24 shows the pin definitions for the PAL16R6 package used in the trace circuit.
These definitions are used by the PAL equations listed in Figure 12-25.
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/*******************************************************/

/* In addition, the ‘.d’ extension on signal names refers to the ‘D’ input of
/* the internal PAL flip flop.

/*******************************************************/

/* Allowable Target Device Types : PAL16R6D High Speed PAL

/*******************************************************/
/*¥ Inputs **/

/* This device generates a sampling signal for tracing processor activity on *
/* an instruction level basis for the MC68030. In the pin definitions and *
/* equations listed below the following symbols are used: *
* Symbol Definition *
* ! Logical NOT *
* # Logical OR *
* & Logical AND *

*

*

*

PIN 1 = clk ; /* same as pin 3 CLK */
PIN 2 = DSACK ; /* Data Strobe Acknowledge */
PIN 3 = CLK ; /* MPU Clock Signal */
PIN 4 = IAS ; /* Address Strobe */
PIN 5 = IRESET ; /* System Reset Signal */
PIN 6 = ISTATUSQ ; /* Latched STATUS Signal */
PIN 7 = IREFILLQ ; /* Latched REFILL Signal */
PIN 8 = IECSQ ; /* Latched ECS Signal */
PIN 9 = ISTERMQ ; /* Latched STERM Signal */
[** Outputs **/

PIN 19 = SAMPLE ; /* Sample Signal */
PIN 18 = PHALT ; /* Processor Halted */
PIN 17 = FILL ; /* REFILL received */
PIN 16 = EP ; /* Exception Pending . */
PIN 15 = |E ; /* Instruction Executed */
PIN 14 = sC ; /* status complete */
PIN 13 = secs ; /* sampled ECS signal */
PIN 12 = CLKOUT ; /* Delayed CLK Signal */

Figure 12-24. PAL Pin Definitions

12.8 POWER AND GROUND CONSIDERATIONS

The MC68030 is fabricated in Motorola’s advanced HCMOS process, contains approxi-
mately 275,000 total transistor sites, and is capable of operating at clock frequencies of up
to 33.33 MHz. While the use of CMOS for a device containing such a large number of
transistors allows significantly reduced power consumption in comparison to an equivalent
NMOS circuit, the high clock speed makes the characteristics of power supplied to the
device very important. The power supply must be able to supply large amounts of instan-
taneous current when the MC68030 performs certain operations, and it must remain within
the rated specification at all times. In order to meet these requirements, more detailed
attention must be given to the power supply connection to the MC68030 than is required
for NMOS devices that operate at slower clock rates.

In order to supply a solid power supply interface, ten V¢ pins and fourteen GND pins are
provided. This allows two Vcc and four GND pins to supply the power for the address
bus, two Vcc and four GND pins to supply the data bus, while the remaining V¢c and
GND pins are used by the internal logic, and clock generation circuitry. Table 12-7 lists the
Vcc and GND pin assignments.

MOTOROLA MC68030 USER'S MANUAL
12-34



/** Intermediate Equations  *¥*/ /* State PHALT SC EP
IPHALT ISC & lE; * 0
IPHALT ISC & IE; *
IPHALT ISC & IE; /*
IPHALT ISC & HE; *
PHALT SC & EP IE; 1*
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1*¥* Logic Equations **/

ISAMPLE =1SC & IAS & ISECS #
ISC & IDSACK & !ISTERMQ & ISECS #
ISC & AS & IDSACK & ISTERMQ & SECS;

IPHALT.d =ISTATUSQ # !EP # IE # RESET;
I1SC.d = RESET #

& STATUSQ
S2 & STATUSQ
&

&

% %

ISTATUSQ
IPHALT;

IEP.d = RESET #

S1 & ISTATUSQ #
S4 & ISTATUSQ #
SC & IPHALT;

lIE.d = RESET #
S0 & !ISTATUSQ
S2 & STATUSQ
S3 & ISTATUSQ
SC & ISTATUSQ;

3 ¥ H

ISECS.d = IECSQ;
ICLKOUT = ICLK;

IFILL.d =IREFILLO & SAMPLE #
IFILL & !REFILLQ # 12

RESET;

Figure 12-25. Logic Equations

Table 12-7. V¢c and GND Pin Assignments

Pin Group Vee GND
Address Bus C6, D10 C5, C7,C9, ENM
Data Bus L6, K10 J11, L9, L7, L5
ECS, Sizx, DS, AS, DBEN, CBREQ, RW K4 J3
FCo-FC2, RMC, OCS, CIOUT, BG D4 E3

Internal Logic, RESET, STATUS, REFILL, Misc. H3, F2, F11, H11 L8, G3, F3, G11
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In order to reduce thie amount of noise in the power supplied to the MC68030 and to provide
for instantaneous current requirements, common capacitive decoupling techniques should
be observed. While there is no recommended layout for this capacitive decoupling, it is
essential that the inductance between these devices and the MC68030 be minimized in
order to provide sufficiently fast response time to satisfy momentary current demands and
to maintain a constant supply voltage. It is suggested that a combination of low, middle,
and high frequency, high quality capacitors be placed as close to the MC68030 as possible
(for example, a set of 10 microfarad, 0.1 microfarad, and 330 picofarad capacitors in parallel
provides filtering for most frequencies prevalent in a digital system). Similar decoupling
techniques should also be observed for other VLSI devices in the system.

In addition to the capacitive decoupling of the power supply, care must be taken to ensure
a low-impedence connection between all MC68030 Vcc and GND pins and the system
power supply planes. Failure to provide connections of sufficient quality between the
MC68030 power supply pins and the system supplies will result in increased assertion
delays for external signals, decreased voltage noise margins, and potential errors in internal
logic.
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SECTION 13
ELECTRICAL CHARACTERISTICS

This section contains electrical specifications and associated timing information for the
MC68030.

13.1 MAXIMUM RATINGS

Rating Symbol Value | unit This device contains protective circuitry

against damage due to high static voltages

Supply Voltage Vee ~03t0 +7.0 v or electrical fields; however, it is advised that
Input Voltage Vin —051t0 +7.0 v nor.mal precautions be’taken to avoid_appli-
- cation of any voltages higher than maximum-
Operating Temperature Range Ta 0to 70 °C rated voltages to this high-impedance circuit.
_ o Reliability of operation is enhanced if unused

Storage Temperature Range Tstg 55 1o 150 c inputs are tied to an appropriate logic voltage

level (e.g., either GND or Vcc).

13.2 THERMAL CHARACTERISTICS — PGA PACKAGE

Characteristic Symbol Value Rating
Thermal Resistance — Ceramic °C/W
Junction to Ambient CATN 30*
Junction to Case 0yc 15%
*Estimated

13.3 POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+(Pp-0ga) (1)

where:

Ta  =Ambient Temperature, °C

6Ja  =Package Thermal Resistance, Junction-to-Ambient, °C/W

PO =PINT+PiO _

PINT =lccxVee. Watts — Chip Internal Power

Piyo =Power Dissipation on Input and Output Pins — User Deter-

mined

For most applications Pj;0<P|NT and can be neglected.

The following is an approximate relationship between Pp and T (if P|;g is neglected):
Pp=K=+(Ty+273°C) (2)

Solving equations (1) and (2) for K gives:

K=Pp -« (TA+273°C) + 6 A * Pp2 (3)
where K is a constant pertaining to the particular part. K can be determined from equation
(3) by measuring Pp (at equilibrium) for a known Ta. Using this value of K, the values of
Pp and T j can be obtained by solving equations (1) and (2) iteratively for any value of Ta.
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The total thermal resistance of a package (6ja) can be separated into two components,
8Jc and 6cA, representing the barrier to heat flow from the semiconductor junction to the
package (case) surface (6 jc) and from the case to the outside ambient (6ca). These terms
are related by the equation:

ga=0Jctoca (4)

6 ¢ is device related and cannot be influenced by the user. However, 8¢ is user dependent
and can be minimized by such thermal management techniques as heat sinks, ambient air
cooling, and thermal convention. Thus, good thermal management on the part of the user
can significantly reduce 8¢ so that 63 approximately equals 6 yc. Substitution of 8 ¢ for
84 in equation (1) will result in a lower semiconductor junction temperature.

Values for thermal resistance presented in this document, unless estimated, were derived
using the procedure described in Motorola Reliability Report 7843, ‘“Thermal Resistance
Measurement Method for MC68XX Microcomponent Devices,” and are provided for design
purposes only. Thermal measurements are complex and dependent on procedure and
setup. User derived values for thermal resistance may differ.

13.4 DC ELECTRICAL CHARACTERISTICS
(Vce=5.0 Vdc=5%; GND=0 Vdc; Tp=0 to 70°C)

Characteristic Symbol | Min Max | Unit
Input High Voltage VIH 2.0 Vee v
Input Low Voltage ViL GND 0.8 v
-0.5
Input Leakage Current BERR, BR, BGACK, CLK, IPLO-PLZ, AVEC,| I, -25| 25 | pA
GND = Vj, = V¢ DIS, DSACKO, DSACK1
HALT, RESET -20 20
Hi-Z (Off-State) Leakage Current A0-A31, AS, DBEN, DS, D0-D31, FCO-FC2, ITts) -20 20 pA
@ 2.4V/05V R/W, RMC, SIZ0-SIZ1
Output High Voltage A0-A31, AS, BG, D0-D31, DBEN, DS, ECS, RW, IPEND,| Vgy 2.4 — %
loy=400 pA - 0OCS, RMC, SI20-S1Z1, FCO-FC2, |
CBREQ, CIOUT, STATUS, REFILL
Output Low Voltage . VoL v
loL=32mA A0-A31, FCO-FC2, SIZ0-SiZ1, BG, D0-D31 — 0.5
loL=5.3mA CBREQ, AS, DS, R'W, RMC, DBEN, IPEND — 0.5
loL=2.0 mA STATUS, REFILL, CIOUT, ECS, OCS — 0.5
loL =10.7 mA RESET — 05
Power Dissipation (Tp =0°C) Pp — 2.6 w
Capacitance (see Note) Cin — 20 pF
Vin=0 Vv, TA=25°C, f=1MHz
Load Capacitance EC5 OCS| CL — 50 pF
CIOUT, STATUS, REFILL| 70
All Other, 130

NOTE: Capacitance is periodically sampled rather than 100% tested.
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13.5 AC ELECTRICAL SPECIFICATIONS — CLOCK INPUT (see Figure 13-1)
20 MHz 25 MHz 33.33 MHz | Unit

Num. Characteristic
Min | Max | Min | Max | Min | Max
125 20 125 25 20 33.33 | MHz
1 Cycle Time Clock 50 80 40 80 30 80 ns
2,3 |Clock Pulse Width Measured from 1.5V to 1.5V 23 57 19 61 14 66 ns
4,5 |Clock Rise and Fall Times — 5 — 4 — 3 ns

Frequency of Operation

e

20V S
08V \

—~®

Figure 13-1. Clock Input Timing Diagram
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13.6 AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES
(Vcc=5.0 Vdc =5%; GND=0 Vdc; Tpo=0 to 70°C; see Figures 13-3 through 13-8)

20 MHz 25 MHz 33.33 MHz
Num. Characteristic Min | Max | Min | Max | Min | Max Unit
6 |Clock High to Function Code, Size, RMC, IPEND, CIOUT, 0 | 25| 0o | 2 0 14 | ns
Address Valid
6A  |Clock High to ECS, OCS Asserted 15 15 12 | ns
6B |Function Code, Size, RMC, IPEND, CIOUT, - — — | ns
Address Valid to Negating Edge of ECS
7 |Clock High to Function Code, Size, RMC, CIOUT, Address, 0 50 0 40 0 30 | ns
Data High Impedance
8  |Clock High to Function Code, Size, RMC, IPEND, CIOUT, o | —[o0o| =0} —1|ns
Address Invalid
9  |Clock Low to AS, DS Asserted, CBREQ Valid 3 |2 | 3 18| 2 | 10]ns
9A1  |AS to DS Assertion Skew (Read) -10| 10 | -10| 10 | -8 | 8 | ns
9874 |AS Asserted to DS Asserted (Write) 2| — (27| — | 2| — | ns
10  |ECS Width Asserted 5| — |10 —| 8| — | ns
10A |OCS Width Asserted %5 | — |10 —1] 8 | — | ns
1087 |ECS, OCS Width Negated 0 | — 5 — 5 — | ns
11 |Function Code, Size, RMC, CIOUT, Address Valid to AS 0 | — 7 — 5 — | ns
Asserted (and DS Asserted, Read)
12 |Clock Low to AS, DS, CBREQ Negated 0 20 18 0 10 | ns
12A  |Clock Low to ECS/OCS Negated 0 20 18| 0 15 | ns
13 |AS, DS Negated to Function Code, Size, RMC CIOUT, 0 | — 7 - — | ns
Address Invalid
14 AS (and DS Read) Width Asserted (Asynchronous Cycle) 85 — 70 — 45 — ns
14A17 |DS Width Asserted (Write) 38 | — |3 | —|23| — | ns
14B  |AS (and DS, Read) Width Asserted (Synchronous Cycle) 35 | — [ 30 | — | 23| — | ns
15 |AS, DS Width Negated 38 | — |3 | — | 23| — | ns
15A8 |DS Negated to AS Asserted 30 — |25 — | 18] — | ns
16 |Clock High to AS, DS, R/W, DBEN, CBREQ High Impedance — | 50 | — |4 | — | 30| ns
17 |AS, DS Negated to RW Invalid 10 | — 7 - 5 — | ns
18 Clock High to R/W High 25 0 20 0 15 ns
20  |Clock High to RW Low 25 | 0 [ 20| 0 | 15| ns
21 |RMW High to AS Asserted 10 | — 7 — 5 | — | ns
22 |R/W Low to DS Asserted (Write) 60 | — | 47| — [ 3| — | ns
23 Clock High to Data-Out Valid — 25 — 20 — 14 ns
24 Data-Out Valid to Negating Edge of AS 8 — 5 — 3 — ns
2511 [AS, DS Negated to Data-Out Invalid 0 | — 7 — 5 — | ns
25A9-11 DS Negated to DBEN Negated (Write) 0 | — 7 — 5 — | ns
26'1  |Data-Out Valid to DS Asserted (Write) 0 | — 7 — 5 — | ns
27 Data-In Valid to Clock Low (Setup) 4 - 2 - 1 — ns
27A  |Late BERR/HALT Asserted to Clock Low (Setup) 0 | — 5 — 3 — | ns
2812 |AS, DS Negated to DSACKx, BERR, HALT, AVEC o0 | 50| o | 40 0 | 30 | ns
Negated (Asynchronous Hold)
28A12 |Clock Low to DSACKx, BERR, HALT, AVEC Negated 12 | 8 | 8 | 70 | 6 | 5 | ns
(Synchronous Hold)
2912 |AS, DS Negated to Data-In Invalid (Asynchronous Hold) 0 — 0 — 0 — | ns
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13.6 AC ELECTRICAL SPECIFICATIONS (Continued)

20 MHz 25 MHz 33.33 MHz
Num. Characteristic Min | Max | Min | Max | Min | Max | Unit
29A2 |AS, DS Negated to Data-In High Impedance — | 80| — | 4 | — | 3 | ns
3012 |Clock Low to Data-In Invalid (Synchronous Hold) 12 | — 8 — 6 — | ns
30A"2 |Clock Low to Data-In High Impedance (Read followed by Write)| — 75 — 60 — 45 ns

312 |DSACKXx Asserted to Data-In Valid (Asynchronous DataSetup)| — | 43 | — | 28 | — | 20 | ns
31A3 |DSACKx Asserted to DSACKx Valid (Skew) — 1w | =17 | —=1]5]ns

32 |RESET Input Transition Time — | 15| — | 15| — | 1.5 | Clks

33 Clock Low to BG Asserted 0 25 0 20 0 15 ns

34  [Clock Low to BG Negated 0 25 | 0 20 0 15 | ns
35  |BR Asserted to BG Asserted (RMC Not Asserted) 15 | 35 | 15 | 35 | 1.6 | 35 | Clks

37 [BGACK Asserted to BG Negated 15 | 35 | 156 | 35 | 1.6 | 35 | Clks
37A |BGACK Asserted to BR Negated 0 [15| 0o [15 | 0 | 1.5 [ Clks
396 [BG Width Negated 75 - 60 -_ 45 - ns
39A |BG Width Asserted 75 —_ 60 _ 45 — ns
40  [Clock High to DBEN Asserted (Read) 0 [ 25| o [ 20| 0o | 18 [ ns
a1 Clock Low to DBEN Negated (Read) 0 25 0 20 0 18 ns
42 |Clock Low to DBEN Asserted (Write) 0 [ 25| 0o [ 20| 0o | 18 | ns

43 |Clock High to DBEN Negated (Write) 0 | 25| 0 | 2| 0 | 18 | ns

44 R/W Low to DBEN Asserted (Write) 10 — 7 — 5 — ns
455 |DBEN Width Asserted Asynchronous Read 50 — 40 — 30 — ns

Asynchronous Write | 100 | — 80 — 60 —
45A° |DBEN Width Asserted Synchronous Read| 10 | — 5 — 5 — | ns
Synchronous Write[ 50 — 40 — 30 -

46 R/W Width Asserted (Asynchronous Write or Read) 125 — 100 — 75 — ns
46A |R/W Width Asserted (Synchronous Write or Read) 75 —_ 60 — 45 —_ ns
47A  |Asynchronous Input Setup Time to Clock Low 4 — 2 — 2 - ns
478  |Asynchronous Input Hold Time from Clock Low 12 - 8 — 6 - ns
484 |DSACKXx Asserted to BERR, HALT Asserted — |2 | —|25 | — | 18] ns

53  |Data-Out Hold from Clock High 3 — 3 — 2 — ns

56  |RAW Asserted to Data Bus Impedance Change 2% | — ] 2| — |15 — | ns

56  |RESET Pulse Width (Reset Instruction) 512 | — | 612 | — | 512 | — | Clks

57 |BERR Negated to HALT Negated (Rerun) 0 — 0 — 0 — ns
5810 |BGACK Negated to Bus Driven 1 — 1 — 1 — | Clks
590 |BG Negated to Bus Driven 1 — 1 — 1 — | Ciks
6073 |Synchronous Input Valid to Clock High (Setup Time) 4 — 2 — 2 — ns
6113 [Clock High to Synchronous Input Invalid (Hold Time) 12 | — 8 — 6 — ns

62  [Clock Low to STATUS, REFILL Asserted 0 25 | 0 20 | 0 15 | ns

63  |Clock Low to STATUS, REFILL Negated 0 25 0 20 0 15 | ns

NOTES:

1. This number can be reduced to 5 nanoseconds if strobes have equal loads.

2. If the asynchronous setup time (#47A) requirements are satisfied, the DSACKx low to data setup time (#31) and
DSACKx low to BERR low setup time (#48) can be ignored. The data must only satisfy the data-in clock low setup
time (#27) for the following clock cycle and BERR must only satisfy the late BERR low to clock low setup time (#27A)
for the following clock cycle.

3. This parameter specifies the maximum allowable skew between DSACKO to DSACK1 asserted or DSACK1 to DSACKO
asserted; specification #47A must be met by DSACKO or DSACK1.
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NOTES (Continued)

4. This specification applies to the first (DSACKO or DSACK1) DSACKx signal asserted. In the absence of DSACKx, BERR

is an asynchronous input using the asynchronous input setup time (#47A).

5. DBEN may stay asserted on consecutive write cycles.

6. The minimum values must be met to guarantee proper operation. If this maximum value is exceeded, BG may be

reasserted.

7 This, specification indicates the minimum high time for ECS and OCS in the event of an internal cache hit followed

immediately by another cache hit, a cache miss, or an operand cycle.

8. This specification guarantees operation with the MC68881/MC68882, which specifies a minimum time for DS negated
to AS asserted (specification #13A in the MC68881/MC68882 User’s Manual). Without this specification, incorrect
interpretation of specifications #9A and #15 would indicate that the MC68030 does not meet the MC68881/MC68882
requirements.

This specification allows a system designer to guarantee data hold times on the output side of data buffers that have

output enable signals generated with DBEN. The timing on DBEN precludes its use for synchronous READ cycles with

no wait states.

10. These specifications allow system designers to guarantee that an alternate bus master has stopped driving the bus
when the MC68030 regains control of the bus after an arbitration sequence.

11. DS will not be asserted for synchronous write cycles with no wait states.

12. These hold times are specified with respect to strobes (asynchronous) and with respect to the clock (synchronous).
The designer is free to use either time.

13. Synchronous inputs must meet specifications #60 and #61 with stable logic levels for all rising edges of the clock
while AS is asserted. These values are specified relative to the high level of the rising clock edge. The values originally
published were specified relative to the low level of the rising clock edge.

14. This specification allows system designers to qualify the CS signal of an MC68881/MC68882 with AS (allowing 7 ns
for a gate delay) and still meet the CS to DS setup time requirement (spec 8B) of the MC68881/MC68882.

©

Timing diagrams (Figures 13-3 through 13-8) are located
on foldout pages at the end of this document.

13.7 AC ELECTRICAL SPECIFICATIONS DEFINITIONS

The AC specifications presented consist of output delays, input setup and hold times, and
signal skew times. All signals are specified relative to an appropriate edge of the MC68030
clock input and, possibly, relative to one or more other signals.

The measurement of the AC specifications is defined by the waveforms in Figure 13-2. In
order to test the parameters guaranteed by Motorola, inputs must be driven to the voltage
levels specified in Figure 13-2. Outputs of the MC68030 are specified with minimum and/
or maximum limits, as appropriate, and are measured as shown. Inputs to the MC68030
are specified with minimum and, as appropriate, maximum setup and hold times, and are
measured as shown. Finally, the measurements for signal-to-signal specifications are also
shown.

Note that the testing levels used to verify conformance of the MC68030 to the AC speci-
fications does not affect the guaranteed DC operation of the device as specified in the DC
electrical characteristics.
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DRIVE |

T005V

OUTPUTS (1) CLK VALID

20V
OUTPUTN 08V

VALID
OUTPUT n+1

VALUD 20V

OUTPUTS (2) CLK OUTPUTn 08V
DRIVE
e
1024V 20V vaup 20V
INPUTS (3) CLK
DRIVE 08V INPUT 08V
T005V »
20V vaup 20V
INPUTS (4) CLK
NPUTS (4) EL 08V INPUT 08V
Y 20V
ALL SIGNALS (5) 20
o 08V
e—— ——>
—— F ——>]
20V
08V
NOTES:

20V VALID

0.8V OUTPUTn+1

DRIVE
T024V

DRIVE
T005V

1 - This output timing is applicable to all parameters specified relative to the rising edge of the clock
2 - This output timing is applicable to all parameters specified relative to the falling edge of the clock
3 - This input timing is applicable to all parameters specified relative to the rising edge of the clock
4 - This input timing is applicable to all parameters specified relative to the falling edge of the clock

5 - This timing is applicable to all parameters specified relative to the assertion/negation of another signal

LEGEND:

A - Maximum output delay specification

B - Minimum output hold time

C - Minimum input setup time specification

D - Minimum input hold time specification

E - Signal valid to signal valid specification (maximum or minimum)

F - Signal valid to signal invalid specification {(maximum or minimum)

Figure 13-2. Drive Levels and Test Points for AC Specifications
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User Privilege Level, 4-1, 4-3
User Program Stack, 2-28

—_V—

Valid Format Word, 10-17
Vallocate Routine, 9-58
VBR, 1-6, 2-4
Vcc Pin Assignments, 12-35
Vector
Base Register, 1-6, 2-4
Numbers, Exception, 8-1
Vectors, Exception, 4-5
Virtual Machine, 1-11
Virtual Memory, 1-11, 9-57

—W—

WA Bit, 6-16

Wait States, 11-14

Window,
Asynchronous Sample, 7-2
Synchronous Sample, 7-2

Word, Special Status, 8-19
Word Read Cycle, Asynchronous, 32-Bit Port,
Timing, 7-27
Word to Byte Transfer, 7-11
Word to Long Word Transfer, Misaligned 7-15
Word to Word Transfer, Misaligned Cachable,
7-17
Word Write Cycle, Asynchronous, 32-Bit Port,
Timing, 7-33
Word Write Timing, 7-12
Write Allocate Bit, 6-16
Write Cycle,
Asynchronous, 7-31
Flowchart, 7-31
32-Bit Port, Timing, 7-32
Synchronous, 7-43
Flowchart, 7-44
Wait States, CIOUT Asserted, Timing, 7-45
Write Pending Buffer, 11-4
Write Protection, 9-36
Write Timing,
Long Word, 7-10
Word, 7-12
Write to Previously Evaluated Effective Address
Primitive, 10-33
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Timing (Continued)
Bus Synchronization, 7-78
Halt Operation, 7-76
Initial Reset, 7-85
Interrupt Acknowledge Cycle, 7-59
Long Word, .
Operand Request, Burst, CBACK and CIIN
Asserted, 7-55
Operand Request, Burst Fill Deferred, 7-54
Operand Request, Burst Request, CBACK
Negated, 7-53
Operand Request, Burst Request, Wait States,
7-52
Read Cycle, 16-Bit Port, 7-29
Read Cycle, 32-Bit Port, 7-29
Read Cycle, 8-Bit Port, CIOUT Asserted, 7-28
Write, 7-10
Write Cycle, 16-Bit Port, 7-35
Write Cycle, 8-Bit Port, 7-34
Misaligned
Long Word to Word Transfer, 7-14
Word to Word Transfer, 7-16
Processor Generated Reset, 7-86
Retry Operation, Late,
Asynchronous, 7-73
Burst, 7-75
Synchronous, 7-74
Synchronous ____
Read Cycle, CIIN Asserted, CBACK Negated,
7-42
Read-Modify-Write Cycle, CINN Asserted 7-47
Write Cycle, Wait States, CIOUT Asserted, 7-45
Table Search, 11-39
Write, Long Word, 7-10
Write, Word, 7-12
Timing Diagrams, AC Electrical, Foldouts
Timing Table,
Arithmetic/Logical Instruction, 11-29
Immediate, 11-30
Binary Coded Decimal Instruction, 11-31
Bit Field Instruction, 11-35
Bit Manipulation Instruction, 11-34
Calculate Effective Address, 11-22
Calculate Immediate Effective Address, 11-24
Conditional Branch Instruction, 11-36
Control Instruction, 11-37
Exception Related
Instruction, 11-38
Operation, 11-38
Extended Instruction, 11-31
Fetch Effective Address, 11-19
Fetch Immediate Effective Address, 11-20
Jump Effective Address, 11-26
MMU
Effective Address, 11-45
Instruction, 11-46
MOVE Instruction, 11-27
Special Purpose, 11-28
Restore Operation, 11-38
Save Operation, 11-38
Shift/Rotate Instruction, 11-33
Single Operand Instruction, 11-32
Table Search, 11-44

MOTOROLA
INDEX-12

Trace Exception, 8-8, 10-49
Signals, 12-29
Trade-Offs, Performance, 11-1
Transfer,
Long Word to Long Word, Misaligned Cacheable,
7-19
Long Word to Word, 7-9
Misaligned
Cacheable Word to Long Word, 7-15
Cacheable Word to Word, 7-17
Long Word to Long Word, 7-17
Long Word to Word, 7-13
Word to Word, 7-15
Word to Word, Timing, 7-16
Word to Byte, 7-11
Transfer from Instruction Stream Primitive, 10-30
Transfer Main Processor Control Register Primitive,
10-36
Transfer Multiple Coprocessor Registers Primitive,
10-37
Transfer Multiple Main Processor Registers
Primitive, 10-36
Transfer Operation Word Primitive, 10-29
Transfer Single Main Processor Register Primitive,
10-35
Transfer Size Signals, 5-2, 7-3, 7-6, 7-19, 7-30ff,
12-2,12-7, 12-15
Transfer Status Register and ScanPC Primitive,
10-38
Transfer to/from Top of Stack Primitive, 10-35
Translation, Address, 9-9
Translation Control Register, 1-7, 2-4, 9-5, 9-42
Translation Table Descriptors, 9-8, 9-16
Translation Table Tree, 9-4, 9-6, 9-7, 9-10, 9-22,
9-34, 9-38, 9-49
Translation Tree, Supervisor, 9-34
Protection Example, 9-40
Transparent Translation Registers, 1-7, 2-4, 9-13,
9-43, 12-25
Trap on Coprocessor Condition Instruction, 10-13
Tree, Translation Table, 9-4, 9-6, 9-7, 9-10, 9-22,
9-34, 9-38, 9-49
TTO, 1-7, 2-4, 9-13, 9-43, 12-25
TT1, 1-7, 2-4, 9-13, 9-43, 12-25
Two Clock Synchronous Static RAM, 12-14 through
12-18
Two Task Translation Tree Example, 9-38
Types,
Address Space, 4-4
Data, 1-8

—U—

Unimplemented Instruction Exception, 8-6
Unit,
Execution, 6-12
Memory Management, 1-11, 7-3, 7-30, 7-36ff, 9-1,
11-4,12-3
Units, Floating Point, 12-4
Unused Descriptor Bits, 9-54
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SRP, 1-7, 2-4, 9-18, 9-39, 9-41, 9-49
Stack,
System, 2-28
User Program, 2-28
Stack Frame,
Exception, 4-5, 8-23
Mid-Instruction, 10-42
Post-Instruction, 10-43
Pre-Instruction, 10-40
State,
Diagram, Bus Arbitration, 7-82
Exception Processing, 4-1
Halted, 4-1
Normal Processing, 4-1
State Frames, Coprocessor, 10-15
States, Wait, 11-14
Static RAM, 12-14 through 12-23
Burst Mode, 12-19 through 12-21
Pipelined Burst Mode, 12-21 through 12-23
Two Clock Synchronous, 12-14 through 12-18
Status Register, 1-5, 2-3, 6-4, 8-8, 8-10, 8-14
Status Word, Special, 8-19
STATUS Signal, 5-7, 7-77, 8-3, 8-12, 8-19, 12-1,
12-28 through 12-31, 12-33
STERM Signal, 5-4, 6-10, 6-12, 7-2, 7-4, 7-5, 7-20ff,
12-1, 12-7, 12-8, 12-11 through 12-14, 12-16,
12-19, 12-21, 12-24 through 12-26
STOP Instruction, 8-9
Structure Addressing, 2-22
Subroutine Calls, Nested, 3-195
Summary,
Addressing Mode, 2-23
Coprocessor Instruction, 10-51 through 10-53
Effective Address Encoding, 2-16
Instruction Format, 3-201 through 3-217
M68000 Family, A-1 through A-3
Signal, 5-9
Supervisor Check Primitive, 10-29
Supervisor Only Protection, 9-36
Supervisor
Privilege Level, 4-1, 4-2
Root Pointer, 1-7, 2-4, 9-18, 9-39, 9-41, 9-49
Translation Tree, 9-34
SwapPageln Routine, 9-66
Synchronization,
Bus, 7-77
Pipeline, 3-198
Synchronous
Bus Operation, 7-23, 7-24
Cycle Signal Assertion Results, 7-66
Long Word Read Cycle Flowchart, 7-41
Read Cycle, 7-40
CIIN Asserted, CBACK Negated,
Timing, 7-42
Read-Modify-Write Cycle, 7-44
Read-Modify-Write Cycle, CIIN Asserted, Timing,
7-47
Read-Modify-Write Cycle Flowchart, 7-46
Sample Window, 7-2
Termination Signal, 5-5, 6-11, 6-12, 6-13, 7-2, 7-4,
7-5, 7-20ff, 12-1, 12-7, 12-8, 12-11 through
12-14, 12-16, 12-19, 12-21, 12-24 through 12-26

Synchronous (Continued)
Write Cycle,
Wait States, CIOUT Asserted, Timing, 7-45
Flowchart, 7-44

System
Control Instructions, 3-8
Stack, 2-28
_T—
Table
Dynamic Allocation, 9-30
Index

Derivation, 9-8
Size Restrictions, 9-8
Levels, Number of, 9-51
Paging, 9-30, 9-31
Example, 9-31
Sharing, 9-27, 9-29
Example, 9-29
Table Search, 9-22, 9-24
Flowchart,
Detailed, 9-32
Simplified, 9-23
Initialization Flowchart, 9-33
Timing, 11-39
Script, 11-39
Table, 11-44
Tables, Instruction Timing, 11-18
Take Address and Transfer Data Primitive, 10-34
Take Mid-Instruction Exception Primitive, 10-41
Take Post-Instruction Exception Primitive, 10-42
Take Pre-Instruction Exception Primitive, 10-40
TAS Instruction, 7-36
Task Memory Map Definition, 9-50
TC, 1-7, 2-4, 9-5, 9-42
Termination, Early, 9-25, 9-53
Test and Set Instruction, 7-36
Test Coprocessor Condition, Decrement and
Branch Instruction, 10-12
Tests, Condition, 3-200
Thermal Characteristics, 13-1
Timing,
Asynchronous
Byte Read Cycle, 32-Bit Port, 7-27
Byte Read-Modify-Write Cycle, 32-Bit Port, 7-38
Byte Write Cycle, 32-Bit Port, 7-33
Read Cycle, 32-Bit Port, 7-32
Word Read Cycle, 32-Bit Port, 7-27
Word Write Cycle, 32-Bit Port, 7-33
Write Cycle, 32-Bit Port, 7-32
Autovector Interrupt Acknowledge Cycle, 7-61
Breakpoint Acknowledge Cycle, 7-63
Exception Signaled, 7-64
Bus Arbitration, 7-80
Bus Inactive, 7-84
Bus Error,
Late, STERM, 7-70
Late, Third Access, 7-71
Late, With DSACKx, 7-69
Second Access, 7-72
Without DSACKXx, 7-68

MC68030 USER'S MANUAL

MOTOROLA
INDEX-11



Side Effects, MMU Register, 9-46

Signal,

Address Strobe, 5-4, 7-2, 7-3, 7-22ff, 12-5, 12-13,
12-15, 12-16, 12-19, 12-25 through 12-27, 12-31,

1233

AS, 5-4, 7-2, 7-3, 7-22ff, 12-5, 12-13, 12-15, 12-16,
12-19, 12-25 through 12-27, 12-31, 12-33

Autovector, 5-6, 7-5, 7-24, 7-60ff, 8-14

AVEC, 5-6, 7-5, 7-24, 7-60ff, 8-14

BERR, 5-7, 6-8, 7-5, 7-22ff, 8-5, 8-16, 8-19, 12-11,

_12-24,12-25, 12-27

BG, 5-6, 7-36, 7-78ff

BGACK, 5-6, 7-78ff

BR, 5-6, 7-36, 7-50, 7-73ff

Bus Error, 5-7, 6-8, 7-5, 7-22ff, 8-5, 8-16, 8-19,
12-11, 12-24, 12-25, 12-27

Bus Grant, 5-6, 7-36, 7-78ff

Bus Grant Acknowledge, 5-6, 7-78ff

Bus Request, 5-6, 7-36, 7-50, 7-73ff

Cache Burst Acknowledge, 5-5, 6-12, 7-2, 7-20ff,
12-1, 12-19, 12-21, 12-23

Cache Burst Request, 5-5, 6-12, 7-5, 7-24, 7-40ff,
12-1, 12-21

Cache Disable, 5-7, 6-1

Cache Inhibit Input, 5-5, 6-1, 6-7, 6-8, 6-11, 6-12,
7-2, 7-22ff, 12-1, 12-4

Cache Inhibit Output, 5-5, 6-3, 6-7, 7-25ff, 9-1,
9-13, 12-1, 12-3, 12-26

CBACK, 5-5, 6-12, 7-2, 7-20ff, 12-1, 12-19, 12-21,
12-23

CBREQ, 5-5, 6-12, 7-5, 7-24, 7-40ff, 12-1, 12-21

CDIS, 5-7, 6-1

CIIN, 5-5, 6-1, 6-7, 6-8, 6-11, 6-12, 7-2, 7-22ff, 12-1,
12-4

CIOUT, 5-5, 6-3, 6-7, 7-25ff, 9-1, 9-13, 12-1, 12-3,
12-26

CLK, 5-8, 7-43ff, 12-29, 12-31

Clock, 5-8, 7-43ff; 12-29, 12-31

Coprocessor, Chip Select, 12-4, 12-6

Data Buffer Enable, 5-4, 7-4, 7-25ff

Data Strobe, 5-4, 7-4, 7-22ff, 12-8

DBEN, 5-4, 7-4, 7-25ff

DS, 5-4, 7-4, 7-22ff, 12-8

DSACKO, 5-4, 6-8, 6-12, 7-4, 7-5, 7-20ff, 12-2, 12-7,
12-8, 12-11, 12-12, 12-24, 12-31, 12-33

DSACK1, 5-4, 6-8, 6-12, 7-4, 7-5, 7-20ff, 12-2, 12-7,

_12-8,12-11, 12-12, 12-24, 12-31, 12-33

ECS, 5-4, 7-3, 7-22ff, 12-13, 12-31

External Cycle Start, 5-4, 7-3, 7-22ff, 12-12, 12-31

Halt, 5-7, 7-4, 7-22ff, 12-2, 12-11, 12-24, 12-25,
12-27, 12-28

HALT, 5-7, 7-5, 7-22ff, 12-2, 12-11, 12-24, 12-25,
12-27, 12-28

Internal Microsequencer Status, 5-7, 7-77, 8-3,
8-12, 8-19, 12-1, 12-28 through 12-31, 12-33

Interrupt Pending, 5-6, 8-11, 8-13

IPEND, 5-6, 8-11, 8-13

MMU Disable, 5-7, 9-1, 9-2, 9-11, 12-1

MMUDIS, 5-7, 9-1, 9-2, 9-11, 121

OCS, 5-2, 7-3, 7-22ff

Operand Cycle Start, 5-2, 7-3, 7-22ff

Signal (Continued)
Pipeline Refill, 5-7, 6-4, 12-1, 12-28, 12-29, 12-31,
12-33
R/W, 5-4, 7-3, 7-30ff, 12-7
Read-Modify-Write, 5-4, 7-3, 7-36ff, 12-3
Read/Write, 5-4, 7-3, 7-30ff, 12-7
REFILL, 5-7, 6-4, 12-1, 12-28, 12-29, 12-31, 12-33
Reset, 5-6, 7-79ff, 9-11, 9-45, 12-31
RESET, 5-6, 7-79ff, 9-11, 9-45, 12-31
RMC, 1-3, 5-4, 7-3, 7-36ff, 12-3
SI20, 5-2, 7-3, 7-7, 7-19, 7-30ff, 12-2, 12-7, 12-15
S1Z1, 5-2, 7-3, 7-7, 7-19, 7-30ff, 12-2, 12-7, 12-15
STATUS, 5-7, 7-77, 8-3, 8-12, 8-19, 121,
12-28 through 12-31, 12-33
STERM, 5-4, 6-10, 6-12, 7-2, 7-4, 7-5, 7-20ff, 12-1,
12-7, 12-8, 12-11 through 12-14, 12-16, 12-19,
12-21, 12-24 through 12-26
Synchronous Termination, 5-5, 6-11, 6-12, 6-13, 7-2,
7-4, 7-5, 7-20ff, 12-1, 12-7, 12-8, 12-11 through
12-14, 12-16, 19-19, 12-21, 12-24 through 12-26
Signal Assertion Results, Asynchronous Cycle,
7-65, 7-66
Signal Groups, 5-1
Signal Index, 5-3
Signal Routing, Adapter Board, 12-1
Signal Summary, 5-9
Signals,
A0-A1, 7-6, 7-7, 7-171f, 12-7, 12-15
AQ0-A31, 5-2, 7-3, 7-30ff, 12-4
Bus Control, 7-3
Bus Transfer, 7-1
Data Bus Write Enable, 7-19
Data Transfer and Size Acknowledge, 5-4, 6-8,
6-12, 7-4, 7-5, 7-20ff, 12-2, 12-7, 12-8, 12-11
12-12, 12-24, 12-31
D0-D31, 5-2, 7-4, 7-32ff, 12-7, 12-15
FC0-FC2, 5-2, 6-5, 7-3, 7-30ff, 12-4
Function Code, 5-2, 6-5, 7-3, 7-30ff, 12-4
Instruction Boundary, 12-29
Interrupt Exception, 12-29
Interrupt Priority Level, 5-5, 7-57ff, 8-10
IPLO-IPL2, 5-5, 7-57ff, 8-10
MC68851, 12-3
Other Exception, 12-30
Processor Halted, 12-30
Trace Exception, 12-29
Transfer Size, 5-2, 7-3, 7-6, 7-19, 7-30ff, 12-2,
12-7, 12-15
Single Entry Cache Filling, 6-8
Single Operand Instruction Timing Table, 11-32
Size Restrictions, Table Index, 9-8
Size Signal Encoding, 7-7
Sizing, Dynamic Bus, 7-5, 7-13, 7-20
SIZ0 Signal, 5-2, 7-3, 7-7, 7-19, 7-30ff, 12-2, 12-7,
12-15
SIz1 Signal, 5-2, 7-3, 7-7, 7-19, 7-30ff, 12-2, 12-7,
12-15
Software Bus Fault Recovery, 8-21
Space, CPU, 7-57, 7-60, 10-5ff
Special Status Word, 8-19
Spurious Interrupt Cycle, 7-60
SR, 1-5, 2-3, 6-4, 8-8, 8-10, 8-14
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Processor Resource Block Diagram, 11-3
Program control Instructions, 3-8
Program Counter
Indirect Displacement Mode, 2-12
Indirect Index (Base Displacement) Mode, 2-13
Indirect Index (8-Bit Displacement) Mode, 2-12
Memory Indirect Postindexed Mode, 2-14
Memory Indirect Preindexed Mode, 2-14
Programming Model, 1-4, 9-4
MMU, 94
Protection, 9-30
Supervisor Only, 9-36
Write, 9-36
Protocol
Processor General Instruction, 10-8
Violations,
Coprocessor Detected, 10-44
Main Processor Detected, 10-46

—Q—
Queue, 2-29

—R—

R/W Signal, 5-4, 7-3, 7-30ff, 12-7
RAM, Static, 12-14 through 12-23
Ratings, Maximum, 13-1
Read Cycle,
Asynchronous, 32-Bit Port, Timing, 7-32
Data Bus Requirements, 7-8
Synchronous, 7-40
CIIN Asserted, CBACK Negated, Timing, 7-42
Read-Modify-Write
Accesses, 6-7
Cycle,
Asynchronous, 7-36
Asynchronous, Byte, 32-Bit Port, Timing, 7-38
Asynchronous, Flowchart, 7-37
Synchronous, 7-44
Synchronous, CIIN Asserted, Flowchart, 7-47
Synchronous, Flowchart, 7-46
Signal, 5-4, 7-3, 7-36ff, 12-3
Read/Write Signal, 5-4, 7-3, 7-30ff, 12-7
Real Time Instruction Trace, 12-30 through 12-35
Recovery,
Bus Fault, 8-19
RTE, 8-22
Software, 8-21
REFILL Signal, 5-7, 6-4, 12-1, 12-28, 12-29, 12-31,
12-33
Register,
Cache Address, 1-7, 2-4, 6-17
Cache Control, 1-7, 2-4, 6-1, 6-12, 6-15, 6-16
Condition Code, 2-3, 3-12
Coprocessor Interface, 10-6, 10-21
MMU Status, 1-8, 2-4, 9-45, 9-46, 9-47, 9-48
Status, 1-5, 2-3, 6-4, 8-8, 8-10, 8-14
Translation Control, 1-7, 2-4, 9-5, 9-42
Vector Base, 1-6, 2-4
Data Organization, 2-1
Register Select CIR, 10-24

Registers,
Address, 1-5, 2-3
Data, 1-5, 2-2

Function Code, 1-7, 2-4
Transparent Translation, 1-7, 2-4, 9-13, 9-43,
12-25
Representation, Internal Operand, 7-6
Request, Bus, 7-80
Requirements, Data Bus, Read Cycle, 7-8
Reset,
Cache, 6-15
Coprocessor, 10-51
Exception, 8-3, 8-4
Operation, 7-83
Signal, 5-6, 7-79ff, 9-11, 9-45, 12-31
RESET Signal, 5-6, 7-79ff, 9-11, 9-45, 12-31
Resource Scheduling, 11-1
Response CIR, 10-21
Restore CIR, 10-22
Restore Operation Timing Table, 11-38
Retry Operation, 7-70 '
Late,
Asynchronous, Timing, 7-73
Burst, Timing, 7-75
Synchronous, Timing, 7-74
Return from Exception, 8-17
RMC Signal, 1-3, 5-4, 7-3, 7-36ff, 12-3
Root Pointer Descriptor, 9-18
Rotate Instructions, 3-4
Routine,
AbortTask, 9-66
Bus Error, 9-62
GetFrame, 9-65
SwapPageln, 9-66
Vallocate, 9-58
RTE
Bus Fault Recovery, 8-22
Instruction, 8-17

—S—

Save CIR, 10-22
Save Operation Timing Table, 11-38
ScanPC, 10-11, 10-13, 10-24
Scheduling, Resource, 11-1
Script, Table Search Timing, 11-39
Search, Table, 9-22, 9-24
Sequence, Exception Processing, 8-1
Set, Instruction, 1-8, 1-10
Set on Coprocessor Condition Instruction, 10-11
SFC, 1-7, 2-4
Shared Supervisor/User Address Space Logical
Address Map, 9-39
Sharing, Table, 9-27, 9-29
Shift Instructions, 3-4
Shift/Rotate Instruction Timing Table, 11-33
Short Format
Early Termination Page Descriptor, 9-18
Indirect Descriptor, 9-21
Invalid Descriptor, 9-20
Page Descriptor, 9-20
Table Descriptor, 9-18
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Mode (Continued) —P—
Memory Indirect

Postindexed, 2-11 Package Dimensions, 14-2
Preindexed, 2-11 Paging,
Program Counter Table, 9-30, 9-31
Indirect Displacement, 2-12 Implementation Example System, 9-54
Indirect Index (Base Displacement), 2-13 PC Bit, 10-26
Indirect Index (8-Bit Displacement), 2-12 Performance Trade-Offs, 11-1
Memory Indirect Postindexed, 2-14 Pin Assignment, 14-1, 14-2
Memory Indirect Preindexed, 2-14 Pin Assignments,
Model, Programming, 1-4, 9-4 GND, 12-35
Modes, Addressing, 1-8, 2-6 Vee, 12-35
Move Address Space Instruction, 7-61 Pipeline, 1-12, 11-2
MOVE Instruction, Pipeline Refill Signal, 5-7, 6-4, 12-1, 12-28, 12-29,
Special Purpose, Timing Table, 11-28 12-31, 12-33
Timing Table, 11-27 Pipeline Synchronization, 3-198
MOVES Instruction, 7-61 Pipelined Burst Mode Static RAM, 12-21 through
Multiple Exceptions, 8-16 12-23
Multiplexer, Data Bus, Internal to External, 7-9 Pointer,
Multiprocessor Instructions, 3-10 CPU Root, 1-7, 2-4, 9-18, 9-39, 9-41, 9-49
M68000 Family, 1-3, 2-28 Supervisor Root, 1-7, 2-4, 9-18, 9-39, 9-41, 9-49
Summary, A-1 through A-3 Post-Instruction Stack Frame, 10-43

Power Considerations, 12-34, 13-1
Power Supply Connections, 5-8
N Pre-Instruction Stack Frame, 10-40
- Primitive,
Busy, 10-26
Coprocessor Response, 10-8, 10-24
Evaluate and Transfer Effective Address, 10-30
Evaluate Effective Address and Transfer Data,
10-31
Null, 10-27, 10-28
Supervisor Check, 10-29
Take Address and Transfer Data, 10-34
Take Mid-Instruction Exception, 10-41
Take Post-Instruction Exception, 10-42
Take Pre-Instruction Exception, 10-40
Transfer from Instruction Stream, 10-30

Nested Subroutine Calls, 3-195

No Operation Instruction, 7-77

Non-DMA Coprocessor, 10-4

NOP Instruction, 7-77

Normal Processing State, 4-1

Not Ready Format Word, 10-16

Notation, Instruction Description, 3-2, 3-11
Null Primitive, 10-27, 10-28

Number of Table Levels, 9-51

—0— Transfer Main Processor Control Register, 10-36
Transfer Multiple Coprocessor Registers, 10-37
0ocs Signal, 5-2, 7-3, 7-22ff Transfer Multiple Main Processor Registers,
Operand, Misaligned, 7-11, 7-13 10-36
Operand Address CIR, 10-24 Transfer Operation Word, 10-29
Operand CIR, 10-23 Transfer Single Main Processor Register, 10-35
Operand Cycle Start Signal, 5-2, 7-3, 7-22ff Transfer Status Register and ScanPC, 10-38
Operands, 2-1 Transfer to/from Top of Stack, 10-35
Operation, Write to Previously Evaluated Effective Address,
Burst, 7-49 10-33
Concurrent, 10-2 Primitive Processing Exception, 10-46
Halt, 7-74 Priority, Exception, 8-16
Reset, 7-83 Privilege Level,
Retry, 7-70 Changing, 4-3
Operation Word CIR, 10-22 Supervisor, 4-1, 4-2
Operations, Bit Field, 3-196 User, 4-1, 4-3

Ordering Information, 14-1
Organization,
Cache, 6-1
Data Port, 7-6
Memory Data, 2-4
Register Data, 2-1

Other Exception Signals, 12-30

Overlap, 11-5
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Privilege Violation Exception, 8-7, 10-48
Privileged Instructions, 8-7
Processing, Exception, 4-4
Processor Activity,

Even Alignment, 11-7

Odd Alignment, 11-8
Processor Generated Reset Timing, 7-86
Processor Halted Signals, 12-30
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—_d—

Jump Effective Address Timing Table, 1I-26

—L—

Late Bus Error,
STERM, Timing, 7-70
Third Access, Timing, 7-71
With DSACKXx, Timing, 7-69
Late Retry Operation, Burst, Timing, 7-75
Latency,
Bus Arbitration, 11-47
Interrupt, 11-46
Levels, Interrupt, 8-10
Limit Check Procedure Flowchaart, 9-34
Limit Fields, 9-53
Linked List
Deletion Example, 3-193
Insertion Example, 3-193
Logic, Byte Select, 12-7, 12-9, 12-10
Logical Address Map,
Function Code Lookup, 9-36
Shared Supervisor/User Address Space,
9-39
Logical Instructions, 3-4
Long Format
Early Termination Page Descriptor, 9-19
Indirect Descriptor, 9-21
Invalid Descriptor, 9-21
Page Descriptor, 9-20
Table Descriptor, 9-18
Long Word Operand Request,

Burst, CBACK and CIIN Asserted, Timing, 7-55

Burst Fill Deferred, Timing, 7-54
Burst Request
CBACK Negated, Timing, 7-563
Wait States, Timing, 7-52
Long Word Read Cycle,
Asynchronous, Flowchart, 7-26
Synchronous, Flowchart, 7-41
16-Bit Port, Timing, 7-29
32-Bit Port, Timing, 7-29
8-Bit Port, CIOUT Asserted, Timing, 7-28
Long Word to Long Word Transfer,
Misaligned, 7-17
Cacheable, 7-19
Long Word to Word Transfer, 7-9
Misaligned, 7-13
Long Word Write Cycle,
16-Bit Port, Timing, 7-35
8-Bit Port, Timing, 7-34
Lookup, Function Code, 9-34, 9-36, 9-37, 9-49

—_M—

Machine, Virtual, 1-11

Main Processor Detected
Format Errors, 10-50
Protocol Violations, 10-46

Maximum Ratings, 13-1
MC68020
Adapter Board, 12-1
Hardware Differences, 12-2
Software Differences, 12-3
MC68851 Signals, 12-3
MC68881 Coprocessor, 12-4
MC68882 Coprocessor, 12-4
Mechanism, Data Transfer, 7-5
Memory,
Contiguous, 9-25, 9-27
Interface, 12-10
Virtual, 1-11, 9-57
Memory Access Time Calculations, 12-11 through
12-14
Memory Data Organization, 2-4
Memory Indirect Postindexed Mode, 2-11
Memory Indirect Preindexed Mode, 2-11
Memory Management Unit, 1-11, 7-3, 7-30, 7-36ff,
9-1, 11-4, 12-3
Micro Bus Controller, 11-4
Microsequencer, 11-2
Mid-Instruction Stack Frame, 10-42
Misaligned
Cacheable
Long Word to Long Word Transfer, 7-19
Word to Long Word Transfer, 7-15
Word to Word Transfer, 7-17
Long Word to Long Word Transfer, 7-17
Long Word to Word Transfer, 7-13
Timing, 7-14
Operand, 7-11, 7-13
Word to Word Transfer, 7-15
Word to Word Transfer Timing, 7-16
MMU, 1-11, 7-3, 7-30, 7-36ff, 9-1, 11-4, 12-3
Block Diagram, 9-2
Configuration Exception, 8-15, 9-47
Differences, 9-36
Disable Signal, 5-7, 9-1, 9-3, 9-11, 12-1
Effective Address Timing Table, 11-45
Instruction Timing Table, 11-46
Instructions, 3-10, 9-47
Programming Model, 9-4
Register Side Effects, 9-46
Status Register, 1-8, 2-4, 9-45, 9-46, 9-47, 9-48
Decoding, 9-46, 9-47, 9-48
MMUDIS Signal, 5-7, 9-1, 9-2, 9-11, 12-1
MMUSR, 1-8, 2-4, 9-45, 9-46, 9-47, 9-48
Mode,
Absolute
Long Address, 2-16
Short Address, 2-15
Address Registers
Direct, 2-7
Indirect, 2-8
Indirect Displacement, 2-9
Indirect Index (Base Displacement), 2-10
Indirect Index (8-Bit Displacement), 2-10
Indirect Postincrement, 2-8
Indirect Predecrement, 2-8
Data Register Direct, 2-7
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—G—

General Description, 1-1
GetFrame Routine, 9-65

GND Pin Assignments, 12-35
Grant, Bus, 7-81

Ground Considerations, 12-34
Groups, Signal, 5-1

—H—

Halt Operation, 7-74
Timing, 7-76

Halt Signal, 5-7, 7-5, 7-22ff, 12-2, 12-11, 12-24,
12-25, 12-27, 12-28

HALT Signal, 5-7, 7-5, 7-22ff, 12-2, 12-11, 12-24,
12-25, 12-27, 12-28

Halted State, 4-1

IBE Bit, 6-17
Identification Code, Coprocessor, 10-3
lllegal Instruction Exception, 8-6
Immediate Data, 2-16
Implementation, External Cache, 12-24 through
12-28
Index, Signal, 5-3
Indexed Addressing, 2-19, 2-20
Indirect Absolute Memory Addressing, 2-21
Indirect Addressing, 2-22, 2-23
Indirection, 9-26, 9-53
Example, 9-28
Information, Ordering, 14-1
Initial Reset Timing, 7-85
Initial Shift Count, 9-52
Input Delay, 7-1
Instruction,
BKPT, 7-60, 8-15, 8-16
Branch on Coprocessor Condition, 10-10
Breakpoint, 7-60, 8-15, 8-16
CAS, 7-36
CAS2, 7-36
Compare and Swap, 7-36
Coprocessor Context Restore, 10-19
Coprocessor Context Save, 10-18
cpBcec, 10-10
cpDBcc, 10-12
cpRESTORE, 8-22, 10-19
cpSAVE, 8-22, 10-17, 10-18
cpScc, 10-11
cpTRAPcc, 10-13
Move Address Space, 7-61
MOVES, 7-61
No Operation, 7-77
NOP, 7-77
RTE, 8-17
Set on Coprocessor Condition, 10-11
STOP, 8-9
TAS, 7-36
Test and Set, 7-36

Instruction (Continued)
Test Coprocessor Condition, Decrement and
Branch, 10-12
Trap on Coprocessor Condition, 10-13
Instruction Address CIR, 10-24
Instruction Boundary Signals, 12-29
Instruction Burst Enable Bit, 6-17
Instruction Cache, 1-12, 6-1, 6-3, 11-2
Case, 11-5
Time Formula, 11-8, 11-9
Instruction Description
Format, 3-15
Notation, 3-2, 3-11
Instruction Descriptions, 3-16 through 3-192
Instruction Fetch Pending Buffer, 11-4
Instruction Format, 3-1
Summary, 3-201 through 3-217
Instruction Only External Cache, 12-28
Instruction Set, 1-8, 1-10
Insruction Timing Tables, 11-18
Instruction Trace, Real Time, 12-30 through 12-35
Instruction Trap Exception, 8-6
Instructions,
Binary Coded Decimal, 3-7
Bit Field, 3-6
Bit Manipulation, 3-6
Coprocessot, 3-10
Conditional, 10-9
General, 10-7
Data Movement, 3-3
Integer Arithmetic, 3-3
Logical, 3-4
MMU, 3-10, 9-47
Multiprocessor, 3-10
Privileged, 8-7
Program Control, 3-8
Rotate, 3-4
Shift, 3-4
System Control, 3-8
Integer Arithmetic Instructions, 3-3
Interactions, Cache, 7-20
Interface,
Coprocessor, 10-1, 10-4
Memory, 12-10
Internal Microsequencer Status Signal, 5-7, 7-77,
8-3, 8-12, 8-19, 12-1, 12-28 through 12-31,
12-33
Internal Operand Representation, 7-6
Internal to External Data Bus Multiplexer, 7-9
Interrupt Acknowledge Cycle, 7-57
Flowchart, 7-58
Timing, 7-59
Interrupt
Cycle, Spurious, 7-60
Exception, 8-10, 10-49
Signals, 12-29
Latency, 11-46
Levels, 8-10
Interrupt Pending Signal, 5-6, 8-11, 8-13
Interrupt Priority Level Signals, 5-5, 7-57ff, 8-10
Invalid Format Word, 10-17
IPEND Signal, 5-6, 8-11, 8-13
IPLO-IPL2 Signals, 5-5, 7-57ff, 8-10
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Entry, Address Translation Cache, 9-14
Errors, Bus, 7-67
EU, 6-12
Evaluate and Transfer Effective Address Primitive,
10-30
Evaluate Effective Address and Transfer Data
Primitive, 10-31
Example,
CAS Instruction, 3-193
CAS2 Instruction, 3-193
Contiguous Memory, 9-27
Doubly-Linked List
Deletion, 3-194
Insertion, 3-194
Function Code Lookup, 9-37
Indirection, 9-28
Linked List
Deletion, 3-193
Insertion, 3-193
Protection, Translation Tree, 9-40
System Paging Implementation, 9-54
Table Paging, 9-31
Table Sharing, 9-29
Two Task Translation Tree, 9-38
Exception,
Address Error, 8-6, 10-51
Breakpoint Instruction, 8-15
Bus Error, 8-5, 10-50
cpTRAPcc Instruction, 10-49
Format Error, 8-9
lllegal Instruction, 8-6
Instruction Trap, 8-6
Interrupt, 8-10, 10-49
MMU Configuration, 8-15, 9-47
Priority, 8-16
Privilege Violation, 8-7, 10-48
Processing, 4-4
Sequence, 8-1
State, 4-1
Reset, 8-3, 8-4
Return from, 8-17
Stack Frame, 4-5, 8-23
Trace, 8-8, 10-49
Unimplemented Instruction, 8-6
Vector
Assignments, 8-2
Numbers, 8-1
Vectors, 4-5
Exception Related
Instruction Timing Table, 11-38
Operation Timing Table, 11-38
Exceptions,
Bus, 7-61
Coprocessor Data Processing, 10-45
Coprocessor Detected, 10-44
Coprocessor System Related, 10-45
F-Line Emulator, 8-7, 10-47, 10-50
Multiple, 8-16
Rrimitive Processing, 10-46
Execution Time Calculations, 11-5ff
Execution Unit, 6-12
Extended Instruction Timing Table, 11-31

External Cache, 12-24 through 12-28
Implementation, 12-24 through 12-28
Instruction Only, 12-28

External Cycle Start Signal, 5-4, 7-3, 7-22ff, 12-12,
12-31

—F—

F-Line, 10-3
Emulator Exceptions, 8-7, 10-47, 10-50
Fault, Double Bus, 7-76, 8-5
FCO-FC2 Signals, 5-2, 6-5, 7-3, 7-30ff, 12-4
FD Bit, 6-16
Fetch Effective Address Timing Table, 11-19
Fetch Immediate Effective Address Timing Table,
11-20
Fi Bit, 6-17
Fields, Limit, 9-53
Floating Point Units, 12-4
Flowchart,
Address Translation, General, 9-12
Asynchronous Byte Read Cycle, 7-26
Asynchronous Long Word Read Cycle, 7-26
Asynchronous Read-Modify-Write Cycle, 7-37
Asynchronous Write Cycle, 7-31
ATC Entry Creation, 9-33 -
Breakpoint Acknowledge, 7-62
Burst Operation, 7-51
Bus Arbitration, 7-79
Descriptor Fetch Operation, 9-35
Interrupt Acknowledge Cycle, 7-58
Limit Check Procedure, 9-34
Synchronous Long Word Read Cycle, 7-41
Synchronous Read-Modify-Write Cycle, 7-46
Table Search
Detailed, 9-32
Initialization, 9-33
Simplified, 9-23
Format,
Coprocessor Instruction, 10-3
Coprocessor Response Primitive, 10-25
Instruction, 3-1
Instruction Description, 3-15
Format Error Exception, 8-9
Format Errors,
Coprocessor Detected, 10-46
Main Processor Detected, 10-50
Format Word,
Empty/Reset, 10-16
Invalid, 10-17
Not Ready, 10-16
Valid, 10-17
Format Words, Coprocessor, 10-16
Formula, Instruction Cache Case Time, 11-8, 11-9
Freeze Data Cache Bit, 6-16
Freeze Instruction Cache Bit, 6-17
Function Code Lookup, 9-34, 9-36, 9-37, 9-49
Example, 9-37
Logical Address Map, 9-36
Function Code Registers, 1-7, 2-4
Function Code Signals, 5-2, 6-5, 7-3, 7-30ff, 12-4
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cpDBcc Instruction, 10-12
cpRESTORE Instruction, 8-22, 10-19
cpSAVE Instruction, 8-22, 10-17, 10-18
cpScc Instruction, 10-11
cpTRAPcc Instruction, 10-13
cpTRAPcc Instruction Exception, 10-49
CPU Root Pointer, 1-7, 2-4, 9-18, 9-39, 9-41, 9-49
CPU Space, 7-57, 7-60, 10-5ff
CPU Space Address Encoding, 7-57
CRP, 1-7, 2-4, 9-18, 9-39, 9-41, 9-49
CS Coprocessor Signal, 12-4, 12-6
Cycle,
Asynchronous Read, 7-25
Breakpoint Acknowledge, 7-60
Burst, 7-49, 12-14
Coprocessor Communication, 7-60
Interrupt Acknowledge, 7-57
Interrupt Acknowledge, Autovector, 7-60
Cycles, Data Transfer, 7-25

—D—

Data, Immediate, 2-16
Data Buffer Enable Signal, 5-4, 7-4, 7-25ff
Data Burst Enable Bit, 6-16
Data
Bus, 5-2, 7-4, 7-32ff, 12-7, 12-15
Activity, 12-8
Requirements, Read Cycle, 7-8
Write Enable Signals, 7-19
Cache, 1-12, 6-1, 6-5, 11-2, 11-12
Movement Instructions, 3-3
Port Organization, 7-6
Register Direct Mode, 2-7
Registers, 1-5, 2-2
Select, Byte, 7-21
Transfer
Cycles, 7-25
Transfer Mechanism, 7-5
Types, 1-7
Data Strobe Signal, 5-4, 7-4, 7-22ff, 12-8

Data Transfer and Size Acknowledge Signals, 5-4,

6-8, 6-12, 7-4, 7-5, 7-20ff, 12-2, 12-7, 12-8,
_12-11,12-12, 12-24, 12-31
DBE Bit, 6-16
DBEN Signal, 5-4, 7-4, 7-25ff
DC Electrical Characteristics, 13-2
Debugging Aids, 12-28
Decoding, MMU Status Register, 9-46, 9-47, 9-48
Definition, Task Memory Map, 9-50
Definitions, AC Electrical Specifications, 13-6
Delay, Input, 7-1
Derivation, Table Index, 9-8
Description, General, 1-1
Descriptions, Instruction, 3-16 through 3-192
Descriptor,
Bits, Unused, 9-54
Fetch Operation Flowchart, 9-35
Indirect,
Long Format, 9-21
Short Format, 9-21

Descriptor (Continued)
Invalid,
Long Format, 9-21
Short Format, 9-20
Page, Early Termination,
Long Format, 9-19
Short Format, 9-18
Page,
Long Format, 9-20
Short Format, 9-20
Root Pointer, 9-18
Table,
Long Format, 9-18
Short Format, 9-18
Descriptors, Translation Table, 9-8, 9-16
DFC, 1-7, 2-4
Diagram, Block, 1-2, 9-3
Differences,
MC68020 Hardware, 12-2
MC68020 Software, 12-3
MMU, 9-36
Dimensions, Package, 14-2
DMA Coprocessor, 10-4
Double Bus Fault, 7-76, 8-5
Doubly-Linked List
Deletion Example, 3-194
Insertion Example, 3-194
DR Bit, 10-26
DS Signal, 5-4, 7-4, 7-22ff, 12-8

DSACKO Signal, 5-4, 6-8, 6-12, 7-4, 7-5, 7-20ff, 122,

12-7, 12-8, 12-11, 12-12, 12-24, 12-31

DSACK1 Signal, 5-4, 6-8, 6-12, 7-4, 7-5, 7-20ff, 12-2,

12-7, 12-8, 12-11, 12-12, 12-24, 12-31
Dynamic Allocation, Table, 9-30
Dynamic Bus Sizing, 7-5, 7-13, 7-20
D0-D31 Signals, 5-2, 7-4, 7-32ff, 12-7, 12-15
D0-D7, 1-5

—E—

Early Termination, 9-25, 9-53
Early Termination Control, 12-27
ECS Signal, 5-4, 7-3, 7-22ff, 12-13, 12-31
ED Bit, 6-17
Effective Address Encoding Summary, 2-16
El Bit, 6-17
Electrical Characteristics, 13-1
DC, 13-2
Electrical Specifications,
AC,
Clock Input, 13-3
General, 13-5
Definitions, 13-6
Read/Write Cycles, 13-4
Empty/Reset Format Word, 10-16
Enable Data Cache Bit, 6-17
Enable Instruction Cache Bit, 6-17
Encoding,
Address Offset, 7-7
Size Signal, 7-7
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Cache Burst Request Signal, 5-5, 6-12, 7-5, 7-24,
7-40ff, 12-1, 12-21
Cache Control Register, 1-7, 2-4, 6-1, 6-12, 6-15,
6-16
Cache Disable Signal, 5-7, 6-1
Cache Inhibit Input Signal, 5-5, 6-1, 6-7, 6-8, 6-11,
6-12, 7-2, 7-22ff, 12-1, 12-4
Cache Inhibit Output Signal, 5-5, 6-3, 6-7, 7-25ff,
9-1, 9-13, 12-1, 12-3, 12-26
CACR, 1-7, 2-4, 6-1, 6-12, 6-15, 6-16
Calculate Effective Address Timing Table, 11-22
Calculate Immediate Effective Address Timing
Table, 11-24
Calculations, Execution Time, 11-5ff
Capabilities, Addressing, 2-18
CAS Instruction, 7-36
Example, 3-193
Case,
Actual Instruction Cache, 11-8
Average No Cache, 11-6
Best, 11-5
Instruction Cache, 11-5
CAS2 Instruction, 7-36
Example, 3-193
CBACK Signal, 5-5, 6-12, 7-2, 7-20ff, 12-1, 12-19
12-21, 12-23
CBREQ Signal, 5-5, 6-12, 7-5, 7-24, 7-40ff, 12-1,
12-21
CCR, 2-3, 3-12
CD Bit, 6-16
CDIS Signal, 5-7, 6-1
CED Bit, 6-16
CEl Bit, 6-17
Changing Privilege Level, 4-3
Characteristics,
Electrical, 13-1
DC, 13-2
Thermal, 13-1
Chip Select Coprocessor Signal, 12-4, 12-6
Cl Bit, 6-17
CIIN Signal, 5-5, 6-1, 6-7, 6-8, 6-11, 6-12, 7-2, 7-22ff,
12-1,12-4
CIOUT Signal, 5-5, 6-3, 6-7, 7-25ff, 9-1, 9-13, 12-1,
12-3, 12-26
CIR, 10-6, 10-21
Command, 10-23
Condition, 10-23
Control, 10-22
Instruction Address, 10-24
Operand, 10-23
Operand Address, 10-24
Operation Word, 10-22
Register Select, 10-24
Response, 10-21
Restore, 10-22
Save, 10-22
Clear Data Cache Bit, 6-16
Clear Entry in Data Cache Bit, 6-16
Clear Entry in Instruction Cache Bit, 6-17
Clear Instruction Cache Bit, 6-17
CLK Signal, 5-8, 7-43ff, 12-29, 12-31
Clock Signal, 5-8, 7-43ff, 12-29, 12-31
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Command CIR, 10-23
Command Words, lllegal, Coprocessor Detected,
10-45
Compare and Swap Instruction, 7-36
Compatibility, M68000 Addressing, 2-27
Computation, Condition Code, 3-198
Concurrent Operation, 10-2
Condition CIR, 10-23
Condition Code
Computation, 3-198
Register, 2-3, 3-12
Condition Tests, 3-200
Condition Words, lllegal, Coprocessor Detected,
10-53
Conditional Branch Instruction Timing Table, 11-36
Connections, Power Supply, 5-8
Considerations,
Ground, 12-34
Power, 12-34, 13-1
Contiguous Memory, 9-25, 9-27
Example, 9-27
Control,
Bus Arbitration, 7-81
Early Termination, 12-27
Control CIR, 10-22
Control Instruction Timing Table, 11-37
Controller,
Bus, 11-4
Micro Bus, 11-4
Coprocessor,
Communication Cycle, 7-60
Conditional Instructions, 10-9
Context Restore Instruction, 10-19
Context Save Instruction, 10-18
Data Processing Exceptions, 10-45
DMA, 10-4
Format Words, 10-16
General Instruction Protocol, 10-8
General Instructions, 10-7
Identification Code, 10-3
Instruction Format, 10-3
Instruction Summary, 10-51 through 10-53
Instructions, 3-10
Interface, 10-1, 10-4
MC68881, 12-4
MC68882, 12-4
Non-DMA, 10-4
Reset, 10-51
Response Primitive, 10-8, 10-24
Response Primitive Format, 10-25
State Frames, 10-15
System Related Exceptions, 10-45
Coprocessor Detected
Exceptions, 10-44
Format Errors, 10-46
lllegal Command Words, 10-45
lllegal Condition Words, 10-45
Protocol Violations, 10-44
Coprocessor Interface Register, 10-6, 10-21
Count, Initial Shift, 9-52
Cp-ID, 7-62, 10-3
cpBcc Instruction, 10-10
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Bit, Bus,

CA, 10-25 Arbitration (Continued)

CD, 6-16 Latency, 11-47

CED, 6-16 State Diagram, 7-82

CEl, 6-17 Timing, 7-80

Cl, 6-17 Control Signals, 7-3

Clear Data Cache, 6-16 Controller, 11-4

Clear Entry in Data Cache, 6-16 Data, 5-2, 7-4, 7-32ff, 12-7, 12-16
Clear Entry in Instruction Cache, 6-17 Error,

Clear Instruction Cache, 6-17 Late, STERM, Timing, 7-70
Data Burst Enable, 6-16 Late, Third Access, Timing, 7-71
DBE, 6-16 Late, With DSACKx, Timing, 7-69
DR, 10-26 Second Access, Timing, 7-72
ED, 6-17 Exception, 8-5, 10-50

El, 6-17 Routine, 9-62

Enable Data Cache, 6-17 Signal, 5-7, 6-8, 7-4, 7-22ff, 8-5, 8-16, 8-19,
Enable Instruction Cache, 6-17 12-11, 12-24, 12-25, 12-27

FD, 6-16 Without DSACKx Timing, 7-68
Fl, 6-17 Errors, 7-67

Freeze Data Cache, 6-16 Exceptions, 7-61

Freeze Instruction Cache, 6-17 Fault Recovery, 8-19

IBE, 6-17 Operation,

Instruction Burst Enable, 6-17 Asynchronous, 7-22

PC, 10-26 Synchronous, 7-23, 7-24

WA, 6-16 Synchronization, 7-77

Write Allocate, 6-16 Timing, 7-78

Bit Field Transfer Signals, 7-1
Instruction Timing Table, 11-35 Bus Grant, 7-81
Instructions, 3-6 Signal, 5-6, 7-36, 7-78ff
Operations, 3-196 Bus Grant Acknowledge, 7-81

Bit Manipulation Signal, 5-6, 7-78ff
Instruction Timing Table, 11-34 Bus Request, 7-80
Instructions, 3-6 Signal, 5-6, 7-36, 7-50, 7-73ff

BKPT Instruction, 7-60, 8-15, 8-16 Busy Primitive, 10-26

Block Diagram, 1-2, 9-3 Byte
MMU, 9-3 Data Select, 7-21

__Processor Resource, 11-3 Read Cycle, Asynchronous,

BR Signal, 5-6, 7-36, 7-50, 7-73ff Flowchart, 7-26

Branch on Coprocessor Condition Instruction, 10-10 32-Bit Port, Timing, 7-27

Breakpoint Acknowledge, 8-7 Select Logic, 12-7, 12-9, 12-10
Cycle, 7-60 Write Cycle, Asynchronous, 32-Bit Port, Timing,

Exception Signaled, Timing, 7-64 7-33
Timing, 7-63
Flowchart, 7-62

Breakpoint Instruction, 7-60, 8-15, 8-16 —C—
Exception, 8-15

Buffer, CA Bit, 10-25
Instruction Fetch Pending, 11-4 CAAR, 1-7, 2-4, 6-17
Write Pending, 11-4 : Cache,

Burst Address Translation, 7-3, 9-2, 9-14
Cycle, 7-49, 12-14 Data, 1-12, 6-1, 6-5, 11-2, 11-12
Mode External, 12-24 through 12-28

Cache Filling, 6-12 Filling, 7-20

Static RAM, 12-19—12-21 Burst Mode, 6-12
Operation, 7-49 Single Entry, 6-8

Flowchart, 7-51 Instruction, 1-12, 6-1, 6-3, 11-2

Bus, Interactions, 7-20
Address, 5-2, 7-3, 7-30ff, 12-4 Organization, 6-1
Arbitration, 7-77 Reset, 6-15

Bus Inactive, Timing, 7-84 Cache Address Register, 1-7, 2-4, 6-17
Control, 7-81 Cache Burst Acknowledge Signal, 5-5, 6-12, 7-2,
Flowchart, 7-79 7-20ff, 12-1, 12-19, 12-21, 12-23
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Abort Task Routine, 9-66
Absolute Long Address Mode, 2-16
Absolute Short Address Mode, 2-15
AC Electrical Specifications,
Clock Input, 13-3
Definitions, 13-6
General, 13-5
Read/Write Cycles, 13-4
AC Electrical Timing Diagrams, Foldouts
Access Time Calculations, Memory, 12-11 through
12-14
Accesses, Read-Modify-Write, 6-7
Acknowledge, Breakpoint, 8-7
Activity,
Data Bus, 12-8
Processor,
Even Alignment, 11-7
Odd Alignment, 11-8
Actual Instruction Cache Case, 11-8
Adapter Board,
MC68020, 12-1
Signal Routing, 12-1
Address Bus, 5-2, 7-3, 7-30ff, 12-4
Address Encoding, CPU Space, 7-57
Address Error Exception, 8-6, 10-51
Address Offset Encoding, 7-7
Address Register
Direct Mode, 2-7
Indirect Displacement Mode, 2-9
Indirect Index (Base Displacement) Mode, 2-10
Indirect Index (8-Bit Displacement) Mode, 2-10
Indirect Mode, 2-8
Indirect Postincrement Mode, 2-8
Indirect Predecrement Mode, 2-8
Address Registers, 1-5, 2-3
Address Space Types, 4-3
Address Strobe Signal, 5-4, 7-2, 7-3, 7-22ff, 12-5,
12-13, 12-15, 12-16, 12-19, 12-25 through 12-27,
12-31, 12-33
Address Translation, 9-10
Cache, 7-3, 9-2, 9-14
Cache Entry, 9-14
General Flowchart, 9-12
Addressing,
Capabilities, 2-18
Compeatibility, M68000, 2-27
Indexed, 2-19, 2-20
Indirect, 2-22, 2-23
Indirect Absolute Memory, 2-21
Mode Summary, 2-23
Modes, 1-8, 2-6
Structure, 2-22

Aids, Debugging, 12-28
Arbitration, Bus, 7-77
Arithmetic/Logical Instruction,
Immediate, Timing Table, 11-30
__Timing Table, 11-29
AS Signal, 5-4, 7-2, 7-3, 7-22ff, 12-5, 12-13, 12-15,
12-16, 12-19, 12-25 through 12-27, 12-31, 12-33
Assignment, Pin, 14-1, 14-2
Assignments, Exception Vector, 8-2
Asynchronous
Bus Operation, 7-22
Byte
Read Cycle, 32-Bit Port, Timing, 7-27
Read Cycle Flowchart, 7-26
Read-Modify-Write Cycle, 32-Bit Port, Timing,
7-38
Write Cycle, 32-Bit Port, Timing, 7-33
Cycle Signal Assertion Results, 7-65, 7-66
Long Word Read Cycle Flowchart, 7-26
Read Cycle, 7-25
32-Bit Port, Timing, 7-32
Read-Modify-Write Cycle, 7-36
Flowchart, 7-37
Sample Window, 7-2
Word
Read Cycle, 32-Bit Port, Timing, 7-27
Write Cycle, 32-Bit Port, Timing, 7-33
Write Cycle, 7-31
32-Bit Port, Timing, 7-32
Flowchart, 7-31
ATC, 7-3, 9-3, 9-14
Entry, 9-14
Creation Flowchart, 9-33
Autovector Interrupt Acknowledge Cycle, 7-60
Timing, 7-61
Autovector Signal, 5-6, 7-5, 7-24, 7-60ff, 8-14
AVEC Signal, 5-6, 7-5, 7-24, 7-60ff, 8-14
Average No Cache Case, 11-6
AO0-A1 Signals, 7-6, 7-7, 7-171f, 12-7, 12-15
A0-A31 Signals, 5-2, 7-3, 7-30ff, 12-4
A0-A7, 1-5

BERR Signal, 5-7, 6-8, 7-5, 7-22ff, 8-5, 8-16, 8-19,
12-11, 12-24, 12-25, 12-27

Best Case, 11-56

BG Signal, 5-6, 7-36, 7-78ff

BGACK Signal, 5-6, 7-78ff

Binary Coded Decimal Instruction Timing Table,
11-31

Binary Coded Decimal Instructions, 3-7
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MC68020 and MC68030 Instruction Set Extensions

Bcc Supports 32-Bit Displacements

BFxxxx Bit Field Instructions (BFCHG, BFCLR, BFEXTS, BFEXTU, BFFFO, BFINS, BFSET,
BFTST) :

BKPT New Instruction Functionality

BRA Supports 32-Bit Displacements

BSR Supports 32-Bit Displacements

CALLM New Instruction (MC68020 only)

CAS, CAS2 New Instructions

CHK Supports 32-Bit Operands

CHK2 New Instruction

CMPI Supports Program Counter Relative Addressing Modes

CMP2 New Instruction

cp Coprocessor Instructions

DIVS/DIVU Supports 32-Bit and 64-Bit Operands

EXTB Supports 8-Bit Extend to 32 Bits

LINK Supports 32-Bit Displacement

MOVEC Supports New Control Registers

MULS/MULU  Supports 32-Bit Operands

PACK New Instruction

PFLUSH MMU Instruction (MC68030 only)

PLOAD MMU Instruction (MC68030 only)

PMOVE MMU Instruction (MC68030 only)

PTEST MMU Instruction (MC68030 only)

RTM New Instruction (MC68020 only)

TST Supports Program Counter Relative Addressing Modes

TRAPcc New Instruction

UNPK New Instruction

______________________________________________________________________________|
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Stack Pointers

MC68000,

MC68008, and USP, SSP

MC68010

MC68020 and

MC68030 USP, SSP (MSP, ISP)

Status Register Bits

MC68000,

MC68008, and T. S, 10111112, X/N/ZIVIC
MC68010

MC68020 and

MC68030 TO/T1, S, M, 10/11/12, X/N/Z/VIC

Function Code/Address Space
MC68000 and

MC68008 FCO-FC2=7 is Interrupt Acknowledge, Only
MC68010,

MC68020, and FCO-FC2=7 is CPU Space

MC68030

Indivisible Bus Cycles

MC68000, .
MC68008, and Use AS Signal
MC68010

MC68020 and

MC68030 Use RMC Signal

Stack Frames
MC68000 and

MC68008 Support Original Set

MC68010 Supports Formats $0, $8

MC68020 and

MC68030 Support Formats $0, $1, $2, $9, $A, $B

Addressing Modes
MC68020 and Memory indirect addressing modes, scaled index, and larger
MC68030 extensions:  displacements. Refer to specific data sheets for details.
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APPENDIX A
M68000 FAMILY SUMMARY

This Appendix summarizes the characteristics of the microprocessors in the M68000 Family.
The M68000 Programmer’s Reference Manual includes more detailed information about
MC68000 and MC68010 differences.

MC68000 MC68008 MC68010 MC68020 MC68030

Data Bus Size (Bits) 16 8 16 8,16,32 8,16,32
Address Bus Size (Bits) 24 20 24 32 32
Instruction Cache

(in words) — — 3! 128 128
Data Cache (in words) — — — — 128

Note 1. The MC68010 supports a 3-word cache for the loop mode.

Virtual Memory/Machine

MC68010,

MC68020, and Provide Bus Error Detection, Fault Recovery
MC68030

MC68030 On-chip MMU

Coprocessor Interface

MC68000,

MC68008, and Emulated in software
MC68010

MC68020 and

MC68030 In Microcode

Word/Long Word Data Alignment

MC68000,

MC68008, and Word/Long Data, Instructions, and Stack Must be Word Aligned
MC68010

MC68020 and Only Instructions Must be Word Aligned

MC68030 (Data Alignment Improves Performance)

Control Registers
MC68000 and

MC68008 None

MC68010 SFC, DFC, VBR

MC68020 SFC, DFC, VBR, CACR, CAAR

MC68030 SFC, DFC, VBR, CACR, CAAR, CRP, SRP, TC, TT0, TT1, PSR

MC68030 USER'S MANUAL MOTOROLA
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MC68030
FE Suffix Package

Case 831-01
fa— S -
$]020008® [T1[x® -v®[70 |
| = A ~
PIN1
[¢]os1 000® [T[X® -Y®[20] M
v B + L
!H!HHIH‘
L—[#]os1000® [1[x® YO [20 |
L [#]on 00 ® [1[x® -v® |20 |
-W- ’/ ;l_r _ c
70,10 (0.004) ﬁ :IL I
T- |SEATING PLANE M K
D 12p
[4[o20008® [1[x® -YO[10]
MILLIMETERS INCHES NOTES:
pM | MIN | max | mIN | MAX 1. DIMENSIONING AND TOLERANCING
A |28 [2286 | 0860 | 0900 PER ANSI Y14.5M, 1982.
B 2185 | 22.86 | 0.860 | 0.900 2. CONTROLLING DIMENSION: INCH.
[ 394 431 0.155 | 0.170 3. DIM A AND B DEFINE MAXIMUM CERAMIC BODY
D 0.204 | 0.292 | 0.0080 | 0.0115 DIMENSIONS INCLUDING GLASS PROTRUSION
S 0.64 BSC 0.025 BSC AND MISMATCH OF CERAMIC BODY TOP AND
H | 064 [ 088 | 002 [0035 BOTTOM.
J 0.13 0.20 | 0.005 | 0.008 4. DATUM PLANE -W- IS LOCATED AT THE
K 0.51 0.76 | 0.020 | 0.030 UNDERSIDE OF LEADS WHERE LEADS EXIT
L 2032 REF 0.800 REF PACKAGE BODY.
M| o & 0 & 5. DATUMS X-Y AND Z TO BE DETERMINED
R | 064 | — loos | — WHERE CENTER LEADS EXIT PACKAGE BODY AT
S | 2231 [ 2755 | 1.075 | 1.085 DATUM -W-.
V | 2731 | 2755 | 1075 | 1.085 6. DIM S AND V TO BE DETERMINED AT SEATING
PLANE, DATUM -T-.
7. DIM A AND B TO BE DETERMINED AT DATUM
PLANE -W-,
MC68030 USER'S MANUAL MOTOROLA
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14.4 PACKAGE DIMENSIONS

MC68030

RC Suffix Package

Case 789C-01

SEATING
[-T-] piane G—>| |e—
— ] K l
( N NEEOEEOEOOOEOHD
MEEEEOEOEEEDD
L0OO0OOOOO0666| |
W K|OEEO®® PEOE| 6
NoYolo; PO
HEE®O 0Yol0)
[-A-] 6O 151010)
FIOOOO PO
|0 OO
y °|lo0eee 01o1610)
= c|PEPPPEEOPEE®O®OG
B[OPPPPEPOEEOP®E®EO
L )y APEEOREEEEE®OE
c—») 1 23456 7 8 910111213
< > D [4] 40130005 ®] T[AB®[8 O]
128 PL
NOTES:
1. A AND B ARE DATUMS AND T IS A DATUM
SURFACE.
2. DIMENSIONING AND TOLERANCING PER Y14.5M,
1982.
3. CONTROLLING DIMENSION: INCH.
MILLIMETERS INCHES
DIM | MIN MAX MIN MAX
A 34.04 35.05 1.340 1.380
B 34.04 35.05 1.340 1.380
C 2.54 3.81 0.100 | 0.150
D 0.44 0.55 0.017 0.022
G 2.54 BSC 0.100 BSC
K 432 | 495 | 0170 [ 0.195
MOTOROLA MC68030 USER'S MANUAL
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14.3 PIN ASSIGNMENTS — CERAMIC SURFACE MOUNT (FE SUFFIX)

5 5 " S _BEe.- BE =
BeBrgoseo bz ioshibr sfBupzfsspe
aooooooooooonooonnooonooooononnoni
vee T4 17 10 5 (@) 125 17 3 veg
GND 1 vee
BR — 031
A0 ] 1 D30
A1 : — D29
A3t ] —) 028
A30 110 GND
GND 25 ] 027
A29 [ - 1 D2
A28 ] 1025
A21 1 D24
A26 [ 1053 Ve
Vee X330 023
A25 1022
A28 ] ] D21
A23 ] 1 D20
A22 ] TOP VIEW 1003 6ND
GND 35 1 D19
A21 T —) D18
A20 ] — D17
A19 ] D16
A18 ] 953 GND
A7 40 — D15
Al6 [ ) D14
A5 ] — 013
Al — D12
GND [ 90— GND
A13 45 —] D1
A2 ) D10
AN — D9
A10 ) D8
Vee 3 mm RV
NC 450 55 60 65 70 75 80 g3 3 NC
gubtuuoouobuiouiuuuuuoduuuouon
22'::22&'%22%%‘%%@%%%@@@% ;‘::Eéaagsgsgsg
- < IS oc =
=3 {7}
*NC — Do not connect to this pin.
MC68030 USER'S MANUAL MOTOROLA
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14.2 PIN ASSIGNMENTS — PIN GRID ARRAY (RC SUFFIX)

The V¢ and GND pins are separated into three groups to provide individual power supply
connections for the address bus buffers, data bus buffers, and all other output buffers and

internal logic.

N

\

N @] O O O O O O O o O O @] O
D31 D28 D26 D2 D23 D21 Dig D18 D16 D15 D13 DI D8
M @] O O O @) O O O O O O O @)
DBEN ECS D29 D27 D24 D2 D20 D17 D14 D2 D9 D6 D3
L o O O O O O O O O O O (@) @]
CIN SIzo0 RW D30 GND Vgc GND GND GND D10 D7 D4 D2
K O O O O O O O O (@]
CBREQ DS  SIZI vgg  NC* vge D5 DI Do
J O (@) @) o O O
CBACK AS  GND GND STATUS REFILL
H (@) o O O O (@]
BERR HALT Ve vec CDIS  1PLD
BOTTOM
¢gf] O O O VIEW © O O
STERM DSACK1 GND GND iPL2 IPL
F O O O O O O O O
DSACKO Vgc GND  NC* NC* Vgc RESET MMUDIS
E O O O ] ©c O O
CLK AVEC GND .’ GND  NC* 1IPEND
D (0] o O .0 (@) O O O (@)
FC2 "FCO OCS.* vgc  NC* vee A6 A3 A2
c O o O O O O O O O O O O (@)
FC1 CIOUT BGACK A1 GND Vgc GND A18 GND A1l A9 A5 A4
B o . 0] o O O O O O O o o (@)
RMC':"BG A31 A9 A27 A5 A2 A0 A6 A4 A2 A8 A7
A o :0 O O O O O O O O O o (@)
\ BR A0 A30 A28 A% A2 A3 A2l A1 A7 A5 A13 A0 /
1 2 3 4 5 6 7 8 9 10 n 12 13
*NC — Do not connect to this pin.
Pin Group Vce GND
Address Bus Ceé, D10 C5, C7, C9, EN
Data Bus L6, K10 J11, L9, L7, LS
ECS, SlIzx, DS, AS, DBEN, CBREQ, R/W K4 J3
FCO-FC2, RMC, OCS, CIOUT, BG D4 E3
Internal Logic, RESET, STATUS, REFILL, Misc. H3, F2, F11, H11 | L8, G3, F3, G11

MOTOROLA
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SECTION 14
ORDERING INFORMATION AND MECHANICAL DATA

This section contains the pin assignments and package dimensions of the MC68030. In
addition, detailed information is provided to be used as a guide when ordering.

14.1 STANDARD MC68030 ORDERING INFORMATION

Frequency

Package Type (MHz) Temperature Order Number

Pin Grid Array 20.0 0°C to 70°C MC68030RC20

RC Suffix 25.0 0°C to 70°C MC68030RC25

33.33 0°C to 70°C MC68030RC30

Ceramic Surface 20.0 0°C to 70°C MC68030FE20

Mount 25.0 0°C to 70°C MC68030FE25

FE Suffix 33.33 0°C to 70°C MC68030FE30
MC68030 USER'S MANUAL MOTOROLA
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