HD68000/HD68HCO000

MP U (Micro Processing Unit)

— HDE800D —

The HD6800O is the first in a family of advanced micropro-
cessors from Hitachi. Utilizing VLSI technology, the HD68000
is a fully-implemented 16-bit microprocessor with 32-bit
registers, a rich basic instruction set, and versatile addressing
modes.

The HD68000 possesses an asynchronous bus structure with
a 24-bit address bus and a 16-bit data bus.

FEATURES

@ 32-Bit Data and Address Registers

® 16 Megabyte Direct Addressing Range
® 58 Powerful Instruction Types

@ Operations of Five Main Data Types
@ Memory Mapped |/0

® 14 Addressing Modes

— HDGBHCO000 —

The HD68HCO00 is a 16-bit microprocessor of HDE8000
family, which is exactly compatible with the conventional
HD68000.

The HD6BHC000 is a complete CMOS device and the power
dissipation is extremely low.

FEATURES

® Instruction Compatible with NMOS HD68000

® Pin Compatible with NMOS HD68000

@ AC Timing Compatible with NMOS HDE8000

® Low Power Dissipation (lcc typ = 20 mA, lgc max =35 mA

HD68000-8, HD68000-10, HDEB000-12
HD68HC000-8, HDBBHCO000-10, HDEBHC000-12

(DC-84)

HD68000Y-8, HDBB000OY-10, HDEBOOOY-12
HDB8HCO000Y-8, HDBBHCO000Y-10, HDEBHCODOY-12

HD68000P-8
HD68HCO000P-8, HD6BHC000P-10, HDEBHCO00P-12

atf=125 MHz)

(DP-64)

HDEB00OPS-8

| HD88HC000PS-8, HDBBHCOOOPS-10, HDEBHCO0OPS-12

({DP-64S)

HD6800OCP-8

HD68HCO00CP-8, HD6BHCO0OCP-10, HDEBHCO0OCP-12

(CP-68)
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HD68000/HD68HC000

®» TYPE OF PRODUCTS

Type No. Process mmk[;:‘:;n ney Package
HD68000-8 8.0
HD68000-10 0.0 e
HD 3 125
HD68000YE 8.0
HDE8000Y-10 NMOS 10.0 Pifete
HD6B0DOYAZ | 125
HD6800ORS | 8.0 DP-64
HD68000PS8 B0 DP-645
HDBBO0OCRS 8.0 CP-68
HD68HCO00-8 8.0
HD6BHCO00-10 | 10.0
HD68HC000-12 12.5 o
HD6BHCO00¥8 8.0
HD6BHCO00Y-10 10.0 PGA-68
HDBEBHCDOOYA2 | 126
HDG8HCO00RS 8.0
HDB8HCO00P10 cMOS 10.0 DP-64
HD68HCOOOR12 | 125
'HD6BHCO00P38 8.0
HD6BHCO00PS30 10.0 DP-64S
HD6BHCO00PS2 | 12.6
HD68HCO00CRS 8.0
HD6BHCO00CRI0 10.0 cP-68
‘HDBBHCODOCR12 | 12.5

(Note) HDEBOOO refers to the NMOS version 68000, and HDBBHCO00
refers 1o the CMOS version BB000. 68000 stands for NMOS and
CMOS version,
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HD62000/HD68HC000

= PIN ARRANGEMENT

® DC-64, DP-84, DP-645 ® PGA-68
1PIN
Sy
©}
(Top View) {Bottom View)
PinNo_ | Function | Pin No. Function | Pin No. | Function | Pin No. | Function
1 N L] Ay » 0y 52 L
2 4 KD N/C » 53 A
3 K | 20 ™ w_| (08 54 N
[ [1] 2 Au » [ 55 Vo
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[ AALY | 1 A “ [ [ As
7 VA i) A 41 RES [T} Dy
s E » ; a2 VPA ) D
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1 FC; ] Dy % FC, L] 0,
12 FCq 0 O 4 N/C Lx] Ds
[5] A £ Dy o7 A 8 =
" A 3 [ “ Ay = AW
[ A B [ ) A ) T
[ A n [ 50 Aw (] A
7 Ay ] Dy [1] Ay ] Dis
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(Top View)
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HD68000/HD68HC000

® ABSOLUTE MAXIMUM RATINGS

It Symbol HD68000 HDB8HCO00 Unit
Value Value
Supply Voltage Vee* ~0.3~+7.0 ~0.3~ +8.5 v
input Voltage Vin* —0.3~+7.0 —0.3~+65 v
Operating Temperature Range Topr 0~ +70 0~ +70 e
Storage Temperature Terg —55 ~ +150 —B5 ~ +150 c
*With respect to Vg (SYSTEM GND)
(NOTE) Permanent LS| damage may occur if maximum ratings are ded. N peration should be under ded ing di
If these conditions sre excesded, it could affect relisbility of LSI.
Since the HDBBHCOOO is a C-MOS device, users are expected to be cautious on “latch-up” problem caused by voltage fracturations.
= RECOMMENDED OPERATING CONDITIONS
Item Symbol - L.l - oot Unit
min typ max min typ max
Supply Voitage Vee* 4,75 5.0 5.25 4.75 50 525 v
CLK 28 - Veeo
* 2.0 o V v
Input Voltage QOther Inputs Vi ce 20 - Vee
All Inputs ViL® -0.3 - 08 —0.3 - 0.8 v
Operating Temperature Tope 0 25 70 0 25 70 °c
*  With respect to Vgg (SYSTEM GND}
@ HITACHI
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HD68000/HD68HC000

s ELECTRICAL CHARACTERISTICS

® DC CHARACTERISTICS (Voo = 8V £ B%, Vgg = OV, Ta= 0~ +70°C, Fig. 1, unless otharwise noted.)
8000 H C000
Item Symbol | Test Condition Hoo s Unit
min max min max
CLK 28 V
Ll I " X
Input “High” Voltage Sk Tt Vin 20 Vee 20 Voo \'}
Input “Low” Voltage ViL Vss-0.3 08 | Vss-0.3| 0B
3 _DTACK,
~ BL,, VPA, CLK - 256 - 25
input Leakage Current EE:T AC Tin ©5.25V - % - s uA
AS, Aj~ Azy, Dp~ Dys
Three-State (Off State) i ToE OBE = -
gk CUHANE FCOA EC,, LDS, R/W,UDS, | Ir5) | @24v/04V 20 20 uA
AS, A ~ Ay, BB, D ~ Dy,
Output “High” Voltage| FCy ~ FC,, LDS, RAW, UDS, | Von | lon=-400u 24 | - |Vec-078| - v
VMA, E
E* Voc-075| -
HALT lgL=1.6 mA — 0.5 - 0.5
A,~Ag, BG, FCy ~ FC,; lo =32 mA - 0.5 - 0.5
ut “Low" Vol
Qutpue*Luw ™ Yol tags g VoL Mo 6omA | - | o08] - [05 | V
E. Dg ~ Dis. Lﬁg HJW. E.
Uﬁg m lo|_'5,3 mA = 0.5 = 0.5
= 6 MHz
CERAMIC PACKAGE =k “:; = 15
Power Dissipation Po i i —
=125 MHz - 1.75 - - W
f=8MHz,
PLASTIC PACKAGE Vee = BV, i 0.9
Ta=26°C
f=8MHz - = - 25
Current Dissipation Ip** f=10 MHz - — - 30 mA
f=125MHz - — - 35
5 Vh - 0\",
Capacitance (Package Type Dependent) Cin Ta=25°C _ 200 . 20.0 oF
f=1MHz
*With axternal pull up resistor of 1.1 kfl.
**Without load.
+5V
+5V -y
152074(H 2 R* = 74001
or
9100 29kl ::r::t Equivalent
RES HALT
C 152074 (H)
or
130pF l 700F Equivalent
€ = 130 pF {Includes all Parasitics)
R_=60ki2for AS, A ~A, BG, D,~D, E,
‘' Fc,~Fc,, (DS, R/W. UDS, VHIA
*R=122kstor &, ~a,, BG, FC,~FC,
Figure 1 Test Loads
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HD68000/HD68HCO000

® AC CHARACTERISTICS (Vgg = 5V £ 5%, Vgg = OV, Ta = 0~ +70°C, unless otherwise noted.)
CLOCK TIMING

B MHz 10 MHz 12.5 MHz
Item Symbol | Test Condition . - - Unit
min max min max min max

Frequency of Operation f 40| 80| 40| 100} 40 | 125 MHz
Cycle Time teye 125 | 250 | 100 | 250 | 80| 250 ns
) teL Fig. 2 55 | 125 45 | 125 35| 125 ns
Clock-Pulss Width Ten 55| 125| 45| 125| 35| 125 ns
o s tcr -1 1] - | w| - 5 ns
ise and Fall Times ter T 10 i 10 = 5 e

feye

fe——tcL—— fe———tep——e

=4 N

Tge — e —— ey
{NOTE)
Timing are rafy d to snd from a low volitage of 0.8 volt and high a voltage of 2.0 volts, unless otherwise noted.
The voltage swing through this renge should start outside and pass through the range such that the rise or fall will be linear betwean 0.8 voit and
2,0 volts.

Figure 2 Clock Input Timing
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HD68000/HD68HCO000

READ AND WRITE CYCLES

Tost 8MHz | 10MHz | 12.6 MHz
Num. . Symbol | condition | min | mex | min| max| min | max A
1 | Clock Period teye 126| 250| 100| 260| 80 | 260| ns
2 | Clock Width Low toL 66 | 125| 46 | 126] 36 [ 126 ns
3 | Clock Width High 1cH 65 | 126| 45 | 126 36 [ 126| s
4 Clock Fall Tima tos - | 10| - | 10| - 6| m
5 Clock Rise Time ter - | 0] =1 10| = 5! ns
8 Clock Low to Address Valid tCLAY - | 704 — | 60| - [ 66" m
6A | Clock High to FC Valid tCHFCY - | 700 - | 80| — | BB| ms
7 Clock High to Address, Data Bus
High Impedance (Maximum) tcHADZ -| 80 -| 70 80| ns
8 Clock High to Address, FC Invalid (Minimum) | tcHAF) 0| ~|0}| -0} - ns
8! | Clock High to AS, DS Low toust | 0| 60| 0| 55| 0 |56 | ns
112 | Address Valid 1o AS, DS Low (Read)/
AS Low (Write) tAVSL 36| - 20 =] 0] = ns
11A2 | FC Valid to AS, DS Low (Read)/
AS Low (Write) tFCVSL 60| - 50| - 40| — ns
121 [ Clock Low to AS, DS High tcus | Fig.3, | — | 70| — | 85| — | 80| ns
132 | AS, DS High to Address/FC Invalid tsuar) | Fig- 4 30| — | 200 = | 10 - | ns
142 | AS, DS Width Low (Read)/AS Low (Write) 5L 240| - |198] — {180 — | ns
14A2 | D5 Width Low (Write) pst | 15| — | 95| — | 80| — | ms
152 | AS, DS Width High tsH 150| — | 106] — | 65| — | ns
16 | Clock High to Control Bus High Impedance | tencz - | s0] = | 70| - | 60| nms
172 | AS, DS High to R/W High {Read) tsHAH 40| — | 20 - | 10] — [ ms
181 | Clock High to R/W High CHR o| 70 0| 60} O | 60| ms
20" | Clock High to R/W Low (Write) tCHAL - | 70| - | 80| — | 60| ns
20A% | AS Low to R/W Valid (Write) tasv | — | 20] = 20] - | 20| ms
212 | Address Valid to R/W Low {Write) tAVAL 20| -|0o| -|0] -] ns
21A2 | FC Valid to R/W Low (Write) tFCVRL 60f — | 50| —| 30| — | ms
222 | R/W Low to DS Low (Write) “tRLSL | 80| — | 80| — | 30| —~| ns
23 | Clock Low to Data Out Valid (Write) tcLoo — | 70| —| 55| — | 56| nms
252 | AS, DS High to Data Out Invalid (Write) 30| —| 200 — | 18] — | ns
262 | Data Out Valid to DS Low (Write) tposL | 30| — | 20 ~] 16[ — | ns
275 | Data In to Clock Low (Setup Time on Read) | tpicy | 15 — | 10| —| 10 — | ms
282 | AS, DS High to DTACK High SHDAH 0 |245| o | 190| 0 |150| ns
29 | AS, DS High to Data In Invalid
{Hold Time on Read) tSHOI o|-|0| —-]0]| - ns
30 , DS High to High tSHBEH 0oj-{0] -}0]) - ns
3125 | BTACK Low to Dsta In (Setup Time) tpALDI —| 90| - | e8] —| 50| ns
32 | HALT and RESET Input Transition Time tAHr, f 0o |200] 0 [200] O |200] ns
33 | Clock High 1o BG Low tCHGL - {70! —| 60| — | 80| ns
34 | Clock High 1o BG High 1CHGH - |70 -| 80| - | 50| ns
20 80 70
35 | BR Low to BG Low tBRLGL 15 +;*5 15 +§_ﬁ5 1.5 +;_=5 9;,.
* 57 for HDGBHC000

@ HITACHI
Hitachi America, Ltd. = Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300 913



HD68000/HD68HCO000

READ AND WRITE CYCLES (CONTINUED)

Test 8 MHz 10 MHz 12.5 MHz )
Mum. b Symbol | condition min| max | min| max | min| max i
3¢ | BR High to BG High tERGH 15/ 2% 15| 3%l 15| 0% o per.
37 | BGACK Low to BG High AT 15| 2% 16| 2% 15| 2% lowrer
37A% | BGACK Low to BR High GALBRH 20 C,“f 20 c:ofns 20 c:ozn ns
38 | BG Low to Control, Address, Data Bus
High Impedance (AS High} 5Lz = 80| - 70| - 60! ns
39 | BG Width High tGH 15/ — | 18] — | 15| - [CikPer.
40 | Clock Low to VMA Low teLvML — | 70| -] 70| —| 70| ns
41 Clack Low to E Transition 1¢L5-1T- - 70| - 55 | — 45| ns
42 E Output Rise and Fall Time ter, - 25| - 2% | - 25 ns
43 | VMA Low to E High WMLEH 20| - [150| — | 0| -— ns
44 | AS, DS High to VPA High tuveH | Fig.3, | 0| 120 o] 9] o 70 ns
45 E Low to Control, Address Bus Invalid Fig. 4
(Address Hold Time) tELCAl 0| - 10 - 10| - ns
46 | BGACK Width Low GAL 165 - [ 18] — [18] - Jekper
475 | Asynchronous Input Setup Time tast 20| - | 20 - | 20 - ns
48% | BERR Low to DTACK Low tBELDAL 20] - | 20 - | 2/ - | ns
49° | AS, DS High to E Low SHEL -70| 70[-865| 66 |-45| 45| ns
50 E Width High teH 450 - | 350 - | 280 - ns
51 E Width Low teL 700, - | 650| - |440| - ns
53 | Clock High to Data Out Invalid tCHDOL 0 - 0 — 0 - ns
54 E Low to Data Out Invalid teLDOI 30 - 0| - 15| = ns
55 R/W to Data Bus Driven tRLDBD 30 i 20 =5 10 - ns |
564 | HALT/RESET Pulse Width THRPW 10 - | 10 - | 10] - |CkPer
57 BGACK High to Control Bus Driven GABD 16| - | 15| —= | 15| -~ |Ck.Pe
587 | BG High to Control Bus Driven tGHBD 16 — | 15| - [ 15| - |Ck.Per
NOTES:
1. For a loading capacitance of less than or equal to 50 picof . 5 ds from the value given in the maximum columns.

2. Actual value depends on clock period.
3. If #47 is satiefied for both DTACK and BERR, #48 may be O nanoseconds.
4

. For power up, the MPU must be held in RES state for 100 ms to aliow stabilization of on-chip circuitry, After the system is powered up,
#56 refers to the minimum pulse width required to reset the system.

§. If the asynchronous setup time (#47) requirements are satisfisd, the DTACK low-to-dats satup time (#31) requi can be ig d
The data must only setisfy the date-in clock-low setup tima (# 27) for the following cycle.

When AS and R/W are equally loaded {£20%], subtract 10 nanoseconds from the values given in these columns.
. The processor will negats BG and begin driving the bus again if external arbitration logic negates B before asserting BGACK.
The minimum value must be met to guarsntee propar operation. |f the maximum value is sxcesdsd, BG may be resssertad.

. The failmg edge of S6 triggers both the negation of the strobes (AS md xD8) and tM falimu edge of E. Either of thase events can occur
first, d ding upon the |oading on sach signel. § #49 i the skew that will occur between the
rising ldoe of the strobes and the falling adge of tha E dock

©®N®
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HD68000/HD68HCO000

These waveforms should only be referenced in regard to the output signals. Refer to other functional descriptions and
edge-to-edge measurement of the timing specifications. They their related diagrams for device operation.
are not intended as a functional description of the input and
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Asynchronous _.-l ‘_®
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NOTES:
1, Sewp time for tha synchronous inputs BGACK, IPLg.5 and VPA g their ition at the next falling edge of the clock.

2. BF need fall at this time only in ordar to insure baing recognized at the end of this bus cycle.

3. Timing measu fi d to and from 8 low voltage of 0.8 volt and a high voltage 2.0 volts, unless otherwise noted.
': voltape s;vangdlmouw this range should start outside and pass through the range such that the rise or fall will be linear between
0.8 volt and volts

Figure 3. Read Cycle Timing
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HD68000/HD68HC000

These waveforms should only be referenced in regard to the signals. Refer to other functional descriptions and their related
edge-to-edge measurement of the timing specifications. They are diagrams for device operation.
not intended as a functional description of the input and output
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NOTES:

1. Timing i d to and from a low voltage of 0.8 volt and a high voltege of 2.0 volts, uniess otherwise noted.
The voltage swing mrounh this range should start outside and pass through the range such that the rise or fall will be linesr batwesn
0.8 voit and 2.0 volts.

2. B of loading R/W may be valid after A5 sven though both ars initiated by the rising edge of 52 (Specification 20A),

Figure 4. Write Cycle Timing
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HD68000/HD68HC000

® HMCS6800 TIMING

Test 6 MHz B MHz 10 MHz | 12.5 MHz
Num. Item Symbol - Unit
Condition| min | max| min | max| min| max| min | max
12 | Clock Low to AS, DS High teLsH —| 80| - | 70| — | 88| — | 50| ns
18 | Clock High to R/W High tCHRH 0| 80| 0o| 70, 0| 60| O | 60| ns
20 | Clock High to R/W Low (Write) teHRL -~ | 80| = | 70| — | 80 — | 80| ns
23 | Clock Low to Data Out Valid (Write) CLDO - { 8| - | 70, - | 88 — | 55| ns
27 | Data In to Clock Low {Setup Time on Read) | tpicy 25 — | 15| - | 100 - | 10| - ns
29 | AS, DS High to Data In Invalid
(Hold Time on Read) 1sHDI Fig.s5, |o| -Jo]|-l0]| -] O - ns
40 | Clock Low to VMA Low torvme | Fig.8 | — ) 80 — | 70| — | 70| - 70| ns
41 Clock Low to E Transition CLET —[ 3| —| 70| — | 65| — | 45| ms
42 E Qutput Rise and Fall Time tEr f | - | 25| — | 26| - | 25! - 25| ns
43 VWA Low to E High tYMLEH | 240( — {200 - | 160| - 80| - ns
44 | BB, DS High to VPA High SHVPH 0 |160] 0 |120 0| 90| 0 | 70| ns
45 E Low to Control, Address Bus Invalid tgLCAl Bl - | 30| - 10 = | 10| - ns
(Address Hold Time)
47 Asynchronous Input Setup Time tast | 25! - | 20| - | 20| - | 20! - ns
491 | AS, DS High to E Low tSHEL —80| - |-70| 70|-55| 55| —45| 45| ns
50 | E Width High 1gH 600| — | 450) — | 350 — | 280| - ns
51 E Width Low EL 900 — | 700| — | B6O| - | 440| - ns
54 E Low to Data Out Invalid teLOOI 40| - | 30| - | 20| - 16 — ns
NOTE:
1. The falling ad@ of 6 triggers both the negation of the strobes lﬁ nd x&l snd the falling odoo of E, Either of thess svents can occur first,
on aach signal. Specifi #49 i skew that will occur between the rising edge of

the mobu and the falling odoe of the E clock.

S0 S1 525354 w w w w ww ww w w w w S586 57 SO

IR AW A VAYA WAWE VANWAWAWE'Y W/
= o sl i
A-An | —
IQ — -—@ @—-;ﬂl--
- 'l—® . | -q-—@
RW L t- )L
o~ H® ®
E ) e
! @-—-— [-— ®-;‘I'.‘ ‘—@
VWA X
i — D
Out —
Data In

NOTE: This timing disgram is included for those who wish to design their own circuit to gensrate VA, 1t shown the best case possibly sttsinsble.

Figure 5. HDBBOO Timing—Best Case
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HD68000/HD68HCO000
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NOTE: This timing disgram is included for thoss who wish to design their own circuit to generate VA, It shows the worst cass possibly attsinable.
Figure 6. HDGB0O Timing—Worst Case

BUS ARBITRATION

Test B MHz 10 MHz | 12.5 MHz
Num. Item Symbol o Unit
Condition| min| max |min | max | min| max
7 Clock High to Address, Data Bus
High Impedance tCHADZ - | B0} - 70| - 60| ns

18 | Clock High to Control Bus High Impedance tcHeZ —| 80— | 70| - | 60| ns
33 | Clock High to BG Low CHGL - | 70| - | 60| - | 80| ns
34 | Clock High to BG High CHGH | - | 70| - | 80| -| 50| ns
35 | BR Low to BG Low t8RLGL 15| 2% 1.5 [ 2081 15| 70cn par.
36! | BR High to BG High taAnGH 15| 2% 115 | 20% 15| J9%lcw.per

- = Fig. 7~ 90ns B0ns 70ns

37 | BGACK Low to BG High tatan | 190 15 38 |15 |sag] 15| 438 Ck.Per
37A2 | BGACK Lowto BR High 1GALBRH 20 Cl'ﬁ;cskl 20 l;.i 20 ,-,1“.5;, ns

38 | BG Low to Control, Address, Data

Bus High Impedance (AS High) taLz S L] 80

39 | BG Width High Gk 15 — [15{ — [1.5] - |okPer.
46 | BGACK Width Low tEAL 15 — [15] - [ 15| - [ck.Per
47 Asynchronous Input Setup Time tasg 20| - |20 - | 20| - ns
57 BGACK High to Control Bus Driven tGABD 18] — |15 — | 15| — [Ck.Per
58! | BG High to Control Bus Driven tGHBD 15| — (18] = [ 18] - [Chk.Per

NOTES:
1. The processor will negste BG and begin driving the bus sgain if external arbitration logic negatas BR bafore ssserting BGACK.
2. The minimum value must be met to g proper operation. if the i value is , B3 may be reasserted,
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HD68000/HD68HCO000

Figures 7, 8, and 9 depict the three bus arbitration cases that
can arise. Figure 7 shows the timing where AS is negated when
the processor asserts BG (Idle Bus Case). Figure 8 shows the
timing where AS is asserted when the processor asserts BG
(Active Bus Case). Figure 9 shows the timing where more than
one bus master are requesting the bus. Refer to Bus Arbitration
for a complete discussion of bus arbitration.

The waveforms shown in Figures 7, 8, and 9 should only be
referenced in regard to the edge-to-edge measurement of the
timing specifications. They are not intended as a functional
description of the input and output signals. Refer to other func-
tional descriptions and their related diagrams for device opera-
tion.

TB%/058 4
VWA
4
R/W P
{—
FCo—FCy 4,
A—Agp —A
Do—Dys ‘v—

Figure 7. Bus Arbitration Timing Disgram — Idie Bus Case
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HD68000/HD68HCO000
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Figure 8. Bus Arbitration Timing Diagram — Active Bus Case
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Figure 8. Bus Arbitration Timing Diagram — Multiple Bus Requests
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s INTRODUCTION

As shown in the programming model, the 68000 offers seven-
teen 32-bit registers in addition to the 32-bit program counter
and a 16-bit status register. The first eight registers (DO ~ D7)
are used as data registers for byte (8-bit), word (16-bit), and
long word (32-bit) data operations. The second set of seven
registers (AO ~ A6) and the system stack pointer may be used
as software stack pointers and base address registers, In addi-
tion, these registers may be used for word and long word
address operations. All 17 registers may be used as index regis-

ters.

The status register contains the interrupt mask (eight levels
available) as well as the condition codes; extend (X), negative
(N), zero (Z), overflow (V), and carry (C). Additional status
bits indicate that the processor is in a trace (T) mode and/or
in a supervisor (S) state,

Status Register

User Byte
System Byte {Condition Code Register)
AN A
1 13 10 9_8Y 4 3 2 10
T S l: || lo x|nNjzivi]cC
| N — T I
Trace Mode | Extend ]
Supervisor Negative
State Interrupt Zero
Mask Overflow
Carry

Unused, read as zero.

e DATA TYPES AND ADDRESSING MODES
Five basic data types are supported, These data types are:
(1} Bits
(2) BCD Digits (4 bits)
(3) Bytes (8 bits)
(4) Word (16 bits)
(5) Long Words (32 bits)

Programming Model

3 16 15 87 1]
T T
£ i | _joo
1 | o1
L | | e
| I D3 Eght
B 1 | —1,, Dste
L l | _ID4 Aegisters
= i f -Jos
u i ; TJos
i 1 o7
31 1615 [4]
L AD
— 1 —
| Al
' A2 Seven
B [ a3 fliew
— | i Registers
— 1 _ Ad
- / _Jas
| jas
User Stack Pointer = A 7 Two Stack
H Supervisor Stack Pointer ; Pointers
P o] [}
T— I Program
besmuman L Counter
15 a7 0
T Status
[System Byte | User Byte | Registes
Table 1 Addressing Modes
Mode Generation
_ Direct Addraming
Data Regifter Diredt EA =Dn
Address Register Direct EA = An
Absolute Data Addressing
Absolute Short EA = |Next Word)
Absolute Long EA = (Next Two Words)
Program C Relative Addremsing
Relative with Offset EA = (PC) +dis

EA = (PC) + {Xn) +d,

Relative with index and Offset

Reai Trddi P

In addition, operations on other data types such as y
address, status word data, etc., are provided for in the instruc-
tion set.

The 14 addressing modes, shown in Table 1, includes six
basic types:

(1) Register Direct

(2) Register Indirect

(3) Absolute

(4) Immediate

(5) Program Counter Relative

(6) Implied
Included in the register indirect addressing modes is the capa-
bility to do postincrementing, predecrementing, offsetting and
indexing. Program counter relative mode can also be modified
via indexing and offsetting.

Register indirect

Postincrement Register Indirect

P Register Indi

Fegister Indirect with Offset
Indexed Register Indirect with Offset

EA = (An)

EA = (AN}, An +~An+ N
An +« An — N, EA = {An}
EA =lAn) + dis

EA = |An} + {Xn) + ds

EA = Effective Address

An = Address Ragister

Dn = Data Register

Xn = Address or Data Register ussd
as Index Register

SR = Status Register

PC = Program Counter

{ )= Contents of

ds = Eight-bit Offset
|displacement)

G HITACHI
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1 diste Data Addreming

Immediate DATA = Next Word(s)

Quick immediate Inherent Data

Implied Addremsing

Implied Register EA = 5R, USP, 5P, PC
{NOTES)

dis = Sixteen-bit Offset

{displacement)

N =1 for Byte, 2 for

Words and 4 for Long
Words. If An is the stack
pointer and the operand
size is byte, N=2 to keep
the stack pointer on @
word boundary.

+ = Replaces
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® INSTRUCTION SET OVERVIEW

The 68000 instruction set is shown in Table 2. Some addi-
tional instructions are variations, or subsets, of these and they
appear in Table 3. Special emphasis has been given to the in-
struction set’s support of structured high-level languages to facil-

instructions can use any of the 14 addressing modes. Combining
instruction types, data types, and addressing modes, over 1000
useful instructions are provided. These instructions include
signed and unsigned multiply and divide, “quick” arithmetic
operations, BCD arithmetic and expanded operations (through

itate ease of programming. Each instruction, with few excep- traps).
tions, operates on bytes, words, and long words and most
Table 2 Instruction Set
Mnemonic Description Mnemaonic Description Mnemonic Description
ABCD Add Decimal with Extend EOR Exclusive Or PEA Push Effective Address
:22 :"" o :;3 :_“‘“;:" Registers RESET Resst External Devices
g . z Ll e ROL Rotate Left without Extend
ASL Arithematic S | st P Jump ROR Rotate Right without Extend
ASR Arithnwtic: Shift Right SR Jump to Subroutine ROXL Rotate Left with Extand
Bee Branch Conditionally LEA Load Effective Address ROXR Fotate Right with Extend
BCHG 8it Test and Changs LINK Link Stack RTE Return from Exception
BCLRA Bit Test and Clear LSL Logical Shift Left RTR Return and Restore
BRA Branch Always LSR Logicsl Shift Right RTS Return from Subroutine
BSET :“.:;' :‘ s.; . MOVE Move seco Subtract Decimal with Extend
smrsr e: o Subrouty MOVEM Move Multiple Registers Sce Set Conditional
Ll _ MOVEP Move Poripheral Data sTOP Stop
CHK Check Register Against Bounds  MuLS Sighed Multiply suB Subtract
CLR Clear Operand MULU Unsignad Multiply SWAP Swap Data Register Haives
cMe Fompry . NBCD Negate Decimal with Extend TAS Test and Set Operand
DBcc Test Condition, Decremant and NEG Negate TRAP Trop
Branch NOP No Operation TRAPV Trap on Overflow
DIvS Signed Divide NOT One's Complament TST Test
Divy Unsined Dividh OR Logical Or UNLK Unlink
Table 3 Variations of Instruction Types
Instruction . £ instruction i NI
Type Variation Description Type Variation Description
ADD ADD Add MOVE MOVE Move
ADDA Add Address MOVEA Move Address
ADDQ Add Quick MOVEQ Move Quick
ADDI Add Immediate MOVE from SR | Move from Status Repgister
ADDX Add with Extend MOVE to SR Move to Status Register
AND AND Logical And MOVE 1o CCR | Move to Condition Codes
ANDI And Immediate MOVE USP Mowve User Stack Pointer
AND! to CCR And immediate to NEG NEG Negate
iondlmon Clodu NEGX Negate with Extend
ANDI to SR St:c(lu.n;‘u;;m: L0 OR oR Logical Or
ORI Or Immadiate
CMP CMP Compare ORI to CCR Or Immediate 10
CMPA Compare Address Condition Codes
CMPM Compare Memaory ORI to SR Or Immediste 10
CMPI Compare |mmediate Status Register
EOR ECR Exclusive Or sua sus Subtract
EOQRI E xciusive Or Immediate SUBA Subtract Address
EOR{ to CCR Exclusive Or Immediate suBl Subtract Immediate
to Condition Codes susQ Subtract Quick
EORI to SR Exclusive Or Immediate SUBX Subtract with Extand
to Status Register
@ HITACHI
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= REGISTER DESCRIPTION AND DATA ORGANIZATION
The following paragraphs describe the registers and data
organization of the 68000.

e OPERAND SIZE

Operand sizes are defined as follows: a byte equals 8 bits,
a word equals 16 bits, and a long word equals 32 bits. The
operand size for each instruction is either explicitly encoded
in the instruction or implicitly defined by the instruction
operation. Implict instructions support some subset of all three
sizes.

® DATA ORGANIZATION IN REGISTERS

The eight data registers support data operands of 1, 8, 16,
or 32 bits. The seven address registers together with the active
stack pointer support address operands of 32 bits.

DATA REGISTERS

Each data register is 32 bits wide. Byte operands occupy
the low order 8 bits, word operands the low order 16 bits, and
long word operands the entire 32 bits, The least significant bit
is addressed as bit zero: the most significant bit is addressed
as bit 31.

When a data register is used as either a source or destination
operand. only the appropriate low-order portion is changed:
the remaining high-order portion is neither used nor changed.

15 14 13 12 1110 9

ADDRESS REGISTERS

Each address register and the stack pointer is 32 bits wide
and holds a full 32 bit address. Address registers do not support
byte sized operands. Therefore, when an address register is used
as a source operand, either the low order word or the entire
long word operand is used depending upon the operation size.
When an address register is used as the destination operand, the
entire register is affected regardiess of the operation size. If the
operation size is word, any other operands are sign extended
to 32 bits before the operation is performed.

® DATA ORGANIZATION IN MEMORY

Bytes are individually addressable with the high order byte
having an even address the same as the word. as shown in
Figure 10. The low order byte has an odd address that is one
count higher than the word address. Instructions and multibyte
data are accessed only on word (even byte) boundaries. If a
long word datum is located at address n (n even), then the
second word of that datum is located at addressn + 2.

The data types supported by the 68000 are: bit data, integer
data of 8, 16, or 32 bits, 32-bit addresses and binary coded
decimal data. Each of these data types is put in memory, as
shown in Figure 11. The numbers indicate the order in which
the data would be accessed from the processor.

Word 000000
Byte 000000 | Byte 000001

Word 000002
Byte 000002 Byte 000003

Word FFFFFE
Byte FFFFFE 1 Byte FFFFFF

Figure 10 Word Organization in Memory

@ HITACHI
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Bit Data
1 Byte = 8 Bits
7 6 5 4 a2 1 0

HEEEEEEN

Integer Data
1 Byte = B Bits
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MS8 Byte 0 LSB Byte 1 ntl

n+2 Byte 2 Byte 3 n+3

1 Word = 16 Bits
1614 13 12 11 10 9 8 7 & 5 4 3 2 1 0

n |mse Word 0 l.ssl n+1
n+2 Word 1 n+3
n+4 Word 2 n+5

1 Long Word = 32 Bits
15 14 13 12 11 10 8 8 7 [ 5 4 3 2 1 0
n |MSB High Order n+1
b = = LONgWOord 0 = = = = = = o o e o o o e e = =
n+2 Low Order Lsg| n*3
n+d n+5
e mlONgWOrd 1= = e e e e e
n+6 n+?
n+B n+9
b= = LONG WO 2= = = = = e o e - =
n+10 n+l11
Addresses

1 Address = 32 Bits
15 14 13 12 11 10 9 B 7 [ 5 4 3 2 1 0

n [MSB High Order n+
= — — Address 0 == == = = - e = - e e e e m e e mm w

n+2 Low Ordar LS8 n+3

n+d n+5
e = = AGOrELs 1o e e e o

n+6 n+7

n+8 n+g
b — — ACOESE 2+ = o e o e e .

n+10 n+11

MSB = Most Significant Bit
LSB = L Signifi B
east Significant Bit il Baia

2 Binary Coded Decimal Digits = 1 Byte
15 14 13 12 11 1o 9 8 7 6§ 5 4 3 2 1 0

n |MsSD
BCDO BCD1 | o BCDZ BCD3 n+l

n+2 BCD4 BCDS BCD6 8CD? n+3

MSD = Most Significant Digit
LSD = Least Significant Digit

Figure 11 Data Organization in Memory

@ HITACHI
924 Hitachi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 583-8300



HD68000/HD68HCO000

& ADDRESSING
Instructions for the 68000 contain two kinds of information:
the type of function to be performed, and the location of the
operand(s) on which to perform that function. The methods
used to locate (address) the operand(s) are explained in the
following paragraphs.
Instructions specify an operand location in one of three
ways:
Register Specification ~ the number of the register is given
in the register field of the instruction.
Effective Address — use of the different effective address

modes.
Implicit Reference — the definition of certain instructions
implies the use of specific registers.

® INSTRUCTION FORMAT

Instructions are from one to five words in length, as shown
in Figure 12. The length of the instruction and the operation
to be performed is specified by the first word of the instruction
which is called the operation word. The remaining words
further specify the operands. These words are either immediate
operands or extensions to the effective address mode specified
in the operation word.

® PROGRAM/DATA REFERENCES

The 68000 separates memory references into two classes:
program references, and data references. Program references, as
the name implies, are references to that section of memory that

15 14__13 12 1 10 2

contains the program being executed. Data references refer to
that section of memory that contains data. Operand reads are
from the data space except in the case of the program counter
relative addressing mode. All operand writes are to the data

space.

® REGISTER SPECIFICATION

The register field within an instruction specifies the register
to be used. Other fields within the instruction specify whether
the register selected is an address or data register and how the
register is to be used.

® EFFECTIVE ADDRESS

Most instructions specify the location of an operand by using
the effective address field in the operation word. For example,
Figure 13 shows the general format of the single effective address
instruction ‘operation word. The effective address is composed
of two 3-bit fields: the mode field, and the register field. The
value in the mode field selects the different address modes. The
register field contains the number of a register.

The effective address field may require additional informa-
tion to fully specify the operand. This additional information,
called the effective address extemsion, is contained in the
following word or words and is considered part of the instruc-
tion, as shown in Figure 12. The effective address modes are
grouped into three categories: register direct, memory address-
ing, and special.

i} [} 5 L] 3 2 1 0

Operstion Word
{First Word Specifies Opsration and Modes)

Immediate Operand
{if Any, One or Two Words}

Source Effective Address Extension
(1f Any, One or Two Words)

Destination Effective Address Extension

{Lf One or Two Words)

Figure 12 Instruction Format

13 __12 1

7 6 5 4 3 2 1 o

Kh
x |=
»
x
xx
= 13

9
X|X

Effective Address
1 Register

Figure 13 Single-Effective-Address Instruction Operation Word General Format

O HITACHI
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REGISTER DIRECT MODES Data Register Direct
~ These effective addressing modes specify that the operand The operand is in the data register specified by the effective
is in one of the 16 multifunction registers. address register field.
EXAMP COMMENTS
MPU MEMORY *EA.=Dn
(d—-—‘\-—-———"‘
-
$001F00| “ ABCD
® Machine Level Coding
R e MOVE DO, $1F00
[0000ABCD] DO
0011 0001 1100 0000
—"'_"‘\__/ U\Im Reg #0
—_, Absolute
Short
ta
Register
owL 31c0 Direct
MOVE DO, $1F00 OWL +2 1FO0
BT iy s
Address Register Direct
The operand is in the address register specified by the effec-
tive address register field.
EXAMPLE COMMENTS
® EA = An
MPU MEMORY
”, /\v\/
00001234] A4 $201000 Y 1234

# Machine Level Coding
i, MOVE A4, $201000

0011 0011 1100 1100

Move Reg #4
-~ Word Absolute
i - Long
Address
OowL 3Jacc Register
MOVE A4 omure oreet
$201000 o

’-F_-h\h--./
@ HITACHI
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EXAMPLE COMMENTS
eEA = An
MPU MEMORY ® Address Register Sign Extended
® Machine Level Coding

7 <\w MOVE $201000, A4
A4 e = 0011 1000 0111 1001
V--'\_____/ |
f'—-—"“\,‘____/ Move _.1._.
Word Absolute
Long
#:
Address
T~ Register
Dirsct
OWL 3879
MOVE $201000, A4 OWL*2 g0z0
OWL +4 1000
MEMORY ADDRESS MODES Address Register Indirect
These effective addressing modes specify that the operand The address of the operand is in the address register specified
is in memory and provide the specific address of the operand. by the register field. The reference is classified as a data refer-
ence with the exception of the jump and jump to subroutine
instructions.
EXAMPLE COMMENTS
MPU MEMORY whhniAnl
’-_-\--—-"“
AN
$001000) 1234
& Machine Level Coding
00
i, MOVE (A0}, DO
T ~—
[B9551000) A0 e
o ~——]
OWL 3010
MOVE (A0}, DO Indirect)
’..—-.\_./
@ HITACHI
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Address Register Indirect With Postincrement

The address of the operand is in the address register specified
by the register field. After the operand address is used, it is
incremented by one, two, or four depending upon whether
the size of the operand is byte, word, or long word. If the

address register is the stack pointer and the operand size is
byte, the address is incremented by two rather than one to
keep the stack pointer on a word boundary. The reference is
classified as a data reference.

EXAMPLE COMMENTS
¢ EA = (An}; An + M—=-An
MPU MEMORY Where An —= Address Register
M —=1,2 0rd
T~ {Depending Whather
Byte, Wovul or
00000100 Ad $100 AE12 Long Word
’ ® Machine Level Coding
[0000010 —__ MQVE (Ad) +, $2000
T S~— 0011 0001 1101 1100
$2000 AE12 A
Reyg #4
Move |
% Word Absolute
Short  TRTwith
owL 31DC Incrament
2 2000
MOVE (Ad) +, 52000 Ot *

Address Register Indirect With Predecrement

The address of the operand is in the address register specified
by the register field. Before the operand address is used, it is
decremented by one, two, or four depending upon whether
the operand size is byte, word, or long word. If the address

register is the stack pointer and the operand size is byte, the
address is decremented by two rather than one to keep the
stack pointer on a word boundary. The reference is classified
as a data reference.

EXAMPLE COMMENTS
® An - M—sAn; EA = (An)
MPU MEMORY Where An—= Address Register
M —=120rd
-"'"_""\___/ {Depending Whether
Byte, wmd'. or
SORGOG) A4 SOOFE 1234 ) Long Word
sito ® Machine Level Coding
O00000F E| MOVE — (A3), $4000
 ~— 1110
$4000 1234 -] ARI
""-""\_____/ Move with
f-_"\‘-—.‘/‘ Word Absolute Mlc‘
Short
owL 31E3 Reg #3
OowL +2 4000
MOVE — {A3), $4000
O HITACHI
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Addrass Register Indirect With Displacement register and the sign-extended 16-bit displacement integer in
This address mode requires one word of extension. The ad- the extension word. The reference is classified as a data refer-
dress of the operand is the sum of the address in the address  ence with the exception of the jump to subroutine instructions.

EXAMPLE COMMENTS
e EA = An +dy
MPU MEMORY Where An —=Pointer Register
dy¢ —= 1681t Displacement

T~ ® d,, Displ 1is Sign E

® Machine Level Coding
- o] . BRel o MOVE $100(A0), $3000
0011 0001 1110 1
e s o L o
Absolute Reg #0
Shart
$3000 ABCD Move ARI
Word with
f‘_""'\_.___/ Displacement
MOVE $100(A0}, $3000
owWL 3J1ER
ADDRESS
CALCULATION: OWL +2 0100
AQ = 00001000 owlL +4 3000
dyy = 00000100
00001100
’,.-—-....\‘-_./
Address Register Indirect With Index eight bits of the extension word, and the contents of the index

This address mode requires one word of extension. The register. The reference is classified as a data reference with the
address of the operand is the sum of the address in the address  exception of the jump and jump to subroutine instructions.
register, the sign-extended displacement integer in the low order

EXAMPLE COMMENTS
@ EA = An + Rx +d,
MPU MEMORY Where
An —a Pointer Register
RAx —+ Designated Index Register,
N (Eithar Address Register or
Data Register)
00 $1000 2345 ™ d. —a 8-Bit Displacement
e @ Rx & d, are Sign Extended
P—\—/ ® Rx may be Word or Long Word
[00GGZ000 ] AC Long Word may be Designated with Rx.L
® Machine Level Coding
$4BEQ 2345 A
MOVE $04(A0, DO}, $1000
11 0001 1111 0000
I S
S~ Rbsolute Reg #0
Word Short
ARI
with
ow| 3F
MOVE $04(A0, 0O, . . Index
$1000 OowWL +2 0004

owL +4 1000 f _aw__moo
ADDRESS
CALCULATION: ngmr:f t

Aeg #0 Lonstant Zeros

AQ = 00002000
DO = 000028DC
d_= 00000004

DO0D4BED

@ HITACHI
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SPECIAL ADDRESS MODE

The special address modes use the effective address register
field to specify the special addressing mode instead of a register
number.

Absolute Short Address

This address mode requires one word of extension. The ad-
dress of the operand is the extension word. The 16-bit address
is sign extended before it is used. The reference is classified
as a data reference with the exception of the jump and jump
to subroutine instructions.

NOT.L $2000

MPU

MOVE $1000, $2000

930

MEMORY

/"'_""-\‘____/

——

$2000

FFFF — 0000

$2002

0000 —+ FFFF

f"_-"‘\_‘_.’

aowL
OWL +2

4688

EXAMPLE

MEMORY

"”"_""\____/

$1000

1234

$2000

1234 #

owL

OWL +2

OowL +4

® HITACHI
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COMMENTS

® EA = (Next Word)
* 16-Bit Word is Sign Extended

® Machine Level Coding

NOT.L $2000

0100 0110 1011 1000
Lw. |

Not Instruction Short

COMMENTS
® EA = |Next Word)
® 16-Bit Word is Sign Extanded

® Machine Level Coing
MOVE $1000, $2000

0011 0001 11111000

;gs I
Word 3;.0: M
Absolute
Short
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Absolute Long Address

first exlemuon word; the low-order part of the address is the
extension word. The reference is classified as a data

This address mode requires two words of extension. The
address of the opennd is developed by the concatenation of
the extension words. The high-order part of the address is the

reference with the exception of the jump and jump to sub-
routine instructions.

EXAMPLE COMMENTS
® EA = (Next Two Words)
MPU MEMORY
T i
$1 0001 +FFFF ® Machine Level Coding
% NEG $014000
0100 01} %_l_'l! 1
Size
NEG bsolute
A Instruction Long
N T
owL 4479
i)
NEG $014000 o2 -
OWL +4 4000
T~

Program Counter With Displacement

This address mode requires one word of extension. The
address of the operand is the sum of the address in the program
counter and the sign-extended 16-bit displacement integer in

the extension word. The value in the program counter is the ad-
dress of the extension word. The reference is classified as a pro-
gram reference.

XAMPLE COMMENTS
o EA = (PC) + du
MPU MEMORY ®d,, is Sign Extended
® Machine Level Coding
S~ MOVE (LABELI, DO
Do 1010
’f—:;;_ﬂ i gu:m wlth
Word Register Dipl m
$8002 1000 Direct
MOVE (LABEL), DO
ADDRESS
CALCULATION:
o -
= 00001
5 < LABEL > $9002 ABCD
W
@ HITACHI
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Program Counter With Index

This address mode requires one word of extension. This
address is the sum of the address in the program counter, the
sign-extended displ integer in the lower eight bits of
the extension word, and the contents of the index register.
The value in the program counter is the address of the extension
word. This reference is classified as a program reference.

EA = [PC} + (Rx) +d.
(NOTE)

PC Value Instruction

f"‘\_)

Extension Word

14 13 12 11 10 9 B 7 & 5 4

3

2

1

1]

15
i Y- pra| Reger [wifoJo o]

Displacement Integer '

Beginning
Address of lrc+da—- D/A
Data Table
Data wiL
Table

Desired Data
Location in Table } PC+dy +Rx

/\J

. Data Register = 0, Address Register = 1

Register ; Index Register Number

: Sign-extanted, low order Word integer
in Index Register = 0
Long Word in Index Register = 1

EXAMPLE COMMENTS
® EA = (PC) + (Rx) +d,
MPU MEMORY Where
PC —eCurrent Program Counter
TG A Rx—e-Designated Index Register
lEithusDna or Address Register)
ds —=8-Bit Displacemant
XXXX3456]00 ssoco| 3038 # Rx and dy are Sign Extended
$8002 BO1G ® Rx may be Word or Long Word
AQ Long Word is Designated with Rx.L
b ® Machine Lavel Coding
/‘_‘-\-‘_—/
<LABEL > MOVE (LABEL) (AD), DO
L-s8012
0011 11 1011
% Move wit
Word Indlex
ta Register
Direct
MOVE (LABEL) (A0), DO *ooo 00010000
ADDRESS $9022 3456 Address ;-Sil Displacement
CALCULATIONS: Register
PC = 00008002 Register | Constant Zeros
AQ= ooomo:g Number
de= mw
T e ndex Length
00009022 o
@ HITACHI
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Immediste Dats
This address mode requires either one or two words of ex-
tension depending on the size of the operation.
Byte operation — operand is low order byte of extension
word
Word operation — operand is extension word
Long word operation — operand is in the two extension
words, high-order 16 bits are in the first extension word,
low-order 16 bits are in the second extension word.

EXAMPLE
MPU MEMORY
-"_"‘\____/
[06001000] A0
/"“-\_‘___/
owL 307C
MOVE #$1000, AD owi+2| \ 1000
EXAMPLE
MPU MEMORY
il W
[0000005A] D3
ey
’-"'_'\‘_____,
owL 766
MOVEQ #$5A, D3
- o~
@ HITACHI

Extension Word

81 0
000000O0O0O; Byte J
15 or [1]

Word J
15 or [N

High Order

---- LongWord - - - - - - - L =oT

COMMENTS

® Data = Next Word(s)

® Data is Sign Extended
tar Addrass Aegister
but not Data Register

® Machine Level Coding

MOVE #$1000, AO

11 0000 0111 1100
[ Y IR S
Reg #0 Immediate

Data

Maove

Word “"".’“‘
Register
Direct
COMMENTS

® Inherent Data

# Data is Sign Extended to Long Word
# Destination must be a Data Register
# Machine Level Coding

MOVEQ #$5A, D3

111 011 0 0101 1010
Reg #3 F‘ued ;mmediate
Zero  Data

Move
Quick
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Condition Codes or Status Register

A selected set of instructions may reference the status regis-
ter by means of the effective address field. These are:

ANDI to CCR
ANDI to SR
EORI to CCR
EORI to SR EXAMPLE
ORI to CCR MPU MEMORY
ORI to SR
MOVE to CCR e
MOVE 10 SR [
MOVE from SR $1020 0010
7 —
il =
(00101
T e
S
owL 46F8
MOVE $1020, SR oL +2 loz0
S, SIS

® EFFECTIVE ADDRESS ENCODING SUMMARY

Table 4 is a summary of the effective addressing modes dis-

cussed in the previous paragraphs.

stack pointer (SSP), the user stack pointer (USP), or the status
register (SR).

COMMENTS

® EA = (Next Word)

® Note: This Example is » Privileged
Instruction

® Machine Level Coding

MOVE $1020, SR

0100 0110 1111 1000

Short

Table 4 Effective Address Encoding Summary

SYSTEM STACK
The system stack is used implicitly by many instructions;
user stacks and queues may be created and maintained through

Addressing Mode Mode Register
Data Register Direct 000 register number
Address Register Direct 001 register number
Address Register Indirect 010 register number
Address Register Indirect with .

Postinerament on register number
Address Register Indirect with ;

Pradicrimaat 100 register number
Address Register indirect with "

Displacement 101 register number
Address Register Indirect with .

Index ) 1_10 B _r_egnslfr number
Absolute Short m | oo0
Absolute Long 1m 0o
Program Counter with

Displacement m 010
Program Counter with Index m on
Immediate m 100

® [IMPLICIT REFERENCE

Some instructions make implicit reference to the program
counter (PC), the system stack pointer (SP), the supervisor

934

the addressing modes. Address register seven (A7) is the system
stack pointer (SP). The system stack pointer is either the super-
visor stack pointer (SSP) or the user stack pointer (USP), de-
pending on the state of the S-bit in the status register. If the
S$-bit indicates supervisor state, SSP is the active system stack
pointer, and the USP cannot be referenced as an address re-
gister. If the S-bit indicates user state, the USP is the active
system stack pointer, and the SSP cannot be referenced. Each
system stack fills from high memory to low memory.

SYSTEM STACK POINTERS

User Stack Supervisor Stack
USP—= S5P—=1
- -
-—_‘—‘-h\__,_/

® Accessad when § = 0 ® Accessed when S = 1

® PC is Stacked on ® PC is Stacked on
Subroutine Calls in Subroutine Calls in
User State Supervisor State
7 ® Used for Exception
* Increasing Addresses ing

@ HITACHI
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The address mode SP @- creates a new item on the active
system stack, and the address mode SP @+ deletes an item from
the active system stack.

The program counter is saved on the active system stack on
subroutine calls, and restored from the active system stack on
returns. On the other hand, both the program counter and the
status register are saved on the supervisor stack during the
processing of traps and interrupts. Thus, the correct execution
of the supervisor state code is not dependent on the behavior
of user code and user programs may use the user stack pointer
arbitrarily.

In order to keep data on the system stack aligned properly,
data entry on the stack is restricted so that data is always put
in the stack on a word boundary. Thus byte data is pushed on
or pulled from the system stack in the high order half of the
word; the lower half is unchanged.

USER STACKS

User stacks can be implemented and manipulated by employ-
ing the address register indirect with postincrement and pre-
decrement addressing modes. Using an address register (on of
AO through A6), the user may implement stacks which are filled
either from high memory to low memory, or vice versa. The
important things to remember are:

— using predecrement, the register is decremented before its
contents are used as the pointer into the stack,

— using postincrement, the register is incremented after its
contents are used as the pointer into the stack,

— byte data must be put on the stack in pairs when mixed
with word or long data so that the stack will not get
misaligned when the data is retrieved. Word and long
accesses must be on word boundary (even) addresses.

Stack growth from high to low memory is implemented with
An@- to push data on the stack,

An@+ to pull data from the stack.

After eigher a push or a pull operation, register An points Lo

the last (top) item on the stack. This is illustrated as:

low memory

{free)

An — top of stack

bottom of stack

high memaory

Stack growth from low to high memory is implemented with
An@+ 1o push data on the stack,
An@- o pull data from the stack.
After either a push or a pull operation, register An points to
the next available space on the stack. This is illustrated as:

low memaory

bottom of stack

.
-
.

top of stack

An — {free)

high memory

QUEUES

User queues can be implemented and manipulated with the
address register indirect with postincrement or predecrement
addressing modes. Using a pair of address registers (two of AQ
through A6), the user may implement queues which are filled
either from high memory to low memory, or vice versa. Because
queues are pushed from one end and pulled from the other. two
registers are used: the put and get pointers.

Queue growth from low to high memory is implemented with

Aput@+ 1o put data into the queue,
Aget@+ to get data from the queue.

After a put operation, the put address register points 1o the
next available space in the queue and the unchanged get address
register points to the next item to remove from the queue.
After a get operation, the get address register points to the next
item 10 remove from the queue and the unchanged put address
register points to the next available space in the queue. This is
illustrated as:

low memory
last get (freel
Aget —= next get
.
Z .
-
last put
Aput——= {free)
high memory

If the queue is to be implemented as a circular buffer. the
address register should be checked and, if necessary, adjusted
before the put or get operation is performed. The address regis-
ter is adjusted by subtracting the buffer length (in bytes).

Queue growth from high to low memory is implemented with

Aput@- to put data into the queue,
Aget@ - 1o get data from the queue.

After a put operation, the put address register points to the
last item put in the queue, and the unchanged get address
register points to the last item removed from the queue. Aftera
get operation, the get address register points to the last item
removed from the queue and the unchanged put address register
points to the last item put in the queue. This is illustrated as:

G HITACHI
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low memory

(free)

Aput ——= fast put

"3 :

next get

Aget —= last get (freel

high memory

If the queuc is to be implemented as a circular buffer, the
get or put operation should be performed first, and then the
address register should be checked and. if necessary. adjusted.
The address register is adjusted by adding the buffer length
{n bytes).

SINSTRUCTION SET SUMMARY
The following paragraphs contain an overview of the form
and structure of the 68000 instruction set. The instructions
form a set of tools that include all the machine functions to
perform the following operations:
Data Movement
Integer Arithmetic
Logical
Shift and Rotate
Bit Manipulation
Binary Coded Decimal
Program Control
System Control
The complete range of instruction capabilities combined
with the flexible addressing modes described previously pro-
vide a very flexible base for program development.

® DATA MOVEMENT OPERATIONS

The basic method of data acquisition (transfer and storage)
is provided by the move (MOVE) instruction. The move instruc-
tion and the effective addressing modes allow both address
and data manipulation. Data move instructions allow byte,
word, and long word operands to be transferred from memory
to memory, memory to register, register to memory, and regis-
ter to memory, and register to register. Address move instruc-
tions allow word and long word operand transfers and ensure
that only legal address manipulations are executed. In addition
to the general move instruction there are several special data
movement instructions: move multiple registers (MOVEM),
move peripheral data (MOVEP), exchange registers (EXG),
load effective address (LEA), push effective address (PEA),

link stack (LINK), unlink stack (UNLK), and move quick
(MOVEQ). Table 5 is a summary of the data movement
operations.

Table 5 Data Movement Operations

Instruction Operand Size Operation
EXG 32 Rx = Ry
LEA 32 EA -+ An
An—+— (SP)
LINK - (SP-* An;
SP+d—+SP
MOVE 8,186, 32 (EA)s = EAd
{EA) -~ An, Dn
MOVEM 16, 32 An, Dn— EA
(EA) =~ Dn
MOVEP 16, 32 Dn—EA
MOVEQ B #xxx - Dn
PEA 32 EA +—(SP)
SWAP 32 On([31:16] - Dn[15:0]
An -~ Spi
UNLK - (ISPI + -+ An
{NOTES)
1 = source —{ | = indirect with predecrement
d = destination 1)+ = indi with p
[ } =bit numbers # = immediste data

¢ INTEGER ARITHMETIC OPERATIONS

The arithmetic operations include the four basic operations
of add (ADD), subtract (SUB), multiply (MUL), and divide
(DIV) as well as arithmetic compare (CMP), clear (CLR), and
negate (NEG). The add and subtract instructions are available
for both address and data operations, with data operations
accepting all operand sizes. Address operations are limited
to legal address size operands (16 or 32 bits). Data, address,
and memory compare operations are also available. The clear
ang negate instructions may be used on all sizes of data oper-
ands.

The multiply and divide operations are available for signed
and unsigned operands using word multiply to produce a long
word product, and a long word dividend with word divisor to
produce a word quotien with a word remainder.

Multiprecision and mixed size arithmetic can be accomplish-
ed using a set of extended instructions. These instructions are:
add extended (ADDX), subtract extended (SUBX), sign extend
(EXT), and negate binary with extend (NEGX).

A test operand (TST) instruction that will set the condition
codes as a result of a compare of the operand with zero is also
available. Test and set (TAS) is a synchronization instruction
useful in multiprocessor systems. Table 6 is a summary of
the integer arithmetic operations.

@ HITACHI
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Table 6 Integer Arithmetic Operations

Instruction | Operand Size Operstion
816,32 ?Eru {EA) —~ Dn
A+ D~ EA
ADD (EA) + #uxx =~ EA
16,32 AN + (EA) = An
8, 16, 32 Dx+Dy+X—=Dx
ADDX 16,32 —(Ax) +— (Ay) + X =+ (Ax)
{EA] ~MPU
CLR 8, 16,32 SR
816,32 On - (€n)
EA) ~ #uxx
54 (Ax} + - (Ay) +
16,32 An - (EA)
DIVS 3216 Dn=(EA}— Dn
DIVU 2:18 Dn+{EA)~ Dn
8-+18 {Dn}s =+ Dn
EXT 18+32 {D}se = Diigz
MULS 16x16 32 | Dnx{EA) = Dn
MULU 1616 +32 | Onx(EAI+Dn
NEG 8,16,32 0- (EA) -~ EA
NEGX 8, 16,32 0- (EA) - X - EA
8.16,32 On - (€A~ D
(EA) - Dn —
sue {EA) - #ux—~ EA
18,32 An - (EA) -~ An
Dx -Dy -X~+Dx
suex 8,16, 32 —{AR} - — (Ay) — X = (Ax)
TAS 8 {EA) -0, 1~ EAl7]
TST 8, 16,32 (EA) -0

(NOTE) [ 1 =bit number
— { } = indirect with predecrement
{ )+ = indi with posti
# = immediate data

® LOGICAL OPERATIONS
Logical operation instructions AND. OR, EOR. and NOT
are availuble for all sizes of integer data operands. A similar

shift and rotate operations can be performed in either registers
or memory. Register shifts and rotates supporl all operand
sizes and allow a shift count specified in the instruction of
one 1o eight bits. or 0 1o 63 specified in a data register.

Memory shifts and rotates are for word operands only and
allow only single-bit shifts or rotates. Table 8 is a summary
of the shift and rotate operations.

Table 8 Shift and Rotate Operations

Instruction Operand Size Operation

ASL 816,32 | [x/c|ef{=—rdeo0
ASR 816,32 -A x/C
LSt 8.16.32 [xicje{ =———}=0
LSR 8.16,32 0 X/C
ROL 8,16,32 [ ————— |
ROR 8,16,32 [C ]
ROXL s16.3 | [Clefe—=X
A L rae—— "]

® BIT MANIPULATION OPERATIONS

Bit manipulation operations are accomplished using the
following instructions: bit test (BTST). bit test and set (BSET),
bit test and clear (BCLR). and bit test and change (BCHG).
Table 9 is a summary of the bit manipulation operations.
(Bit 2 of the status registeris Z.)

Table 9 Bit Manipulation Operations

set of immediate instructions (ANDI. ORI, and EQRI) provide -
these logical operations with all sizes of immediate data. Table natruction Dperand Size Opasption
7 is a summary of the logical operations. BT8Y 8.32 w0 oV HEA) =&
~ bitof {EA) ~Z;
; BeET 8,3 (l - bitof EA
Table Logical Operations ~ bitof (EA) = Z;
BELR 8.4 (D—v bit of EA
Instruction Operand Size Operation BCHG 8 32 ~ bitof (EA) =~ 2Z;
DnalEA} — Dn ‘ ~ bit of (EA) — bit of EA
AND 8,16,32 (EAJNDn - EA {Note} ~ = invert
{EA}a =xxx — EA
or 5 ?E"A"' :’E;: 5 2; ® BINARY CODED DECIMAL OPERATIONS
i AT S B Multiprecision arithmetic operations on binary coded deci-
v B mal nun‘:bers are accomplished using the following instructions:
EOR 8, 16,32 EAM o B add decimal with extend (ABCD), subtract decimal with extend
o T e (SBCD), and negate decimal with extend (NBCD). Table 10 is
s a summary of the binary coded decimal operations.
[NOTE] ~ = invert
v = logical OR

# = jmmediate data

Table 10 Binary Coded Decimal Operations

A = togical AND
@ = axclusive OR Instruction Operand Size Operation
ABCD 8 Dn, +Dy,, +X = Dx

e SHIFT AND ROTATE OPERATIONS ~|AR]o + - {Ay)io + X =+ (Ax)

Shift operations in both directions are provided by the sBcD 8 Dx,, - Dy, - X = Dx
arithmetic instructions ASR and ASL and logical shift instruc- - (Ax}ie - - LAY) 10 = X > (Ax)
tions LSR and LSL. The rotate instructions (with and without NBCD 8 0-(EA), ~X — EA
extend) available are ROXR. ROXL. ROR. and ROL. All — | }= indirect with predecrement

@ HITACHI
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® PROGRAM CONTROL OPERATIONS

Program control operations are accomplished using a series
of conditional and unconditional branch instructions and return
instructions. These instructions are summarized in Table 11.

The conditional instructions provide setting and branching

® SYSTEM CONTROL OPERATIONS

System control operations are accomplished by using privi-
leged instructions, trap generating instructions, and instructions
that use or modify the status register. These instructions are
summarized in Table 12.

for the following conditions:
CC - carry clear LS — low orsame .
Table 1 m Control ations
CS — carry set LT — less than bl S el
EQ — equal Ml — minus -
7 :
F — never true NE — not equal mf"""“""' Serition
Im
g? = peterar cqml PL. - plu RESET Reset external devices
— greater than T - always true RTE Return from exception
I — high VC — no overflow :
H STOP Stop program execution
LE — less or equal VS — overflow ORI to SR Logical OR 1o status register
MOVE UsP Mave user stack pointer
. ANDI to SR Logical AND to status register
Table 11 Program Control Operations EORI 10 SR Logical EOR 10 status register
MOVE EA 10 SR Load new status register
Instruction Operation Trap Generating
Conditional TRAP rag
Bee Branch conditionally (14 conditions} TRAPYV Trap on overflow
8- and 16-bit displacement CHK Check register against bounds
DBece Test condition, decrement, and branch Status Register
18-bit "““‘f?f'“"_‘l' . ANDI to CCR Logical AND to condition codes
Sce Set byte v (16 EORI to CCR Logical EOR to condition codes
Unconditionsl MOVE EA 1o CCR Load new condition codes
BRA Branch siways ORI to CCR Logical OR to condition codes
8-and 16-bit displacement MOVE SR to EA Store status register
BSR Branch to subroutine
8- and 16-bit displacement
JMP Jump ® H | Al
8 itk —— BRANCH INSTRUCTION ADDRESSING
Returna
RTR Pisturrs s redtors condiiian cades BRANCH INSTRUCTION FORMAT
RTS Return from subroutine 15 B8 7 0
Operation Word Operation Code [ 8 bit Displacement

938

Extension Word 16 bit Displ. if 8 bit Disp =0

RELATIVE, FORWARD REFERENCE, 8-BIT OFFSET

EXAMPLE COMMENTS
® Offset Contained in 8 LSBs of Op Ward
MPU MEMORY ® Oitset is 2's Complement Number
* if Offset = O then Word Offset is Used
f‘_‘-‘\___/ ® Machine Level Coding
BEQ NEXT
Z=1] 0110 0111 0001 1110
’F—h\-.._...-) i
S — anch |
$5000 671E Equal
S W
BEQ NEXT
$5020| Next OP Code
PC + 2 = 5002
d=001E
5020
@ HITACHI
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RELATIVE, BACKWARD REFERENCE 8-BIT OFFSET

EXAMPLE COMMENTS
® Oftset Contained in 8 LSBs
MPU MEMORY of Op Word
& Offset is 2's Complement Number
T~ A ® {f Offset = 0 then Word
Offset is Used
® Machine Level Coding
BNE NEXT
l,-—-\_/ 0110 0110 11011110
Branch ot
$4000 | Next OP Code Branch |
Not Equal
m
BNE NEXT #4020 el
PC + 2 = 4022
d=FFDE
4000
T~

RELATIVE, FORWARD REFERENCE, 16-BIT OFFSET

EXAMPLE
MPU MEMORY
w-'-.—h-\-_./
/_--\__-._—/
£4000 6400
$4002 1000
’-'-_-1\‘-——/
’,—l—-\‘-_—/
N P
Bcc NEXT $5002 ext OP Code
PC + 2 = 4002
d =+ 1000
5002

@ HITACHI
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COMMENTS
® Offset in Next Word
# B-Bit Offset Field = 0
® 2's Complement Offset
® Machine Level Coding
Bec NEXT
0110 O 0000

i 470 set

Branch if
Carry Clesr
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" SIGNAL AND BUS OPERATION DESCRIPTION

The following paragraphs contain a brief description of the
input and output signals. A discussion of bus operation during
the various machine cycles and operations is also given.

(NOTE) The terms sssertion and negation will be used extensively.
This is done to avoid confusion when dealing with a mixture
of “active-low"™ and “active-high" signals. The term assert or
assertion is used to indicate that a signal is active or true in-
dependent of whether that voltage is low or high. The term
negate or negation is used to indicate that a signal is inactive or
false.

® SIGNAL DESCRIPTION

The input and output signals can be functionally organized
into the groups shown in Figure 14. The following paragraphs
provide a brief description of the signals and also a reference
(if applicable) to other paragraphs that contain more detail
about the function being performed.

Vee (2)

Vesi@l ]
TLK

T

FC Asynchronous
o
Processor [ = FC, | 68000 Bus
Status FC, T Control
HDE800
Peripherat ‘m_ﬁ_ m Arbitration
Control —VPA Cantrol
iPL,
System E: [T Interrupt
Control _J"_.,itl :K Control

Figure 14 Input and Output Signals

ADDRESS BUS (A: through Az3)

This 23-bit, unidirectional, three-state bus is capable of
addressing 8 megawords of data. It provides the address for bus
operation during all cycles except interrupt cycles. During
interrupt cycles, address lines Ay, A2, and As. Provide infor-
mation about what level interrupt is being serviced while address
lines As through Aas are all set to a logic high.

DATA BUS (Do through Dis)

This 16-bit, bidirectional, three-state bus is the general
purpose data path. It can transfer and accept data in either
word or byte length. During an interrupt acknowledge cycle,
an external device supplies the vector number on data lines
Do through D7,

ASYNCHRONOUS BUS CONTROL

Asynchrofious data transfer are handled using the following
control signals: address strobe, read/write, upper and lower
data strobes, and data transfer acknowledge. These signals
are explained in the following paragraphs.

Address Strobe (AS)
This signal indicates that there is a valid address on the
address bus,

Read/Write (R/W)

This signal defines the data bus transfer as a read or write
cycle. The R/W signal also works in conjunction with the upper
and lower data strobes as explained in the following paragraph.

Upper and Lower Data Strobes (UDS, LDS)

These signals control the data on the data bus, as shown
in Table 13, When the R/W line is high, the processor will read
from the data bus as indicated. When the R/W line is low, the
processor will write to the data bus as shown.

Table 13 Data Strobe Control of Data Bus

UDS | LDS | RWW
High | High | -

Dy ~ Dy
No valid data
Valid data bits

Do~ D,
Mo valid data
Valid data bits

Low | Lc_pw | High 8~15 0~7
High | Low | High | No valid data Yoid suta bits

Valid data bits

Low | High ' High Mo valid data

B~15
i 1S T
! Valid data bits | Valid data bits
Low iLow _chw. 8~15 0~7
| i Valid data bits Valid data bits

High | Low | Low 0~7* 0~7

Valid data bits Valid data bits
B8~15 8~15"

Low High Low

* These conditions are a result of current implementation and may not
appear on future devices.

Data Transfer Acknowledge (DTACK)

This input indicates that the duta transfer is completed.
When the processor recognizes DTACK during a read cycle,
duta is latched and the bus cycle terminated. When DTACK
is recognized during a write cycle. the bus cycle is terminated.
(Refer to ASYNCHRONOUS VERSUS SYNCHRONOUS OP-
ERATION)

BUS ARBITRATION CONTROL

These three signals form a bus arbitration circuit to deter-
mine which device will be the bus master device.
Bus Request (BR)

This input is wire ORed with all other devices that could
be bus masters. This input indicates to the processor that
some other device desires to become the bus master.

Bus Grint (BG)

This output indicates to all other potential bus master
devices that the processor will release bus control at the end
of the current bus cycle.

Bus Grand Acknowledge (BGACK)

This input indicates that some other device has become the
bus master. This signal cannot be asserted until the following
four conditions are met:

(1) A Bus Grant has been received

{2) Address Strobe is mactive which indicates that the

microprocessor is not using the bus

(3) Data Transfer Acknowledge is inactive which indicates
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that neither memory nor peripherals are using the bus
{4) Bus Grant Acknowledge is inactive which indicates that
no other device is still claiming bus mastership.

INTERRUPT CONTROL (IPL,,IPL,, iPL,)

These input pins indicate the encoded priority level of the
device requesting an interrupt. Level seven is the highest priority
while level zero indicates that no interrupts are requested.
Level seven can not be masked. The least significant bit is given
in TPLo and the most significant bit is contained in [PLz.
These lines must remain stable until the processor signals inter-
rupt acknowledge (FCo ~ FCz are all high) to insure that the
interrupt is recognized.

SYSTEM CONTROL

The system control inputs are used to either reset or halt
the processor and to indicate to the processor that bus errors
have occurred. The three system control inputs are explained
in the following paragraphs.

Bus Error (BERR)

This input informs the processor that there is a problem
with the cycle currently being executed. Problems may be a
result of:

(1) Nonresponding devices

(2) Interrupt vector number acquisition failure

{3) lllegal access request as determined by a memory man-

agement unit

(4) Other application dependent errors.

The bus error signal interacts with the halt signal to deter-
mine if exception processing should be performed or if the
current bus cycle should be retried.

Refer to BUS ERROR AND HALT OPERATION paragraph
for additional information about the interaction of the bus
error and halt signals,

Reset (RES)

This bidirectional signal line acts to reset (initiate a system
initialization sequence) the processor in response to an external
reset signal. An internally generated reset (result of a RESET
instruction) causes all external devices to be reset and the
internal state of the processor is not affected. A total system
reset (processor and external devices) is the result of external
HALT and RESET signals applied at the same time. Refer to
RESET OPERATION paragraph for additional information
about reset operation.

Halt (HALT)

When this bidirectional line is driven by an external device,
it will cause the processor to stop at the completion of the
current bus cycle. When the processor has been halted using
this input, all control signals are inactive and all three-state lines
are put in their high-impedance state. Refer to BUS ERROR
AND HALT OPERATION paragraph for additional information
about the interaction between the halt and bus error signals.

When the processor has stopped executing instructions, such
as in a double bus fault condition, the halt line is driven by the
processor to indicate to external devices that the processor has

stopped.

HMCS8800 PERIPHERAL CONTROL
These control signals are used to allow the interfacing of syn-
chronous HD6800 peripheral devices with the asynchronous
68000. These signals are explained in the following paragraphs.

Enable (E}

This signal is the standard enable signal common to all
HD6800 type peripheral devices. The for this output is
ten 68000 clock periods (six clocks low; four clocks high). En-
able is generated by an internal ring counter which may come
up in any state (i.e., at power on, it is impossible to guarantee
phase relationship of E to CLK), E is a free-running clock and
runs regardless of the state of the bus on the MPU.

Valid Peripheral Address (VFA)

This input indicates that the device or region addressed is a
HD6800 family device and that data transfer should be syn-
chronized with the enable (E) signal. This input also indicates
that the processor should use automatic vectoring for an inter-
rupt. Refer to INTERFACE WITH HD6800 PERIPHERALS.
ALS.

Valid Memory Address (VMA}

This output is used to indicate to HD6800 peripheral devices
that there is a valid address on the address bus and the processor
is synchronized to enable. This signal only responds to a valid
peripheral address (VPA) input which indicates that the periph-
eral is a HD6800 family device.

PROCESSOR STATUS (FCq, FC,, FC))

These function code outputs indicate the state (user or
supervisor) and the cycle type currently being executed, as
shown in Table14. The information indicated by the function
code outputs is valid whenever address strobe (AS) is active.

Table 14 Function Code Qutputs

FC; FC, FCo Cycle Type

Low Low Low {Undefined, Reserved}

Low Low High User Data

Low High Low User Program

Low High High {Undefined, Reserved)

High Low Low {Undefined, Reserved)

High Low High Superviser Data

High High Low Supervisor Program

High High High Interrupt Acknowledge
CLOCK (CLK)

The clock input is a TTL-compatible signal that is internally
buffered for development of the internal clocks needed by the
processor. The clock input should not be gated off at any time,
and the clock signal must conform to minimum and maximum
pulse width time,

SIGNAL SUMMARY
Table 15 is a summary of all the signals discussed in the
previous paragraphs.

e BUS OPERATION

The following paragraphs explain control signal and bus
operation during data transfer operations, bus arbitration, bus
error and halt conditions, and reset operation.
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Table 15 Signal Summary

] ] _ Three State
Signal Name Mnemonic input/Output Active State On BGACR [on FALT

Address Bus Ay~ Ap output high yes yes
Data Bus Do ~ Dyg input/output high yes yes
Address Strobe AS output low yes no
Resd/Write RW output ;':?::;’: yes no
Upper and Lower Data Strobes UDS, LDS output low yes no
Data Tramfer Acknowledge DTACK input low no no
Bus Request BR input low no no
Bus Grant BG output low no no
Bus Grant Acknowiedge BGACK input low no na
Interrupt Priority Level PL,, TPL,, FL; input low no no
Bus Error BERR input low no no
Reset RES input/output low no* no*
Halt HALT input/output low no" no"
Enable E output high no no
Valid Memory Address VWA output low yes no
Valid Peripheral Address VFA input low no no
Function Code Qutput FCq, FC,, FC; output high yes no
Clock CLK input high no no
Power Input Veo input - - -

Ground Vss input - - -

* Open drsin

DATA TRANSFER OPERATIONS

Transfer of data between devices involve the following leads:

(1) Address Bus A, through A,

(2) Data Bus Dg through D,

(3) Control Signals

The address and data buses are separate paralle]l buses used
to transfer data using an asynchronous bus structure. In all
cycles, the bus master assumes responsibility for deskewing
all signals it issues at both the start and end of a cycle. In
addition, the bus master is responsible for deskewing the ac-
knowledge and data signals from the slave device.

The following paragraphs explain the read, write. and read-
modify-write cycles., The indivisible read-modify-write cycle
is the method used by the 68000 for interlocked multiprocessor
communications.

Read Cycle

During a read cycle, the processor receives data from memo-
1y or a peripheral device. The processor reads bytes of data
in all cases. If the instruction specifies a word {(or double word)
operation, the processor reads both upper and lower bytes
simultaneously by asserting both upper and lower data strobes,
When the instruction specifies byte operation, the processor
uses an internal Ao bit to determine which byte to read and
then issues the data strobe required for thal byte. For bytes
operations, when the Ao bit equals zero, the upper data strobe
is issued. When the Ao bit equals one, the lower data strobe is
issued. When the data is received, the processor correctly posi-
tions it internally .

A word read cycle flow chart is given in Figure 15. A byte

read cycle flow chart is given in Figure 16. Read cycle timing is
given in Figure 17, Figure 18 details word and byte read cycle
operations. Refer to these illustrations during the following
detailed.

At state zero (50) in the read cycle, the address bus (A,

through A,;) is in the high impedance state. A function code
is asserted on the function code output line (FC, through FC,).
The read/write (R/W) signal is switched high to indicate a read
cycle. One half clock cycie later, at state 1, the address bus is
released from the high impedance state. The function code
outputs indicate which address space that this cycle will operate
on.
In state 2, the address strobe (AS) is asserted to indicate that
there is a valid address on the address bus and the upper and
lower data strobe (UDS, LDS) is asserted as required. The mem-
ory or peripheral device uses the address bus and the address
strobe to determine if it has been selected. The selected device
uses the read/write signal and the data strobe to place its infor-
mation on the data bus. Concurrent with placing data on the
data bus, the selected device asserts data transfer acknowledge
(DTACK).

Data transfer acknowledge must be present at the processor
at the start of state 5 or the processor will substitute wait states
for states 5 and 6. State 5 starts the synchronization of the
returning data transfer acknowledge. At the end of state 6
(beginning of state 7) incoming data is latched into an internal
data bus holding register.

During state 7, address strobe and the upper and/or lower
data strobes are negated. The address bus is held valid through
state 7 to allow for static memory operation and signal skew.
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BUS MASTER SLAVE BUS MASTER SLAVE
Address Device
Address Device 1) Set R/W o Read

1) Set A/W 1o Reed 2) :llol Function Code on FCo ~FC;

2) Piace Function Code on FC, ~FC; 3) Place Address on A; ~ A,

3) Place Address on A, ~ Az 4) Assert Address Strobe {AS)

4) Awsert Address Strobe (AS) 5) Assert Upper Data Strobe {UDS) or Low-
er Data Strobe (LDS) {based on Ao}

5) Assert Upper Data Strobe (UDS) and Lower
Dats Strobe (LD%)
L |

l Input Data
np! 1) Decode Address
1
omm; o 2] Place Data on Do ~ D, or Dy ~Dys (based
;‘: Place Data on Dy ~D on UDS or LDS)
=t
) Assert Data Tramfer Acknowledge 3) ?"‘r.;‘c?:)u Transter Acknowledge
{DTACK)
Acgu l Acquire Data
ire Data 1) Letch Data
2 Sonie DD ana TO5 2) Neget UDS or (O
3 and 3) Negate AS

R | |

Terminate Cycle

Terminate Cycle i
1) Remove Dats from De ~ Dus i s o BTACK D’“ from Dy ~0y or By~ 01
2} Negew DTACK |
Start Next Cycle Start Next Cycle
Figure 15 Word Read Cycle Flow Chart Figure 16 Byte Read Cycle Flow Chart

S0 S1 52 53 54 S5 S6 $7 SO S1 52 S3 54 S5 S6 S7 SO $1 52 S3 S4 w w w w S5 S6 S7
CLK

e D <

s/ \ / \ / \
RW e/
o N/ 0 N
Ds ~Ds :)_(—____)’_—<__—I_\
FCo~FCi __ X )&

|—-_-.-nu¢—-——|-—-—w"u——-|.h-— — — — SlowResd — — — --I

Figure 17 Read and Write Cycle Timing Diagram
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S0 S5t 52 53 5S4 S5 S6 S7 SO S1 52 S3 54 S5 56 57 50 S1 52 53 54 S5 S6 57

TSRS [ N [ [ 6 e 6 o I o

Ay - Agy D——(

£Ca ~ FC; X X

X X

*Internal Signal Only

P——--- Word Read — ~ .._I.,--.. -Odd Byte Read - ———|——-— Even Byte Read ———’

Figure 18 Word and Byte Read Cycle Timing Diagram

The read/write signal and the function code outputs also remain
valid through state 7 to a correct transfer operation. The
slave device keeps its data asserted until it detects the negation
of either the address strobe or the upper and/or lower data
strobe. The slave device must remove its data and data transfer
acknowledge within one clock period of recognizing the nega-
tion of the address or data strobes. Note that the data bus might
not become free and data transfer acknowledge might not be
removed until state O or 1.

When address strobe is negated, the slave device is released.
Note that a slave device must remain selected as long as address
strobe is asserted to ensure the correct functioning of the read-
modify-write cycle.

Write Cycle

During a write cycle. the processor sends data to memory
or a peripheral device. The processor writes bytes of dala in
all cases. If the instruction specifies a word operation, the pro-
cessor writes both bytes. When the instruction specifies a byte
operation. the processor uses an internal Aq bit to determine
which byte to write and then issues the data strobe required
for that byte. For byte vperations. when the Ag bit equals zero,
the upper data strobe is issued. When the Ay bit equals one,
the fower data strobe is issued. A word write cycle flow chart is
given in Figure 19. A byte write cycle flow chart is given in
Figure 20. Write cycle timing is given in Figure 17. Figure 21
details word and byte write cycle operation. Refer to these
illustrations during the following detailed discussion.

At state zero (SO) in the write cycle, the address bus (A,
through A} is in the high impedance state. A function code is
asserted on the function code output line (FC, through FC;).

(NOTE) The read/write (R/W) signal remains high until state 2 to pre-
vent bus conflicts with preceding read cycles. The data bus is
not driven until state 3.

One half clock later, at state |, the address bus is released
from the high impedance state. The function code outputs
indicate which address space that this cycie will operate on.

In state 2, the address strobe (AS) is asserted to indicate
that there is a valid address on the address bus. The memory
or peripheral device uses the address bus and the address strobe
to determine if it has been selected. During state 2, the read/
write signal is switched low to indicate a write cycle. When
external processor data bus buffers are required, the read/write
line provides sufficient directional control. Data is not asserted
during this state to allow sufficient turn around time for ex-
ternal data buffers (if used). Data is asserted onto the data bus
during state 3.

In state 4, the data strobes are asserted as required to indi-
cate that the data bus is stable. The selected device uses the
read/write signal and the data strobes to take its information
from the data_bus. The selected device asserts data transfer
acknowledge (DTACK) when it has successfully stored the data.

Data transfer acknowledge must be present at the processor
at the start of state 5 or the processor will substitute wait states
for states 5 and 6. State 5 starts the synchronization of the
returning data transfer acknowledge.

During state 7, address strobe and the upper andfor lower
data strobes are negated. The address and data buses are held
valid through state 7 to allow for static memory operation and
signal skew. The read/write signal and the function code outputs
also remain valid through state 7 to ensure a correct transfer
operation. The slave device keeps its data transfer acknowledge
asserted until it detects the negation of either the address strobe
or the upper and/or lower data strobe. The slave device must
remove its data transfer acknowledge within one clock period
after recognizing the negation of the address or data strobes.
Note that the processor releases the data bus at the end of state
7 but that data transfer acknowledge might not be removed
until state O or 1. When address strobe is negated, the slave
device is released.
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1}
2)
3
4)

6)

1
2)
3
4}

BUS MASTER SLAVE BUS MASTER SLAVE
Address Device
" 1} Place Function Code on FCe ~ FC;
M 2} Place Address on A, ~ Ay,
Phacs Function Cods o FCy < FCy 3) Assert Address Strobe [AS)
Place Address on Ai 5;’;’) 4) Set R/W to Write
Asort Addyess strobe | 5) Place Data on O, ~ D or Dy ~ Dys laccording
Set R/W 10 Write A
Place Data on Do - Dis 6) Assert U
pper Data Strobe (UDS) or Lower
Assert Upper Data Strobe (UDS) and
& Dats Strobe (L55) Data Strobe |LD5) (based on As)
1 Input Data
Input Data -
1} Decode Address 1} Decode Address
2} S: D D, -D 2} Store Data on D, ~ D, if DG is asserted
O RN By Stk . Store Data on D, ~ D, if UDS is asserted
% ammrt Daca:Traosler Acknawdtge 3) Assert Data Transfer Acknowledge
| {DTACK!
Terminate Output Transter
oL Lo SR, et Terrminate Qutput Transfer
Nagate U5 (05 1) Negate UDS and LDS
Re:‘laovv Data from D, -0 2) Negate AS
Set R/W to Read o 3} Remove Data from D, ~ D; or D, ~ Dy
4} Set R/W 1o Read

|

Terminate Cycle
V1 Negate DTACK

-

Srart Next Cycle

Figure 19 Word Write Cycle Flow Chart

Terminate Cycle
1} Negate OTACK

Start Next Cycle

Figure 20 Byte Write Cycle Flow Chart

S0 S1 S2? S3 54 S5 S6 S7 SO S1 52 S3 54 S5 56 S7 50 S1 S2 53 54 S5 56 S7

CLK
S —~ — ) o
o f 1

s T e U L W

UDs

R/W

——_
e S U e N
/ \ /\

/[
r

prack . ~___/  ~__/  __/

D. ~Dus }_—(

Y

o —

FCo ~FCy :x X

K =

*Internal Signal Only

= — = = Word Write — - —=f=- — -~Odd Byte Write ~ ~ ~ == — - Even Byte Write - = —=|

Figure 21 Word and Byte Write Cycle Timing Diagram
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Read-Modify-Write Cycle

The read-modify-write cycle performs a read, modifies the
data in the arithmetic-ogic unit, and writes the data back to the
same address. In the 68000 this cycle is indivisible in that
the address strobe is asserted throughout the entire cycle. The
test and set (TAS) instruction uses this cycle to provide mean-
ingful communication between processors in a multiple pro-
cessor environment. This instruction is the only instruction that
uses the read-modify-write cycle and since the test and set in-
struction only operates on bytes, all read-modify-write cycles
are byte operations. A read-modify-write cycle flow chart is
given in Figure 22 and a timing diagram is given in Figure 23.
Befer to these illustrations during the following detailed discus-
sions.

At state zero (S0) in the read-modify-write cycle, the address
bus (A, through A,;) is in the high impedance state. A function
code is asserted on the function code output line (FC, through
FC,). The read/write (R/W) signal is switched high to indicate
a read cycle. One half clock cycle later, at state 1, the address
bus is released from the high impedance state. The function
code outputs indicate which address space that this cycle will
operate on.

In state 2, the address strobe (AS) is asserted to indicate that
there is a valid address on the address bus and the upper or
lower data strobe (UDS, LDS) is asserted as required. The mem-
ory or peripheral device uses the address bus and the address
strobe to determine if it has been selected. The selected device
uses the read/write signal and the data strobe to place its infor-
mation on the data bus. Concurrent with placing data on the
data bus, the selected device asserts data transfer acknowledge

—_(DTACK).

Data transfer acknowledge must be present at the processor
at the start of state 5 or the processor will substitute wait states
for states 5 and 6. State 5 starts the synchronization of the
returning data transfer acknowledge. At the end of state 6
(beginning of state 7) incoming data is latched into an internal
data bus holding register.

During state 7, the upper or lower data strobe is negated.
The address bus, address strobe, read/write signal, and function
code outputs remain as they were in preparation for the write
portion of the cycle. The slave device keeps its data asserted
until it detects the negation of the upper or lower data strobe.
The slave device must remove its data and data transfer ac-
knowledge within one clock period of recognizing the negation
of the data strobes. Internal modification of data may occur
from state 8 to state 11.

(NOTE) The read/write signal remains high until state 14 to prevent bus
conflicts with the preceding read portion of the cycle and the
data bus is not asserted by the processor until state 15.

In state 14, the read/write signal is switched low to indicate
a write cycle. When external processor data bus buffers are
required, the read/write line provides sufficient directional
control. Data is not asserted during this state to allow sufficient
turn around time for external data buffers (if used). Data is
asserted onto the data bus during state 15.

In state 16, the data strobe is asserted as required to indicate

that the data bus is stable. The selected device uses the read/
write signal and the data strobe to take its information from the
data bus. The selected device asserts data transfer acknowledge
(DTACK) when it has successfully stored its data.

Data transfer acknowledge must be present at the processor
at the start of state 17 or the processor will substitute wait
states for states 17 and 18. State 17 starts the synchronization
of the returning data transfer acknowledge for the write portion
of the cycle. The bus interface circuitry issues requests for
subsequent internal cycles during state 18.

During state 19, address strobe and the upper or lower data
strobe is negated. The address and data buses are held valid
through state 19 to allow for static memory operation and
signal skew. The read/write signal and the function code outputs
also remain valid through state 19 to ensure a correct transfer
operation. The slave device keeps its data transfer acknowledge
asserted until it detects the negation of either the address strobe
or the upper or lower data strobe. The slave device must remove
its data transfer acknowledge within once clock period after
recognizing the negation of the address or data strobes. Note
that the processor releases the data bus at the end of state 19
but that data transfer acknowledge might not be removed until
state 0 or . When address strobe is negated the slave device is
released.

BUS ARBITRATION

Bus arbitration is a technique used by muster-type devices
to request, be granted, and acknowledge bus mastership. In its
simplest form, it consists of:

(1) Asserting a bus mastership request.

(2) Receiving a grant that the bus is available at the end of

the current cycle.

(3) Acknowledging that mastership has been assumed.

Figure 24 is a flow chart showing the detail involved in a
request from a single device. Figure 25 is a timing diagram for
the same operations. This technique allows processing of bus
requests during data transfer cycles.

The timing diagram shows that the bus request is negated
at the time that an acknowledge is asserted. This type of vper-
ation would be true for a system consisting of the processor
and one device capable of bus mustership. In systems having
a number of devices capable of bus mastership, the bus request
line from each device is wire ORed (o the processor. In this
system, it is easy to see that there could be more than one bus
request being made. The timing diagram shows that the bus
grant signal is negated a few clock cycles after the transition
of the acknowledge (BGACK) signal.

However, if the bus requests are still pending, the processor
will assert another bus grant within a few clock cycles after
it was negated. This additional assertion of bus grant allows
external arbitration circuitry to select the next bus master
before the current bus master has completed its requirements.
The following paragraphs provide additional information about
the three steps in the arbitration process.
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BUS MASTER SLAVE
Address Davice l

1} Set R/W 1o Read

2) Place Function Code on FCs ~FC; Input Data

3} Place Address on A, ~ Asy
4) Assart Address Strobe {AS) 11 Decode Address

5} Assart Upper Data Strobe (UDS) or 2) Place Data on Dy ~ D, or Ds ~Dis
Lower Data Strobe (LD3) 3) ‘-At;se:t D_a}ta Transter Acknowledge
TACK

Acquire Data
1) Latch Data
2) Negate UDS or (D5

3} Start Data Modification Terminate Cycle
1} Remove Data from Dy ~Ds or Dy =Dy
2} Negate DTACK

|

Start Output Transfer
1} Set R/W 1o Write

2) Place Data on Dy ~D; or Dy ~Dys Input Data
3) Assert Upper Data Strobe {UDS) or Lower 1) Strobe Dataon D, ~D; or D, ~Dis
Data Strobe (LDS) 21 Assert Data Transter Acknowledge
(DTACK)

|

Terminate Output Transfer
1) Negats DDS5 or LD
2) Negate AS
3) Remowe Data from Og ~ 0y or Dy =Dy
4} Set R/W to Read
I Terminate Cycle
1) Negate DTACK
J

]

Start Next Cycle

Figure 22 Read-Modify-Write Cycle Flow Chart
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Figure 23 Read-Modify Write Cycle Timing Diagram
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PROCESSOR REQUESTING DEVICE

Reguest the Bus
1) Assert Bus Request (BRI}

1—l

Grant Bus Arbitration
1) Assert Bus Grant (BG)

Acknowledge Bus Mastership
1) External arbitration determines next bus
masier
Next bus master waits for current cycle to
complete
3} Mext bus master asserts Bus Grant
Acknowledge IBGACK!] to become new
master
4) Bus master negates BR

i

Terminate Arbitration

1) Negate BG (and wait for BGACK to be

negated) L

Operate as Bus Master
11 Perform Data Transfers (Read and Write

2

cycies) according to the same rules the pro-

|

Release Bus Mastership
1) Negate BGACK

e

Re-Arbitrate or Resurna Processor
Operation

Figure 24 Bus Arbitration Cycle Flow Chart

Requesting the Bus

External devices capable of becoming bus masters request
the bus by asserting the bus request (BR) signal. This is a wire
ORed signal (although it need not be constructed from open
collector devices) -that indicates to the processor that some
external device requires control of the external bus. The pro-
cessor is effectively at a lower bus priority level that the ex-
ternal device and will relinquish the bus after it has completed
the last bus cycle it has started.

When no acknowledge is received before the bus request
signal goes inactive, the processor will continue processing
when it delects that the bus request is inactive. This allows
ordinary processing to continue if the arbitration circuitry
responded to noise inadvertently.

Receiving tha Bus Grant

The processor asserts bus grant (BG) as soon as possible.
Normally this is immediately after internal synchronization.
The only exception to this occurs when the processor has made
an internal decision to execute the next bus cycle but has not
progressed fur enough into the cycle to have asserted the address
strobe (AS) signal. In this case, bus grant will not be asserted
until one clock after address strobe is asserted to indicate to
external devices that a bus cycle is being executed.

The bus grant signal may be routed through a daisy-chained
network or through a specific priority-encoded network. The
processor is not affected by the external method of arbitration
as long as the protocol is obeyed.

A ek Fl il of Mast: lhip

Upon receiving a bus grant, the requesting device waits
until address strobe, data transfer acknowledge, and bus grant
acknowledge are negated before issuing its own BGACK. The
negation of the address strobe indicates that the previous
master has completed its cycle, the negation of bus grant
acknowledge indicates that the previous master has released
the bus. (While address strobe is asserted no device is allowed
to “'break into™ a cycle.) The negation of data transfer acknowl-
edge indicates the previous slave has terminated its connection
to the previous master. Note that in some applications data

cLK fU'lJ'U'U'U'LFLﬂﬂJ'Iﬂ.FU'!J'LFLJ'I_FLHJUIFUUlnILHﬂIL

1 = Agy )'(

— . —

As —\_/‘—’_\_/‘—’_\_/_u‘——’_\_/—\_
maom T\ N\ M\ \__/ T\

R/W e/ e/

A

m—\_/\___/

\_/L/\._/

FC. ~FC y——)__(—.—-___)_‘_(

) G G G

iy S

\ /

| SO

BGACK N\ /

I —

Processor — —‘-l---—-—DMnDMu-{--—- = = Processor — — — —=l=— — — DMA Device - - = =

Figure 26 Bus Arbitration Cycle Timing Diagram
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transfer acknowledge might not enter into this function. Gen-
eral purpose devices would then be connected such that they
were only dependent on address strobe. When bus grant ac-
knowledge is issued the device is bus master until it negates
bus grant acknowledge. Bus grant acknowledge should not be
negated until after the bus cycle(s) is (are) completed. Bus
mastership is terminated at the negation of bus grant acknowl-
edge.

The bus request from the granted device should be drop-
ped after bus grant acknowledge is asserted. If a bus request
is still pending, another bus grant will be asserted within a few
clocks of the negation of bus grant. Refer to Bus Arbitration
Control section. Note that the processor does not perform
any external bus cycles before it re-asserts bus grant.

BUS ARBITRATION CONTROL

The bus arbitration control unit in the 68000 is implemented
with a finite state machine. A state diagram of this machine is
shown in Figure 26. All asynchronous signals to the 68000 are
synchronized before being used internally. This synchronization
is accomplished in a maximum of one cycle of the system clock,
assuming that the asynchronous input setup time (#47) has

RA

R = Bus Request Internal

A = Bus Grant Acknowledge Internal

G = Bus Grant

T = Three-State Control to 8us Control Logic**
X = Don't Care

* State machine will not change state if bus is in 50. Refer to BUS
ARBITRATION CONTROL for sdditional information.
** The address bus will be placed in the high impedance state if T is
asserted and AS is negated,

Figure 26 State Diagram of 68000 Bus
Arbitration Unit

been met (see Figure 27). The input signal is sampled on the
falling edge of the clock and is valid intemnally after the next
falling edge.

As shown in Figure 26, input signals labeled R and A are
internally synchronized on the bus request and bus grant
acknowledge pins respectively. The bus grant output is lebeled
G and the internal three-state control signal T. If T is true, the
address, data, function code line, and control buses are placed
in a high-impedance state when AS is negated. All signals are
shown in positive logic (active high) regardless of their true
active voltage level.

State changes (valid outputs) occur on the next rising edge
after the internal signal is valid.

A timing diagram of the bus arbitration sequence during a
processor bus cycle is shown in Figure 28. The bus arbitration
sequence while the bus is inactive (ie., executing internal
operations such as a multiply instruction} is shown in Figure 29.

If a bus request is made at a time when the MPU has already
begun a bus cycle but AS has not been asserted (bus state 50),
BG will not be asserted on the next rising edge. Instead, BG will
be delayed until the second rising edge following it’s internal
assertion. This sequence is shown in Figure 30.

Intarnal Signal Valid

External Signal Samw__;

CLK _l

BA (External)

L

7 —p

BR (Internal)

pN-

Figure 27 Timing Relationship of External Asynchronous
Inputs to Internal Signals
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Bus three stated Bus rel d from three state and
BG asserted P starts next bus cycle
BA valid internal BGACK nagatad internal

BA sampled BGACK sampled

BR asserted BGACK negated

CLK
S0 St 52 S3 sS4 S5 S6 S7 S0 S1 S2 53 S4 S5 56 ST S0 S1

T\ /
5 7

BGACK \ S

Ay~ Ay ———( ) { ) o
55 e N

e A il

i — > — X—
AW Y —_—t
DTACK \ / N i
—
D ~Dis \ > O
Processor 1 Alternate Bus Master | Processor
T b2 fod

Figure 28 Bus Arbitration During Processor Bus Cycle

Bus released from three state and processor starts next bus cycle
BGACK neg

BG asserted and bus three stated
BR valid internal
BR p
BR asserted

CLK
50 51 52 53 54 55 56 57 S0 51 52 53 s4

BR \ /
. | P |
BGACK \ /
Ay~ Ay _( _) \
- N / \ N\
wm N\ [ \ o
s [ X T Nesuae

s "\ e
FCqy ~FCs I )
R/W \ /

e T \__/ \

Processor Bus Inactive Alternate Bus Master Processor
-l 1 b

- ™ L I

Figure 29 Bus Arbitration with Bus Inactive
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BF asserted
BR sampled
Bus three stated

S0 S1 S2 S3 sS4 S5 56 57

CLK

Bus released from three state and
Processor starts next bus cycle

BGACK negated internal
BGACK sampled
BGACK negated

1

50 S1 S2 S3 S4 §5 S6 S7 S0 S1

LN /

BG \ /
BGACK \ /
A~y e )

A

FCo ~FC, X ) { X
AW \ /
DTACK \ / N\ /
g — —
Dy ~Dys
) — N— 7
Processor | Alternate Bus Master 1 Processar
- T

Figure 30 Bus Arbitration During Processor Bus Cycle Special Case

BUS ERROR AND HALT OPERATION

In & bus architecture that requires a handshake from an ex-
ternal device, the possibility exists that the handshake might not
occur, Since different systems will require a different maximum
response time, a bus error input is provided. External circuitry
must be used to determine the duration between address strobe
and data transfer acknowledge before issuing a bus error signal.
When a bus error signal is received, the processor has two
options initiate a bus error exception sequence or Lry running
the bus cycle again.

Exception Sequence

When the bus error signal is asserted, the current bus cycle
is terminated. If BERR is asserted before the falling edge of
$2, AS will be negated in S7 in either a read or write cycle.
As long as BERR remains asserted, the data and address buses
will be in the high-impedance state. When BERR is negated,
the processor will begin stacking for exception processing.
Figure 31 is a timing diagram for the exception sequence.
The sequence is composed of the following elements.

(1) Stacking the program counter and status register

(2) Stacking the error information

(3) Reading the bus error vector table entry

(4) Executing the bus error handler routine

The stacking of the program counter and the status register
is the same as if an interrupt had occurred. Several additional

items are stacked when a bus error occurs. These items are used
to determine the nature of the error and correct it, if possible.
The bus error vector is vector number two located at address
$000008. The processor loads the new program counter from
this location. A software bus error handler routine is then
executed by the processor. Refer to EXCEPTION PROCESS-
ING for additional information.

Re-Running the Bus Cycle

When, during a bus cycle, the processor receives a bus error
signal and the halt pin is being driven by an external device,
the processor enters the re-run sequence. Figure 32 is a timing
diagram for re-running the bus cycle.

The processor terminates the bus cycle, then puts the address
and data output lines in the high-impedance state, The processor
remains “halted,” and will not run another bus cycle until the
halt signal is removed by external logic. Then the processor
will re-run the previous bus cycle using the same address, the
same function codes, the same data (for a write operation), and
the same controls. The bus error signal should be removed at
least one clock cycle before the halt signal is removed.

{NOTE) The processor will not re-run a read-modify-write cycle. This
restriction is made to guarantec that the entire cycle runs cor-
rectly and that the write operation of a Test-and-Set operation
is performed without ever releasing AS. If BERR and HALT
are asserted during a read-modify-write bus cycle, a bus crror
operation results.
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Figure 31 Bus Error Timing Diagram
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Figure 32 Re-Run Bus Cycle Timing Information

Halt Oparation with No Bus Error

The halt input signal to the 68000 perform a Halt/Run/
Single-Step function in a similar fashion to the HD6800 halt
function. The halt and run modes are somewhat self explana-
tory in that when the halt signal is constantly active the proces-
sor “halts” (does nothing) and when the halt signal is constantly
inactive the processor “runs” (does something).

The single-step mode is derived from correctly timed transi-
tions on the halt signal input. It forces the processor to execute
a single bus cycle by entering the “run™ mode until the pro-
cessor starts a bus cycle then changing to the “halt" mode.
Thus, the single-step mode allows the user to proceed through
(and therefore debug) processor operations one bus cycle at a
time.
Figure 33 details the timing required for correct single-step
operations and Figure 34 shows a simple circuit for providing
the single-step function. Some care must be exercised to avoid
harmful interactions between the bus error signal and the halt

pin when using the single cycle mode as a debugging tool. This
is also true of interactions between the halt and reset lines
since these can reset the machine.

When the processor completes a bus cycle after recognizing
that the halt signal is active, most three-state signals are put
in the high-impedance state. These include:

(1) Address lines

(2) Data lines

This is required for correct performance of the resrun bus
cycle operation.

While the processor is honoring the halt request, bus arbitra-
tion performs as usual. That is, haiting has no effect on bus
arbitration. It is the bus arbitration function that removes the
control signals from the bus.

The halt function and the hardware trace capability allow
the hardware debugger to trace single bus cycles or single in-
structions at a time. These processor capabilities, along with
a software debugging package, give total debugging flexibility.

@ HITACHI
952 Hitachi America, Ltd. « Hitachi Piaza « 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 = (415) 589-8300



HD68000/HD68HCO00

A

e

[—--——Rm--——-.-|--————Hm————-+-———-—maa—-—-|

Figure 33 Halt Signal Timing Characteristics
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Figure 34 Simplified Single-Step Circuit

Double Bus Fauhts

When a bus error exception occurs, the processor will at-
tempt to stack several words containing information about
the state of the machine. If a bus error exception occurs during
the stacking operation, there have been two bus errors in a row.
This is commonly referred to as a double bus fault. When a
double bus fault occurs, the processor will hait. Once a bus
error exception has occurred, any bus error exception occurring
before the execution of the next instruction constitutes a dou-
ble bus fault.

Note that a bus cycle which is re-run does not constitute a
bus error exception, and does not contribute to a double bus

fault. Note also that this means that as long as the external
hardware requests it, the processor will continue lo re-run
the same bus cycle.

The bus error pin also has an effect on processor operation
after the processor receives an external reset input. The pro-
cessor reads the vector table after a reset to determine the ad-
dress to start program execution. If a bus error occurs while
reading the vector table (or at any time before the first instruc-
tion is executed), the processor reacts as if a double bus fault
has occurred and it halts. Only an external reset will start a
halted processor.
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RESET OPERATION

The reset signal is a bidirectional signal that allows either the
processor or an external signal to reset the system. Figure 35
is a timing diagram for the reset operations. Both the halt and
reset lines must be asserted to ensure total reset of the pro-
CEessor,

When the reset and halt lines are driven by an external
device. it is recognized as an entire system reset, including
the processor. The processor responds by reading the reset
vector table entry (vector unumber zero, address $000000)
and loads it into the supervisor stack pointer (SSP). Vector
table entry number one at address $000004 is read next and
loaded into the program counter. The processor initializes
the status register to an interrupt level of seven. No other

registers are affected by the reset sequence.

When a RESET instruction is executed, the processor drives
the reset pin for 124 clock periods. In this case, the processor
is trying to reset the rest of the system. Therefore, there is
no effect on the internal state of the processor. All of the
processor’s internal registers and the status register are un-
affected by the execution of a RESET instruction. All external
devices connected to the reset line should be reset at the com-
pletion of the RESET instruction.

Asserting the Reset and Halt pins for 10 clock cycles will
cause a processor reset, except when Vec is initially applied
to the processor. In this case, an external reset must be applied
for 100 milliseconds.

e JUUUUUUAAAUULUARUUUUULUUAUUUR UL
Plus 5 Volts- ﬁ—
Vee

l=— t > 100 Milliseconds —m{

o 11

12} (3) 4 s 8

RES | [
AALT |
f—t 1 <4
B Cretes XHXXXXKNNXNNN-
INOTES)

1) Internal start-up time 4} PC High read in here
2) SSP High read in here 5) PC Low read in here

3) SSP Low read in here 6} First instruction fetched here.

Bus State Unknown: )W

Al Control Signals inactive.
Deta Bus In Read Made:

Figure 35 Reset Operation Timing Diagram

THE RELATIONSHIP OF DTACK, BERR, AND HALT

In order to properly control termination of a bus cycle fora
re-run or a bus error condition, DTACK, , and HA
should be asserted and negated on the rising edge of the
68000 clock. This will assure that when two signals are asserted
simultaneously, the required setup time (#47) for both of them
will be met during the same bus state.

This, or some equivalent precaution, should be designed
external to the 68000. Parameter #48 is intended to ensure this
operation in & totally asynchronous system, and may be ignored
if the above conditions are met.

The preferred bus cycle terminations, may be summarized
as follows (case numbers refer to Table 16):

Normal Termination: DTACK occurs first (case 1).

Halt Termination: is asserted at the same time or
before DTACK and BERR remains
negated (cases 2 and 3),

Bus Error Termination: BERR is asserted in lieu of, at the same
time, or before DTACTK (case 4); BERR
iDsT%eé&ged at the same time or after

HALT and BERR are asserted in lieu
of, at the same time, or before DTACK

Re-Run Termination:

(cases 6 and 7); HALT must be held at
least one cycle after BERR. Case 5 in-

dicates BERR may precede HALT
which allows fully asynchronous asser-
tion,

Table 16 details the resulting bus cycle termination under
various combinations of control signal sequences. The nega-
tion of these same control signals under several conditions is
shown in Table 17 (DTACK is assumed to be negated normal-
ly in all cases; for best results, both DTACK and should
be negated when address strobe is negated.)

Example A: A system uses 2 watch-dog timer to terminate
accesses to un-populated address space. The timer asserts
DTACK and BERR simultaneously after time-out. (case 4)

Example B: A system uses error detection on RAM con-

tents. Designer may (a) delay DTACK until data verified, and
return Bl and H simultaneously to re-run error cycle

(case 6), or if valid, return DTACK; (b) delay DTACK until
data verified. and return BERR at same time as DTACK if
data in error (case 4); (c) return DTACK prior to data verifica-
tion, as described in previous section. If data invalid, BERR is
asserted (case 1) in next cycle. Error-handling software must
know how to recover error cycle.
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Table 16 DTACK, BERR, HALT Assertion Results

Asserted on Rising
Case No. | Control Signal Edge of State Result
N N+2
DTACK i A 5
i BERR NA x Normal cycle terminate and continue,
HALT NA X
DTACK A S
2 BERR NA X Mormal cycle terminate and halt. Continue when HALT removed.
HALT | A S
= e
DTACK NA A
3 BERR NA NA Normal cycle terminate and halt. Continue when HALT removed.
HALT A S
DTACK X X
4 BERR A S Terminate and take bus error trap.
HALT ~ NA NA
DTACK NA x
5 BERR | A S Terminate and re-run.
HALT NA A
DTACK X X e
6 BERR A S Terminate and re-run when HALT removed.
HALT A S
DTACK NA X
7 BERR NA A Terminate and re-run when HALT removed.
ALT A S
gend:

N - The number of the current even bus state leg., 54, 56, etc.}
A — Signal is asserted in this bus state

NA — Signal is not asserted in this state

X — Don't care

§ — Signal was asserted in previous state and remains asserted in this state

Table 17 BERR and HALT Negation Results

Conditions of Negated on Rising
Termination in Control Signal Edge of State Results — Next Cycle
Table A N N+2
BERR [ ] or .
Bus Error HALT ° o * Takes bus error trap.
Re-run % : or * lliegal sequence; usually traps to vector number 0.
BERR .
Re-run HALT a Re-runs the bus cycle.
BERR ©
Normal HALT . o & May lengthen next cycle.
BERR ] : o ;
Normal RALT . of rione If next eycle is started it will be terminated as a bus error.

ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION
Asynchronous Operation

To achieve clock frequency independence at 2 system level,
the 68000 can be used in an asynchronous manner. This
entails using only the bus handshake lines (AS, UDS, LDS,
DTACK, BERR, HALT, and VPA) to control the data transfer.
Using this method, AS signals the start of a bus cycle and the
data strobes are used as a condition for valid data on a write
cycle, The slave device (memory or peripheral) then responds by
placing the requested data on the data bus for a read cycle
or latching data on a write cycle and asserting the data transfer
acknowledge signal (DTACK) to terminate the bus cycle. If
no slave responds or the access is invalid, external control logic

asserts the BERR, or BERR and HALT, signal to abort or
re-run the bus cycle,

The DTACK signal is allowed to be asserted before the data
from a slave device is valid on a read cycle. The length of
time that DTACK may precede data is given as parameter #3|
and it must be met in any asynchronous system to insure that
valid data is latched into the processor. Notice that there is no
maximum time specified from the assertion of AS to the asser-
tion of DTACK. This is because the MPU will insert wait cycles
of one clock period each until DTACK is recognized.

The BERR signal is allowed to be asserted after the DTACK
signal is asserted. BERR must be asserted within the time given
as parameter #48 after DTACK is asserted in any asynchronous
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system to insure proper operation. If this maximum delay time
is violated, the processor may exhibit erratic behavior.

Synchronous Operation

To allow for those systems which use the system clock as a
signal to generate DTACK and other asynchronous inputs,
the asynchronous input setup time is given as parameter #47. If
this setup is met on an input, such as DTACK, the processor is
guaranteed 1o recognize that signal on the next falling edge of
the system clock. However, the converse is not true — if the
input signal does not meet the setup time it is not guaranteed
not to be recognized. In addition, if DTACK is recognized
on a falling edge, valid data will be latched into the processor
(on a read cycle) on the next falling edge provided that the data
meets the setup time given as parameter #27. Given this, para-
meter #31 may be ignored. Note that if DTACK is asserted,
with the required setup time, before the falling edge of S4, no
wait status will be incurred and the bus cycle will run at its
maximum speed of four clock periods.

In order to assure proper operation in a synchronous systent
when BERR is asserted after DTACK, BERR must meet the
setup time parameter #27A prior to the falling edge of the clock
one clock cycle after DTACK was recognized. This setup time
is critical to proper operation, and the HD6B00O muay exhibit
erratic behavior if it is violated,

INOTE)

During an active bus cycle, VPA and BERR are sumpled
on every falling edge of the clock starting with S0,
DTACK is sampled on every falling edge of the clock
starting with S4 and data is latched on the falling edge of
56 during a read. The bus cycle wall then be terminated
in 87 except when BERR is asserted in the absence of
DTACK. in which case it will terminate one clock cycle
later in §9.

= PROCESSING STATES

This section describes the actions the 68000 which are out-
side the normal processing associated with the execution of
instructions. The functions of the bits in the supervisor portion
of the status register are covered: the supervisor/user bit, the
trace enable bit, and the processor interrupt priority mask.
Finally, the sequence of memory references and actions taken
by the processor on exception conditions is detailed.

The 68000 s always in one of three processing states:
normal, exception, or halted. The normal processing state is
that associated with mstruction execution; the memory ref-
erences are Lo fetch instructions and operands, and to store
results. A special case of the normal state is the stopped stute
which the processor enters when a STOP instruction is exe-
cuted. In this state, no further memory references are made.

The exception processing state is associated with interrupts,
trap nstructions, tracing snd other exceptional conditions.
The exveption may be internally generated by an instruction
or by an unusual condition arising during the execution of
an instruction. Externally, exception processing can be forced
by an interrupt. by a bus error, or by a reset. Exception process-
ing is designed to provide an efficient context switch so that
the processor may handle unusual conditions.

The halted processing state is an indication of catastrophic
hardware failure. For example, if during the exception pro-
vessing of a4 bus error another bus error occurs, the processor

assumes that the system is unusable and halts. Only an external
reset can restart a halted processor. Note that a processor in the
stopped state is not in the halted state, nor vice versa.

PROCESSING STATES

INSTRUCTION
EXECUTION
(INCLUDING STOP)

INTERRUPTS
TRAPS
TRACING ETC.

HARDWARE HALT
DOUBLE BUS FAULT

NORMAL

EXCEPTION

HALTED

® PRIVILEGE STATES

The processor operates in one of two states of privilege:
the “user”™ state or the “supervisor”™ state. The privilege state
determines which operations are legal, are used to choose
between the supervisor stack pointer and the user stack pointer
in instruction references, and may be used by an external
memory management device to control and translate accesses.

The privileges state is a mechanism for providing security
in 4 computer systemn. Programs should access only their own
code and data areas, and ought to be restricted from accessing
information which they do not need and must not modify.

The privilege mechanism provides security by allowing
most programs to execute in user state. In this state, the ac-
cesses are controlled, and the effects on other parts of the
system are limited. The operating system executes in the super-
visor state, has access to all resources, and performs the over-
head tasks for the user state programs.

SUPERVISOR STATE

The supervisor state is the higher state of privilege. For
instruction execution, the supervisor state is determined by
the S-bit of the status register; if the S-bit is asserted (high),
the processor is in the supervisor state. All instructions can be
executed in the supervisor state. The bus cycles generated by
instructions executed in the supervisor state are classified as
supervisor references. While the processor is in the supervisor
privilege state, those instructions which use either the system
stack pointer implicitly or address register seven explicitly
access the supervisor stack pointer.

All exception processing is done in the supervisor state,
regardless of the setting of the S-bit. The bus cycles generated
during exception processing are classified as supervisor refer-
ences. All stacking operations during exception processing use
the supervisor stack pointer.

USER STATE

The user state is the lower state of privilege. For instruction
execution, the user state is determined by the S-bit of the status
register; if the S-bit is negated (low), the processor is executing
instructions in the user state.

Most instructions execute the same in user state as in the
supervisor state. However, some instructions which have im-
portant system effects are made privileged. User programs
are not permitted to execute the STOP instruction, or the
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RESET instruction. To ensure that a user program cannot
enter the supervisor state except in a controlled manner, the
instructions which modify the whole status register are privi-
leged. To aid in debugging programs which are to be used as
operating systems, the move to user stack pointer (MOVE
to USP) and move from user stack pointer (MOVE from USF)
instructions are also privileged.

The bus cycles generated by an instruction executed in
user state are classified as user state references. This allows
an external memory management device to translate the ad-
dress and to control access to protected portions of the address
space. While the processor is in the user privilege state, those
instructions which use either the system stack pointer im-
plicitly, or address register seven explicitly, access the use stack
pointer.

PRIVILEGE STATE CHANGES

Once the processor is in the user state and executing instruc-
tions, only exception processing can change the privilege state.
During exception processing, the current setting of the S-bit
of the status register is saved and the S-bit is asserted, putting
the processing in the supervisor state. Therefore, when instruc-
tion execution resumes at the address specified to process the
exception, the processor is in the supervisor privilege state.

USER/SUPERVISOR MODES

TRANSITION ONLY MAY OCCUR
DURING EXCEPTION PROCESSING

TRANSITION MAY BE MADE BY:
RTE; MOVE, ANDI, EORI TOSTATUS WORD

REFERENCE CLASSIFICATION

When the processor makes a reference, it classifies the kind
of reference being made, using the encoding on the three func-
tion code output lines. This allows external translation of ad-
dresses, control of access, and differentiation of special pro-
cessor states, such as interrupt acknowledge. Table 18 lists the
classification of references.

Table 1B Reference Classification

® EXCEPTION PROCESSING

Before discussing the details of interrupts, traps, and tracing,
a general description of exception processing is in order. The
processing of an exception occurs in four steps, with variations
for different exception causes. During the first step, a tem-
porary copy of the status register is made, and the status register
is set for exception processing. In the second step the exception
vector is determined, and the third step is the saving of the
current processor context. In the fourth step a new context is
obtained, and the processor switches to instruction processing.

EXCEPTION VECTORS

Exception vectors are memory locations from which the
processor fetches the address of a routine which will handle
that exception. All exception vectors are two words in length
(Figure 36), except for the reset vector, which is four words.
All exception vectors lie in the supervisor data space, except
for the reset vector which is in the supervisor program space.
A vector number is an eight-bit number which, when multiplied
by four, gives the address of an exception vector. Vector num-
bers are generated internally or externally depending on the
cause of the exception. In the case of interrupts, during the
interrupt acknowledge bus cycle. a peripheral provides an 8.bit
vector number (Figure 37) to the processor on data bus lines Dy
through D,. The processor translates the vector number into
a full 24-bit address, as shown in Figure 38. The memory layout
for exception vectors is given in Table 19.

As shown in Table 19,the memory layout is 512 words
long (1024 bytes). It starts at address 0 and proceeds through
address 1023. This provides 255 unique vectors; some of these
are reserved for TRAPS and other system functions. Of the
255, there are 192 reserved for user interrupt vectors. However,
there is no protection on the first 64 entries, so user interrupt
vectors may overlap at the discretion of the systems designer.

KINDS OF EXCEPTIONS

Exceptions can be generated by either internal or external
causes. The externally generated exceptions are the interrupts
and the bus error and reset requests. The interrupts are requests
from peripheral devices for processor action while the bus
error and reset inputs are used for access control and processor
restart. The internally generated exceptions come from instruc-
tions, or from address error or tracing. The trap (TRAP), trap
on overflow (TRAPV), check register against bounds (CHK)
and divide (DIV) instructions all can generate exceptions as
part of their instruction execution. In addition, illegal instruc-
tions, word fetches from odd addresses and privilege violations
cause exceptions. Tracing behaves like a very high priority,
internally generated interrupt after each instruction execution.

EXCEPTION PROCESSING SEQUENCE

Function Code Output Reference Class Exception processing occurs in four identifiable steps. In
FC, FC, FCo the first step, an internal copy is made of the status register.
. After the copy is made, the Sbit is asserted, putting the pro-
0 0 0 {Unassigned} cessor into the supervisor privilege state. Also, the T-bit is
0 1 User Data negated which will allow the exception handler to execute
0 1 0 User Program unhindered by tracing. For the reset and interrupt exceptions,
0 1 1 {Unassigned) the interrupt priority mask is also updated.
ianed In the second step, the vector number of the exception is
1 0 0 {Unm-w ! determined. For interrupts, the vector number is obtained by
1 0 1 Supervisor Data a processor fetch, classified as an interrupt acknowledge. For
1 1 0 Supervisor Program all other exceptions, internal logic provides the vector number.
ted This vector number is then used to generate the address of
! L ! InTeToRE AEK N the exception vector.
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Waord O New Program Counter (High) AD=0, A1=0

Word 1 New Program Counter (Low!} A0=0, A1=1

Figure 36 Exception Vector Format
D15 D8 D7 DO

Ignored I | vE [ vE | vl [ w3 |v2 | vi]vO

Where
w7 is the MSBE of the Vector Number
V0 is the LSB of the Vector Number
Figure 37 Peripheral Vector Number Format

AZ3 A10 A9 AB A7 A6 A5 A4 A3 AZ Al AD

All Zeroes vi|vB{ve|va |3 |v2| vi]wO| OO

Figure 38 Address Translated From 8-Bit Vector Number

Table 19 Exception Vector Assignment

r Address X
N:l:lxls) Bec e S Assignment
0 1} 000 SP Reset: Initial SSP
= 4 004 SP Reset: Initial PC
2 8 008 SD Bus Error
3 12 00C SD Address Error
4 16 010 sD Iliegal Instruction
5 20 014 sD Zero Divide
6 I . ;B sD CHK Instruction
7 .8 | o ) TRAPV Instruction
8 32 ' 020 sSD Privilege Violation
9 3% | o _SD Trace
10 0 028 SD Line 1010 Emulator
n 4 | 02C sD Line 1111 Emulator
12* T 030 sD {Unassigned, reserved)
13° : 52 034 sD {Unassigned, reserved)
14° . 56 038 so {Unassigned, reserved)
15 | 60 03cC SD Uninitialized Interrupt Vector
16 ~ 23° :; g:‘: — sD {Unassigned, reserved)
24 96 ¢ 080 sD Spurious Interrupt
25 100 | o064 s Level 1 Interrupt Autovector
T 2 104 068 sD Level 2 Interrupt Autovector
27 . o8 o6C | sD Level 3 Interrupt Autovector
28 T2 | o sSD Level 4 Interrupt Autovector
29 116 074 sD Level 5 Interrupt Autovector
30 120 o078 sD Level 6 Interrupt Autovector
3 124 o1c SD Level 7 Interrupt Autovector
128 080 :
32 ~47 191 08F sD TRAP Instruction Vectors
. 182 0co iy ,
48 ~ 63 255 OFF sD {Unassigned, reserved)
256 100
64 ~ 255 1023 3FF sD User Interrupt Vectors

SP: Supervisor program, S0 Supervisor data

* Vector numbers 12, 13, 1416 through 23 and 48 through 63 are for future by Hitachi
No user peripheral devices should be assigned these numbers,
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The third step is to save the current processor status, ex-
cept for the reset exception. The current program counter
value and the saved copy of the status register are stacked
using the supervisor stack pointer as shown in Figure 39. The
program counter value stacked usually points to the next un-
executed instruction, however for bus error and address error,
the value stacked for the program counter is unpredictable, and
may be incremented from the address of the instruction which

caused the error, Additional information defining the current
context is stacked for the bus error and address error excep-
tions,

The last step is the same for all exceptions. The new program
counter value is fetched from the exception vector. The pro-
cessor then resumes instruction execution. Then instruction
at the address given in the exception vector is fetched, and
normal instruction decoding and execution is started.

Lower Address

15 14 13 12 11 10 8 8 7 (-] 5 4 3 2 1 Q
Status Register
High
b == = = Program COUNef — = e s s e e e e e e e e e e e e s s s c e m—- === — - o= ===
Low

Higher Address

Figure 39 Exception Stack Order {Group 1.2}
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Figure 40 Exception Processing Sequence (Not Reset)
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MULTIPLE EXCEPTIONS

These paragraphs describe the processing which occurs
when multiple exceptions arise simultancously. Exceptions
can be grouped according to their occurrence and priority. The
Group 0 exceptions are reset, bus error, and address error.
These exceptions cause the instruction currently being executed
to be aborted, and the exeception processing to commence
within two clock cycles. The Group 1 exceptions are trace and
interrupt, as well as the privilege violations and illegal instruc-
tions. These exceptions allow the current instruction 1o execute
to completion, but preempt the execution of the next instruc-
tion by forcing exception processing to occur {privilege viola-
tions and illegal instructions are detected when they are the
next instruction to be executed). The Group 2 exceptions
occur as part of the normal processing of instructions. The
TRAP, TRAPV, CHK. and zero divide exceptions are in this
group. For these exceptions. the normal execution of an instruc-
tion may lead to exception processing.

Group 0 exceptions have highest priority, while Group 2
exceptions have lowest priority. Within Group 0O, reset has
highest priority, followed by address error and then bus error.
Within Group 1, trace has priority over external interrupts,
which in turn takes priority over illegal instruction and privi-
lege violation. Since only one instruction can be executed at
a time, there is no priority relation within Group 2.

The priority relation between two exceptions determines
which is taken, or taken first, if the conditions for both arise
simultaneously. Therefore, if a bus error occurs during a TRAP
instruction, the bus error takes precedence, and the TRAP
instruction processing is aborted. In another example, if an
interrupt request occurs during the execution of an instruction
while the T-bit is asserted, the trace exception has priority,
and is processed first. Before instruction processing resumes,
however, the interrupt exception is also processed, and instruc-
tion processing commences finally in the interrupt handler
routine, A summary of exception grouping and priority is given
in Table 20.

Table 20 Exception Grouping and Priority

RECOGNITION TIMES OF EXCEPTIONS,
HALT, AND BUS ARBITRATION

END OF A CLOCK CYCLE
RESET

END OF A BUS CYCLE
ADDRESS ERROR
BUS ERROR
HALT
BUS ARBITRATION

END OF AN INSTRUCTION CYCLE
TRACE EXCEPTION
INTERRUPT EXCEPTIONS
ILLEGAL INSTRUCTION
UNIMPLEMENTED INSTRUCTION
PRIVILEGE VIOLATION

WITHIN AN INSTRUCTION CYCLE
TRAP, TRAPY

CHK
ZERO DIVIDE

& EXCEPTION PROCESSING DETAILED DiSCUSSION

Exceptions have a number of sources, and each exception
has processing which is peculiar to it. The following paragraphs
detail the sources of exceptions, how each arises, and how each
is processed.

RESET

The reset input provides the highest exception level. The
processing of the reset signal is designed for system initiation,
and recovery from catastrophic failure. Any processing in pro-
gress at the time of the reset is aborted and cannot be recovered.
The processor is forced into the supervisor state, and the trace
state is forced off. The processor interrupt priority mask is set
at level seven. The vector number is internally generated to
reference the reset exception vector at location 0 in the super-
visor program space. Because no assumptions can be made about
the validity of register contents, in particular the supervisor
stack pointer, neither the program counter nor the status
register is saved. The address contained in the first two words
of the reset exception vector is fetched as the initial supervisor
stack pointer, and the address in the last two words of the
reset exception vector is fetched as the initial program counter.
Finally, instruction execution is started at the address in the
program counter. The power-up/restart code should be pointed
to by the initial program counter.

The RESET instruction does not cause loading of the reset
vector, but does assert the reset line to reset external devices.
This allows the software to reset the system to a known state
and then continue processing with the next instruction.
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Figure 41 Reset Exception Processing

INTERRUPTS

Seven levels of interrupt priorities are provided. Devices
may be chained externally within interrupt priority levels,
allowing an unlimited number of peripheral devices to inter-
rupt the . Interrupt priority levels are numbered
from one to seven, with level seven being the highest priority.
The status register contains a three-bit mask which indicates the
current processor priority, and interrupts are inhibited for
all priority levels less than or equal to the current processor
priority.

An interrupt request is made to the processor by encoding
the interrupt request level on the interrupt request lines; a
zero indicates no interrupt request. Interrupt requests arriving
at the processor do not force immediate exception processing,

but are made pending. Pending interrupts are detected between
instruction executions, If the priority of the pending interrupt
is lower than or equal to the current processor priority, exe-
cution continues with the next instruction and the interrupt
exception processing is postponed. (The recognition of level
seven is slightly different, as explained in a following paragraph.)

If the priority of the pending interrupt is greater than the
current processor priority, the exception processing sequence
is started. First a copy of the status register is saved, and the
privilege state is set to supervisor, tracing is suppressed, and
the processor priority level is set to the level of the interrupt
being acknowledged. The p ot fetches the vector number
from the interrupting device, classifying the reference as an
interrupt acknowledge and displaying the level number of
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the interrupt being acknowledged on the address bus. If external
logic requests an automatic vectoring, the processor interally
generates a vector number which is determined by the interrupt
level number. If external logic indicates a bus error, the ‘inter-
rupt is taken to be spurious, and the generated vector number
references the spurious interrupt vector. The processor then
proceeds with the usual exception processing, saving the pro-
gram counter and status register on the supervisor stack. The
saved value of the program counter is the address of the instruc-
tion which would have been executed had the interrupt not
been present. The content of the interrupt vector whose vector
number was previously obtained is fetched and loaded into the
program counter, and normal instruction execution commences
in the interrupt handling routine. A flow chart for the interrupt
acknowledge sequence is given in Figure 42, a timing diagram is
given in Figure 43, and the interrupt exception timing sequence
is shown in Figure 44,

Table 21 Internal Interrupt Level

Level | 12 | N o | Interrupt
__7 [ v [ v [ 1 ] NonMaskable Interrupt
6 1 1 [
5 o [
4 _. Yoy 0 | 0_ Maskable Interrupt
ST O O I N
:2_ 3 S 0]
10 o |
o | o | o 0 No Interrupt
INOTE!  The internal interrupt mask level {12 11, 10} are inverted to the

logic level applied to the pins {TFL, , TPL, , FL.).

PROCESSOR INTERRUPTING DEVICE

F\‘aquen Interrupt

‘_—l

Grant lmerruot

1) Compare interrupt terrupt level in status register

and wait for current instruction to complete
2} Place interrupt level on A, , Ay, A,
3) Set R/W to read
4) Set function code to interrupt acknowledge
5) Assert address strobe (A5)
6) Assert lower data strobe (OD5* and TDS)

—

Provide Vector Number

1} Place vector number of Dy ~ D,
2) Assert data transfer acknowiedge (DTACK])

l—l

_Acquire Vector Number

1) Latch vector number
2) Negate UD5* and TDY

3| Negate AS l

Release
1} Negate DTACK

Start Inl.lrﬁt Processing
* Although a vector number is one byte, both data strobes
are umr\ed due 1o the microcode used lor excaption
pr . The p does not anything
on data lines Dy through D,s at this time,

Figure 42 interrupt Acknowledge Sequence Fiow Chart

(2]
[
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—
[
—
\-—

N
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AW

STACK _\_—/ v
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|
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 —
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R T . >
b IO
A
FCo -FC: X g /
N
PLy ~ A
PL, ~ IPL, A, /
Last Bus Cycle of Instructhion Stack IACK Cycle 4 Clocks Stack and
L ‘:Re:d or Writel ! I___|__ Idle 4 PCL 4 facior Number Aa:quns:nonr irle. 1 Vlt‘::;f l::tch
r b b Msse) | 1 '
* Although a wvector number is one byte, both data strobes are asserted due to the mi de used for i pr The
processor does not q anything on data lines Dy through D,s at this time.
Figure 43 Interrupt Acknowledge Sequence Timing Diagram
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Last Bus Cycle IACK
of Instruction Stack Cycle Stack Stack
{During Which PCL {Vector Nurmbse Status PCH
Interrupt VlT (85P-2) Acquisition) ssP-8) (SSP-4)
y

Read Read Fetch First Word

Vactor Vector of instruction

High Low of Interrupt

(A ~ Ansl Ay ~ Ayl Routine

Note: SSP refers to the value of the supervisor stack pointer before the interrupt occurs.
Figure 44 Interrupt Exception Timing Sequence

Priority level seven is a special case. Level seven interrupts
cannot be inhibited by the interrupt priority mask, thus pro-
viding a “non-maskable interrupt” capability. An interrupt is
generated each time the interrupt request level changes from
some lower level to level seven. Note that a level seven interrupt
may still be caused by the level comparison if the request level
is a seven and the processor priority is set to 3 lower level by an
instruction.

UNINITIALIZED INTERRUPT

An interrupting device asserts VPA or provides an interrupt
vector during an interrupt acknowledge cycle to the 68000.
If the vector register has not been initialized, the responding
HD68000 Family peripheral will provide vector 15, the un-
itialized interrupt vector. This provides a uniform way to
recover from a programming error.

SPURIOUS INTERRUPT

If during the interrupt acknowledge cycle no device responds
by asserting DTACK or VPA, the bus error line should be assert-
ed to terminate the vector acquisition. The processor separates
the processing of this error from bus error by fetching the
spurious interrupt vector instead of the bus error vector. The
processor then proceeds with the usual exception processing.

INSTRUCTION TRAPS

Traps are exceptions caused by instructions. They arise
either from processor ition of abnormal conditions
during instruction execution, or from use of instructions whose
normal behavior is trapping.

Some instructions are used specifically to generate traps.
The TRAP instruction always forces an exception, and is useful
for implementing system calls for user programs. The TRAPV
and CHK instructions force an exception if the user program
detects a runtime error, which may be an arithmetic overflow
or a subscript out of bounds.

The signed divide (DIVS) and unsigned divide (DIVU) in-
structions will force an exception if a division operation is
attempted with a divisor of zero.

ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS

Iegal instruction is the term used to refer to any of the
word bit which are not the bit pattern of the first
word of a legal instruction. During instruction execution, if
such an instruction is fetched, an illegal instruction exception
occurs.

Word patterns with bits 15 through 12 equaling 1010 or
1111 are distinguished as unimplemented instructions and
separate exception vectors are given to these patterns to per-
mit efficient emulation. This facility allows the operating
system to detect program errors, or to emulate unimplemented
instructions in software.

ILLEGAL INSTRUCTION EXAMPLE

MOVE DO, #51000

MOVE OP WORD
|
1
0011 100111 000 000
}
MOVE IMMEDIATE DATA REGISTER
WORD REGISTER NUMBER
DIRECT ¥

PRIVILEGE VIOLATIONS

In order to provide system security, various instructions
are privileged. An atiempt to execute one of the privileged
instructions while in the user state will cause an exception.
The privileged instruction are:
STOP

AND (word) Immediate to SR
RESET EOR (word) Immediate to SR
RTE OR (word) Immediate to SR
MOVEto SR MOVE USP
TRACING

To aid in program development, the 68000 includes a facility
to allow instruction by instruction tracing. In the trace state,
after each instruction is executed an exceptions is forced, allow-
ing a debugging program to monitor the execution of the pro-
gram under test.

The trace facility uses the T-bit in the supervisor portion
of the status register. If the T-bit is negated (off), tracing is
disabled, and instruction execution proceeds from instruction
to instruction as normal. If the T-bit is asserted (on) st the
beginning of the execution of an instruction, a trace exception
will be generated after the execution of that instruction is
completed. If the instruction is not executed. either because
an interrupt is taken, or the instruction is illegal or privileged,
the trace exception does not occur. The trace exception alio
does not occur if the instruction is aborted by a reset, bus
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error, or address error exception. If the instruction is indeed ex-
ecuted and an interrupt is pending on completion, the trace
exception is processed before the interrupt exception. If, during
the execution of the instruction, an exception is forced by that
instruction, the forced exception is processed before the trace
exception.

As an extreme illustration of the above rules, consider the
arrival of an interrupt during the execution of a TRAP instruc-
tion while tracing is enabled. First the trap exception is pro-
cessed, then the trace exception, and finally the interrupt ex-
ception. Instruction execution resumes in the interrupt handler
routine.

TRACE MODE
FT=1

]

STATUS REGISTER

AFTER EACH

INSTRUCTION MAIN

PROGRAM

RETURN TO
EXECUTE
NEXT
INSTRUCTION

ADDRESS OBTAINED
FROM VECTOR TABLE

TRACE
PROGRAM

1. 1, upon completion of an instruction, T = 1,
go to Irace exceplion processing

. Execute trace exception sequence.

. Execute trace service routine,

. A1 the end of the service routine, execute
return from exception (RTE],

Bl b

BUS ERROR

Bus error exceptions occur when the external logic requests
that a bus error be processed by an exception. The current bus
cycle which the processor is making is then aborted. Whether
the processor was doing instruction or exception processing,
that processing is terminated, and the processor immediately
begins exception processing.

Exception processing for bus error follows the usual se-
quence of steps. The status register is copied, the supervisor
state is entered, and the trace state is turned off. The vector
number is generated to refer to the bus error vector. Since the
processor was not between instructions when the bus error
exception request was made, the context of the processor is

more detailed. To save more of this context, additional infor-
mation is saved on the supervisor stack. The program counter
and the copy of the status register are of course saved. The value
saved for the program counter is advanced by some amount,
one to five words beyond the address of the first word of the
instruction which made the reference causing the bus error. If
the bus error occurred during the fetch of the next instruction,
the saved program counter has a value in the vicinity of the
current instruction, even if the current instruction is a branch,
a jump, or a return instruction. Besides the usual information,
the processor saves its internal copy of the first word of the
instruction being processed, and the address which was being
accessed by the aborted bus cycle. Specific information about
the access is also saved: whether it was a read or a write, wheth-
er the processor was processing an instruction or not, and the
classification displayed on the function code outputs when
the bus error d. The p is processing an instruc-
tion if it is in the normal state or processing a Group 2 excep-
tion; the processor is not processing an instruction if it is pro-
cessing a Group 0 or a Group 1 exception. Figure 45 illustrates
how this information is organized on the supervisor stack.
Although this information is not sufficient in general to effect
full recovery from the bus error, it does allow software diag-
nosis. Finally, the processor commences instruction processing
at the address contained in the vector. It is the responsibility
of the error handler routine to clean up the stack and determine
where to continue execution.

If a bus error occurs during the exception processing for a
bus error, address error, or reset, the processor is halted, and
all processing cases. This simplifies the detection of catastrophic
system failure, since the processor removes itself from the
system rather than destroy all memory contents. Only the
RES pin can restart a halted processor.

ADDRESS ERROR

Address error exceptions occur when the processor attempts
to access a word or a long word operand or an instruction at
an odd address, The effect is much like an internally generated
bus error, so that the bus cycle is aborted, and the processor
ceases whatever processing it is currently doing and begins
exception processing. After exception processing commences,
the sequence is the same as that for bus error including the
information that is stacked, except that the vector number
refers o the address error vector instead. Likewise, if an address
error occurs during the exception processing for a bus error,
address error, or reset, the processor is halted. As shown in
Figure 46, an address error will execute a short bus cycle follow-
ed by exception processing.
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Figure 46 Exception Stack Order {Group 0}
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Figure 46 Address Error Timing

M INTERFACE WITH HD6800 PERIPHERALS
Hitachi’s extensive line of HD6800 peripherals are directly
compatible with the 88000. Some of these devices that are par-

ticularly useful are:
HD6821  Peripheral Interface Adapter
HD6840  Programmable Timer Module
HD6843  Floppy Disk Controller
HD6845S CRT Controller
HD46508 Analog Data Acquisition Unit
HD6850  Asynchronous Communication Interface
Adapter
HD6852  Synchronous Serial Data Adapter

To interface the synchronous HD6800 peripherals with the
asynchronous 68000, the processor modifies its bus cycle to meet
the HD6800 cycle requirements whenever an HD6800 device
address is detected. This is possible since both processors use
memory mapped 1/O. Figure 48 is a flow chart of the interfer-
ence operation between the processor and HD680O devices.

= DATA TRANSFER OPERATION

Three signals on the processor provide the HD6800 interface.
They are enable (E), valid memory address (VMA), and valid
peripheral address (;VT‘X), Enable corresponds to the E or ¢,
signal in existing HD8800 systems. The bus frequency is one
tenth of the incoming 68000 clock frequency. The timing of E
allows 1 MHz peripherals to be used with an 8 MHz 68000.
Enable has a 60/40 duty cycle; that is, it is low for six input
clocks and high for four input clocks. This duty cycle allows the
processor to do successive VPA accesses on successive E pulses.

HD6800 cycle timing is given in Figures 49 and 50. At state
zero (S0) in the cycle, the address bus is in the high-impedance
state. A function code is asserted on the function code output
lines. One-half clock later, in state 1 the address bus is released
from the high-impedance state.

During state 2, the address strobe (AS) is asserted to in-
dicate that there is a valid address on the address bus. If the
bus cycle is a read cycle, the upper and/or lower data strobes
are also asserted in state 2. If the bus cycle is a write cycle,
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Figure 47 Connection of HD6800 Peripherals

the read/write (R/W) signal is switched to low (write) during
state 2. One half clock later, in state 3, the write data is placed
on the data bus, and in state 4 the data strobes are issued to
indicate valid data on the data bus. The processor now inserts
wail states until it recognizes the assertion of VPA.

The VPA input signals the processor that the address on the
bus is the address of an HD8800 device (or an area reserved for
HD6800 devices) and that the bus should conform to the ¢,
transfer characteristics of the HD6800 bus. Valid peripheral
address is derived by decoding the address bus, conditioned by
address strobe. Chip select for the HD6800 peripherals should
be derived by decoding the address bus conditioned by VMA.

After the recognition of VPA, the processor assures that the
Enable (E) is low, by waiting if necessary, and subsequently
asserts VMA. Valid memory address is then used as part of the
chip select equation of the peripheral. This ensures that the
HD#6800 peripherals are selected and deselected at the correct
time. The peripheral now runs in cycle during the high portion
of the E signal. Figures 49 and 50 depict the best and worst case
HD6800 eycle timing. This cycle length is dependent strictly
upon when VPA is asserted in relationship to the E clock,
dependent strictly upon when VPA is asserted in relationship
to the E clock.

If we assume that external circuitry asserts VPA as soon as
pussible after the assertion of AS. then VPA will be recognized
as being asserted on the falling edge of 54. In this case. no
“extra™ wait cycles will be inserted prior 1o the recognition of
VPA asserted and only the wait cycles inserted to synchronize
with the E clock will determine the total length of the cycle.
In any case, the synchronization delay will be some integral
number of clock cycles within the following two extremes:

1. Best Case — VPA is recognized as being asserted on the
falling edge three clock cycles before E rises (or three
clock cycles after E falls).

2. Worst Case - VPA is recognized as being asserted on the
falling edge two clock cycles before E rises(or four clock
cycles after E falls),

During a read cycle, the processor latches the peripheral
data in state 6. For all cycles, the processor negates the address
and data strobes one half clock cycle later in state 7, and the
Enable signal goes low at this time. Another half clock later,
the address bus is put in the high-impedance state. During a
write cycle, the data bus is put in the high-impedance state

PROCESSOR SLAVE
Initiate Cycle

1) The processor starts a8 normal Read or

Write cycle l

Define HDEB0O Cycle
1} External hardware asserts Valid Peripheral
Address (VFA)

Synchronize With Enable
1} The processor monitors Enable (E) until it is
low (Phase 1}
2} The processor asserts Valid Memary Address

Transter Data
1} The peripheral waits until E is active and
then transfers the data

Terminate Cycle
1} The processor waits until E goes low. (On a
Read cycle the data is latched as E goes
low internally}
2) The processor negates VMA
3) The processor negates AS, UDS, and LDS

|

Start Next Cycle

Figure 48 HDB6800 Interface Flow Chart
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and the read/write signal is switched high. The peripheral logic
must remove VPA within one clock after address strobe is
negated.

Figure 51 shows the timing required by HD6800 peripherals,
the timing specified for HD6800, and the corresponding timing
for the 68000. Two example systems with HD680O peripherals
are shown in Figures 52 and 53. The system in Figure 52 reserves
the upper eiglit megabytes of memory for HD6800 peripherals.
The system in Figure 53 is more efficient with memory and
easily expandable, but more complex.

DTACK should not be asserted while VPA is asserted.
Notice that the 68000 VMA is active low, contrasted with the
active high HD6800 VMA. This allows the processor to put its
buses in the high-impedance state on DMA requests without
inadvertently selecting peripherals.

® INTERRUPT OPERATION

During an interrupt acknowledge cycle while the processor is
fetching the vector, if VPA is asserted, the 68000 will assert
VMA and complete a normal HD6800 read cycle as shown in
Figure 54. The processor will then use an internally generated

S0 S2 S4 S6 S8 SO S2 54 Sw Sw Sw Sw Sw Sw Sw Sw Sw Sw S6

CLK
A, ~ A, =———— o >
I N = —
B\ /T \ '
s\ /o /A
T R | L A
e U
DTACK \ f
D. ~Dys NS
Dy ~ D S
FC, ~FC, X S
PL, - PL,
- 1 S T

VPA N -

VMA \ —
Internal pul § PC Low S . A 0 s} INternal
Processing | L i ¥ Processing

* Although a vector number is one byte, both data strobes are asserted due to the mi de used for P ing. The

processor does not recognize anything on data lines Ds through D, at this time.

Figure 54 Autovector Operation Timing Diagram

vector that is a function of the interrupt being serviced. This
process is known as autovectoring. The seven autovectors are
vector numbers 25 through 31 (decimal).

This operates in the same fashion (but is not restricted to)
HD6800 interrupt sequence. The basic difference is that there
are six normal interrupt vectors and one NMI type vector. As
with both the HD6800 and the 68000's normal vectored inter-
rupt, the interrupt service routine can be located anywhere in
the address space. This is due to the fact that while the vector
numbers are fixed, the contents of the vector table entries are
assigned by the user.

Since VMA is asserted autovectoring, the HD6800 peripheral
address decoding should prevent unintended accesses.

= CONDITION CODES COMPUTATION

This provides a discussion of how the condition codes were
developed, the meanings of each bit, how they are computed,
and how they are represented in the instruction set details.

® CONDITION CODE REGISTER
The condition code register portion of the status register con-
tains five bits:

N — Negative
Z - Zero

V — Overflow
C — Carmry

X — Extend

The first four bits are true condition code bits in that they
reflect the condition of the result of a processor operation.
The X-bit is an operand for multiprecision computations. The
carry bit (C) and the multiprecision operand extend bit (X)
are separate in the 68000 to simplify the programming model.
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® CONDITION CODE REGISTER NOTATION

In the instruction set details, the description of the effect on
the condition codes is given in the following form:
ConditionCodes: x n 2z v ¢

Where CT 1T [ 1]

N (negative) set if the most significant bit of the result
is set. Cleared otherwise.

Z (zero) set if the result equals zero. Cleared otherwise.

V (overflow) set if there was an arithmetic overflow. This
implies that the result is not representable
in the operand size. Cleared otherwise.

C (carry) set if a carry is generated out of the most

significant bit of the operands for an addition.
Also set if a borrow is generated in a subtrac-
tion. Cleared otherwise.

X (extend)  transparent to data movement. When affect-
ed, it is set the same as the C-bit.

The notational convention that appears in the representation
of the condition code registers is:

»  set according to the result of the operation
not affected by the operation
cleared

(==

set
undefined after the operation

& CONDITION CODE COMPUTATION

Most operations take a source operand and a destination
operand, compute, and store the result in the destination
location. Unary operations take a destination operand, com-
pute, and store the result in the destination location. Table 22
details how each instruction sets the condition codes.

Table 22 Condition Code Computations

Operations X N Z v c Special Detinition
ABCD * u ? u ? C = Decimal Carry
Z=Z-Bm- .-
ADD, ADD!I, = ? = ? ? W = Sm+ Om - Am + 5m : Om + Am
ADDQ C=5m:Dm+RAm:Om+5Sm:Rm
ADDX ki £ ? ? ? ¥ =5Sm: Dm - Am + 5m « Om * Rm
€ =5m - Dm + Am : Dm + Sm - Am
Z=2:Am-. -R0
AND, ANDI, - . * 0 0
EOR, EORI,
MOVEQ, MOVE,
OR. ORI,
CLR, EXT,
NOT, TAS, TST
CHE ~ » u
SUB, SUB! * * ? ? v =5m-0Om: Am + Sm Dm - Am
BO C =Sm - Om + Am - Om + Sm - Am
suBx 2 k: ¥ ? ? v =5m+ Dm -+ Am + Sm - Om - Rm
C=Sm:Dm+ Rm* Dm+5m: Am
2=Z-RAm- .. - RO
CMP, CMPI, - * % ? ? v =5m- Om: Am+Sm- Om- Am
CMPM C =Sm+Dm+ Am - Om+Sm+ Am
DIVS, DIVU - 4 % ? 0 V = Division Overflow
MULS, MULU - " » 0 ]
SBCD, NBCD . u ? u ? C = Decimal Borr
Z=2-Rm- . - RO
NEG iy . * ? ? V =0m- Rm,C = Om + Rm
NEGX ¥ * ? ? ? V=DOm: Rm, C=Dm+RAm
Z=2-Rm: .-
BTST, BCHG, = w ? - - Z=0On
BSET, BCLR
ASL Z . . ? ? ¥=0m* (Dp.y + ...+ O}
+Dm - (D * o * D)
C=Dmrn
ASL (r=0) - ) * 0 ]
LSL, ROXL 2 * * 0 ? C = Dm.ray
LSR {r=0) - s k a o
ROXL {r =0} - R E 0 ? c=X
ROL - & " 0 ? C = Dmr41
ROL {r=0) = % 2 o a
ASR, LSR, ROXR . * . ] 4 C =Dy
ASR, LSR {r =0} - - * 0 o
RAOXR (r =0} - ' b 0 ? C=Xx
ROR - * a 0 ? C =Dy
ROR (r=0} -~ i 5 0 0
= Not atfected * Ganersl Cosa: Sm - Source operand most vignificant bit
U Undefined X=C Dm = Dwsti operand most sgnifi bit
7 Other— me Special Definition N = Am Rm — Aesult bit most significant bit
Z=Am:. . -AD n - bit Aumber
¢ — Ehift smount
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® CONDITIONAL TESTS

Table 23 lists the condition names, encodings, and tests
for the conditional branch and set instructions. The test associ-
ated with each condition is a logical formula based on the
current state of the condition codes. If this formula evaluates to

1, the condition succeeds, or is true. If the formula evaluates to
0, the condition is unsuccessful, or false. For example, the T
condition always succeeds, while the EQ condition succeeds
only if the Z bit is currently set in the condition codes.

Table 23 Conditional Tests

Mnemonic Condition Encoding Test

T true 0000 1
F false 0001 0
HI high 0010 c-Z
LS low or same 0o C+2Z
cC carry clear 0100 [
cs carry set o101 C
NE not equal 0110 b4
EQ equal [VIRE] z
Ve overflow clear 1000 v
Vs averflow set 1001 \'J

) PL plus 1010 N
Mi minus 1011 N

T greater or equal 1100 N-V+N-V
LT less than 1101 N-V+N-vV
GT greater than 1110 N-V-Z+N-V-Z
LE less or equal 1111 Z+N-V+N-V

= INSTRUCTION SET
The following paragraphs provide information about the
addressing categories and instruction set of the 68000.

® ADDRESSING CATEGORIES

Effective address modes may be categorized by the ways
in which they may used. The following classifications will
be used in the instruction definitions.
Data If an effective address mode may be used to refer
to data operands, it is considered a data address-
ing effective address mode.
If an effective address mode may be used to refer
to memory operands, it is considered a memory
addressing effective address mode.
If an effective address mode may be used to refer
to alterable (writeable) operands, it is considered
an alterable addressing effective address mode.
If an effective address mode may be used to refer
to memory operands without an associated size, it
is considered a control addressing effective address
mode.
Table 24 shows the various categories to which each of the
effective address modes belong. Table 25 is the instruction set
summary.

The status register addressing mode is not permitted unless
it is explicitly mentioned as a legal addressing mode.

These categories may be combined so that additional, more
restrictive, classifications may be defined. For example, the
instruction descriptions use such classifications as alterable

Memory

Alterable

Control

memory or data alterable. The former refers to those address-
ing modes which are both alterable and memory addresses, and
the latter refers to addressing modes which are both data and
alterable.

® INSTRUCTION PRE-FETCH

The 68000 uses a 2-word tightly-coupled instruction prefetch
mechanism to enhance performance. This mechanism is described
in terms of the microcode operations involved. If the execution
of an instruction is defined to begin when the microroutine for
that instruction is entered, some features of the prefetch
mechanism can be described.

1) When execution of an instruction begins, the operation
word and the word following have already been fetched.
The operation word is in the instruction decoder.

2) In the case of multi-word instructions, as each addi-
tional word of the instruction is used internally, a fetch
is made to the instruction stream to replace it.

3) The last fetch from the instruction stream is made when
the operation word is discarded and decoding is started
on the next instruction.

4) If the instruction is a single-word instruction causing a
branch, the second word is not used. But because this
word is fetched by the preceding instruction, it is im-
possible to avoid this superfluous fetch. In the case of
an interrupt or trace exception, both words are not used.

5) The program counter usually points to the last word
fetched from the instruction stream.
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Table 24 Effective Addressing Mode Categories

Effective Addressing Categories
Address Mode Register Data g i
Modes Memory Control Alterable
Dn 000 register number * - = ¥
An 001 register number - . — b4
An@ 010 register number X | X ) x
An@ + o1 register number X X - X
An@ - 100 register number x X - X
An@(d) 10 register number X X | X X
An@(d, ix} 110 register number X X ! X X
xxx. W m 000 X * | X X
xxux. L 1M 001 X X i X | X
PC@®{d) 11 010 X X : X | =
PC@(d, ix} m o X X X : -
#xxx 11 100 X X - |
The following example illustrates many of the features of
instruction prefetch. The contents of memory are assumed to
be as illustrated in Figure 55.
ORG 0 DEFINE RESTART VECTOR
pec.L INISSP INITIAL SYSTEM STACK POINTER
oec.L RESTART RESTART SYSTEM ENTRY POINT
ORG INTVECTOR DEFINE AN INTERRUPT VECTOR
Dc.L INTHANOLER HANDLER ADDRESS FOR THIS VECTOR
ORG SYSTEM RESTART CODE
RESTART:
NOP NO OPERATION EXAMPLE
BRA.S  LABEL SHORT BRANCH
ADDW DO, D1 ADD REGISTER TO REGISTER
LABEL:
SUBW  DISPIAO), Al SUBTRACT REGISTER INDIRECT WITH OFFSET
CMP.W  D2,D3 COMPARE REGISTER TO REGISTER
SGEB D7 Sec TO REGISTER
iNTHANDLER:
MOVE.W LONGADR1, LONGADR2 MOVE WORD FROM AND TO LONG ADDRESS
NOP NO OPERATION
SWAP.W REGISTER SWAP

Figure 55 Instruction Prefetch Example, Memory Contents

The sequence we shall illustrate consists of the power-up The order of operations described within each microrouting is
reset, the execution of NOP, BRA, SUB, the taking of an not exact, but is intended for illustrative purpose only.
interrupt, and the execution of the MOVE.W xxx.L to yyy.L.
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Microroutine O L Operand

Ruset Resd o S5P High
Resd 2 SSP Low
Resd 4 PC High
Read 6 PC Low
Read (PC) NOP
Read +(PC) BRA
<begin NOP>

NOP Read +{PC) ADD
< bagin BRA>

BRA PC=PC+d
Resd (PC) sus
FAead +(PC} Disp
<begin SUB>

suB Read +{PC) CMP
Read DISP{AQ) <pe>
Read +{PC) SGE
< begin CMP> <take INT >

INTERRUPT  Write -{55P) PC Low
Read <INT ACK>  Vector #
Write -{85P) SR
Write -{S5P) PC High
Aead (VR} PC High
Read +(VR) PC Low
Resd {PC) MOVE
Read +{PC) xxx High
<begin MOVE >

MOVE Read +(PC) nxx Low
Read +PC) ¥vy High
Resd nXX <gre>
Read +{PC} ¥yy Low
Write Yyy <dest>
Read +{PC} NOP
Read +(PC} Swap
<begin NOP>

Figure 56 Instruction Prefetch Example

® DATA PREFETCH

Normally the 68000 prefetches only instructions and not
data. However, when the MOVEM instruction is used to move
data from memory to registers, the data stream is prefetched in

order to optimize performance. As a result, the processor reads
one extra word beyond the higher end of the source area. For
example, the instruction sequence in Figure 57 will operate as
shown in Figure 58.

MOVE TWO
it LONGWORDS
MOVEM.L A DO/DY INTO REGISTERS
A DC.w 1 WORD 1
B DC.wW 2 WORD 2
c DC.w 3 WORD 3
] DC.w 4 WORD 4
E pC.w 5 WORD 5
F: pc.w 6 WORD 6

Figure 57 MOVEM Example, Memory Contents

A, e Effective Add Evalustion is Alresdy Done
Microroutine  Operation  Location Other Operations
MOVEM Read A
Prepars to Fill DO
Resd 8 A =+ DOH
Resd c 8-=DOL
Prepare to Fill D1
Read D C-+DIH
Read E D-+DIL
Duetect Register List Complets

Figure 58 MOVEM Example, Operation Seguence
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B INSTRUCTION FORMAT SUMMARY instructions according to the op-code map.

This provides a summary of the first word in each instruction where, Size; Byte =00 Sz; Word=0
of the instruction set. Table 26 is an operation code (op-code) Word =01 Long Word = 1
map which illustrates how bits 15 through 12 are used to Long Word = 10

specify the operations. The remaining paragraph groups the

Table 26 Operation Code Map

15 s 12 Operation
0000 Bit Manipulation/MOVEP/Immediate
0001 Move Byte
0010 Move Long
o011 Move Word
0100 Miscellaneous
0101 ADDQ/SUBQ/Scc/DBcc
o1 MOVEQ
1000 OR/DIV/SBCD
1001 SUB/SUBX
Mo {Unassigned)

o1 CMP/EOR

1100 AND/MUL/ABCD/EXG
1101 ADD/ADDX

1 10_ Shift/Rotate

11 {Unassigned)

(1) BIT MANIPULATION, MOVE PERIPHERAL, IMMEDIATE INSTRUCTIONS
Dynamic Bit

B 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
loJo o o]  regser [1 ] type | Effective Address

Static Bit
B 14 13 12 1 1w 8 B 7 6 5 4 3 2 1 o
|u[o|o]o]1|oio|o|rm[ Effective Address

Bit Type Codes: TST = 00, CHG =01, CLR = 10, SET = 11

MOVEP
B 14 13 12 1 1 9 8 7 6 5 4 3 2 1 o
Lo [o oo regster | Op-mode [0 Jo 1 ] aegser ]
Op-Modt:WordtaHag-100,Longtoﬂoq-101.wmtomm~110,LonntoMom-l'll
OR Immediate
15 14 13 12 n 10 9 8 7 13 5 4 3 2 1 1]
loJoJoJoJoJo o o] s Effective Address ]
AND Immediate
15 14 13 12 1 10 9 8 7 s 5 4 3 2 1 o
|_o]0[ofo]u]o|1]u]s&u| Effective Address
G HITACHI
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$UB immediate
% 14 13 2 1 10 9 8 7 & 5 4 3 2 1 ©
[0 [oJo oo [t oo s | Effactive Address
ADD immediate
15 14 13 12 11 10 9 8 7 ] 8 4 3 2 1 0
[oJoJo oot ]r]o]| su Effective Address |
EOR Immaediate

15 14 13 12 N 10 9

[efoToJofr o]

CMP Immaediste

7 L] 5 4 3 2 1 0

|

1 14 13 12 1 10 9
[ofoJoJoTe 1]

g-“
H
g
E
|

{2) MOVE BYTE INSTRUCTION

MOVE Byte
15 14 13 2 1" 10 ] 8 7 6 5 4 3 2 1 ]
Destination Source
Register | Mode Mode | Register

{3) MOVE LONG INSTRUCTION
MOVE Long

15 14 13 12 1 10 9 8 7 ] 5 4 3 2 1 0

Dastination Source
[ololilol Register | Mode Mode | Ragister

(4} MOVE WORD INSTRUCTION

MOVE Word

% 14 13 12 1 1 9 & 7 6 & 4 3 2 1 0O
Destination Source
Register | Maode Mode | PRegister

o 1] 1 1

{5} MISCELLANEOUS INSTRUCTIONS

NEGX
% 14 13 2 M w0 9 8 71 6 8 4 3 2 1 0O
[o]t [oJo o [ofoJo]| sm Effective Addrew |
MOVE from SR
% 14 13 12 1 11 9 8 7 6 & 4 3 2 1 0
[o]v JoJoJoJoJoJo 1] Effactive Address ]
CLR
% 1 13 12 1 w0 9 8 7 6 & 4 3 2 1 0
[0t [oJoJoJo [t o] sm | Etfective Address
GHITACHI
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NEG
% 14 13 12 1 1w 8 8 7 & & 4 3 2 1 o
o 1 Jofofo]1Jo o] sie Effective Address
MOVE to CCR
% 14 13 12 1 10 8 8 7 6 5 4 3 2 1 0
o[ JoJoJo s Jolo]rT1] Effective Address ]
NOT
5 14 13 12 1 9 8 7 & 5 4 3 2 1 0
o [1JoJo o] [ 0 | sie Effective Address ]
MOVE to SR
5 14 13 12 11 w0 8 8 7 6 5 4 3 2 1 0
| 0 _!_1 h] _o_]_'u To_l 1 ] 1_j_o T 1 [1 | Effective Address ]
NBCD
14 13 12 11 10 9 8 7 6 5 4 3 2 1 o
ERENERERERER. o JoJo o] Effective Address
PEA
15 a4 13 2 1 10 9 & 7 €& 5 & 3 2 1 71
Lol fofo]rJoJofo]o ] Effective Address ]
SWAP

15 4 13 12 11 10 a9 B 7 6 5 4 3 2 1 0
Co [+ lofe[+Ta o ool oo o] mmm ]

MOVEM Registers to EA

15 14 13 12 " s 4 3 2 1 o]

[o T2 TeTo v JeJoTo s Is] Effectve Address ]

EXTW
% 14 13 12 11 10 s 8 7 € 65 4 3 2 1 0
[0 [t JoJoJi1foJoJo 1o oo ] o] negae |
EXTL
5 14 13 12 1 10 89 8 7 6 5 4 3 2 1 9
(o1 JoJolrToJoJo [+ 1 oo o] regmer
TST
15 14 13 12 11 w0 9 &8 7 6 5 4 3 2 1 o0
toJrJoJo[rJo 1 To] sus | Effective Address ]
TAS
“ 14 13 12 11 10 9 8 7 6 5 4 3 2 1 9
ot JoJolrJTolv o v 1] Effective Address |
@ HITACHI
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MOVEM EA to Registers

% 14 13 12 1 w 9 8 71 6 & 4 3 2 V+ O
[0 [+ JoJo [+ ]+ [ofofnr [s] Effective Address ]
TRAP
1 14 13 12 n 10 9 8 7 & 5 4 3 2 1 O
GhLTe o [ [ lolo T ToTol vew ]
LINK
% 14 13 12 1 w0 9 B 7 6 5 4 3 2 1 0
[ofvJolol s [+ JrJofo v Jofv]o] negur |
UNLK

15 14 13 0 9 8 7 8 5 4 3 2 1 0

12 1N
el JoJo o Tv[vJoJo[vTolvt 1] neue |

MOVE to USP

B 14 13 12 1 w0 9 8
el JoToan]

{
|

MOVE from USP
% 14 13 12 1 w @& 8 7 6 &5 4 3 2 1 0

EEEREE R ENER

B
.
|
g
i
. i

RESET

I/ 4 13 12 1 1w 8 8 1 6 5 4 3 2 1t 0O

[+ JoJoJ s [+ [+ JoJof+]rJrJoJefo]o]
NOP

% 4 13 12 N 1 8 8 1 6 & 4 3 2 1 0

[l JoJo [+ 1 [vJoJo v [v[vJeJoJol]
sTOP

® 4 13 12 1 1w 9 8 7 6 5 4 3 2 1 0

G le e s Tefelr [+ [+ [olo]1]o]
RTE

% 14 13 12 1 w0 9 8 7 6 & 4 3 2 1 0

o Jele o [r v Telol+ [+ ]+ Jo o1 ]v]
RTS

% W 13 12 1 1 9 8 7 6 6 4 3 2 1 0

[o]1r]o o J1 ] 1 JrJoJo s [ [+JoJrJofr|
TRAPY

I 14 13 ¥ u 1w 8 8 7 6 & 4 3 2 1 0O

(] JoJolr ]+ [iJofo [+ [+JrvJefrTr]o]

G HITACHI
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RTR

1 14 13 12 11 1w 9 8 1 & & 4 3 2 1 0

[ofrJofJoJnrrToJo oo o s ][]
JSR

% 14 13 12 11 w0 9 8 7 6 S5 4 3 2 1 0

lo ]t JoJo v JaJaJe[r o] Effective Address ]
JMP

5 14 13 12 11 1 9 8 7 6 5 4 3 2 1 0

o |1 JoJo e [T o1 T] Effective Address ]
CHK

5 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 @

| [1] [ 1 I 4] ] (1] [ Register [ 1 I 1 —l ] Effective Address —|
LEA

15 14 13 12 1 10 9 & 5 4 3 2 1 0

8 7
[o [ v JoJo |  megser [ ][] Effective Address

{6) ADD QUICK, SUBTRACT QUICK, SET CONDITIONALLY, DECREMENT INSTRUCTIONS

ADDQ
15 14 13 12 » 1w 8 8 7 6 &5 4 3 2 1 0
| o ’ 1 | 0 1 [ Data [ o | Size [ Effective Address ‘
SUBQ
15 14 13 12 11 10 8 8 7 6 S 4 3 2 1 0
[0 [ v ]o 1] Data T ] sie Eftective Address ]
Scc
5 14 13 12 11 w0 8 8 7 6 s 4 3 2 1 0
ENERERER Condition EREN Effective Address
1 14 13 12 11 1w 9 8 7 6 S 4 3 2 1 o0
(o Jrv o] Congition [+ [ 1 ToJo 1 [ regse |

{7) BRANCH CONDITIONALLY, BRANCH TO SUBROUTINE INSTRUCTION

Bec

15 14 3 12 " 10 ] 8 7 6 5 4 3 2 1 1}

1
o [ 1] ]o] Condition | 8 bit Displacement

BSR
5 14 13 12 11 0 9 8 7 6 & 4 3 2 1 0

o] JvJoTJoJo]o ] 8 bit Displacement 1

{8) MOVE QUICK INSTRUCTION

MOVEQ
1110 6 5 4 3 2 1 0

15 14 13 12 9 8 7
{O-Ii|111| Register Io| Data

@ HITACHI
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{8) OR, DIVIDE, SUBTRACT DECIMAL INSTRUCTIONS

OR 16 14 13 12 1 1w 9 8 7 6 5 4 3 2 1 0O
[ ToJoJo | negenr Op-Mode Effective Addren
8w L
000 001 010 Dn v EA—Dn
100 101 110  EA v Dn —+EA
DiIVU
% 14 13 12 1 10 9 8 1 6 5 4 3 2 1 0
[ To o o] repme [0 ]t ]1 | Eftective Address |
DIvVS
% 14 13 12 11 1 9 8 1 6 & 4 3 2 1 0
[ To o o] wegsw [t ] ]1] Effactive Address B
SBCD
% 4 13 12 1M 1 9 8 7 6 5 4 3 2 1 0
110 o fo MH_ ination | 4 | g | 0 | 0 | 0 |RM| SourceRegister

R/M (register/memory): register — register = 0, memory — memory = 1

{10) SUBTRACT, SUBTRACT EXTENDED INSTRUCTIONS
sus

1% 4 13 12 1 0 9 8 7 6 5 4 3 2 1 0
[7Jo o [1 ] ey | opMose | Effective Address |
B w L
000 001 010 ©Dn—EA-+Dn
100 101 110 EA-Dn—+EA
- oM m An—EA =+ An

susx 1 14 13 12 1 w0 9 8 7 6 5 4 3 2 1 0
1o o | ot 1 sizs | 0 | 0 {RmM| Source Register

R/M (register/memory): register — register = 0, memory — memory = 1

{11) COMPARE, EXCLUSIVE OR INSTRUCTIONS

CMmP
W% 14 13 12 1 t ® 8 7 6 5 4 3 2 1 0O
["To [V [ [ Reger | " opmose | Effective Address |
Op-Mode
B W L
000 001 010 Dn-EA
— 01 111 An-EA
CMPM 45 44 13 12 1 1w ® 8 ? & 5 4 3 2 t ©
o[+ e 7] sm ToJo 1] roww ]
EOR
5 14 13 12 1 1 % 8 7 6 & 4 3 2 1 0
[T Jo [ [+ ] Regowr [t ] sim | Effective Address B

{12} AND, MULTIPLY, ADD DECIMAL, EXCHANGE INSTRUCTIONS

AND % 14 13 12 M 1w 8 8 7 & & 4 3 2 1 0
[ ] [0 o rewew | oOpMose | Eftective Address ]

B W L
000 00Y 010 Dn AEA-+Dn
100 101 110 EA ADn—+EA

@ HITACHI
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MULU
% 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[v [ 1 Jo o] megswer [o 1 ]3] Effective Address |
MULS
5 14 13 12 1 w e 8 7 6 S5 4 3 2 1 0
’ 1 | 1 [ o l o] ] Register ] 1 [ 1 I 1 [ Etfective Address |
ABCD
% 14 13 12 1 1w 9 8 7 6 5 4 3 2 1 0
11110 |0 D:;;’::“:" v o | o |0 | 0 |RM| SourceRegister
R/M (register/memory): register — register = 0, memory — memory = 1
EXGD
5 14 13 12 M 10 8 8 7 6 65 4 3 2 1 0
(1 [ 1 JoJo] osamegsere [+ [0 [ 1 [0 [0 ]o ] Dosregiser |
EXGA
15 14 13 12 11 1w 8 8 7 6 S 4 3 2 1 0
[+ ]r]e]o [n_.ffsrmn.gimr[ t Jo [ 1 Jo o] 1 [AaddesRegser |
EXGM

15 14 13 12 1 1 9 8 7 6 5 4 3 2 1t 0
[t [ 1 o] o[ petamegser | 1 ] [0 To [ o] 1 [ AddressRegister

{13} ADD, ADD EXTENDED INSTRUCTIONS

ADD
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 V]
[ 1 ’ 1 ! 0 [ 1 F Register Op-Mode Effective Address
Op-Mode
B W L
000 001 010 On + EA -+ Dn
100 107 110 EA + Dn +EA
- o1 o An + EA -+ An
ADDX
15 14 13 12 11 10 9 B 7 ] 5 4 3 2 1 0
Destination
3 ? =
1 1 ] 1 Recisier Size 0 0 |R/M | Source Register

R/M (register/memory}: register — register = 0, memory — memory = 1

(14) SHIFT/ROTATE INSTRUCTIONS
Data Register Shifts

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| 1 I 1 l 1 l 1] | Count/Register | d | Size ]ih | Type 1 Register

Memory Shifts

7 6 & 4 3 2 1 o0
[+ 1] Etfective Address

% 14 13 12 11 1 9 8
v v fr [o o] twe [d

Shift Type Codes: AS =00, LS=01, ROX=10,RO=11
d (direction): Right = 0, Left = 1
ifr {count source): Immediate Count = 0, Register Count = 1

G HITACHI
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a |NSTRUCTION EXECUTION TIMES

The following paragraphs contain listings of the instruction
execution times in terms of extemal clock (CLK) periods.
In this timing data, it is assumed that both memory read and
write cycle times are four clock periods. Any wait states caused
by a longer memory cycle must be added to the total instruc-
tion time. The number of bus read and write cycles for each
instruction is also included with the timing data. This data is
enclosed in parenthesis following the execution periods and
is shown as: (r/w) where 1 is the number of read cycles and
w is the number of write cycles.

(NOTE) The of periods includ

b p fetch and all ap-
plicable operand fetches and stores.

e EFFECTIVE ADDRESS OPERAND CALCULATION
TIMING
Table 27 lists the number of clock periods required to com-
pute an instruction’s effective address. It includes fetching
of any extension words, the address computation, and fetch-
ing of the memory operand. The number of bus read and

write cycles is shown in parenthesis as (r/w). Note there are
no write cycles involved in processing the effective address.

® MOVE INSTRUCTION CLOCK PERIODS

Table 28 and 29 indicate the number of clock periods for
the move instruction. This data includes instruction fetch,
operand reads, and operand writes. The number of bus read
and write cycles is shown in parenthesis as: (r/w).

¢ STANDARD INSTRUCTION CLOCK PERIODS
The number of clock periods shown in Table 30 indicates

the time required to perform the operations, store the results,
and read the next instruction. The number of bus read and
write cycles is shown in parenthesis as: (r/w). The number
of clock periods and the number of read and write cycles must
be added respectively to those of the effective address calcula-
tion where indicated.

In Table 30 the headings have the following meanings: An =
address register operand, Dn = data register operand, ea = an
operand specified by an effective address. and M = memory
effective address operand.

® IMMEDIATE INSTRUCTION CLOCK PERIODS

The number of clock periods shown in Table 31 includes
the time to fetch immediate operands, perform the operations,
store the results, and read the next operation. The number of
bus read and write cycles is shown in parenthesis as: (r/w).
The number of ¢lock periods and the number of read and write
cycles must be added respectively to those of the effective
address calculation where indicated.

In Table 31, the headings have the following meanings:
# = immediate. operand, Dn = data register operand, An = ad-
dress register operand, M = memory operand, CCR = condition
code register, and SR = status register.

e SINGLE OPERAND INSTRUCTION CLOCK PERIODS

Table 32 indicates the number of clock periods for the
single operand instructions. The number of bus read and write
cycles is shown in parenthesis as: (r/w). The number of clock
periods and the number of read and write cycles must be added
respectively to those of the effective address calculation where
indicated.

Table 27 Effective Address Calculation Timing

Addressing Mode Byte, Word Long

Register
Dn Data Register Direct 0(0/0) 0(0/0)
An Address Register Direct 0{0/0) 0(0/0)

Memory
An@ Address Register Indirect 4(1/0} 8(2/0)
An@ + Address Register Indirect with Postincrement 4(1/0} 8(2/0)
An@ - Address Register Indirect with Pred " 6(1/0) 10(2/0)
An@{d) Address Register Indirect with Dispiacement 8{2/0) 12(3/0)
An@(d, ix)" Address Register Indirect with Index 10(2/0) 14{3/0)
AXX. Absolute Short 8(2/0) 12(3/0)
xxx. L Absolute Long 12(3/0) 16(4/0)
PC@{d) Program Counter with Displacement 8(2/0) 12{3/0}
PC®(d, ix)* Program Counter with Index 10(2/0} 14(3/0)
#xxx Immediate 4{1/0) 8(2/0)

* The size of the index register (ix} does not affect execution time.

Hitachi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 e (415) 589-8300
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Table 28 Move Byte and Word Instruction Clock Periods

Sou Destination

s Dn An An@ An@+ | An@- | An@ld) |An@(d,ix)"| xorW | xxx.L
Dn a1/0) | a0/0) | BO/T) | B/ | BOAY | 120211 | 142y | 12¢21) | 18131
An aio) | avo) | s | ospi | UM | 122y | ey | a2 |o1e@ng
An@ 8(2/0) | 82/00 | 1221 | 122/ | 22 | 16371 | 18G31) | 163/ | 20(4/1)
An@+ 8(2/0) | B(2/0) | 12(2/1) | 12(2/1) | 1212/ | 18{3/) | 18310 | 16(3/1) | 20(4/1)
An@ - 102/0) | 10(2/0) | 14(2/1) | 14/ | 142/ | 1834 | 200/ | 1831 | 22(40)
An@{d) 12(3/0) | 12{3/0) | 16(3/1) | 16(3/1) | 16{3/1) | 20(4/1) | 22a/1) | 20(4/1) | 24(5/1)
An@{d,ix)" | 14(3/0) | 14(3/0) | 18(3/1) | 18(3/1) | 18(3/1) | 2214/1) | 24(4/1) | 224/1) | 26(6/1)
xxx, W 1203/0) | 12(3/0) | 16(31) | 16(3/1) | 16(3/0) | 2004/1) | 22(ar) | 20(4/1) | 24(5/1)
xxx, L 16(4/0) | 16(4/0) | 20(4/1) | 201471} | 204/1) | 24(5/1) | 26(5/1) | 2a(81) | 28(6/1)
PC@(d) 12(2/0) | 12(3/0) | 16(3/1) | 16(3/1] | 16(3/1) | 20(4/1) | 22(4/1) | 20(4/1) | 24(5/1)
PCRId,ix)® | 14(3/0) | 14(3/0) | 18(3/1) | 1830 | 18371 | 2214/1) | 2aia/1) | 22411} | 26(8/1)
Hxoxx 8i2/0t | s | 12m | 12 | 2em | ey | s | te@n | 200400

* The size of the index register (ix} does not affect execution time

Table 29 Move Long Instruction Clock Periods

Source Destination

Dn An An@ An@ + An@ - An@id) |An@(d,ix)" | xxx.W xxx. L
Dn 4(1/0) 4(1/0) 12(1/2) 12{1/2) 12{(1/2) 16(2/2) 18{2/2) 16(2/2) 20(3/2)
An 4(1/0) 4{1/0) 12(1/2) 12(1/2} 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20{3/2)
An@ 12(3/0) 12(3/0) 2003/2) 2003/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2)
An@ + 12(3/0) 12(3/0} 20(3/2) 20(3/2) 20(3/2) 24(4/2) 261(4/2) 24(4/2) 28(5/2)
An@ - 14(3/0) 14{3/0} 22{3/2) 22(3/2} 22(3/2) 26{4/2) 281472} 261(4/2) 30(5/2)
An@{d) 16(4/0} 16(4/0) 24(4/2) 24{4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2)
An@(d, ix}* 18(4/0) 18(4/0) 26{4/2) 26(4/2) 26(4/2) 30(5/2) 32{5/2) 30(5/2) 34(6/2)
xxx. W 16(4/0) 16(4/0) 24{4/2) 24(4/2) 24{4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2)
xxx. L 20{5/0) 20{5/0) 28(5/2) 2815/2) 28{5/2) 32(6/2) 34(6/2) 32(6/2) 36(7/2)
PC@id) 16{4/0) 16(4/0) 24{4/2) 24{4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2)
PC@(d, ix)" 18(4/0) 18{4/0} 26{4/2) 26(4/2) 26(4/2) 30(5/2) 32{5/2) 30(5/2) 34(6/2)
Exxx 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24{4/2) 26(4/2) 24(4/2) 28(5/2)

* The size of the index register [ix) does not affect execution time.

Table 30 Standard Instruction Clock Periods

Instruction Size i op<ea> An op <ea>, Dn opDn, <M>
Apb Byte, Word B{1/0) + 4(1/0) + B(1/1) +
Long 6{1/0) + ** 6(1/0)+ ** 12(1/2) +
Byte, Word ! - 4{1/0) + 8(1/1) +
AND Lory ! = 61/0)+ * 120721+
b Byte,Word |  6(1/0) + 401/0) + -
Long 6{1/0) + 6(1/0) + -
DIVS - - 158(1/0) + * o
DIVU - - 140{1/0) + * -
- Byte, Word - 4(1/01 *** 8{1/1) +
Long - 8(1/0) *** 12(1/2) +
MULS - - 70(1/0) + * -
MULU - - 70{1/0) + * -
OR Byte, Word - 4{1/0) + 8{1/1) +
Long - 6(1/0) + "~ 12(1/2) +
suB Byte, Word B{1/0) + 4(1/0) + Bi1/1}+
Long 6{1/0) + ** 6{1/0) + ** 12(1/2) +
+ add effective address calculation time ** total of 8 clock periods for instruction if the effective sddress is regiter direct
* indicates maximum value *** only available effective address mode is data register direct
DIVS, DIVU — The divide algorithm used by the 68000 provides less than 10% ditference between the best and worst

case timings.
MULS, MULU - The multiply algorithm requires 38+2n clocks when n is defined as

MULU; n = the number of ones in the < ea >
MULS:n = concatanate the < ea > with a zero as the LSB: n is the resultant number of 10 or 01
patterns in the 17-bit source; i.e. worst case happens when the source is $5555.
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Table 31 Immediation Instruction Clock Periods
Instruction Size op #, Dn op #, An op # M op #, CCR/SR
ADDI Byte, Word 8(2/0} - 12(2/1) + -
Long 16(3/0) - 20(3/2) + -
ADDQ Byte, Word 4(1/0) B(1/0)* B(1/1) + =
Long 8(1/0) 8(1/0) 1201/2) + -
ANDI Byte, Word B(2/0} - 12(2/1) + 20{3/0)
Long 16{3/0) = 20(3/1) + =
P Byte, Word 8(2/0) 8(2/0) 8(2/0) + =
Long 14(3/0) 14(3/0) 12(3/0) + -
EORI Byte, Word 8(2/0) - 12(2/1) + 20(3/0)
Long 16(3/0) - 201(3/2) + =
MOVEQ Long 4(1/0) - - =
ORI Byte, Word B8{2/0) - 12{2/1) + 20(3/0)
Long 16(3/0) - 20(3/2) + =
— Byte, Word 8(2/0) - 122/1) + -
Long 16(3/0) - 20(3/2) + -
B 1 * =
G yte, Word 4{1/0) 8(1/0) 8(1/1) + :
Long 8(1/0) 8(1/0) 121/2) + =
+ add effective address calculation time
* word only
Table 32 Single Operand Instruction Clock Periods
Instruction Size Register Memory
CLR Byte, Word 4(1/0) B{1/1) +
Lang 6(1/0) 12{1/2) +
NBCD Byte 6(1/0) B(1/1) +
NEG Byte, Word 4(1/0) B(1/1}+
Long 6(1/0) 12(1/2) +
1
NEGX Byte, Word 4(1/0) B{1/1) +
Long 6(1/0) 12{1/2) +
wor Byte, Word a0 s
Long 6(1/0) 12(1/2) +
Sce Byte, False 4(1/0) 8(1/1) +
Byte, True 6{1/0) 8(1/1) +
TAS Byte 4(1/0) 10(1/1) +
ST Byte, Word 4(1/0) 4(1/0) +
Long 4(1/0) 4(1/0) +

+ add effective address calculation time

® SHIFT/ROTATE INSTRUCTION CLOCK PERIODS

Table 33 indicates the number of clock periods for the shift
and rotate instructions. The number of bus read and write
cycles is shown in parenthesis as: (r/w). The number of clock
periods and the number of read and write cycles must be added
respectively to those of the effective address calculation where
indicated.

® BIT MANIPULATION INSTRUCTION CLOCK PERIODS

Table 34 indicates the number of clock periods required for
the bit manipulation instructions. The number of bus read and
write cycles is shown in parenthesis as: (r/w). The number of
clock periods and the number of read and write cycles must be
added respectively to those of the effective address calculation
where indicated.

@ HITACHI
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& CONDITIONAL INSTRUCTION CLOCK PERIODS

Table 35 indicates the number of clock periods required for
the conditional instructions. The number of bus read and write
cycles is indicated in parenthesis as: (r/w). The number of clock
periods and the number of read and write cycles must be added
respectively to those of the effective address calculation where

® JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK
PERIODS
Table 36 indicates the number of clock periods required for
the jump, jump to subroutine, load effective address, push effec-
tive address, and move multiple registers instructions. The num-
ber of bus read and write cycles is shown in parenthesis as: (r/w).

indicated.
Table 33 Shift/Rotate Instruction Ciock Periods
Instruction Size Register Memory
Byte, Word 6+ 2n(1/0) B{(1/1) +
AR A8, Long 8+ 2001/0) -
Byte, Word 6 + 2n(1/0} 8(1/1) +
R, LS
LSR, LSL Long 8+ 2n(1/0) =
Byte, Word 6+ 2n{1/0) 8{1/1) +
ROR, ROL Long 8+ 2n(1/0) -
Byte, Word 6 + 2n{1/0} 8(1/1) +
R i
b Long 8+ 2n(1/0) =
Table 34 Bit Manipulation Instruction Clock Periods
Instruction Size Dy Pty
Register Memory Register Memory
Byte - 8(1/1) + - 12(2/1) +
BCHG
Long 8(1/0)° - 12(2/0)* -
Byte - B{1/1) + e 12{2/1) +
BCLR Long 10(1/0)* - 14{2/0)° -
Byte - B(1/1} + - 12(2/1) +
T
__BSE Long 8(1/0)* - 12(2/0)* =
Byte - 4(1/0) + - 8(2/0) +
BTST
Long 6(1/0) - 10(2/0) -
+ add effective address calculation time
* indicates maximum valus
Table 35 Conditional Instruction Clock Periods
Instruction Displacement ‘I'ino:kE:‘andi Tr'a'po:l !Tmh
B Byte 10(2/0} 8(1/0)
e Word 10(2/0) 12(2/0)
Byte 10{2/0} -
A Word 10{2/0} -
Byte 18{2/2) -
BSR
S Word 18(2/2) =
08 CCtrus - 12(2/0)
o CCfaise 10(2/0) 14(3/0)
CHK - 40(5/3) + * 10{1/0) +
TRAP - 34(4/3) -
TRAPY - 34(5/3) 4(1/0)
+ add effective sdd time
* indicates maximum value
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Table 36 JMP, JSR, LEA, PEA, MOMEM Instruction Clock Periods

Instr Size An@ An@ + An@ - | AnB(d) | An@(d,ix}"| xxx.W xxx. L PC@®(d) | PC@(d,ix)"*
JMP - 8(2/0) - - 10(2/0) 14(3/0) 10(2/0) 12(3/0) | 10(2/0) 14(3/0}
JSR - 16(2/2) - - 18(2/2) 22(2/2) 18{(2/2) | 20(3/2) 18(2/2) 22(212)
LEA - 4{1/0) - - 8(2/0} 12(2/0) 8(2/0) 12{3/0) 8(2/0) 12(2/0}
PEA - 12(1/2) - - 16{2/2) 20(2/2) 16(2/2) | 20(3/2) 16(2/2) 20(2/2)
MOVEM |word | (Zidn] ZMET | | el | @ow) | (3eni0) | smior | 4sn/0)
M-R Long 12+8n 12+8n - 16+8n 18+8Bn 16+8n |  20+8n 1 16+Bn 18+48n

{3+2n/0) | {3+2n/0) - (4+2n/0) | (4+2n/0) | {4+2n/0) | (5+2n/0) A (4+2n/0} (4+2n/0)
B+4n - B+dn 12+4n 14+4n 12+4n 16+4n | - -

MOVEM | Word

@m| - (2/n) (3/n) (3/n) (3/n) @m | - -
8+8n | - 8+Bn | 12+8n| 14+8n | 12+8n | 16+8n | - 2
R>M Lo | (op9n) | - @2m | (32n)|  (320) | (320) | (4f20) | - =

n is the numbar of registers to move

* is the size of the index register (ix) does not affect the instruction’s execution time

® MULTIPRECISION INSTRUCTION CLOCK PERIODS
Table 37 indicates the number of clock periods for the multi-

precision instructions. The number of clock periods includes

the time to fetch both operands, perform the operations, store

the results, and read the next instructions. The number of read
and write cycles is shown in parenthesis as: (r/w).

In Table 37, the headings have the following meanings: Dn =
data register operand and M = memory operand.

Table 37 Multi-Precision instruction Clock Periods

Instruction Size op Dn, Dn opM, M
Byte, Word 4(1/0) 18(3/1)

ADDX
0 Long 8{1/0) 30(5/2)
i Byte, Word - 12{3/0)
Long - 20(5/0)
Word 41 1 1
SUBX Byte, Wo (1/0} 8(3/1)
Long 8(1/0) 3015/2)
ABCD Byte 6(1/0) 18(3/1}
SBCD Byte 6{1/0} 18(3/1}

® MISCELLANEOQUS INSTRUCTION CLOCK PERIODS

Table 38 indicates the number of clock periods for the fol-
lowing miscellaneous instructions. The number of bus read and
write cycles is shown in parenthesis as: (r/w). The number of
clock periods plus the number of read and write cycles must be
added to those of the effective address calculation where indi-
cated.

® EXCEPTION PROCESSING CLOCK PERIODS

Table 39 indicates the number of clock periods for exception
processing. The number of clock periods includes the time for
all stacking, the vector fetch, and the fetch of the first instruc-
tion of the handler routine. The number of bus read and write
cycles is shown in parenthesis as: (r/w).
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Table 38 Misceilaneous Instruction Clock Periods

Instruction Size Register Memory Reagister = Memory Memory =+ Register
MOVE from SR - 6(1/0) 8{1/1) + [= =
MOVE to CCR - 12(2/0) 12(2/0) + - -
MOVE to SR - 12(2/0) 12(2/0) + - =

Word — - 16(2/2) 18(4/0)
MOvEP Long = = 2402/4) 24(6/0)
EXG - 6(1/0) - - -
Word 4(1/0) - . -
EXT Long 4(1/0) - - -
LINK -~ 16(2/2) - - -
MOVE from USP - 4(1/0) - = =
MOVE to USP - 4(1/0) — - -
NOP — 4{1/0) = - -
RESET - 132(1/0) - - -
RTE - 20(5/0) = - -
RTR - 20(5/0 - - -
RTS - 16(4/0) - - -
STOP - 4(0/0) - - -
SWAP - 4(1/0) - - -
UNLK - 12(3/0) - - -
+ add eff address time
Table 38 Exception Processing Clock Periods ® MASK VERSION
Exception Periods Type No. Mask version
Reset** 38.5 (6/0} HD68000-8
Address Error 50(4/7) HDB88000-10
Bus Error 650(4/7) HD68000-12 8800051
Interrupt 44(6/3) " HDEB8000¥8
lilegal Instruction 34{4/3) HDBBOO0Y-10
Privileged Violation 34(4/3) HD88000Y-12
Trace 34(4/3)
— - - HD68000R8
Io':l.r u:x::::;d“k Wim‘bw cycle is 10 take HD68000PS8 88000V
e e e e st HDB800CRS

290

The difference of function between mask version 6800051
and 68000U is only as following (Figure 59).

The function of HD6BHCOOO is as same at mask version
68000U.
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S0 S1 52 S3 S4 S5 S6 57 SO S' S2 S3 S4 S5 S6 S7 S0 S1 52 S3 S4 SS

N

S
Ay~ Ay ———(_ _)_( _/L a
S S A S - ___
UDs —_\__——___/— oy N—
b — — - Y \
o -
i \ - | SO AN N e
DTACK -
}-—-—am + \::.';. i Anpro-:‘.’?. Clocks TL P

Broken line: mask version 680000 and HD68H CO00.
Figure 59 Address Error Timing

® NOTE FOR USE
® Power Supply Circuit

When designing Voc and Vsg pattern of the circuit board,
the capacitors need to be located nearest to Vo and Vgg as
shown in the Figure 60.

(Top View) (Bottom View) {Top View)
{a) DIP {b} PGA {c) PLCC

1uF/35V Tantalum Capacitor (2 pairs)

Figure B0 Power Supply Circuit
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