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Changes Since Previous Draft

These prcliminary notes arc the frnt drafr They are bascd primarily on the following
ERS'S:

. Mega / ERS 2.2, lune 25, 1985

. Fast Processor Interface (FPÐ ERS, Sepæmber 5, 1985

. Video Graphics Coneoller (VGC) ERS 2.0, October 8, 1985

. Slot Maker ERS, MaY 1, 1985

. . Keygtu ERS 1.0, June 25, 1985

. Sound Glu ERS, June 21, 1985

. Front Desk Bus ERS Rev B, June 13, 1985
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Forword
These preliminary notes for thc Conla¡d CuspmlCs manual do not consdn¡te a book
They aie mercly ä co[ection of notes and fragmenary information and ar€ not guaranteed to
be either compÍetc or correçL Their only reason to be is their availability now, so far in
advance of thé product they describe.

Afær the dcveloper seeding, the i¡rformation in these notcs will be incorporated into the
Conland CusnmlCs manuat. Thæ book wiI be the included in a¡rother manual (currcnt
plan) in the suiæ of æchnical manuais for the Conland.

fl
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Introduction
The Cortland system is divided into cwo sepÍ¡rate subsysæms. Onq subsystem consists of
t¡i trt"g. II, liSK of standard Apple il-rnemory, video generation logig, inæ¡nai and
;it -ri UO siots (right of dotæd line, Figurc i). Tt¡is.subsysæm is rcf"¡*$ to as the
Mega II side of the systern The other subsys-tem consists of the 65CE IÓ mrcroprocessor'
t¡.F.st Processor Inicrface (FPÐ IC, up to +M byæs of fast dynamic RA-tvf, .6aK b-yt99 of-
nóvq -¿ ud¿ition'¡ internaì Vo registèn. This iubsysæm is referred to as the FPI side of
the system (lower-left of doned üne, Figurc 1).

Chapter L

Cortland Custom ICs
System Overview

Operation
The F?I IC is thc processor and memory controller fgr the fastpa¡ of the Cortland system-
It controls the sysiem speed, manages and refreshes the expanded system memory.

The Mega tr IC is the integration and enhancement of several.Appte II chips:.an-APPl9 þn
;;Hp.-ihus,Ãppte II fealtures arc accessible within the Cortland system a¡rd all Apple II
softwa¡e is compatible.

System Speed

ln normal operation, the Coniand system runs the FPI side.of the system at2-8 MI{z and
m ftfrgi ll'side at í.OZq MHz. Îús ailows faster processing without disturbing.the
it-¿-ã I MHz VO a¡rd video dming that is rcquircd for compatibility with exisdng
perpirerA units. To run the system õpdmalty, the FPI side of the system provides a

iftaàont"g fean¡re that allowi accesito I/O a¡rd the Mega II's video buffen.

Shadowing
The Co¡tland sysæm uses the shadowing method to process the video displays while
running progra;$ in the fast RAlvf ¿ìrca. Wriæ-o-perago¡s $1are performed.using 

.

ritøoõii,g ú¡æ in both the fast RAM a¡rd the MçSa g ry{&q thu¡ thg try sþdoytin_gt 
.iiãory ñad operations, however, are performedõnly from the fast RA-lvf" Fast RAlvf is

used belause thè System must slow down to access the slower Mega tr RAlYf.

,\

7Preliminary Noæs 2tr4t86



The Video Graphics Controller
The Video Graphics Controller CVGC) IC suppors.and enha¡ces eústing Appie.tr video,
iotof".rt withihe Macintosh clock chip, proïides inæm¡pt processing-fgr thrce intemrpt
ró*6, implements video modes, anaþoviaes test modet for chip3nd board-level
ô-tting.'firå vCC provides these feanrès in concert with the Mega tr (upper-right middle
of Figure l).
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Figure t. Cortland Block Diagram

Memory Allocation
A minimum Conland system includes 256K bytes of RAM and.64K bytes of ROM' The
it4;!; Iriãe includes t2ar uyæ! gf RAlvf thai co¡responds to, the currcnt Apple.II^family 

,

Main and Aux memory bar¡kí. This RAlvf is used foiæxt_an{ Sraphics display buffen a¡d
io i,orl6n^in syste-ioftwa¡e in rcserved a¡eas. The FPI side of the sysæm inciudes a

ilúñ oirzÉr uiær ãrn¡r"r, 6+K byær of RoM, and is expandable to a maximum of
4128K byæs of RAM (see Figure 2).

I

st
D'

!
tæIt¡i

IC
ra

a
L
of
a

t
L
o
?

1

I
L
o
?

2

I
L
oI
t

I!
oI
a

t
L
o
1

ú
t¡traal

¡
L
o
1

I

I

-
GCg

E
úr g

x ú
5

Oæ

E

31'i'

¡¡o^ ,

IAI'T
c¡.ær

¡aro
o¡1,

g¡g

-
5.

-
3¡ E

tlt
ñ It¡a^

t,

aælra

rta¡E

:l¡^;iI @

Preliminary Noæs 2tr4t86



u W
,l
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Main board fast128K RAM and l/O ,
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Memory .*p?ffi,$ñfktr. i?,:,r,"^,,,)1* ;902-7F
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8M bytes

6M bytes Reserved - currentlY unused

$E0
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896K bytes

641128K bytes

Main board slow Mega ll 128K RAM,
and l/O space
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Main board fast ROM area -*----'

$El

$E2.EF
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Memory exparsion card, RoM area LL*j äik* *,

Figure 2. Bank MemorY MaP
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Chapter 2

Fast Processor Interface

Introduction
The Fast Processor Inærface IC (FPÐ is the processor and mcmory controiler for the fast
part of the Cortland systern It controls thg sV¡ær-n sPce,+ manages and refrcshes the
ã*p-a.a system rnemory, and provides the slødowtlS that allows access to VO and the
Mèga II's video buffers. 

-This 
süb-system is referrcd to as the F?I side of the system (see

Figures I and 3).

Dnring normal operation, the_Co4land system runs the FPI sidc of the lysæm at2-8 MHz

-d rË Mega n ii¿e at 1 MHz. This ailõw* t'astef processing without disnrrbing. the
s-t¿¡t¿"t¿ 1 Ñfl{z VO and vidco dming that ¡s rcquired for conrpatibility with existing
pørrpheral unia.

V/hen it is necessary for ttre C?U to access ¿n I/O location or-_thg Y.g" IIRAlvf, the system
is briefly slowed to-l MHz and synchronized with the M.g1 II timing sqqaj the access can
be ac.oíopüshed \tr/hen the accèss is complete, the F?I side renrns to 2.8 MHz operating
speed.

Operation Control
The va¡ious operating options in the FPI arc concolled by a combination of existing .
Apple II soft iwircheS, Mega II soft switches, urd FPI control.rcg-isten. The control
reþisten include: ttre Shadõw rcgisær, the CYA regisær, and the State rcgister. The
following paragraphs describe these options.

Standard Soft Switches

To insurc optimal compatibiüry with existing {ppt" II compuæn, the Cortland system
inciudes thê standa¡d Âppte ll-soft switches. Thèse soft swiæhes operate in any bank 

^*tete shadowing is enabled and when the VO enable bit, in the Shado¡v-tçgi¡!ç-r. j"s-selta "- -1'

zero. Most of thé soft switches rcside in the Mega II and cause the system to slow
momennrily when they're accessed. However, some of the soft switches qre dupiicated in
the FPI to piovide ROM control, language-card gneqtion in fast RAM, and qo prov.ide the
information necessafy to properiy imþtement vid!o¡þ{o_1118-.-m: tolt switches include:
eõsioRE, RAMRD; R qhfurRf, slorc3RoM, INTC>G.oM, ALTZF, ROMBANK,
Þnbf,Z. HIRES. andthe inærnal sloç3 swiæh. The soft swiæhes arc designatedwrite

ð, read,twrí¡¿ in the Mega II. ônv accEss to the individual switchSs
slows the sysæm momentarilY.

Preliminary Noæs 11 2n4t86



Y,RESET

ADDR &, DATA BTIFFERS

DATA 1.7
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M2DAT O-?

/cRAs,/ccAs,cRowo,1

Figure 3. FPI System Block Ðiagram

Memory Allocation

The FPI side of the Conland system includes a minimum -of 128K ^byte¡ of RAlvl, 64K
bytes of ROM, and is expandabÞ to a ma-:cimum of 4128K byæs of RAM. This RAM is
uied for rcxr a¡d graphiðs display buffers, and holds system softwa¡e in reserved areas.
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The State Register S', F s4 cha'gi"a i
The FPI also duplicaæs the Mega II State rcgister, altowing ¿rccess to eight of the
commonly-used soft swiæhes in a single ta¡rsfer (see Figure 4). kt this case, however, the
FPI venión of the rcgisær is rcad/writé, not urrite-only. Reading the Staæ rcgister does not
slow the system since it is rced fro.B lhc P.lnot the Mega tr Wdç*opcrations to the Staæ
regisær slorvq the system ggmcnt+üLwhile the utrte.p ttelfggel_takes place.

Soft Switches
NfTCGCM
FCMBANK
BA¡\¡t<2
FDrcM
RAr\,{r^/Frr
RA¡VFID
PAGF2
ALÍZP

Figure 4. State Regisær = c/St = trPl e^1 MgGáTi

Shadowing
The Cortland uses a method called slødowing to handle the video displays while running
progra¡nsi¡fastRAlVf.Allwriæo@o.shadowedmemoryareasarcwritteninbóth
ihe fast RAlvf and the Mega II RA¡vf. Memory rcad operations, however, arc normally
performed from the fast RAlvf. Because the sysæm must slow down to access the siower
Mega II RA-lvf, using the fæt RAlvf minimizes the irnpact of display updates on the overall
system speed.

The Shadow Register

The Shadow register conrols a¡rd deternrines which areas of fast RAM arc shadowed into
the Mega II RArvf display areas. The Shadow register also determjnes whether or not the
VO space and language-card a¡eas are implemenæd (see Figure 5).

Shadowing is available in banks Ø and L, w
ls available throush

)

banks
Dìrect access to thq videq
1.

ers

7 6 5 4 3 2 I 0

'J
Preiiminary Noæs 13 2/t4t86



05 4 3 27 6

lnhibit shadowing text Pages 1 , 1x
lnhibit shadowing HIRES Page 1

lnhibit shadowing HIRES Page 2
lnhibit shadowing 32K video buffer
lnhibit shadowing Aux HIRES Pages
Reserved - read undefined, write zero
lnhibit l/O and language-card operation
Reserved - read undefined, write zero

Figurc 5. Shadow Register '- ( ti ::' I ' ' '.'

Each bit in the shadow rcgisær is active high, meaning that the shadowing of the selected
area is i¡riribircd if the appropnate bit is set. The Shadow regisær is cleared_o¡ reset by the
FPI so it defauits to shadowing all video areas. hograms thar are aware of the Shadow
rcgisrer can turn off shadowing in unused video areas by.seqnq$e appropriaæ bits and
thãrefore reciarming the memóry space in the unused video buffen in Mega tr ba¡rks $E0-
E1.

V/irhin the Shadow rcgister, bits 0 through 3 inhibit shadowing of the dispi_ay areas
indicated in Figure 5. git 4 is used withthe HIRES shadow bits I and 2. If bit 4 is clea¡,
any HIRES aispiay area shadowed wiil shadow both the.main and a¡xifiarV display P.1g:1.f úir ¿ is ser, shaaowing the auriliary HIRES pages is inhibited æd only the main HIRES
display pages are shadowed when HIRES shadowing is enabled.

Note: Text p_4g9 2 ($800-8_-Ð is .nçver. shadowed. If you need a text display areaor a
code storagd arîa, üèe Mega-tr banf.s $E0 and Ei; however, these banks a¡e limited to
I MHz operation.

The VO and language-card inhibit bit (IOLC)i.ont ot, whether the $Cxxx address ranEg-
acrs as RAM orîO] If bit IOLC is a zcro, VO is Enabled in the $Cx.xx space and the 4K of
RAlvf that would, normaliy occupy that space is folded up into a second $Dxx,t bank of
RAM, forming a languagê ca¡d.' if lOlC is a one, the VO^spac^e and language card is
inhibiied, a¡dicontig-uoui Re¡tf is avaiiable from $xx0000 to $xxFFFF.l'

Shadowed Memory Map

Figure 6 shows banks $0 and $ 1, or any even-odd pair of banks, if shadowing is enabled
in the CYA register.

Preliminary Notes l4 2t14t86



I
Main 64K

(Even bæk No.s)
Aur 64K

(Odd bank Nos)
$FFF

$E000

$c000

$4000

$8000

$FFT

$E000

$c000

$4000

$8000

$6000 $6000

$4000 $4000

$2000 $2000

pages

$0000 $0000

I uo space $ SnaOowø video areas

Figurc 6. Shadowed MemorY MaP

The CYA Register *!u", ,à if-/l | - - ¡409 sîA'ï ìc R¡ro I
The Configgre Your Apple (CYA) regisær con_tains bits that contol.the speed of operation
and shadoiv enabling iir vanous banks. The CYA rcgi!ffi is clearcd to zeros on reset or
power up (see Figurc 5). fayl6(sn 

P,19,-"ho1,r. t )-. c/A ,s có3( * ,'c¿,.iur-l pt
hÀr/¡r¡ilß,|ìv^n { ' t

ha"dbook, -d' "( H.t I

32K Byte
Video
Buffer

J

sc¿ lL c, ?4ilÈ L
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^

01 6 5 4 3

Slot 4 disk motor-on detect
Slot 5 disk motor-on detect
Slot 6 disk motor-on detect
Slot 7 disk'motor-on detect
Shadowing enabled in all RAM banks
Reserved - read undefined, write zero
Reserved - read undefined, write zero
CPU speed control: 1=fast, 0=1.024 MFt

High Speed Operation
The CYA rcgister's bit 7 controls system operating speed;, V/hen CYA 7 is set to ze¡o, the
system operares at 1.A24 MI{z (as in an Apple II). When CYA 7 is set to 1, the system
operares at2.8 MHz unless it is slowed by Mega fI accesses, distributed RAlvf rcfrcsh
cycies, or the disk motor-on deteðtors

Disli Motor-On Detectors
Birs,0 through 3 of the CYA rcgister arc used to enable the Disk II motor-on/off address
detecrors in rhe FPI. Because Disk II, and simila¡ products, requirc L.424 MlIz operation
wher accessing the disk, thc motor-on detectors slow the system to 1.024 MHz when the
disk .r¡tor-on address is detected V/hen the disk motor-off add¡ess is accessed, the
sysre:n speed increases up ro 2.8 MHz again. For example, if CYA 1 is set to one, rhe F?I
swit. hes to siow mode (1.024 MHz) when add¡ess SC0D9 is accessed, and returns to
normal speed (2.8 MHz) foilowing a SC0D8 access.

Noæ: Drives designed after the Cortland system should use the speed bit (CYA 7)
rather tha¡r the disk motor-on deæc¡on (CYA 0-2). This allows drives to be installed in
slors other than 4-7 and stiil shift the system speed properly if required These new
designs should also avoid using the motor-on and motor-off addresses unless they are
used in a fashion consistant with the drive's C?U speed requirements.

The addresses detected a¡e as foilows:

Slot Motor-on Motor-off

Figure 7. CYA Regisær

$coc8
sc0D8
sc0F9
sc0F9

f '..-t-'f

4
5
6
1

$coc9
sc0D9
sc0E8
sc0F8

Preiiminary Nc.-:s 16 2tr4t86



RAM Control
The FPI controls dynamic RAlvf and provides the necessary signais without any external
ICs" It supporß fotr 64K x 4 RAlvfs on the main PC board and up to four rows of RAMs
on the exænded memory ca¡d-

Address Multiplexing
The FPI multipiexes the RAlvf addresses onto either 8-,9-, or 10-RAÀ4 add¡ess lines to
provide support for RAlvl with 64K, 256K or lM words per RAlvf. The main;board_
il¡lr4s (banks 0, 1) are.64K x 4 so the FPI muitiplexes the add¡ess onto gigþt_-!¡eg. The
extemai RAlvf ca¡d can support 256 x I,256 x 4, lM x 1, or lM x 4 RAMs. lhe word
size of the RAMs on the exænded memory card is indicaæd by the M size output from the
card. When M size is strapped low, the FPI provides multiplexing on 9 lines for 256K
wôrds per RA-tvl. When M size is strapped high, the address is multipiexed onto l0 ünes to
support lM-word RÂ.lv{s.

RAM Refreshing

The FPI supporc dynamic RAI4 memory. Dynamic RAÀ4s rcquirc periodic refreshing to
prevenr rheir internal capacitive memory ceils from discharging through intE¡nal lealcage
ðurrents. The FPI provides the rcfrcsh cycles necessary to maintain the RAM internai data
without rcquiring any attention from the programmer.

Refresh Requests and Arbitration

The FPI RAMs are not transparently refreshed; the¡efore, the FPI provides periodic rcfresh
cycles to maintain the RAlvf contents. These rcf¡esh cycles occu¡ approximaæiy every
3.5.us. V/hen the FPI is running in fast (2.8 MHz) mode, the rcfresh cycles rcduce the
effective speed by approximately 87o for prognrms running in RAlvl. Frograms in ROM
continue tò run at fuil speed because the RAÀ4 rcfresh cycles do not interfere with RAM
accesses. V/hen running in,siow (I.024 MHz) mode, rcfresh cycles are executed.during an.unused 

part of the processof cycle and do not alTect the processor speed.
atl,.

CAS/RAS Refresh

RONI Control

Column Add¡ess Strobe (CAS) and Row Address Srobe ßAS) rcfreshing is used during
each ¡efresh cycle (CAS is supplied before RAS). This causes the RAM to use an internai
refresh addresi c-o-utæf and eüininaæs the need to supply aÈfresh address fróm the-FPI.
This ft."r rtre aa¿reìsEus so that the FPI can execuæ^RÓM cycles whiie RAM refresh
cycles a¡e occuring, thus allowing full ry_qd opérau-on in the ROM.

The FPI provides control for,64K bytes of on-board ROM qd_Yp- to lM byle of ROM
when thememory expansion card is used to holdedditionai ROM. Appie t series
compatibiliry is frovided by suppiying JzK bytes of ROM organized as rw9 !_6KJVte
bantis that occupy $C10O-,SFFFF a¡d are enabled in sections ry i1 tfe ôppt. II. The
Apple tr ROM is avaüable only when IOLC shadowing is enabled for the bank being
âicessed An addirional 32K byæs of ROM is available for tool kis and operating system
support in bank SFF.

Preliminary Noæs T7 2tr4t86



Note: The Appie tr ROM is only available when IOLC shadowing is enabied for the
bank being accessed or in the Mega tr ba¡rks $E0 and E1.

If a lM-bit ROM is used on the main board, 128K bytes of ROM is available with an
adciítional 64K byæs in barik SFE.

Banks $F.S and $FE-FF
Bank $Fï holds the on-boa¡d system ROM. The 32K byæs of Apple tr ROM are mapped
into $FF8000-SFFFFFF. Apple iI ROM bank I rnaps into $FFC000-$FFFFFF while
ROM bank 2 maps into SFF8OO0-SFFBFFF. An additional 32K bytes of ROM is mapped
into SFF0000-SFF7FFF. This ROM is accessible through bar¡k $FF.

When the iM-bit ROM is used on the main boa¡d, an additional 64K bytes of ROM
occupies $FExxxx.

Banks SFO-SFD are reserr/ed for ROM system expansion. The ROM to occupy
resides on an exænded memory card along with additional system RA-f\4. '

this area
\, '' \

Extended Memory Card Slot
The extended memory card slot allows you to add memory card,s holding up to 8M byæs of
R.AM and 896K bytes of ROM memory. It supports additionai memory only and is not to
be uòeðfor any other purpose. One M-byte oi4tvt-Uyte RAlvf ca¡ds caÀ be ionsoúcæd by
using 256K x I or lM x I RAlv{s.

Extended RAM
tip to 4M bytes (64 banks of 64K bytes) of RAlvl can be included on the exte¡ded memory
card. However, this requires lM x I or 256K x 4 RAlvls. The card supports up to four
rows of RA-lvfs with each row holding eirher 256K bytes or lM byæ.

To cont¡ol and select individuai rows of RAlvf, the FPI provides /G,AS, iCCAS,
CROW0, a¡rd CROWI signals. Signais /CRAS and /CCAS arc the basic memory timing
signais coÍlmon to most dynamic RA-N4s. Signals CROWO and CROW1 are row selects
which, when taken as a pair, indicaæ the row number to be accessed. Typicaiiy, CROWO '
and CROV/1 a¡e used as the seiect signais for a duai 4-1 decoder (74F139 or equivalent)
ihat demultipiexes /CRAS and /CCAS into a separate /RAS and /CAS for each io*. ,,, ,,, ',

ExtendedRAMM.aPPing io'v'' ''
Figure 8 depicts a lM-byte exænded RAM card using four rows of 256K bytes per row.
The RA-lv{ ba¡rks above bark 511 a¡e gåosr¡ (repeat images) of the RAlvf in bania S2-F and
StO-t t. A partialiy popuiated ca¡d caluses holes in the memory map uniess there is an
oprion on the card to alær the add¡ess decoding. For example, if the ca¡d described above
*erc populated with rows 0 and 1 only, there iouid be 5 t2K byæs of contiguous memory
in banks $0-7 a¡d another 128K bytes in ba¡rls S10-11. Banks $8-F would be empry.

U'
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Main Board
fast RAM

$0
$l

$10
$ll

812,22,32...
$13,23,33...

¡r!!!äFr

tsÉÊW Active RAM

l'o.\
MSIZE (:: ,..î,;,\\1¡ L Fi 

,,iì

Row 0

Row 2

Row 0

cailed lulsiæ to exænded
on the memory or open.

Figure 8. Extended RAivf Mapping

$¿
$s
$6
$z

$o
$l
$2
$s

$e
$g

914,24,34...
$15,25,35...
$16,26,36...
917,27,37...

Row 1

Row 3

Row 1

Ghost $4
Ghost $5
Ghost $6
Ghost $7

$E
$F$B

A soecial input oin.---.L_*L--l*
straDDed to Êround.-...-,1..À'..'€ v

slot ar¡d is either

If.S. Mfæ pinls connecçd to ground (fo¡_2!6K bit RAMs), the FPI multiplexes t8
add¡ess bis crnto RA0-8 and generates the CROW0-l row selècu for rows oi æOX bytes.
Lf f:lrfSIZE pin is left open (for lM-bit RAMs), the FPI multiplexes 20 add¡ess bis ônto
RA0-9 and generates the row selects for lM-byæ rows.

Ghosting
The FPÏ a-lways enables the extended RÂlvf card for accesses in banks S2-S80. Rows of
RAMs on the ua¡d arc selected by G.OWO and CROWl. For a lM-bvËr*ãð with 256K
byte rows (MSIæ=O), the selected RAlvf row number is given by the'bank number mod 4.
The gnly exceptioQjis for banks S0-S1, which are always æsumed to be on the main board;
thercfoie, the exænded memory card is not accessed. This method of card and row
selecdon causes muldple images or ghosring of the RAM areas on the card.

ì,ilìi¿r ìia{6ir,l
ie

Ghost $2
Ghost $3
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Extended ROM
An extended ROM card can support up to 896K bytes in banks $F0 to $FD. This
capability rcquires an additional bank add¡ess laæh-decoder on the memory card- The FPI
provides a signal (CROMSIL.L) that is a dccode of one bank; however, the card must
provide the additional dccoding to seiect individuai ROMs within the selected space. This
can be accomplished, for example, with a U$Ø9.,-addressable latch. The iower thrce
data lines arc èonnected to t¡e ?¿HCZS9 aiffissGfus, CROMSELL connecrs to the Iarch
data input, and the PH2 ciock is used to enable the laah. This one IC now decodes and
demultiplexes the bank addrcss in the range of inærcst Each laah output can be used to
chipenable a27512 ROM or a 64K x 8 equivaienr Simila¡ methods can be used to select
othe¡ sizes of ROMs.

The exænded memory ca¡d connector provides a group of signals to support dynamic RAM
a¡d additional generai purpose signais to suppon ROM decoding and selection. Table 1

lists these signais.

Table 1. Memory Card Inærface Signais

Signal Description

FRAO.FRA9 i0 bits of multiplexed RAM addrcss for RAM
cycles - least significant l0 bis of ROM address.
2 bits sciect I of 4 RAM rows.
RAM /RAS srobe.
RAM /RAS srobe.
Wrirc enable o RAMs. R/V/ from CPU or DMA.
I bits of bidircctional data - CPU dara bus.
Card da¡a buffer di¡ecdon connol High to read ca¡d data.
Ca¡d ROM selecr [¡w for accesses to banks $F0-FD.
C?U clock. Rising edge indicates valid bar¡k address on D0-D7
Ouçut from ca¡d. indicarcs RAM ro¡p size.
The 6 highorder addresss bits. Used with ROMs.
14 MHz clock signai. ! t

+5v +l-SVo. ó00 ma absoiuæ maximum.

cT'owo,t
CRAS.L
ccAs.L
FR/W
DO-D7
CDIR.L
CROMSELT
PH2CLK
MST"tr
ArsA15
l4M
vcc

To connol and select individual rows of RAlvf, the FPI provides the /CRAS, iCCAS,
CROWO, and CROWl signals. The /CRAS and /CCAS signals a¡e for basic memory
timrng common to most dynamic RAMs. The CROV/O and CROWI a¡e row select signals
which , when taken as a pair, indicate the row number to be accessed. Typicaliy, CROWO
and CROWl a¡e sclect signals for a dual4-l decoder (74F139 or equivalent) that
demultiplexes /CRAS and /CCAS into a sepamte /RAS a¡rd /CAS for each row. Figure 9
shows a rypical circuit for RAlvf row selection.
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1 ê
1

1b
2b
1b
0b

I
+s/

3.3 t(c¿

CFAS.L

CCA.S.L
Cm,1O
m^ñ

VO Processing

74F139

/RAS3
/RAS2
/RAS1
/RASCI
/cAs3
/CAS2
/CAS1
/CASO

/RAS, /CAS for
each row of RAMs

1

J2

Figurc 9. Exændcd Memory Card RAS/CAS Ðecoding Example

The FPI that

are the FPI

of Me u
to rcgrste¡s are tr.

a¡d IOLC are
swiæh.

sent to the

The intemrpt ROM segmerit is always availabie when both the shadowing
enabled in the Shadow rcgister, and is not affecæd by the ROM bank soft

The Slot ROM Register
)

The Slot ROM rcgisær is used to seiect either the internal VO or the VO siot device for each
logical slot. If the enable bit in the Slot regisær

II and from
is set to a one, accesses to that slot's ROM

space (SCrxx) arc scnt to the Mega there to the physical VO slot. If the enable
that are

ROMs that the br\O
.. ñ,

$"-" Sl_ot 3_¡g s lg:itlcase. Like siot 4, its ha¡dware add¡esses are always available. However,
@[ed by the SLOTC3ROM switch to maintain'compaubitity wirh the

existing Apple II products

UsÎç I It

J
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Mega II Interface
The FPI controls the tansfer of data to and from the Mega II. V/hen it is necessary for the
C?U to communicate (rcad or write) with the slow sidc õf *¡e sysrcm, the FPI holiis the(PU PH2 clock high ¿Ttd waits for the beginning of the next Mèga II cycle. Shoniy afær
the cycie surts, the EPI asserts the Mega tr setect line and enables the buffen to drive the
C?U address onto the Mega f['s ¡rl¡lre5s bus (the Mega tr R/V/ line is also driven at this
time). V/hEn the Mega tr's PHO clock rises, the data-lus drivers a¡e enabied and the data
ggpfqr takes place. Th.e cycle is complete when the PHO falls and the FPI drops the C?U
PFI2 ciock low at that time. In consecutive Mega II cycles (slow mode), the fÞt generares
one CPU. cycle for e-ach Mega II. cycie, thus running the CPU at prcciséiy 1.024 ñf}fz to
support time-dependent code.

M-State Counter
;To provide correct synchronization with the siow side of the system, the FPI uses an
¡nærnal_cor¡nting crrcuit called the M-Staæ Counter that is kepf synchronized with the
Mega II. The M-Staæ counter simply counts 14M ciocks duiinf PHO cycie time. The
countcr outputs are.used inærnally in the FPI to controi the timiñg of thè various signais
that interface with the Mega tr.

Synchroniåation
Çoqgqtlyn_clromzatron¡lth the Mega II is provided by a signal called STRETCH.L, 'rom
the VGC. -Signal. STRETCH.L is asseræd during Megà II's ðount $D every 65 Mega I
cycles, and coincides with the streæhed eU cycie coîtmon to all Apple trproducõ.

Sig_""¡ STRETCI{.L is heid low for two ciock cycles and serves two purposes within rnefellgitig-uy, when the FPI is not yet synchronized aftcr power up, STRETCI{.L forces
the FPI M-State counter to a $D count to provide the initialsynchronization with the
Me_ga r! In normal operation, after the sysæm is synchroniied, STRETCII.L stretches the
FPI M-Staæ counær cycie by holding it at a $D count when the Mega II cycle is sreæhed'
thus mainaining synchronization throughout the streæhed cycles.

Mega II Cycles
Thg Mega II cycles are CPU or DlvfA cycles that access the slow side of the sysrem. Tirese
include all external and most inærnal UO, shadow video wriæ operadons, ¡nhib¡red memory
or VO accesses, and ail accesses to the Mega II banl6.
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$E0-$E1

å#fi;d*tlË{f'ffi :" ff:ffi*:ffi 'ffiË$ffi'å};;'
the FpI and the typc of cycle o exouti iiã"æt-ined beforc the PlI2 clock rises' If the

cycle is a Mega U .vãb,'*t" felge¡eãies -1"t"à¿ "slow'' tigntl þal ft9tds the PlI2
;Ëk Ëü; ;ã h"Ëi RASäãc{SË¿ï". Ttre FPI rcmains -in ttris statc until it rcaches

the end of M-Staæî ñth" M;gã lfuõ d-i¡g. On the¡ext.rislng.clqk tdgt, q" FPI

sets its inrernai srn{ð fdg ;" Ëdit"r. li.t it rriow synchronized with the Mega rI timing'

Mega II Bank Bit
To allow di¡ect access to the Mggl tr auliliary-bafik, 9: fPI Dasses the lsb of the bank

address .o the t.i.iî il;d ü:t*;l *d'3 "f 
-ácir Mega II cvcle. If shadowing is

enablcd or the softwa¡e is accessrng O.t* SÈO-EI, access tõ an odd-numbercd bank wül
accsss the Mega II auxiliary ,"*ory'*ittrõiJqurg use of the soft swtches. For this to

work, tfre ptogt ¡tttiã-*usl i.iUit fj to i in the vìdeo õontrol ry'især at $C029'

otherwise, ttre t tei'a-il'*il-igt;; t¡Ju.t* bit and the soft switchcs must be used to

;;;t tñ;"-üi ^ri a¿x tt'oúgh an even'numbercd bank'

DMA
DllA is supporæd with a full24-bit address rangPi tlis is accomplished u.srSrg a DldA
bank register that .* UL tãir*a¡e-toaded to p*iia. the upper eight bits of the 24'bit
address rcquired.

Dr¡rine DIvfA cycles, when the Dtr¡fA signai is asseræd by a slot device, the address bus is

íu#ä"#i;i,ñí;3&; äã len off until"the cpu pttz c¡irr gçs. higl and the bank

address has been f"Lftiã âit¡is Umit¡i-.¿¿ttss.bus is q!{bJ"q'pgintþ.g "in" toward the

FpI and 65cg16. ñã rpl ¿..o¿.s trrã ø¿tess and storcd DlvfA bánk addre'ss to determine

whether the cycle i;; RÆvf, nOU, "; 
MA; nl-*t. lYcie is a DlvfA fo the Mega tr (or

srots) , the Mega u ,11.., tini i, .rrên ã uí ti,ã rpt and'the FpI data buffen a¡e urned off
if R/v/ is high. rf ih;;îlr'i; õ,h; f;;riAÀ4;the dau buffen arc enabled while PHo is

äiåËt ,¡ät{Ä3 ;a-CAS signais are genEraæd at appropriaæ times'

Note: To increase read/write data timing margins t9 the fast RAlvfs, the FPI generates

an eariy CAS for read cycles -¿.Ï1" öÀlí* wriæ cycles. This provides earlier read

¿ata auailable and less rêquired wriæ data senrp time.

J
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Timing Control
The FPI uses two timing speeds in is various functions. These speeds are conEotled by
two sequencers: the F-State machine and the P-State machine"

F-State Machine
The F-Staæ machine is a five-state scquencer that generaæs the RAS and CAS timing
signais for the fast RAlr4s. It inciudes circuitry o !o!d iqin various states so t{t1t the timing
cã be syncironized with the Mega II, and the RAS/CAS timing can be va¡ied for read and
write cycles.

P-State Machine
The P-Stare machine is a four-state sequencer that generates the 65C816 Pl{2 clock and the
inrernal FPI quadraturc Q-cloclc The P-Staæ machine is synchronized with the F-State
machine in súch a way tt¡at ttre PFI2 clock is always low for two clock cycles. This always
coincides with the minimum two-clock prccharge pcnod when both RAS and CAS a¡e
inactive. For normal fast RAN,I cycies, PH2 goes high at the same time RAS goes active
(low). However, PFI2 can be heid high whiie RAS and CAS are iow if, for exampie,
DtvfA cycles are going on, or during thc.slow cycies when PHO is low and a memo,ry-
refresh ðycle is occuring. The result of this synchronization is that the minimum PH2 cycie
is five clôcks long, two clocks low and three clocks high for a þtai of 350 ns.

Also, for slow cycles, the PII2 clock is heid high until the F-Staæ sequencer comes into
synchronizarion-with the Mega II PHO clock and the slow cycie 1s^ gogpleqd. These slow
cycles can range from a minimum of 14 clocks to a maximum of 29 ciocks in cases where
ttiere is a ma,riinum synchronization latency that coincides_with the Apple E stretcled cycle.
An average cycie timê for isoiated slow cycies is 1.5 us. Consecutive slow cycles run at
1.024 MHz.

Interfacing the Cortland SYstem
The þput and ouput functions are made possible by the use of piuggable, programmed VO
ca¡ds and DN4A ca¡ds.

Programmed VO Cards

Most VO ca¡ds used in the Apple II aiso work in the Cortland sysæm. Specifically, cards
thar use the IOSEL and DEVSEL bus signais will not be confused by the larger address
range in the Conland system.

The CPU operares with a 24-bítadd¡ess; however, the VQ slos only, ge1116-bit address.
Therefore, ôa¡ds that try to decode a lGbit address insæad of using the DEVSEL and
tOS!¡ sig¡as witl nof work properly. These ca¡ds include the multi-function VO ca¡ds
tfrar imufãte VO cards in seveiaiìlots, and most add-on RAlr4 ca¡ds. Fornrnaæly, thqse_ ^;e;;r ñ;"á, rtr nor used for the Cortland sysæm because of the extensive built-in VO
and the fist ReNl expansion capabilities.

Cards thar use INHIBIT will work properly if a) the system is runniLg.-slowly, and b) they^
itr"n inl¡.ibir within 200 ns of the time-PH0 falls. However, compatibitiry with this rype of
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calls

it is not a bæk
ty exrsufig ca¡ds.

in

?$N

DMA Cards
Many DIUA cards work in the Cortland system but may require changes i1 their firmware
#ä'#i;ä-sî¡*uei" frnction p-p"iíy,"ith the DúA6ant regisq:-I" eT"4rPffi
ca¡ds that asserr/re;";;tË-óIrfAig"a í"ittrin the fint 200 ns of the PHo cycle wiil
orobablv work O-p"ti' * thtJ ùotri sofft.ieot time for the Mega II select line to be

ãctivarcä by thé FPI for video and VO accesses'

the svstem shouid
to Uô or Mega II

ly when performing DlvfA,
riot worli property. However,
fast as long as the following

)
DtvfA can be perfomed whiie the sysæm
constraints a¡e observed:

. Fast DlvfA can only access fast RAlvf or ROM (access to VO, video, or the Mega II
banks do not work ProPerlY).

Note: Normally
otherwise, DMA

bc running slow
video a¡eas will

ß runnrng

a DlvfA

a

any GU

J
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Chapter 3

Cortland Mega II
Introduction
The Mega tr is the integRtion of several enhanced Appie II chips' The following chips

comprisé the Mega tr:

' MMIJ Custom ChiP
' IOU Custom ChiP
. Cftut"tto Gèneraior ROMs (8 languages)
. TMG Timing Generator.' . GLU Generai logic Untt
. Video l¡gtc

The Mega II, shown in Figury.10,.has viranily all the characæristics of an Apple fI on a

chip; it supports . tìoå.JãJhitect'rc and has'buüt-in periphE¡als'

Keyboard

Speaker

Game/Mouse Memory
Address

A0-415

Main DB

AIt DB ffi
Timing

Generator

Figure 10. Mega II Block Diagram

Refresh

Timin

t/o

Video
2KxBK
mu

J
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Mega II Select Functions
The Mega tr supports VO slots and built-in pcripherals' ln addition' tlte ]Gpin Game VO

connecror is supporæd by using - .*tä'¿ãTËi'''tdã as the Slot Maker (see

Support of Internal Devices

TheMegatrsupporabuiit-in.periPþeralsarrdtraditional.slots.Thisallowspcripherals'
such as a seriar p"¿ïb" tulî on'ti," äåiä'iiäiäiãijiF;er, the ingrnar peripherais

X"*X';:*$:',fiigxiä"1f"*îm',tä{ä::1"'tff"ËåäËt3:l:å1".'-

Chapar 5).

functions as foliows:

D7

Ðó

D5

Dt

V/hen this bit is 0, the internai ROM is seiected' When this bit is 1' the Slot

ROM (locadon scîæ'lã $ózrriis ør"urc¿ -d device sPace sc0F0 to

SFF is Enabied.

SEF is enabled.

D3 Not used, thercforc it must be set to zero'

Ð2

$AF is enabied.

\I/hen this bit is 0, the internal ROM is selected' When this bit is 1' the Slot

ROM (tocation $C600.to Sö6FT' is enaUie¿ ,od ¿"\ritt sPace $C0E0 to

When this bit is 0, the internal ROM is seiecæd" When this bit is 1' the Slot

ROM (location sdootoîcsrrris enaulc and device space $c0D0 to

SDF is enabled.

When this bit is 0, the inrcrnai ROM is selected' 'When tiris bit is 1' the Slot

RöM öõ":,iåüst40o to sc4FÐ is enabied'

Whenthisbitis0,theintern4RoMisselected.Wh.enthisbitisl,theS]ot
ROM (location scioo.toîc-2r¡r is enautã utd d""i"t space $c040 to

Dls/henthisbitis0,th-e-internalRoMisse]ected.Whenthisbitisl,theSlot. ROM (iocarion sci00 ,üîö-rrrr is enaureã a¡,à device sPace sc090 to s9F

is enabled

D0 Not used, therefore it must be set to zero'

Note: Þevice space for slots 3 (Sc0c0 to $CÐ ¡''d 4 ($c0D0 to $DF) are aiways

.ruiiä"O" Ë lti;g.ll, ,ho register is forced to all zeroes'

RAM Refresh
The Mega t performs 256 refresh.cycies every 3'25 mitliseconds' That is' five refresh

;y;Ë tä p"fró*t;eiutry 63'5 microseconds'

Figurclldepictsthephasei(PLII)busactiviry.Drrrrn.gtheunusedmemorvcvcles,the
RAM address ootpuis-(ne0_RA7) -r",i;ì;riråirÃ[-Ã¿¿*;J;:-ö,-tü-this'ur:ie, 

R¡s
;JCÃitignals âre inactive (hieh)'

2/r486
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65 Cycles

Figurc 11. PH1 Bus ActivitY

cl Cycles

192
Lines

7
LinesJ

Mouse/Game I/O OPeration
The mOuse interfacc consists of two eight'bit up/down countefs; one for the X' or
horizontal, direction ;Jãn; tor rhe v,-oi u.ruðd, dit""tion. These countcrs unburden the

CpU from mouse-movemenr intemrpti and they provide a passive mode (nonintem¡pt) that

is software compadhle with the Apple II'

The counter counrs 'rp when the mouse movement is down/right, and it c91nts down when

the mouse *ou.*i tíirïirlili. ritüõun.r is rcset afær it is reø thus providing a delta

.å,rii . ,¡J softwa';. Thã .ôunt tt do not overflow in either di¡ection' lf the mous€

;ñil dirccrion after a maximum counr is ieached, it does not count in the opposiæ

dircction. ff rt *öli .o;ñ;.bi.¿ tft._q at the mSimum rate the counter reaches the

***ú iount in ?5 msec, or about 5,000 instn¡ctions.

Interrupts
There are three sources of intemrpt from the mouse interface that can be masked ' These

ar€: mous, *ou"..¡ç VAq atå a prcssed bunon. The mouse movement and bunon-
prcssed conditions ;ä¿6¡.á inæmtpion the next VBL after the event occun' All
ffiö;;üäËiJitìrË"r.,ion for rhe môuse is conained in the Mouse-lntemrpt-Enable
register.

Screen Painting
Unused
Memory
Cycles

RAM

Refresh

Unused Memory CYcles

J
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Game VO

The Mega tr supports paddles 0, 2, and 3' and switchs 0' 1' and 2'

InterruPt ROM
The Mega II maintains ]l-bfte-s^oilO!-f,¡o suy.pon-9t- Tt*upt handler' These bytes of

RoM arc rocatcd fsöôt ií;$c'zr. wnen this sprce is acce^ssed, the /RoME.i signai

gocs to an active state'

Video
The Mega II provides a serial video output and an RGB that a¡e si¡nilar to the Apple tr'

Composite (NTSC)

A seriar video s'eam (sERvID) is muitipiexed onro the coror ea¡e (CLRGAÐ signai.

v/hen rhe serial inrää-alon i. io*uirä'niítñ;tgtt"rlc¡rr aãa syNc, Mesa II generates

rhe same NTsc ,iöäää;'Ð;r;ï:-TË;ffi"id"o information is varid onlv during

the time the NTSC signal is iow'
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RGB
The RGB ourputs are directly compatible with Apple II's video modes, and Ap'ple's RGB
rånit* f*o"ìt* tOq. fft íe outfut! arc TTL, iót anaiog.- A linear-weighted sum of
;i;;;;'i;*;tgn¿r foriu a 16-coloi RcB Tqeo otçut signal_o{ q gry:scale black a¡d
;dtr;ig"ai.- ffre n¡il 16 colon a¡e available only-in LO-RES, N'fERES, a¡d DHIRES
d;hiä."d"t. The HIRES gnphics mode can displav 91lv t".?to5 þ1"*rPtttp.lt'
ñJåiu* blue, orange, green, ñ¿ïtriæ (the standard rfinfs colon). Tabie 2 lists the
RGB color codes.

RGB Ouþut
8421 Color

0
0
0
0
0
0
0
0
I
1

I
1

I
I
I
I

0
0
0
0
1

1

1

1

0
0
0
0
I
I
I
I

0
0
I
1

0
0
1

I
0
0
1

I
0
0
1

I

0
I
0
I
0
I
0
1

0
1

0
1

0
1

0
1

Black
Nrfagenta
Da¡k Blue
Purple
Da¡k Green
Gray I
Medium Blue
Light Blue
Brown
Orange
Grz.y 2
Pink
Grcen
Yeilow
Aquamarine
tilhite

Table 2. Color Codcs

for eight different languages
rcgister, locaæd at SC02B.

Text
The Mega II's cha¡zcter-gerieraþr ROM contains cha¡acæn
The lan{uages a¡e selecæd by writing in tfre language seiect
Table 3 lists the code for each language.

¿
Su- ¡> ,3t-

J
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Secondary LanguageLanguageD5Ð7 D6

0
0
I
I
0
0
1

1

0
0
0
0
1

I

I
1

0 English (USA)

I English (IJK)
0 French
1 Danish
0 Spanish
1 ltalian
0 German
I Swedish

Dvorak
Engtish (USA)
English (uSA)
Engiish ([JSA)
English (uSA)
Engtish OSA)
Engiish (uSA)
Engtish ([JSA)

Bir D4 is the PAI/NTSC bir: the viieo counters counr 262 scan lines when this bit is 0 and

312 scan iines when iñ;il ntitãptlon gin.r"t r the c.orrcct frame rate of 50 or &Í12
for PAL or NTSC *oniiott. ro get'ttt" PÃL ouçut, a different crystal f¡om the NTSC
crystal must be used.

Bir D3 is úre language-switch bit that replaces the mechanical switch on the Apple tr'
Wtr." this bit is ã t,"the prima''v ianguale characær set is selected

BiA D2 through D0 arc reserved and must be programmed with zefos'

The Mega II re¡urns text in biack and whiæ oniy'

Eirher of rwo cha¡acær sets can be displayed by Mega II: .the primary set and an alærnaæ

.hä;;;"i ti". ruur. ãi eicn cnaåcrär on rh" sðreen is stóred as one.byte of dispiay.
data. The to*-oøeriù birs make up ttt ASCtr code of the cha¡act?-Etng displayed; the

;;.-.ã two trigir-òøer bits select rhe format and group within ASCII'

Table 4. Character Sets

Table 3. Cha¡acær Gene¡ator Language Codes

Alternate Character SetPrimary Character Set
ormatharacter TyPeFormatharacter eHex Value

$00-$1F
$20-$3F
$40-$5F
s60-$7F
$80-s9F
$AO-$BF
$c0-$DF
$EO-$FF

Uppercase lenen
Special cha¡acten
Uppercase lenen
Special cha¡acten
Uppercase lenen
Speciai cha¡acters
Uppercase lenen
Lowercase lene¡s

Uppercase lenen
Special cha¡acten
MouseText
Lowerca,se leners
Uppercase lecen
Special characters
Uppercase ienen
Lowercase lenen

[:nvene
Invene
Flashing
Flashing
Normai
Normal
Normai
Normal

lnverse
Inverse

I¡vene
Normai
Normai
Normal
Normal

Preliminary Notes 32 2;r1186



)

The Mega II cha¡zcær-generator ROM cur display 32 uppercase lettcrs,32 lowercase
lettcrs, 32 special characærs, 32 MouseText cha¡acæn, a¡rd 10 unique characten for each
of the eight langr:ages. See charactcr-generator ROM in Appendix A.

Graphics
Atl Apple II graphics modes Í¡re supported by Mega tr including LORES, MERES,
HIRES, and DHIRES. Table 5 is a list of the video modes.

Table 5. Mega tr Video Modes

In addition, the II has an conuoller
use , along s are n
feg$tcr following describcs the exærnal controiler mode:

D1 DISABLE VIDEO. When this bit is 0, all existing video Apple [I modes are
supported- V/hen it is a l, the memory address bus is tri-sarcd durin-g
PHi, except for rcfrcsh. All other dming signals to memory are unaffected.
Also, when tlris bit is l, the memory map is changed to linea¡ æ described
in D6.

Þó CTIANGE ùfEt\fORY tvfAP. V/hen this bit is 0, the memory map is the
same as the normal Apple II. V/hen this bit is 1, the memory map is linear
and sarts at $2000 and ends at S9FFF in Auxiüary memory.

D5 B&V//COLOR. When this bit is 0, then double HIRES is
color (140 x t92 16 color). V/hen this bit is t, the double
(560 x 192) is black and white.

D4 to Dl Reserved. Must be programmed with azeÍo.

displayed in
HIRES display

D0 ENABLE BANK LATCH. V/hen this bit is 1, the data on alternate-data-
bus bir I is latched as ba¡rk address bit 0. When this bit is 0, the data is not
larched.

c029 D5 Alr3 TEXT HIRES 80coL Video Mode

X
X
x
X
X
X
X
0
I

X
x
1

I
0
I
1

0
0

I
I
0
0
0
0
0
0
0

X
x
0
0
0
1

I
I
I

0
I
0
I
I
0
I
I
I

4O-column text
8O<olumn text
LORES mix witlt 40+ol text
LORES mix with 80<oi text
MERES
HIRES mix with 40-col text
HIRES mix with 80-col æxt
140 x 192 16 color
560 x 192 biack urd white
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V/hen ttre ba¡rk address is laæhed, the Mai¡r/Aux hiera¡chy is as follows: if the bank

addrcss is 1, Aux rri.¡1"w it af*áys .¿Git"¿; fã. Ua¡it ø¿¡ess is 0, tl¡e soft switches

deærmine which bank is accessed-

Memory Translation
To accomrnodarc the linear video map, the Me-ga II performs a Psrru¡nent^iogical to

;ñyri¿J ransiation of some of the memory. Figure 12 shows this transnuon'

Main Au xiliarY
MÞM 64K æK

$FFFF

Main logicai MemorY

Fignrc 12. Mega tI Physicai Memory Map

State Register 5'c,, iì -./a.r- g ,^,i

The State rcgisær contains soft switches that have the same addresses where they were

i.tirfa in íhe eppl- II. The Søæ rcgister is a read/writc regisær'

D7
D6:
D5:
BI:
D3:
D2.
D1:
DO:

Select Signal
The select signal, input active low, is used to inhibit PHo operations in the chip' The PHi
;d#;;, iEäãirt ä¿ uidto, are unaffecrcd bv this signal'

$4000

$6000

$0000

At-æ
PAGE2
RAMRD
RAlvfw'RT
RDROM
BAI.TK2
ROMBA}IK
SLOTCXROM

Ar¡titiary l,ogicai MemorY
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Video Registers

The horizontal and vertical video countErî can be rcad through two video count rcgisters'

The horizont^t count-å-g-især-ãirocqqioãõCOZÈt t*-ttO.qÞyg! HPE and VA' The

;ä;ft;"rr;sirä;Ë;d"n scozr rcads vB tlsough vs.12

I

J

J
keliminary Notes J) 2tL\t86
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Chapter 4

Video GraPhics Controller

Introduction
The Video Graphics conuoiler lvGC) is a custom integnæd circuit that performs the

following functions:

. Supports and enhances existing Apple II video

. Impiemens new video modes

. IntåC"..s to the Macintosh clock chip

. Fiovi¿es intemrpr handting for th¡ee intemrpt sources

. Àtiittt in the inierface to new disk drives

. provides æsi mo¿es for chrp and board-level tcsting

The VGC operates in a computel sysle,m wrthü1-{"¡1|f fig.up 13 
-shows 

the vGC'
üä; iIJããK-RÑ",äã iign"ls án¿ buses connecting these elements'

SYNC

Figure 13. System Signats a¡d Buses

PHlO

RGB 8, 4,2. I

VGCAux

64K

Main

64K
MEGA II

_l
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The VGC Supports Apple lMdeo Modes
The VGC supporß and enhances existing Apple iI video modes, 4S and SGcoiumn texr
modes, high resolution, low resolution, medium rcsolution, double high-resolution
graphics, modes and, rnixed texVgraphics modes. The enhancements include:

. A text-background color rcgister that pcrmia the user to select any of the 16 Apple II
coiors for æxt and background.

. A border color register that permits the user to seiect any of the 16 Apple II colors
for the perimeær of the video image.

. A video output that suppora the generation of gray-scale video; color video output
can be displayed on monoch¡ome monitors in shades of gray.

The following liss the color names ar¡d thei¡ associaæd numben:

S0 black
51 magenta
52 dark blue
53 purple
$4 dark green
$5 dark gray
56 medium blue
$7 light bluc

s8
s9
SA
$B
$c
SD
$E
SF

brown
orange
light gray
pink
green
yeilow
aqua flutnne
whitc

,i 'r"
ris

Text Background Register
The most significant for¡¡ bits of the text-background rcgisær deærmine the text color; the
least significant four bits determine the background color. On reset, the default is to white
text on a black background. This is a read/u'riçe rcgisær.

\;
. .,.,,porder Color Register >

' i'

¡.(l' This register serves a dual purpose. The least signifïcant four bits deærmine the border
ì: coior. On reset, the default color is,black. The most significant th¡ee bia are the control' bia fór the clock chip interface logic. Tiie remaimng bit is resen¡ed; it sets to zero for write

commands and returns zero for read commands.

Mono/Color Register
The mono/color register uses only bit seven; the remaining bits a¡e used for writes to this
location. If the computer is used with a monoch¡ome monitor, this swiæh should be set. It
is a write-only soft switch.

If the Monoicolor soft switch is set, tl¡en the color information is removed from the
composiæ video sigrl. This. cleans.up higher {reqrlgnfy artifacts f¡om monochrome
composite monirors that resuls in a betær looking display. This swiæh affects onlylh!_
comþosite video ouÞuts, the NTSC, and PAL outputs; it does not affect the anaiog RGB
video output of the computer.
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The vGC also removes the color information from the composiæ ø9:-:t-*1 when the

comDurcr is t*tnit;;-ail;ith¿ i,.it*g {p'PË tr :t*t mod"s f:*1t{,911 texveraohics

modes). This is d"ilä',ti,ä ãltir.v.¿ òä a coior composiæ mónircr is not srì'bjeìct to

color fringing u,¿, t¡"ofõre, is mori;;åd.bË-qñPgalticolor monirors cannot display

colored ."xr, cororcd backgroun¿, or.'Joiduot¿èJ'ir the computer is running in ¡exr

modes. Instea4 the æxt, 6actgrouttd"-;ãì"1¡;;;t ditnl-aved in t!+i19f grav' Again'

this aopties to the |irsð.,;ÞCi .o*i*iæ-"id; *tpot or tite computrr and has no effect

on tfrè'an¿og RGB vidco'

Whcn the computer is running in-mrl* Ext/graphics 19rtes, the four lines of text at the

bottom of the ¿irpi"V .iitiUiËõtot fringing ón èomposiæ color monitors' This is

unavoidabte uecaus? Ëi;Ë ãËiädö?#"i"1; óiiotor monitors cannot rcspond rast

ffiüiì -; 'il;;r6hing on and off of the chroma information

I

f,lew Video Modes
The VGC implements new video modes for the Apple II' The following lists the fean¡rcs

of these new modes:

. 320 or 640 horizontal resolution

. 200line vertical rcsolution. 12-bir coior;;*i;d* dlo*s 40g6 colon to h,e displayed

. io .oio* f";ã;h õ¡ the 200 lines--up to 250 coion per frame

. Polygon fül mode' . Scan line inæmtpts E. All new video môde featurcs arç prrogammal'le for each scan line

. Linea¡ disPiaY buffer. Pixels con-taiáed within byte boundaries

The video modEs a¡e turned on þl Ftilg tq.:91:*itch/rcgisær' This is one of several

Vt.g.II soft switches that a¡e shadowed in the vLiu'

The new video modes a¡e facilitated by F. o'1Ithe Mega tr rcfreshes the dynamic RAMs'
The Mega tr reaesñä ,lt; iìAÀ,ft gdá fi; "¡'ót 

cycieiavulabie for each video scan line;

this scheme frees the remaining "id;iy;ùt io U" úsø bv the VGC when it is running in

the new video modes. During t¡. titãe-ír,î;ü dirptãy is in horizontai blanking, the vcc
reads data from ,riË ört,ä-.tï¿ì"rõii¿Jræ .t . of rhe displav buffer that determines the

oodons and colon for the next scan rå;. rt;, **q the'tiáe that the VGC is displaying

îl'.*ünË,äo irä.¿ from the poet arca-br tür d¡ipiayiuffer; this information deærmines

the color of thc i;ãi"td,;ä;i*ãlt i;"* *ong the'216 colon loaded for that line'

J
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The Display Buffer
The dispiay buffer 

for 
the new video modes is shown in Figure 14.

Logical Auxiliary Memory Bank
$grrr

Color
Palettes

P ointe rs

Pixels

$eE00

$eD00

$2000

Figure 14. Display Buffer

The dispiay buffer rcsides in the logical auxiliary- qK Þ"ttk of the Apple iI RAM from
$2000 thrdugh S9FFF. It contains-three fypes of data for the new video modes: pixel data,
poinrcr bytes, and color paletæs.

Pointer Bytes

The pointer bytes deærmine the feanrrcs of each scan line; 320 or ó40 horizontal
resofution, scän Unr intemrpt, polygon fill mode, and the colors for the line. Therc are 200
pointer byies in the memory page-one¡o-inær for elcj_gf the 200 scan iines. The location
äf *,e poínær byæ for a scãn'tiñe is S9DXX, where )C( is the hexadecimal value of the
ljne. Ëor examþie, the pointer byæ for the h¡st scan line (line 0) is located in mqqqry
location S9D00; the pointer byte for the second scan line (line 1) is in locauon $9D01, and
so forth. The flrnt ZOO of tire?SO byæs in the memory page, beginning at $9D00, a¡e used
ãs pointen a¡d the remaining 56 byies are reserved and must be filled with zeros. The
format for pointer bytes is shown is Figure 15.
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Int-[E T

)

Selects one of 16
Color Palettes
Reserved, Program O

1 - Set Fìll Mode
1 - Set lnterrupt Status Bit
0 - 32O Mode, 1 - 64O Mode

Figure 15. PointEr BYte S9DXX

Color Palettes

The a¡ea of the video buffer starting at S9800 up to $9FFF is used to store color.paienes.
Sñãçgioip¿.tæi rcside in thisipace. Each colorpaiene contains 16 colon (toqiing
ã3õ;19"). Ëach .õlot within a patètæ requires nlo bytes of memory. The color format
for these bytes is shown in Figrue 16-

76543210
Odd Byte

Red

Reserved, Program 0

76543210

76543210
Even Byte

Blue

Green

Figure 16. Color Format

The starting add,resses of the color palettes a¡e listed in Table 6.

aT-ni-Tt

t-fl

J
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Palette
Number

Starting
Address

s0
$l
$2
s3
s4
$5
s6
$7
S8
s9
SA
$B
sc
SD
$E
SF

iggoo
$9820
$9810
s9E60
$9E80
SgEAO
$9EC0
$gEEO
s9F00
s9F20
$9F40
s9F60
$9F80
$9FAO
sgFC0
S9FEO

The 16 coiors within a Paigttg
p¿tnt $0 a¡e üsted in Table 7

Table 6. Patene Starting Add¡esses

are assigned numbers $0 through SF' The addresses for

Table 7. Cotor Add¡esses

Addresses
Number

$0
sl
$2
s3
s4
$5
$6
$7
s8
$9
$A
SB
$c
SD
SE
$F

s9E00 - $9801
$9E02 - $9F¡3
s9E04 - $9E05
s9E06 - $9E07
$9E08 - $9E09
s9E0A - $9E08
s9E0c - $9E0D
s9E0E - s9E0F
$9E10 - $9E11
$9E12 - $9E13
$9E14 - S9E15
$9E16 - $9E17
s9E18 - $9E19
s9ElA - s9ElB
s9Elc - s9ElD
$9E1E - $9EiF
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Pixels

itålîî#îi*'ü#{}ii:'-Tå
$:f^lï'r"åtr* * äi ïî':"tïå3 ffi$ å:

432 r0
165

i""J i:îf'îo$:Î' 
o's $c - $ F

ä",*it r'ot Colors S8-SB

for third Pixel

¿*::":fË':"1'o'= 
*:1

;;;;iom cotors $o-$3
for first Pixe¡

Figure 1?' Pixel DataByæ Fotmat' 320 ModÊ

;

a

432 10
165

i"?i:îfi"fi:i'"'s 
$c'$F

å:,"i*þoTforors 
$8-$B

ii':::J!" Ë, :"î' "' = t 
* 

:'^

ållls¡Ëî[r"'"rs 
$o-s3

Figure 18' Pixel Dau Byæ Format' 640 Mode

i¡ffifrå. å"råi""' ,ffiïH*
2t1486J
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Polygon Fill Mode

rhePorygonF.ilf modeisused-orani1tff,?riåtr#:å:,-'*î*:Ttiääiqiåif t'

::i",:,tt;"",'*';1iåî,* j"tii$Ì;Ë;^döiü;dêã'iï*á"îlcrectinf c--órãibo

This means that fS îä"I" åiJãvãüaUre-foiãó'n' ió- üñe rather than 16'

For example, assume that A, B, and 9, rcprcsent three difffercnt pixel vaiues or colors (four

bits per color), -il#t;i';;;;; fol"ätiäliit*i-."r"'" loiã?¡"r of pixeis on a line

is:

fuq,rAJq,,¡AA n.'qr{RB BBBBBBCCCCCCCC

The pixel values shown below would produce the color Pattern in frll mode:

A000000008 0000000c0000000

TheprogramneedsonlytofrllthePixelareaofthedisplavwith0,thenwriteacolorvalue
into rhose io."uo,iîîå;;;;Ë; íñrd d-an¿ *irårcit should change or stop.

The oniy provision is that the first pixel value on a scÍ¡n line must not be 0; else an

undererinined coior rcsuits'

Ctock ChiP Interface
The VGC communicates with the clock chip throug\ t*o rcad/wriæ rcgisters' contoi and

data. The control rcgister also seruá*ä-fotao cälor rcgisær (see Figurc 19)'

1 6543210

.!.t'
.']p\

Border Color Register

Reserved, Program 0

Last B¡e = 1

Read = 1, Write = 0

Start = 1, Finished = 0
l,
, .1.

\ tigure 19' Ctock Control and Border Color Regisær

Þata U.ansfen between the VGC and the ciock chip are processed one byæ at a time under

software ,ont ot.'îãi*ì; o-t¡t 91f\:qp; *:¡tt¡r¡3m *utt first w¡ite the data to be

trransferred into ttre ¿ata rcgister tsoãil, trien seft¡e $råi.ii" uis in the control register'

To read from the clock chip, the proffiäuli r.t up rhã^;ü;ói iegisær, then read the dau

leglstef

2t14t86
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t:¿ 1 aÍth¿ control byæ is let to 1' The

,:ååffi tsH"?ff ffi,trJ:r.Hr,î,ir#i:¿il$'ïåî"'"iì".r":ð:

ï::,åf :,iïfli"î'¿'ðî:î'i:glmm'*TTtåi#":3'sr'ffi 
:f 

erfrom

'd;ï,*lgl.**1il::lÏ"î,*"m'jg¡*y*,1i::'ä 
jiîÏHså? jå"': ji'

other bYtes'

Figure 20' External Inarnrpt Register

H#jå,iH,îffi:truËîå,:*î,$î'Ë##ü¡ii:$i':*i':iiiti'*

a

\I

)

J
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1654 3210

Reserved, Program O

Write O to clear scan-line.

=äù bii ¡n sco23 resister

gå',:"'*,?l'fåsåå Ëåis'
Reserved' Program O

Figure2l.one-Secondarrdscan.LinelnternrptRegisær

Theone.secondstatusbitissetbyalllzinputsignaltothevccfromtheclockchip.

Thescan.linestausbitissetbysc-ttinBtheinærnrpt!j-T.on"ofthepoPErbyæs.Scan-
line inæmrprs can õnry u. generated.Ji,Ëîo. Jor,ipoæ, "äiiät"g 

in oe new video

j::*,"statusbitisset-bv,fLTsT'91{:.y.9:.':3if"i:fJ"'iålf åî:]'.'ii:
sun¡s bit is levei #;il;t 6tittt it'iofrware must contr

input.

VGC Disk Register

Ëåï,H,1ïtrSiHls,sitri'l"Ë:fi ffiiïîrr,ï:'l'åi*ii#;':*
äir:-î¿î the unused bit Positions'

VGC Test Modes

ffiJ ff 'ä!i åî,îl',n:ö *Ëli:iË1t'';Æ#,::i ",Lïr' *:3. 
" 
* "';t'öi ñ T:1 :',r,:t"ï å;",i.T','iå ourpu,s

signatue analysll 
yridne a 1 in bit 0 of the Disk rcgistsr "breaks up" rhe

lå:l.ln:,Jf"Î;u¿*'fi'å*:iäifu *::*"Xnx"'i"Jî:"iirreren'l
seouence. rr,is,i¿ãn, to spced.r¡i"äiîiiälin'-l*i;i';;;'; ü;' been broken' onlv a

power-on .t"u, .ì,iäil; d1;' .,i'î"'îå'äal operaun g condition

2tr4t86
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ChaPter 5

Slot Maker

Geneial DescriPtion

ffi t#ff;*tffi ffi*.*ffi,trffi åi'r$':lr,ffi :;
annunciator oulPutl
by the Slot Maker'

2tr4t86J
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ChaPter 6

KeY Glu

Introductiontt

KeY Glu Read'OnlY Status Register

o I = anY key down
I AIwaYs 9; AlwaYs !u' iiältY'i,"r'l'i'"'
¿ 1 =;;*ño'"P1lI ruu

1 r =iåiiTx'aiísiegisterrull

i System Status Register

0 I = i;g¡1lfå*älËl'.îå1.îi:T 1 = rlous€ Y-a'ris rcgister available' read

I 0=lfl
only r-¡^ iat'rFrrnt mablc' read/u¡riæ

\Éil*äffi
Status Flags
rheKeyboardsgobenagis.:ly,.Hgå,'",.ti:3lfflj.,tið:îîtråliïSt:l*
åy",ñä;;erts ttre foitowing corrrorrauç¡r¡' ¡Lv- 

.),^¡ t, ster; cleared

rhecomm-t-Ï*li.î,ïiäiiJl'iïïi3:vn 
o'tothecommandregi

when thekeY m
2il4t86
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The Mouse Regisær Full flag is sctwhen t}re key *.P-,Yt.s !o ttre mouse X-axis rcgisær;

it is crea¡ed when dJryröd;a¿' t¡, slsórn síatos t"gi*äouo*ø !y arcaÃ from the

mouse ¡esister t *i.'J. 'iËË; ¡ll"u;;-ìäil;';ä;-,îñ ü;; i-õ'di"a'g; the second

äñndis the Y'coordinate'

rhe Ðata Regisær Fuu nag i: ,9i *¡T the kev 'ú'ry.Yi:iåîffffiãå'H'diil *"
clea¡ed when tr,. tittit-tiøst¡c system status rcgistø tc

regisær.

The Keyboard Data FuIl flag.is set whcn the kevboard -fåtî:f:åîî #snuiff',Åit
#ä;.,;t,,",h, ,ir,mãi¿Jthe sysæm sun¡s rcgisær 1'

keyboard data rcglster'
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Introduction
The sound Glu inærfaces the Ensoniq sound chip and the Meea tr s 64K by 8K dynamic

RAÀ4; this a¡ows,Ë-ñ;"lq;¡lf o.*t Àyncluonous oi OãrUiga II' The Sound Glu

contains a 16bit .ü-Ëä;r-üã ddä:iËil;t";äîr¿it rtioäal data holding latch'

Write OPeration
To wriæ to the Ensoniq chip or RAM, set t'e conrol.rcgister to point ro eitrrer rhe R-{v or

the Ensoniq chip ;ä:î;'tiã ãi älrãuiþ ä,äãátor incîemintirig. Then, ioad the adcress

oointcr to the beginnin-g location in *#;ä¡|ltîÃ.uJ.^,'intn' õt¡¿ can ttreri be wrinen

into the data rcgist;. ú the auto-in.J;;;ä;;i¡ "ttA 
the add¡ess rcgisær increments

the poinær to the n.ï, io"u,ioã ùro .oñ*.ii;ñt tdd"å ttàitæt' A mi¡imum of

1.t2 microseconds delay is experientä;h;; ã..essing the Säund Glu chip'

Read OPeration
The read operation is the same ¿rs the write operation wir{r one exception--the-data rcad back

lags by one rcad.yiìJ'ïä;;-ùi;,#iäffi;;;Ëã rolvt t irom the RAM' set the

conrot rcgisær, ril;,i tï iitän¡V -ä'äbË;õ in*ttniioe' Then set the address

oointer to rhe starnng address, pd rcadï;äåËtJtttftt"n ti?tes' discarding the first

bvte read. Table I üsts the rcgisæn ;Jd.öiii;ïãtr.-g rir" the control rcgister bits

rí't¿ t¡ei¡ functions.

Chapter 7

Sound Glu

Table 8. OPeration Regisærs

TypeRegister

Control rcgister
Data rcgisær
Addresi Pointer, low bYte
Addrcss þinter, high bYæ

RJW
R/V/
R/V/
R/V/

J
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Tabie 9. Control Register

FunctionB¡t

0 = Acccss DOC, 1 = Access RAIvf
o = öirãui"l¿¿¡áss pointer auto.incremenung
i = E*bl;addtess fiinttt auto incremørting
Ignored, read back i$ zeræsBit2-1

Bit 0
Bit I
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Chapter 8

Front Desk Bus
Introduction
The Front Desk Bus is a method and protocol for inærconnei*ing goppuæls-with input

devices. Ttris docr¡äî; ã;*tiú ,¡å pîñ¡t¿ ùË' dt"tit*' ait¿ thé nesork laven of

the Front Desk g"i.'Ë'rhir ¿iti"ltr", tÍre compuær is rcfened to as the host' the

Ëäir;ä; ðJnnrcie¿ã the bus a¡e rcferred to as devices.

The host controls the flow of data.by issuing :o1lo11q: (onlv the host can issue

com¡na¡rds). The i'.* ão*-¿ irïsø roiøta transaction'from a device to the host; the

Lisæn com¡na¡rd is *i¿ fot a data traniãction f¡om the host o a device'

Physical LaYer
All devices commufricate with trre host by way of a 3.5 mm mini-phono jack'

Modulation
There a¡c th¡ee forms of modulation on ttre bus: Normal modulation that transmits

com¡nands and data, Highspeg¿ ,no¿uräõoi tit"i tr-t*ia data, and signars that broadcast

glóu.r tttsages, suii, ñ Sei'rice Request and Reset'

Normal Modulation
An RZ code for modulation has been adopt* for the Front Desk Bus' Each bit-ccll

;ä;dðíslgnlnea bv a falling edge on the bus'

High SPeed Modulation
l{ighspeedmodulationisusedfordatautdnotforcom¡nands.

Signals
certain ransactions a¡e neither commands nor data transactions' These are special

transactions that globaily broadcast toäî,äätuitt*n St bus' There are four special

transactions in tf,is"g-rîu'p;tt*î;, öV"ilnãtèi' -¿ Service Re4uest The following

paragraphs describe these transactrons'

J
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Attention and SYnc

The start of a command is signaled bla long ancndon pjlse. This is followed by a sync

ilååtrå#.#;¡, 
u"T'ffiHHåiåTöt" Jr'i' "v n' purs e i s used as a ü m". s

Reset

Reset issues a brcak on the bus'

Service Request

Service rcquest is a transaction th.at dcvices can use to signal the host that they fequF

service, such as h.ïää ñrn¿ rouówing any command transaction' a requesung

device can signat by holding trre uSroï äittïtt -q. lg*, poÃo" of the sæp bit of the

command transactión. Thc r"qurrtioii";Ë;?id; Ot U'oi fo* beyond thê bit-cell

boundarY to signai'

when a dcvice has requesæd service, it signals Request Service repcaædly until se¡¿ed'

v/hen t¡. ,.qu.roîLîäd* ir;ridr.éJãi"îrJk;Tit .onii¿ered sèrved and it does not

,.åã'i-n,qö,i *fi*g*fmg*åHàîif:f* rhe ab'itv ror a dcvice to

send Request Sen

Transactions
Transacdons arc inidaæd by commands. The formar of¿ command is: an atæntion signal'

fouowed uv . rvn. îiñ¿, i"'"*øii";tËftî4?'bt;i;;vttct'onize the stopping of the

transacdon, . rropïiï*å;il-Jrouoü,og the imaginrw'uii-"e'boundary. After rhe

stop bir, ,i,. *rärioi irä;pi* ;ä üf";ircreaões iti active drive of the bus'

Each device on the bus has an addre¡s, Therc is only one. active talker on the bus at a ume;

this may be the i,oriði -ãO¿r"rr"A ¿"Jiär.ï¿î"it. á¿¿tätJ¿ t fttt'*iq' data to send'

uwatks-iself after i ;årälî,t ¿Ë". 
-lr.äðtit'-t'^ no ¿"'" to itnd'ít wn*s itself

immediaaly and.t;;ï-rh;-Ë* . r*, ãofÎ't host may ä*Tt"¿ ¿ataalæt a command'

Data Link
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Front Desk Bus PeriPherals
Each peripheral device has a four--þit command add¡ess that identifies its.dcvice-type' A

device always ,"röî¿'Jõi r-"ã¿t.tt i" .ãJ oi 
^ 

power-on or a reset slgna¡'

Registers
Ail devices have, at most' four locations to receive data' Tbe following describe these

locations:

Commands

Resister 0, TaIk: Data rcgisæt'q"ul:t tp""1lÎ'
iüiõ; o, Litæn, bata rc$sæt'qtq:t tp""i!l!'
ilãil;; i;it&' bara rcgisæ'' qt:T spæ1!l!'
ilffi;; i, iiton' bau rclisæt'qtq:" s'ccürc'

i:i',::r I m' gåË.ïååf':i:H: i#h".*:*'
Reãister 3, Talk: Ëäi.trîli"-tr*,ion,üä is, ¿eui.é ad{rcss handler'

Relister 3, Lisæn: Ëffi; ili;ñ;'i"": ;i; ü' ãè"itt addrcss handler'

Table 11):

.Afour.bitdeviceaddressficldthatspccificstheaddressofthedesùeddevice.The
mos t si gnir" äi 

"'î*u 
r;î tË''diË:iËi äê J r'om 0 - I 5 ( A3- A0 )'

Commands can be only bY thelrcsr
A command ts an ghr-sent

SendReset' and Rush.

. A two-bit comiru¡td

Therc are four com¡nands
t¿x(

ei bit word with the following syn see

Table 11 Command SYnt¿'r

.Atwo'bitrcgisæraddress^fiel9.qB'RA)'tfhil!eld'whichisoptional'allowsa
spccific regrster,'R0 to R3'.*."r'-111^ätíl;;ä å;-¿'e ¡o be speðified' For

e-xample, to Of¡eiitiãte a'Aata *Stilîlitt-;'ktybo4-, kevstrote) from a stÂnls or

config'ration rrgìi-tr, (a rÊsponse tftäìigtttnãi *re møetbf t¡e keyboard)'

Comnand10,l¿7654

Send Reset*
FIush
Reserved
Reserved
Resewed
Lisæn
Tatk

00
01
10
11xx
RB RA
RB RA

00
00
00
00
01
10
11

xxxx
A3.AOxxxxxxxxxxxx
A3.AO
A3.AO

*Forces RESET signal on FDB

J
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To allow for fururc exPanslon
instn¡ctions has been deflned.

of the commar¡d stn¡ctu¡e' a group of place lølder
These instn¡ctions a¡e trcatcd as næPs'

Talk
All dcvices on the bus must supPoft Talk and Lisæn commands' When a device is

ll¿tãllã;T.Jk,l;;;ñt$'na u"rote being timed out bv the host'

The seiecæd device, if it does notdme out, becomes active on the bus' It performs its data

tt "tït,ió" , untottu itself, and is inactive on the bus'

Listen
V/hen a device is add¡essed to Liste¡, it is enabled to rcceive the dau biS that are piaced on

the bus uy se r,ort. -rúätã;ipú;";* ir;-d;;-mttiaction. Afær the data bis a¡e rcceived,

the trar¡sacùon $ ;õËt" -,í t¡, ¿ruir" "¿¡tr"^itsetf. If 
a device is addrcssed to Listen

and ir rcceives -"#i;ä;;äññ; b;iÑ it rçceives.TY data, the tansaction is

ñ;ä*;lññid;r;i óõ*fr.æ and the device untistens itself.

SendReset

The SendReser command sends a Reser signal to the bus. The Reset signai rcsets all

ocnding Service R;õil;-**; th. ñl;it au.tt tnd., of ail devices to enable; and puts

Ëdff.*-inimoö in which they will accept commands.

Flush
The Frush command is defined by the device. It is used to clear a fifo and rcsets all keys

"" ã f.vU"ard so that they can be sent again'

Collision Detection
Ail devices detect collisions of data If a device i¡ u'vgg to output a I and tire data üne is or

socs to zero, it hæ lost a corüsion ,o äã,i,ãi ¿."i.r] r--othei device sends dara before

tîä;ËtJ åti, ," assert its start uitltt-ñas ¡ãst a corusion. The losing device should

immediaæ dly urualkiseif and pp¡qtdthsdata that wæ being sent foiretransmission'
fïe device sêts an inærnal flag-if it looses a colüsion.

Note: Devices using internal clocks that gperate within +l'lVo should attcmpt to assert

thei¡ start Uir æä"åti¿ãã dil;ithtn the iimis of the line turn-around time'

Error Conditions
If the data line hangs low, all devices reset themselves and ouçut a Te; lf a command

transaction i, i"rå,ñ1.ï truñ;-irigh:b;tt"d the maximum'bit-ceil time, all devices

ignorc the command and seek another attenuon slgn¿u'
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lietwork Layer (FDB TYPes)

The Network I-ayer accom¡nod,aæs Normat Devices and Extcnded Add¡ess Devices'

Normal Devices

A normal dcvice optionally has a device, cal]cd the actívator, on it to indicate activity' The

acdvator can bc 
" 
rË.ilÉ;ñ;; teyUåaø ói a mouse þutton' To aid in collision

detection,.tf,e a¿¿tJsi-poniín ói t¡c ãi¿tãi field ofLesr¡ær 3 is replaced with a random

number in rcsponseäääËrcäñaãå. Ñ-ã*,¿ ¿i-"tres will--cliane! their Register 3 to

the data reccived rr;h." ,h.t;ãtJ. Utõn nf to*--d' no collision detected' and

activator inactive is tn¡e.

At the systems lével, a host can change the add¡ess of normal devices by forcing the

collision of devicei ;h"titt¿ ttte samt-a¿Atlis' By issuing a Tatk R3 com¡nand and

following it wirh . f-isæn ñ,g.otttn*td-,'"ih iot"' addËss in bits 8 to 11 of the data' all

devices that detcct õnisions * *o""ã'ó iñi nJ* addrcss. This process can be rcpeaæd ar

new addrcrr", on,iiü;;-,poã; þ OL ia]k R3 command is a ti¡ne-our This can be used

to idcnrify -¿,.rË":tJñld;Ëd;-rirà or ae same type after initialization of the sysæm'

Ar the appücations level, add¡esses 9an be changgg by displaying a message rcquesting a

user ro use the 
".ri.,r'ãtoî' 

rtrã rto.i t¡"n issuls a-l-liten ni comnland to a new address and

all dcvices, except th;;t;it!¡ ttre.tä"ãi* Uãing us"d, a¡c moved' This method can be

uscd to identify -Jiäür in¿i"i¿u¿ Jrø.æ-in-ttiutti-uier applications (see Figuæ 22)'

t]]-fllm15 13 1211 87 0

Device handler
Device address
High speed enable
Service request enable
0 (Zero)

Reg ister Address 11 (3)

Figure 22. Register Address 11

Extended Address Devices

Exænded-address devices have the same command add¡ess and a unique.l6-bit extended

address that is ,,or"á'iri t¡" ãttit. fnlir ðomrnand address cannot be changed On

Dowerup or after RESET, they only .*,ä;,h;-Lrt"" R2 co**-d in which-the data match

fr"îïJ,Jå;d;;r*-v/ittn-éä"¡ä¿, ttrei rcspond to all c-omma¡ds addressed to them'

These devices become AtåUiø aftei rccóiuinã ilisæn R2 command in which the data do

not match their stored add¡ess.

J
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Register 3
The function of a device and the use of is data b.y the host a¡e controlled by a handter that

is stored by the ¿""i..ã n.gi*ï nti ft"¡t ðt"tg"trhe ha¡dler with a Listen R3

command- If the ;;"irüãïrit" is aUiã io ntnttiòñ with the new handler, it is storcd and

sent in response to a Taik R3 com¡nand

The handler "EF' hex is.rcserved for the self æst mode for all dcvices' The har¡dler "00"

hex in response to ii¿i. iJ reserued ofuãi.a a faiied seif æsr The handler "00" hex sent

witl¡ a Lisrcn is reserved to indicare tit"t titi O""i.e is gnly to change the addrcss portion of
R3. The fo¡owinj;ääpÈr G"r T"ÏÉizj -¿ 24)'of how tIe handlers for kevboards

(codcd device) rtA.ou* ¿ei'i..i(t"f"J*ãtti*) coulâ intcrprct datarcceived from a Talk

R0 command.

15 6 0

Keycode 1-
Key released
Keycode 2
Key released

Keyboard reg¡ster address 00 (0)

Figure 23. KeYboard Regisær

Figure 24. Mouse Regisær

X move value
Moved right
u0"

Y move value
Moved up
Button pressed

15

Mouse reg¡ster address 00 (0)

05
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I
service Request and High speed Enabling
The Listefi R3 command is also used to criable and disable Sen¡ice Request æd High
Soced modulation. Tilt;;;"búe Uyìening the appropriate bit in R3 to a one and

disabled by setting ttre appropriate bit to azøro'

Service Requcst is enabled on the bus by sening the R3 enabie bit to one; it is disabled by

setting the bit to rr-. fttltlJ usefui i"ÉVlieãíwherc the Scrvice Request response time

in a oolled sysæm;i"ü;; lh- d"tittd-'wtten only spccific dcvices arc requircd for an

application, the othen can bc disabled

)

,)

J
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Introduction
The Inægnæd s/OZ Machine Gril\4)'allows a microp'rocessor to rcad and wriæ serial GCR

Hå"*ffiîtr:f :*r#Sffi åïJ::lifin*nf;*¡1iË'.î*'ili*:
orecise softwa¡e/h;dñ; ol-re t"qïîä-in W1!ii*"9us mode, a fast mode' and an

äffiïi:;;;o[$;":ñã, tit".íto ËoH the eriable outpus low'

The IWM is controlled by ttre fotlowing registers:

' Mode register
' Status registet
.'Write'handshake re glstcr
' Read data regisær

The IW.M is controlled by setting_sta-æ bits and reading or writing rcgisærs' The modes

selectcd by the *äî;;il;t i"A;ã. synchronour, ,r-ynthtonoüs' s'iow' or.fast' The

rormat is .n e-uitriuìl';i;; ,Ë;iú;¿i:-rË';;ï or tr'" data nibble is shifred in or

writæn out fint n Ëit it tra¡rsfened evefy bit-cell time'

Controt Registers
ThelWMiscontrolledbyfiveinærnalrcgisters.Thefollowingpangraphsdescribethese
rcgisters and thei¡ functions'

State Register

Integrated WOZ' Machine

The st¿te registef is an 8-bit write-only pseudorcgister' The bits in this register are

individuany aaoressäËiÃ¡,-Ã2, ddäi:-Tr.,;'dão on nõllttt hed inó tire addressed

state bit by /DEV Uãing íow. Ali eighisate bits a¡e reset to 0 by RESET being low'

StaæbisL6,L7,a¡rdmotor.onselectthe.rcgistet.T-9q::"'*eiftheoperationistobea
rcad or wriæ. If th;-Ji;;i;;ðf*t.it úitîihanqe.s' the ne* staæ selécts the register to

be accessed d'ring the opention, -¿ ãJttt'"intiii th; opéãtion is to be a rcad or write'

Chapter 9

I

J
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The following is a list of the bis and thei¡ functions:

Address Name Function

0
1,,

J
4
5

6
7

LMotor-on
Drive-Sel

L6
L7

If this bit =1, PHASEo is set to a high state.
If ttris bit = 1, PIIASEI is set to a high state.
If ttris bit = 1, PHASE2 is set to a high state.
If this bit = 1, PHASE3 is set to a high state.
If this bit = 1, the selected enable is set to a low state.
If this bit = 1, /ENABL2 is selecæd-
If this bit = 0, /ENABLI is selecæd-
Sce Tabie 10.
See Table 10.

Read
\ilria-protect sense
Wria
Mode sct
rù/riæ load

The staæ bits, L6 , L7, and Motor-on select the rcgisær to be accessed for a rcad or write
operation. Registen not selected by L6, L7, an! Motor-on, ary rcad quritgJny operation
ùi which A0 iia zero. A vvrite opeiation is performed on a rcgisær when LQ pd L7 a¡e set
to l, and A0 is set to 1. A combination of Ll,Motor-on, and /undern¡n enables ÆVRREQ
(lo*). The following is a list of the register control bits, their seiecæd functions, and thei¡
staæ:

L7

LSB

MSB

0
0
0
1

I
I

L6 Motor-On Register Operation Selected State

Read all ones
Read data rcgisær
Read sta¡us regisær
Read wriæ-har¡dshake register
writc modc rcgisær
V/rite data regisær

0
I
x
x
0
I

0
0
1

0
1

1

Mode Register (\{rite-OnlY)
All eighr mode bits a¡e reset to 0 by IRESET. The following is a list of the regisær bits and
their functions:

Bit Function

0
I
2
J
4
5
6
1

I = Latch mode. Must be set in asynchronous mode
0 = Synchronous handshake protocol: 1 = asyn-chronous
0 = l-second on-boa¡d timer enable: 1 = timer disable
0 = Slow mode: 1 = fast mode (2 us bit-ceil timing)
0 = T lvfHz: I = 8 MlIz (7 or 8 MHz clock descriptor)
I = Test mode: 0 = Normal operation
I = lvfZ rcset
Reserved for fun¡re expansion
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Status Register (Read-OnlY)

The st¿n¡s rcgisær is rcad-only. The forlowing is a rist of trre bits and functions of the

status register:

Bit
0-4

Handshake Register (Read'OntY)

ThefollowingisalistoftheHandshakercgisterbitsarrdfunctions:

Function

Same as mode register
1 = Either /EI'IBL1';;/E}ÍBL2 is currently active (low)

i = íä-ï*"t to O bv /RESE-J-ql{N&'-reset
i = öÑSÈtñ"i rrigh: o = sENSE input low

Function

Reserved for fu¡rue use (rcad as ones)
I = wriæ state (cteaËã óõifãwriæ undEm¡n occurs)

i = wñ ¿.tt Èun t rcgisær rcady for data

5
6
7

Bit
50-

6
7

Data Register

rheoperati11"I*iriti,i"JäffJï1'å:ï5 jåiå"."{i:Ë:"i:î*"ixY.äåä.'
svnch¡onous mode
régister. wiú L7 ,åï',¡" ä;;gt;;t Ç;ärä; G ."i"t" tott ts t wriæ'data buffer'

)

J
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Appendix A

Mega II Character Generator ROM

Uppercase Characters

@ AB CDEFGHIJKLMNOPQRSTUVWXY Zl\l'-

Lowercase Characters

'abcdefghijkl mnopqrstu vw xy z{ I } -

Special Characters

1lo be suPP[üed

International Characters

Enslish OSn¡
rn[üstr (uK)
French
Danish
Spanish
Italiut
Gerrna¡t
Swedish

ilo bc suPPlicd

\)
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Appendix B

Cortland InPut/Output Timing

')

The cortland cömpuær has seven vo slots that a¡c almost idcntical to thc slos in the

ff"T"l#ä*i:îi:ä*'''r,g*;*'**l"xç*:y"m:.:i',il"i;"ieslo'ls
imoortant one ueiniüiã'ñri,ã"ioiðr ttã'.¿¿*ss bus . 

-since the cortrand computer can

äåää;ä:ãi,G¡|.iã rräîåäù'iìãã¿**, tr,qaddrcss bus to the slots is nor atwavs

;üË " -ä'in o-rîiplãu.-niiierã-,r"risrl-i"dicaæs when a vaiid addrcss ror

ba¡rks 1Z47ZS Gex $Eg/$El) is pt"t.nlon Ae .¿¿ttts bus and so should be used to

oualify any addrcss dccoding t¡at ¿ocs'nñú;a of tft UO enabte lines' Figr:re 25

itto*"i a pínout diagram of the VO'

GNO
(NC on slot 1) DMA lN

(NC on slot 1) INT lN
NMI
nRo

/RESET
/INH
-12V

-5V
(CREF on slot Ð NC

7M
o3

PH1
/M25ÉL

PHO
/DEVSEL

07
D6
D5
D4
D3

+5V
DMA OUT (NC on slot Ð
INT OUT (NC on slot 7)

/DMA
RDY
/IOSTRB
NC (/SYNC on slot 7)

R/W
A15
414
A13
A12
All
410
A9
A8

A6
A5
A4
A3
A2
A1
AO
/IOSEL

A7

4

D2
D1
DO

+12V

Figure 25. InpuVOuçut Pinout Diagram

The total cuÍent available for the 7 slots is 500 mA at +5V, 250 mA at +l2Y ' 200 mA at

-5V, and 200 rnA at -12V'

2tr4t86
J
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The support circuitry for the sl_ors:s designed to.handle a DC load of 2 LS TTL loads a¡¡d

an AC jôad of no morc than 15 pF p€r pin per slot.

6

3

PHO

PH1

7M

03

5

o 10 1'l

NMI, ¡RO, RDY

I)
3
4
5
6
7
I
9

10
11
T2

12

Figurc 26. InpuUOutPut Clock and Control Signat Timing

Number Description Min(ns)

PHOlow time
PHO high time
PHI high time
PHI low time
7'lVf low time
FaII time, all clocks
Rise úme, all clocks
7lvÍ high time
Q3 high time
Q3 low time
Skew, PHO to other clock signals
Conrol signal setup time

480
480
480
480

60

Max(ns)

10
10

10

ó0
270
204
-10
140

AU clock signals present on the VO slots a¡e buffe¡ed by a custom IC catled the.9/o¡ Maker
Tltö;ËËttgråt-.* a"fryø somewhat ft9.49 corrcspo:rding signals on the main
bú¡ becauscîhey are uunérc¡ through the Slot Maker. Rtt timing p:rameters given here

Ctd;1O ;d ;irh rtt;;rh.; ai^gr*tñr (Figures 27-29) have beelaOjusæd to account for
this delay.
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PHO

/rr2sEL

A15-40,
F/W

I

07.00 (I{dc oata)

D7-00 (Be¡d Dal¿)

Number DescriPtion

Figurc 27. SlosVO Read and Write Timing

Min(ns)

/SEL

7
I 8

9 10

1)
3

4

)
6
7I
9

10

/lvf2SEL low from PHOlow
/lvf2SEL hold time
UO enable low from PHO high
@EVn/OSELn,/ÍOSTRB)
UO enable from PHO low
@Ev )
Address and R/i/ valid from PHO low
Add¡ess and R/W hold time
V/riæ data valid dclay
V/riæ data hold time
Read data setup time to PHO
Read data hold time

-10

10

15

30
140

10

Max(ns)

160

15

100

30

The standard Cortland slot UO timing is shown in Figurc 27. V/hEn the Cortland computer
i;;"i"g ñits trif¡,ip.ed mode, thë add¡ess bus to the Vo slos is not valid during the
.n-titr-p-Hî cy.ie, ñ¿-ü:ereforc, c'annor uç o_r9{ t9 ryrform unquaiified ddtttt decoding.
Sis"¡ Âtd2SÊL, ,¡/ñút t"fi".ré signal ¡rSYl.{C, inilic.aæs when a slow,-synch¡onized
#;;*;;lrjl uking pfã.t an¿ üiren't¡e vaiue on the address bus will rcmain valid
ffiõiË.',r"=n, pHõðñF 

- Tr! means that cards that use the App-lell æchnique of 
.

;h;;i"^;loang o i,iri ñUuplaVõ devices on one ca¡d must use /tvl2SEL to qualify their
ãdd¡ess dccoding circuiury.

,a .+3

6+

J
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PHO

/INH

/M2SEL 4

2

10

Mâx(ns)

115

30
30

100

30

415-40.
F^tr (

D7-D0 (Write Data)

D7-00 (Read Data)

7

9

Figurc 28. VO Read a¡d Write Timing v/iù /INH Active

Number DescriPtion
¡4¡¡(ns)

15/INH valid after PHOlow

'ffilt:trm'r*lË,fffi0,"*
Aãdrcia and R/w hold Éme
W¡æ data vaiid delaY
V/¡ite data hold timc
úã d"t tttuP time rc PHO
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Figure 29. /DN'ÍA Read andWriæ Timing
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-l

,J

A15 - A0

MD7 =MDo

AD?. AÐO

RA7 . RAO

14M

?î4

PHO

Q3

CREF

/SYNC

SERVIDEO

AÃßÍDOV/

/RAS

ßAMWE

/ROMEN

/ROMBNK

/CASM

/CASA

RGB 1

RGB2

RGB4

RGBS

s4

Appendix C

Signat DescriPtions
Address inPut from CPU

Bidi¡ectional llain Dara Bus

Bidi¡cctional Alærnaæ Data Bus

Multiplexed RAlvf address bus

14.31818 MHz master clock inPut

7 MI{z outPut

65C02 clock Phase zero

2 lvf}lz asYmetric al cloc'

3.58 MlIz video<olor rcference signal

Video horizontal and vertical sync signal

Serial video multiplexed with coior-burst gating signal

Video nonbla¡rk window

Muttiptexed RAlvf row-address strobe

Read/write signal to RAlvf

Enable signal for the monitor ROM

Select for the uPper 16K byæs of the monitor ROM

Multiplexed RAlvf column add¡ess strobe for main memory

Multiptexed RAlvf column address srobe for alr memory

I*¡st signihcurt bit of the 4-bit RGB ouçut

One of the four RGB outPus

One of the for¡r RGB ouçuts

-Most significant bit of the 4-bit RGB ouçut

oneof6encodedsignatsusedtogeneratetheslotsignals

)
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/RESET

/IRQ

Rnv

/INH

/DN4A

/KSELI

/KSEL2

SPKR

/PDLTRIG

/c060-67

/T\4SW

ft-xo
Y1.YO

ISEL

Reset inPut

Inamrpt request outPut to C?U (gfcn dr¿in)

Read/r¡¡rite signal f¡om CPU

Inhibit inPut from slots

DN'ÍA inPutfrom slos

Encoded select signal used by the keyboard interface

Encoded select signal used by the keyboard inarface

Spcaker outPut signal

Ouçut to clcarPaddle ti¡ner

Addrcss decode for $C060 to $C067

Mouse swiæh inPut

Mouse X-di¡ection quadrature signals

Mousc Ydi¡ection quadratnre signals

Signal rhat enables ttre Mega tr for PHO activity
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