Building the
Mega lle

(Based on a chip Apple never used for its intended purpose)
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The Mega II custom IC

The Mega II custom IC combines the functions of several circuits found in the Apple Ile.
Those circuits are

m the MMU (Memory Management Unit) custom IC

m the IOU (input/output unit) custom IC

m the character generator ROMs

m the video display circuitry

Except for central processor and memory. the Mega Il incorporates the logic circuitry for
all'the'major functions of an"AppleTle on'asingle’chip. It works with the /O expansion

slots and the I/O ports built into the Apple IIGS and supports the part of memory that
contains the video display buffers. The Mega II side of the machine consists of

the Mega II

128K of memory

the 1/0 expansion slots
the built-in I/O ports

the video display circuitry

The Mega II contains the circuitry that generates video display signals from the data in the
display buffers, along with the soft switches that select the different display modes.
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’,'ﬁ‘i Pcbnew — €
File Edit Place Route
= =

=4k AREE=Ra!

Track: 0.203 mm (8.00 mils) *

balde\Dropb etro Computing Projects

View Inspect Tools Preferences Help

Loeeaq®

v | Via: 0.80 / 0.40 mm (31.5 / 15.7 mils) *

<
Net Name Met Code Pads Vias
/RAF2 a5 1
Z846

Net Length
57.938 mm

On Board
57.938 mm
dx 0.000000 dy-0.012700 dist 0.013

Iden Deliciou

,aull m =
lgaa

=Z= | Grid: 00127 mm (050 mils)

In Package
0.000 mm

GitHub\kicad file...

Zoom

I Layers Manager

Layers | ltems

B | FAdhes
B[] B.Adhes
W ] FPaste

M- B.Mask

W] B.Crivd
B ] Frab
B BFab

grid X 0.012700 Y 0.012700

8.46

mm

Profile

Scene Collection

e

Sources
(] Display Capture
E= Video Capture Devic &
& UsSB Camera o

+ -8 AV

Tools

Help

S
Audio Mixer ] Scene Transitions & Controls =
Desktop Audio 0.0 d& ~ <
e e sy, IR Fade 5 O Start Streaming
B 55 M0 45 40 35 N 25 2 - 5 O _ . :
= ‘)) Duration 300 ms K Start Recording
. —
Mic/Aux |
P T AR T
= e
L N
Capture Device

Video
I A A L o

5 .50 &5 40 35 .30




W WaveForms (11-trigger-on-c23f-check-for-open-and-closed-apple)

= X
Workspace Control Settings Window Help
Welcome +  Help Windows b 0 = 8 |
Logic 1 x
File Control View Window m
H o b = Mode: ® Repeated v Trigger: Normal v Simple Pulse Position: ‘1.2 us V‘ Samples: ‘256 Ki V‘ €
g ‘N Buffer: (10 : + @ Source: Digital v &3 100MHz x. v DIN 0..23 DIO 24.. - Base:  |670 ns/div | Rater 100 MHz V] =
- - =~ [ < >
Name Pn T Busy Name: Address(15-0) Position: 0.00000039s Value: hC23F S L E R
|
+ Apple IIe ROM CLRAN3 BUTN1
\
+ Address(15-0) \| hC23E ﬂhCOSF hC23F I hC240 hC241 hC062 hC242
+ Main Data[7-0] Ny hsF  |hA0  |hco h30 hBo [1X1:3894ns|hpy  |he2 hCo
+ 6502 Oxa0 0x30 Oxb0 lLDA (Abs) |0xbO I0x62 0x62 Oxc0
RW 10 2
ROMEN DIO 28 ‘ ‘ ’ ‘ ’ ‘ ‘ ‘ { \
PHO DIO 2 ‘ ’ ‘ ‘ ‘ ’ ‘ , ‘ ’ ‘ , ‘ ’
M2SEL DIO 26
RESET DIO 24
SYNC-6052 DIO 27 ’ \ ‘
Xl -2.15 us -1.48 us -0.81 us -0.14 us‘ 0.53 us 1.2 us 1.87 us 2.54 us 3.21 us 3.88 us 4.55 us
Manual Trigger = DDiscovery B SN:210321A495D7 USB =~ 7WF3.16.3 Status: OK

-

1020AM [ J



@ OBS 27.0.1 (64-bit, windows) - Profile: Untitled - Scenes: Untitled

File Edit View Profile Scene Collection Tools Help

ERR
Hanz- A=287
2439~ A=[Ga
YRR HuupREEE
24B7 - A=RA
24B7 - A=AA
HE EPMEM M
%48?— A=CA
24B7- A=C1
o= G MmHEE
w Gmea wmsmpew
34B7 - =C@
FeuRERERRRRRRR
24B7 - A=C1

No source selected c} G

Scenes B Sources ]
Scene (] Display Capture ? @B Desktop Audio
Video Capture Device @ ::’;— T

& UusB camera

Mic/ Aux
R I .2
Video Capture Device
| i i
dh = S Y
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e
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¥Y=3A _P=35 S=FC
e ®wW
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PR HHHEE e
Y=08 P=B5 S=F0
FREEPEP o HHEEPHEE s @
FPREEERERRE WERE HHEEEHEW
Y=88 P=BS S=EAR
(CACACY CACACACACACACICEA CE It Uy T
R AT T CA A CA CACACACICA TR g
Y=88 F=BS S=E4
Y=88 FP=BS S=0E
HERHHEOPPRRRPRRREE e
Y=88 P=BS S$S=08
WP SR PE MmN wE
Y=00 P=BS S=02
Audio Mixer i Scene Transitions
i R _D'UdBI Fade
- -‘ ‘)5 nj Duration 300 ms
e 0.0 dB
)
_ 0.0 dB
—w- ) 1
W vl

(®)) LIVE: 00:00:00 @ REC: 00:00:00

Controls
Start Streaming

Start Recording

>
> R g

Start Virtual Camera
Studio Mode
Settings

Exit

CPU: 4.6%, 60.00 fps
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ANY KEY

A6
KEY RDY
COXX
MD7
MainData[6:0]
(Keyboard / AYK3BEDUU
Matrix) MCL
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A15:0 CXXX




"V WaveForms (Wavefarms for lle Keyboard ROM)

Workspace Settings Window Help

Welcome +  Help Windows 2| 8 ||&
Logic 1 =
File Control View Window =
HS_ I .St Mode: ® Repeated ~| Trigger: Normal * Pulse Protocol , Position: ‘400 ns v‘ s
ingle 0
: : Buffer: 10 -] *+ Source: Digital - 100 MHz x32 - DIN 0..23 DIO 24..31~ Base: \200 ns/div v\ =
+ = :J T
Name Pn T Trig'd Name: Data Position: 0.00000033s Value: h20 MR E QIS
+ Address h23F : : !
+ Data h40 | lhzo | lh3o
DIN 18I

KEY_RDY DIN 20 X A
x ./ Nns

ANY_ KEY DIN 234

IENKBD : DIN 16 X | X2: -103.6496 ns AX: -550.365 ns[1/AX: -1.816976127 MHz

ICAPS: 01 0]

IENVID M DIN 174 | ; | | | .

X - -0.6 us -0.4 us -0.2 us 0 u‘ 0.2 us 0.4 us 0.6 us 0.8 us 1us 1.2 us 1.4 us

Manual Trigger DDiscovery SN:210321A495D7 USB 7 Status: OK _




% C\Users\balde\Dropbox\Projects\Retro Computing Projects\Golden Delicious\GD-GitHub\firmware\lle-keyboard_emulator\src\KBD.pio - Sublime 1
File Edit Selection Find View Goto Tools Project Preferences Help

FFFC FFFD [ ] KBD.pio x

62 .wrap_target

63 start:

64 wait 1 gpio PHe ; wait for Data Cycle

65 walt 9 gplo KSEL2 side 1 [7] ; [6] KSEL2 and de-assert 245
66 side 1 [7] ; [6] KSEL1 both seem to do t

67
- pull noblock 7] ; [6] Get Values OxYX Y = anykey X =
6
74 mov isr,null ; Clear ISR
7 in PINS, 1 ; get KSEL@® from the input pins (botton
72 mov Y, ISR ; move to y for comparison
73 jmp 'Y, Coee ; KSELO © Ceee
748 (Co1leo:
75 ; Clear bit o ; Clear Keystrobe
7 irqg 1 ; below here bit © is supposed to be Ke
out null,1 ; Delete KeyRDY OXXX XXXX XXXX XXXX XXX
79 mov isr,::osr
8¢ in null,1

8 mov osr,::isr 5 OXXXX XXXX XXXX XXXX XXXX XXXX XXXX XX
82 mov X,osr ;Backup &sr
83 out null,1
84 out pins,1
85 jmp wait phase
Coo0:
8 mov X,osr ;Backup &sr

out pins,1 ;output keystrobe Gets reset when C sid
89
90 wait_phase:
91 irg clear ©

(alal - o MTAAN = om =

] Line 1, Column 1
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6 OBS 27.0.1 (64-bit, windows) - Profile: Untitled - Scenes: Untitled

File Edit View Profile

Video Capture Device

Scenes

Scene

Scene Collection

&

Tools Help

Apple 1L

m
[N
£¥Properties §:Filters Deactivate
Sources = Audio Mixer
CJ Display Capture % & Desktop Audio
&3 Video Capture Device O & == i —
i USB Camera B SRR
Mic/Aux
Video Capture Device
+ — 3 AWV A" S A S
Lr Pr Ae Al @ Q = -3 9 H e (C. 'S a

0.0dB

—-) &

0.0dB

—-) O

0.0dB

— e\ e

] Scene Transitions ] Controls
Fade ke Start Streaming
Duration 300 ms &5 Start Recording

LIVE: 00:00:00

Start Virtual Camera
Studio Mode
Settings
Exit
® REC: 00:00:00 CPU: 3.2%, 60.00 fps
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o *gd MEGA-65c02 proto pcb [gd MEGA-65c02 proto pch] — Schematic Editor
File Edit v Place Inspect To Preferences  Help

D IGEEOR "R FSACRCRONC) CuColp) | : R R H R

GND j y GND

=

PRLTRIG 7
GND g 10  GND

© 0

GND

Flg @ -ARY

L
“,

GND

mm Constrain to H,
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Keyboard
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$C000

KSEL[2:0] = 0ox®
$C010
KSEL[2:0] = ox1
IDLE

: KSEL[2:0] = Ox7

BAELSEN] L e060-67
Decoder|mor




WID device address =
WID device address = 1, instance = 1
WID device addres

s = 1, instance = )
WID Interface protocol = Keyboard
Error: cannot request to receive rep
WID device address = 1, jnstance = 1
WID Interface protocol = None
WID has 3 reports

Error: cannot request to receive rep

instance = ©

forcing Caps Lock to Wigh
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W WaveForms beta (25b - why is en245 asserting after C002 WITH KSEL)

Workspace Control Settings Window Help

— X
Welcome <  Help Windows Y | =S
Logic 1 x
File Control View Window I~
D ’ Mode: () Repeated ~ | Trigger: Normal v | Simple | Pulse Protocol _ Position: [-833 ns ~| Samples: [8Ki v |48
Buffer: “ s & Source:  Digital &% 100MHz - 32 bits ~ DIN 0..23 DIC - Base: 490 ns/div - | Rate: 100 MHz v| =
1'..- - g T. < >
Name Pin T Busy 8192 samples at 100 MHz | 2022-02-18 14:14:23.749 N BB & & °
PHO BEEX . . j \ 1 \ 1 \ 1 \
MDIO *DIO 264
EN245 DIO27 |
RW DIO 28 X \
+ Address h0106 h0107 hC002 hO1F8
+ Ile ROM RDMAINRAM
+ DATA h8D h02 hOD |h05 h30 |h03
- KSEL 7
2 [MSB] DIO 31 X
1 »ekl X
0 [LSB] )I0 2914
+ 6502 l
X | -3.28 us -2.79 us -2.3 us -1.81 us -1.32 us -0.83 us -0.34 us ‘15 us 0.64 us 1.13 us 1.62 us

Manual Trigger

DDiscovery A DEMO | ~7WF3.18.25

Status: OK

-



% C\Users\balde\Dropbox\Projects\Retro Computing Projects\Golden Delicious\GD-GitHub\firmware\lle-keyboard_emulator\src\KBD.pio - Sublime Text —
File Edit Selection Find View Goto Tools Project Preferences Help

4pr FFFC FFFD [ KED.pio X
6 .wrap_target
6 start:
6 wait 1 gpio PH@ ; wait for Data Cycle
6 wait © gpio KSEL2 side 1 [7] ; [6] KSEL2 and de-assert 245
6 wait © gpio KSEL1 side 1 [7] ; [6] KSEL1 both seem to do the same thing
6 CoXX:
6
69
70 mov isr,null ; Clear ISR
71 in PINS, 1 ; get KSEL@® from the input pins (bottom bit)
p mov Y, ISR ; move to y for comparison
VE jmp 'Y, Coee ; KSELO® © Cooo
74 (Cele:
75 ; Clear bit © ; Clear Keystrobe
76
77 irg 1 ; below here bit © is supposed to be KeyRDY/MD7
78 out null,1 ; Delete KeyRDY @XxXX XXXX XXXX XXXX XXXX XXXX XxxX xxxY | X
79 mov 1isr,::osr
80 in null,1
81 mov osr,::isr 5 OXXXX XXXX XXXX XXXX XXXX XXXX XXXX XXy©
82 mov X,osr ;Backup osr
83 out null,1
84 out pins,1
85 jmp wait phase
86 (C000:
87 mov X,osr ;Backup osr
88 out pins,1 ;output keystrobe Gets reset when C side sends new values
89
90 wait_phase:
91 irg clear ©

[alal P AAN o m

§ ] Line 1, Column 1 P rev3b-code-integration (5] Spaces: 4 Plain Text



o rp2040-keyboard [gd rev3/rp2040-keyboard] — Schematic Editor

File Edit View Place Inspect Tools Preferences

Help

PRlCaQQR|leat |0 2> Al RE PO SED B &

A& D0 6O

R

3

m | BE | KR+ B

+3V3
U28
S| SN74LVC573ANS
KSELO 2[00 9 qo |19 KSELO®
RW 31y S gy |48 RWrD
KSEL2 T s 0 |17 KSELm
KSELL 5 | s o3 | L6 KSELLrp
6 {py Qu L2
7 1ps Q5 i
8 |6 Q6 3
N 2 {p7 Q7 H4x
GND A4
GND PHO 11 Load 4
—Lqoe Z
N 2
GND
~
GND

U308  3v3
74LVC2604 A\

GND
U294 3V3
74LVC2G04
PHO 1 6
GND

0|
NoODmH &SIV L4+ X UNNEY|E~

Z415 ¥ 214,6300 Y 208.2800 dx 214.6300 dy 208.2800 dist 299.0762

g @
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"% WaveForms beta (17- video line after start of frame at 50 MHz AD2) = X

Workspace Control Settings Window Help

Welcome |+ ¥4 Hep Windows

Control  View Window

Export Rec. +XY 4XYZ 4XYZ3D +Zoom FFT Spectrogram Spectrogram 3D Histogram Persistence Eye Data Measurements Logging Counter Audio | X Cursors Y Cursors Notes | Digital Measurements

D Single ’ Run ¥

Buffer: (10 L3 Auto Set

4 8192 samples at 50 MHz | 2022-01-14 11:12:36.346 A

<y~ Normal Delta »

Mode: @Repeated ~ | | Normal v T Source: ./ Digital v

ition Ref

1 ‘ -91. v | none

Manual Trigger / ADP3450 D DEMO 0 MHz Status: OK



W WaveForms beta (09 - two full frames at 40 MHz) — x
Workspace Control Settings Window Help

Welcome - @ Help Windows ’ 4 == iy
Logic 1 x

File Control View Window

D ’ Mode: () Repeated v Trigger: Normal al Simple | Pulse Protocol _ Position: |9.424 ms v| Samples: |2 Mi | 8

Buffer: “ s & Source: Digital v &% 200MHz ~ 16 bits v DINO0..15 - Base: 10 ms/div - | Rate: 20 MHz v| =

_J.. - . T. < >
Name Pin T Busy I 2097152 samples at 20 MHz | 2022-01-30 21:52:10.655 R ! ol

CREF Demo mod
14M (VGC)
7M

SERVID

/SYNC

/WNDW

RGB 8

RGB 4

— ——
— |
==

RGB 2

RGB 1

VBL (VGC) sapoN 15l

[T
(I RA
Bl
|
(L
i1

e e
==
—=—=
=

e e e
===
e e e
S

-

X | -40.58 ms -30.58 ms -20.58 ms -10.58 ms -0.58 * 9.42 ms 19.42 ms 29.42 ms 39.42 ms 4942 ms 59.42 ms

Manual Trigger = DDiscovery A DEMO | = 7WF3.18.41 Status: OK

-




W WaveForms beta (08 - gr mode with horizontal color lines no black) — b4

Workspace Control Settings Window Help

Welcome -* 9 Help Windows -t
Logic 1 X
File Control View Window ]
D ’ Mode: () Repeated v Trigger:  Normal v | simple | Pulse Protocol . Position: ‘1.08 ms v‘ Samples: ‘2 Mi v‘ s
Buffer: “# o« & Source:  Digital %} 200MHz - |16 bits v/ DIN0.15 - Base: 302 us/div - | Rate: 200 MHz V| =
_J.a N A < >
Name Busy 2097152 samples at 200 MHz | 2022-01-30 21:27:25.381 CREF Period: 260 ns / 3. SXU._221E psa 077 %
CREF on 3 X I, - s
14M (VGC) v, X
7 M X
SERVID I |
Jswe [TTTTTTTTTTITTTTTTTI 11|
RGB 8 BN IR R
e [UUUUUU UL UL Qe
RGB 2 ||||I||I| J_J_J_
RGB 1 (UL UL B 10 UL
pnow UL T
VBL (VGC)
-0.43 ms

-0.13 ms A 0.17 ms 0.48 ms 0.78 ms 1.08 ms 1.38 ms 1.68 ms 1.99 ms 2.29 ms 2.59 ms

Manual Trigger = DDiscovery A DEMO | = 7/WF3.18.41 Status: OK

-



W WaveForms beta (02 - 16K at 20M Apple lle) — X
Workspace Control Settings Window Help

Welcome -* 9 Help Windows > fL} :J &
Logic 1 X
File Control View Window am)
D ’ Mode: () Repeated ~ | Trigger: Normal v | Simple | Pulse Protocol _ Position: ‘233.6528 us v‘ Samples: ‘16 Ki v‘ &
Buffer: 4 s & Source: Digital v %} 100MHz - |16 bits v/ DIN0.15 - Base: 950 ns/div - | Rate: 1100 MHz V| =
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Conclusion...

MEGA-II is a fully functional
Apple lle

Impossible projects are possible
with enough time (and help)

Ask for help--Someone knows
the answer!
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