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M ag iC_-I H om eb rew CPU Magic-1 design & construction: Bill Buzbee

Enclosure and front panel: Alistair Roe

CPU: Custom design Addressing modes: Hardware page table
Construction: Reg-Reg Data bus: 8 bits . . . R .
Wire-wrapped TTL Base + offset ALU width: 16 bits Design & debugging help, inspiration and encouragement:
Clock speed: 3 Mhz Push, Pop Modes: supervisor & user Ken Sumrall TTL Mark Attila Szabd
Memory: 4 MB Registers: External interrupt lines: 6 Dave Conroy Al Kossow John Doran
Architecture: General: A, B IDE hard drive interface Andrew Holme Simir Ribic Hans Summers
modified 1 address Bases: SP, DP Serial ports: 2 Ben Franchuk TriPheonix Dennis Kuschel
Address bus: Control: MSW, PTB Real time clock Gil Smith Dave Brooks Merlin Skinner
22 bits + 1/0O space Special: PC, C Full front panel Mark Atherton Barry Cross ...and many others
Ron Watkins lan White Thanks!

http://www.homebrewcpu.org
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Outside dimensions: 8.5 x 11
Inside dimensions: 6 x 8.75

Inside cutout centered:

1.125 side margins

1.250 top & bottom margins
0.75 corners

Polish inside and outside edges

All holes 3/16 (use template to drill)
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7402
2 7400 -RD is generated on FP/Clock board. Pull 7432 from U95 position and
< ,* 5 s replace with 7402, Use previously unused gate C from U9. Remove wires
10 P LRD) from pins 1, 2 & 3 of U95. Wire in new pins. To finish, run U9:8 to US:4

Control Card modifications
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10
[OCIK 5 {@Oﬁ 12 o8
R-B27 7404 13 U63:11

_FAULT_PENDING

Use either 41:5 or 44:3

MEMREF previously used for PSEL computation and trap support.

Perhaps factor it into _RD and _WR and don’t use for PSEL? Main SRAM
ties _OE to _RW, which is different than everyone else. Should it also use
—RD? If so, do we run into timing issues? Device SRAM uses _RD, but can’t

handle fast clock with 70ns devices. Sheet: /
File: New_WR_RD.sch
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Memory Card Modifications

Added to memory card to provide partial termination

for the data bus.

Inserted between the existing

DBUS net and the backplane edge connector. So,
the new “D” bus is the old “DBUS” in the device page

schematics. Started off using 47 ohms, but may

adjust later.
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Memory card rework #2 - drivers & termination for address bus
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Memory Card Rework 3: MEMREF

Alter MEMREF to factor in DMA mode. This change restores the
functionality of the front panel read/write following other changes
that moved D and A bus signals behind buffers.

We pick up DMA_ACK from the existing inverted _DMA_ACK on
Ui1-2. For the OR, we use an previously unused gate in U30.

MEMREF signal coming into the 7432 is the original one generated
by U18-8 from the Page Table sheet, which is also disconnected
from the backplane connector.

The new MEMREF signal is then connected to the backplane and

used elsewhere in the system. Continue to use the old MEMREF in
the generation of _WAIT, _NW and _NP internal to the memory card.
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DMAACK 1 L
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U16-8_MEMREF
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for the data bus.

DBUS net and the backplane edge connector. So,
the new “D” bus is the old “DBUS” in the device page
schematics. Started off using 47 ohms, but may

adjust later.

Update (2023). Removed front panel switches from 74F30
and applied directly to DBUS.
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Device Card Modifications

Added to device card to provide partial termination
Inserted between the existing
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Register Card Modifications

Added series termination to existing 74245 bi—direcitonal bus driver. Start
with 47 Ohms, but may adjust later.
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(DBUST s —UeL2y
(DBUS6 s <U6L:3)
(DBUS5 iz <UeLik)
(DBUSH i—rz—<U6L:5)
(DBUS3 sy —<U6L:6)
(DBUS2 g U61:7)
(DBUST o <U61:8)
(DBUSO gi=o—<UeL:9)

Sheet: /

File: Register card rework.sch

Title:

Size: Al [ Date: Rev:

KiCad E.D.A. kicad (5.1.6-0-10_14) Id: 1/1
I 2 I 3 I 4 I




Register/ALU Card

o A
D0IDID OO OIS IO L HOID,
oo
o=

~N

! ‘
= LOND SIS IR R

PRI A R E AR

3

&

f

RO NGB0
%,

RIOWEED,
S oW

P00 =
= ma el s £ 63

P
Mo v e e Nel ol
o [eoi Toid
e :

5005

IO
9

S0
5o




2 3 4 5 6 7 | 8

RI0..15]] 74153 25 bi— ALUOP[O..1]

Ry R7 R R11 R R11 R13R1S ALOP@
[

Ry R{e R{2[R 1+ U18 E TOP1

@

[0-15] X

Ly L7 LY |11 L L1t LY3|L15 263
] L

2y  2C0

1Y 1C0

15
6
7

15
6
7

15
6
7

2G
74153 G IR1

B
U4 74F381 u2 v1z. %

pelel a3

~
N—Oo
%]

~
NeOo
%]

Z oo oNco Z mnco omoco
[5) momom << nnn [} momo <<
74F381 u3 74F381 u1

nm
pelel [S1N]

]

€l
o

2y  2C0

€}
—
T
€
— 3
—zkd
€11
=3
8
Q
8

Gnd

i+ 4
g Jo7 09 Jo11 0y3jo1s 1Ay ALUV

[0}
a

1] 74157
¢ U16
LI
B0NY5E383 s Gng USE_CARRY
v . MSWC
74F182
000
zzZzz 7
®v rt4-+<;< T
~ N 2 p___L[:>oL___
) 7404 U12B
T
3
0 {113 0 0 0 07 = 0 pi1j013p1s
0 0fej042j014 0 0 0 0 l 0 04ej012 4
2 2
3 /7432 3f 7400 ALUOP_sSZ]|
1 1
14 13A
7404 _,
3 [ ; 2 1 _DO_RSHIFT A U
U12A
. | o] b oL LU oL b L
QY I2I<I2ND 32923 Q0 I2I53IE3 Q0 I29x3I2= QY 323x3I2N2=
833 33333 FEEEERESS REEEERES EEEEEEEES
74F244 uz 74F244 us 74F244 u1o 74F244 ut1
NN S o o NN o NNNNSSSo [STETIRTNININN
<< <<< << <<= <<<<<<<=< <<X<<<<=<
TESISSI2 SSSISERS SSRIIERS SSSIIE8S
B cEER SEE 3
glzq2 4 1z A 1z 14 7 14 Z 7 Z40|z12)214
Z11)Z43)215 14 14 14 27 jz 14 jz 27 14 1213

9 FRED) (c) 2003, Bill Buzbee, Half Moon Bay, CA




M S W Z[O"15]|
28 29 z11 Z12 [713 14 J715

_SET_FLAGS
ALUV
ALUS
ALUC]
[L_mODE ® ALUZ
7404 [ ui1a2c Gnd
5 6 ) o)
——< xCODE_PTB L_Ell
[L_PAGING Cn p<o<OTo
74157 27
L_FAULT 4 408 LRI
[MEMREF > U19 =T < |-
+5
I L_Msw|
/. {: I 11 TH
RS e DS - EZ MY - 3% 2R2898]°
Idc.  pr pi— Bd ol rrpl2 ol rrpl2 el prpd 74273 U26
o 7474 U23A o 7474 v24B o TAT4 u23B o 7474, U24 R
[_RESET & * ®
MSVD

[LEL_msw o9
I L{mswz >
o

74F244 74F244 MSWV
uz2s5 uz2s MSWM >
MR NN =
<< << << << << << <<<=<
SORIRSRE SORIEERS

() 2003, Bill Buzbee, Half Moon Bay, CA




(<]
— a S
] © >
3 S
- g F
c
8
=
=
©
— ow NS . H,
19 o w0 ¢
b
as ¥8Q = 3
as ~7qQ e o
as  6Q = S
@ 2 = a
ar
¢35 7 =
Har =1a @
)
5 o
i’ o
g _—
_ C)
0 <«
4400 5 ©
© 2 ©
=N ae ¥ 80 Hg—s=
oI 7um P
SN RER —
Se—Hlas 0 fg—= 7
== ar eq 4Q —Lid & N
d.zIPz o 8% - ae ¥eQ =
az 20 g8 ¥ea -
A—i a1 Q% L a ~1q L
as 50 -
a7 on 4Q ¥
e 83 :
5 o[ i3
R 2ol = 2||F €
o ag < 8Q p—or=\ |
= a. ~r7Q = Qlld
Y . T SO 1S] |y
Byt a5 5Q ™ L
s NE ar 5wo o
g
r A—Iar ~ia
9
Q 2
w
o N 0 <
s o190 5 © — G .
—_— S T 19 o5 5 o e
) Y TR Sy e
e R o) e o e
SN_ELd 0y  4Q L o Ko =
A—v “FF%MB - Re—tae §lsa -
az 20 o o §29
A—ra Sia — A —tdal Q9% -
R 10 < > =
q 00 W - \[_r_mu 20 W " R
~ ~ -
|| Dl as <8Q N a Leq
- 792 =7 LM N 8ila, ~7Q [ LHU/
. & s = - e
r i - ollo oo (S —1
Rl as ﬁwo = alla N as 44lmo =
T 0e 320 2 i o X0 -
=5 HHar =1 o= P S
e o]|T||=, L
n @[
| ==
0 <«
e v ¢ B G .
5 @ g SN ag ¥8a -
s as ¥ 8Q L ~ a8 ¥ 8Q e
o az "~ 19 == i bR e
L == e & ISES 5Q =
o g ol 5 oi—e 5 o4 25
o &K o as & 3Q o7
dzu.ZIP o me - Nt a2 Wmo r=L
&3 AN—Ela ~ia
.V_lml al 1Q L 5
0 <«
P % 5 D R o~
S o as <8Q
N as S8 L_.TH.I/ < g ¥8Q jﬂ/
N a. ~r7Q L o T P -
N2 6Q pui o < 6 > -
— a9 S— s B -
- & aa - Dl - av o 4Q ~
BSO-T o - 4Q 7 L, L_ N a Ria -
N ae 3wD ~ o= N i DNUND :
]9 320 , g TSR
=o Zlml ar UB 1 L <
< th_ pr}
<<
E, |__ L,
0 <
20 ——Hd 00 W o ®
%) | ™ e} L2
N o s ¥8Q =
AN as ¥ 80 HE—s= N g8 ¥ e
T RS P 1y g oo e
7 - =
w_z £ mw me = Mz £ mm awm =
dzq.ZIP o Wwo - Nt 0z WNQ o=
az =20 g 320
.V_lml al 1Q par} .V_Lm
0 <
0 < = G
i a D as <8Q
~ [T N ¥ -
D a8 ¥8Q o = as 5 -
S o T e i o i R -
— a9 6Q - ) A e -
No—tdas 50 L 1 e 2 -
R a8 Nwm - | I e g me -
%% - | ar ~1Q =
V_lml ar UB - .ZLm
w
] $) Q w




_RESET]
L_MAR]
Z[0..15]]

MAR[O..15]
_EL_MAR

MARL 2MAR1S
MAR| 2MAR1S

MARD LMART &
MARD LMART &

R

MgRp AHAR] 3
R

MARE AMARY 3

74273

n

Special Registers

. y
e
N —g
N —519
o]
= -
s =] S,
= 2 [
Avn i
= o
= )
e}
22
z
EZ 1) «
- R
vl
Y s
vl 1v4 g
vz 2v1
ove 2Y2

WZ <
<
oL o
o ¥
I
L “ 1Y1 o
vl Ny 1v2 =
£Vl 1Y3 -
VL 1Y4 5 «©
Lve 2Y1 o
2ve 2Y2 o
£VZ 2Y3 o
we s 2v4 «©
N
Ol L
o ¥

(c) 2003, Bill Buzbee, Half Moon Bay, CA

L[0..15]

B

;1

19 L1 L3 15

U49
L

N

oz o« z [
L1

74F244

61

uso

74F244




XL_MDR_LO

XL_MDR_HI

Z[0..15]]

Z15

Z1 4}

us1

Z 13}

212

74157

Z11

Z 10

29

L[0..15]

74153

74153

23

74153

74153

Gnd

m_ w_
| |
ol |8
M_ M_
- -
o[ Pe—
Il | [
xillalla —
allal|=]|[= o)
== M -
_.r__ E_ m a S
1l 4
»
™ 2+
al 18 10 F——t—
az WB IS
ae =7 3Q =
ar  4Q =
as 5Q —=
a9 6Q [Ep—te—
a. 7Q =
as 8Q Jdlﬂl
8 I
0 &
—Hd1o ~
NS
» w
= —] 1v| Y1 e
& vl o 12 —
= w8 S
ST S S
1ve 2Y1
= ove 2Y2 —
o= €VZ < 2Y3 o=t
vz N 2v4
. &
—do ¥
L gt B
~ ~
ot =1 LVl y«m =l
vl gy
pid 2
: v B
P ] i
Vg 2Y1
= 2ve 2Y2 =
o eve ¥ 2Y3 o=t
] e g 24
¢—do <
. 51922
= o o
zvL
o vl m-w 1Y3 =7
5 Lo 1v4
= vz 2Y1
= ove 2Y2 2o
p evZ ¢ 2Y3 o
v F 2v4
a 10 2 = —do ¥
az 3 20— —td oz ™
as 3Q |u|..T|
ar 4Q JM'TII ~ ~
as 5Q ot = A N =
[ a9 6Q fR—= = vl N Y2 =
as 70 fg—st = vl g 1Y3 o
as  8Q = = vl 1v4 &
8 © = e 2v1 &
0 & — [ 2Y2 o
g0 & — V2 g 213 =
— = e X 2v4 —
‘ [
—Q 9| <
—1id oz ™~
- (D
2 ~
=5 A Y .o
oYl
—= vl S 13 3 -
5 Lo 1v4 -
vz 2Y1
= 2ve 2Y2 fp—————
e eV 5 2Y3 p—arf———
Ve T 2V fr——
‘ [
¢——do <
L —Idoz ™~
6}
~ ~
= Lyl 1Y1 .-
2 M B
= L 1Y4 gt =
= vz 2Y1 o
= ove 2Y2 fp——r——
= eV < 2Y3 fg—af——
= wWe 0¥ Y4 e—tee
. &
——do. <
L 19 ~
59 o¢
n. ~lofn E
=
g J=
=)
VA
S 3
w <
M ~
N
(8]
b
<
==
4=

() 2003, Bill Buzbee, Half Moon Bay, CA




RegisterCard.bom

Register card BOM
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ControlCard.bom

Control card BOM

Item Oty References
1 3 R8,R9,R10
2 7 R1,R2,R3,R4,R5,R6,R7
3 3 U22,U48,U062
4 3 U20,U38,U043
5 3 Ul4,U39,U053
6 5 U23,U41,054,059,U060
7 1 U25
8 1 U44
9 2 U21,U42
10 1 U24
11 4 U13,U40,U49,U061
12 4 U50,U51,052,U055
13 1 U35
14 1 Ul2
15 2 U46,047
16 1 Ull
17 4 Ul5,U016,U17,Ul8
18 3 U34,U36,037
19 7 U6,U7,U8,U9,U10,U19,U56
20 7 U26,0U27,030,U31,U32,U33,U45
21 1 U29
22 3 U57,U58,U063
23 5 Ul,U2,U3,U4,U5

Note: U64 and U28 deleted
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74F240
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MemoryCardl.bom[+]

Bill of materials -- Memory Card --- page 1
Item oty References
1 1 U19
2 1 U13
3 1 Ull
4 3 Ul4,Ul5,Ul6
5 1 U1s8
6 1 U020
7 1 U1l7
8 1 U30
9 4 uU7,U8,U09,U010
10 1 U1l2
11 1 U29
12 4 U3,U4,U5,U06
13 8 U21,U22,U23,U24,U25,U26,U027,U28
14 2 Ul,Uu2

74F138
74F374
BIGSRAM
FAST SRAM
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Device Card
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RAM & ROM
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