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Audio /a AC bus
XOouT
User Registers
AC, X,gIY, out Blinkenlights /4 il
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Sheet: PER These schematics use 74HCT but most components can be replaced directly with either
: 74LS or 74HC. Two notes to keep in mind: (1) 74LS uses more power and has lower V_OH.
E.g. when replacing the OUT register with 74LS, adjust the RGB resistors accordingly.
(2) For the clock 74HCT always gives the most desirable duty cycle and reliability.
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Multifuse F1 helps protect
the upstream power supply

Power against faults/shorts in the

computer (e.g. those caused A decoupling (or bypass) capacitor in close proximity to every IC's power
by build errors or abuse) pin provides transient current when switching between logic levels.
PWRFLAG _,  PWRFLAG
- I G . o o o o o o o o o o o o o o o o o o o o o o o VCC
N 2 7 2
750mA/180mQ/60V
g > éz +|Ch C10|C11|C12|CL3|CL4|CL5|CL6|CL7|CL18|CL9|C20|C21|C22|C23|C24|C25|C26|C27|C28|C29|C30|C31|C32|C33|C34|C35|C36|C37|C38|C39|C40|Cu1|CL2
—X >
-k T T FETT T L E PP PE P TP T P L P PR P E P LT
[l ) G S S G D S U S U G U (N GH W SN G SN SN G S S G S W)
54819-0519
PWR_FLAG
Zener diode D1 protects
the circuit against reverse
current and overvoltage
Pierce oscillator To instruction fetch and control unit
PC, IR, D, WE
LM | CLK1
R1
Inverter
Buffer (for long ¢2) Delay line To user registers
AC, X, Y, OUT

U1F u1B uic
Clock < 13 12 3 4 6 9 8
T4HCTO4 T4HCTOL 7LHCTOL 7LHCTOL 74HCTOL
o ULE
11 10 47p
Y1
7LHCTOL 6ND

..—|D

6.25MHz,/30pF Optional booster
The 47pF of C3 provides an additional CLK2—-CLK1 shift of
a4 C2 5ns, which is required when using the original 70ns SRAM
at 6.25MHz, or when overclocking in general. (It is not
47p 47p needed when using a 55ns SRAM module at 6.25MHz.)
GND GND
vee
|
S To program counter PC
- — (1) Power comes from the +5V that a USB charger provides. The data lines are not used.
Reset 3 1 GND RESET L RST ~ ; ;
< (2) The oscillator generates 6.25MHz square waves. The HCT—inverter gives a lang 2nd
GND MCP100-450D] clock phase. This is useful for the /WE pulse derived from it. (3) The Power—On Reset
LED (POR) supervisory circuit holds /RESET low for 350ms during power up and brown outs.
u2 Marcel van Kervinck and Walter Belgers
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BUSO
352X BUSL
BUSD BUS2
BUS3 BUS3
BUSE BUS4
BUSS BUS5
BUSH BUS6
BUS/ BUS7
PC 0:3 PC 4:7 PC 8:11 PC 12:15
Qo4 PCO Qo014 PC4 Y3 6 153 Qol—14 PC8 v7 6 3 oLt pPC12
il 13 _PC1 o135 PC5 Y25 | gil13 _ PCY o e
413 PC13
12 PC2 12 PC6 Yi 4 12 PC10 P2 Q
b PP Tok b TR 1oy Yo 3 | I pci Y5 4 oy o212 FCls
Q33— Q————— PO Q== Y4 3 g Q311 PC15
U3 Uk 0 | U5 " U6
TCL’ Tcﬁ ‘7095 Tc 9 dp: Tel_15
ep 7 |~
10 ep
74HCT161 7LHCT161 —{cet  7uHCT16L 101600 Juncries
p 2 Cp
1
QR —L dmR
[CLKL
PL
PH
RST
Instruction Register IR
U7 f Do Qo é
D1 a1
PCO 21 =120 7 6
AO oF 29 D2 Q2
PC1 22 |4y bao |19 8 |p3 Qs |9 T .
o control unit
PC2 23|, bo1 |18 13 | pu Qu 12
PC3 24 |3 ba2 |17 14 | s Q5 |15
PC4 25 | 4 b3 |16 17 | pe Q6 |16
PC5 26 | 45 by |15 ‘ 18 | us Q7 18
PC6 27 | 46 b5 | L4 ‘
PC7 28 | 45 pas 13 11 L T4HCT273
PCB 29 12 1
AB DQ7 q Mr
PCoY 31| 4 27C1024 bag |10 To memory address unit
PC10 32 | p10 pQ9 -2 N9n7TnvertTng
PC11 33 | a1 Q10 -8 tri—state buffer
PC12 34 | a1o pQi1 2 Data Register D i 2 13 00a—18 [BUS6)
PC13 35 1 p13 D12 (-8 3150 Qo0 —2 4 lia 01a—16 IBUST)
PC14 36 1 a1y DQ13 |2 4 b1 Q1 2 6 12a 02a—14 IBUSG)
PC15 37 1 a15 DQ14 (2 7 102 Qb 8 134 03a—12 [BUS3)
%38 ] DQi5 3 8 [p3 Q3 —2 11 ob 00b—2—{BUS1)Y
(-3 o TE 21 13 1pg Qu (12 13 lin ﬂ 01b—Z—{BUS0)
VPP% 1‘7‘ D5 Qs 12 g 12b 02b g BUSZ)
D6 6 13b uio 03b L)
GND 18 | o us 87 19 BUS
L _doEa  74HCT244
11 bep TLHCT273 19 Joeb
1 g Mr

The 16-bit program counter (PC) normally increments by one for every clock cycle.
Conditional branches can go to any location within the current 256-ward page.
Unconditional jumps go to any location in program memory.

When there is no branching, the memory space is linear and PC will cross page boundaries
Marcel van Kervinck and Walter Belgers
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Condition decoder

To BUS 5
Bus access decoder and RAM 5 10a
11
W PR [ a7 INV.CIN
5l oop [D——s
[[ROy———2—A0 UL1A 01p—2 L gea vz
_ 4605X—-101-222LF T4HCT153
74HCT139 020——JAE vee S HY—10 1i0p
[D—i : = - T 5
03 1E 12b Zb—2—X
' 0B R R
L15 gep
| o K 0| 14 SO
Mode decoder 2
Ui3 D9 st
R2 1 10 0o h15_[D]AC rido D11
IR3 2 a1 01 pts [XLAC $182 9 o3
RE 3 lao 02 h13 [Y.DJAC ;s pis | rifs? From AC
os 12 [YXJAC ¢ S i and ALU
os AL [D]X XL
6 10 DLY D
E3 05
5 Neo o6 N9 [D].OUT r€s® D19 | D20 - :ﬁ ‘wusiz(rs
B PN 07 A7 [YX++],0UT fu, mnJtu, mnJw, mn INV_A_IN INV_A OUT ) 9
74HCT138
4605X—101—-222LF
. From Ve R=2.2kQ
instruction i ? o1
register ] RS EH To memory
N o o o oR EL address unit
N
4
Operation decoder ~ - - o ) U168 6 o[
5 74HCT32
1 UL 15 LOAD L_D;Z_.,rﬂ[ifﬂ, During write, AC and OUT are blocked from To user
[R5 5 A0 00 P AND TSR M being written to by U16B and U16C. This way, W OR registers
IR6 M 01 =3 OR 7 g sy gl A all 5 memory addressing modes can be used 5
IR7 A2 8§ ) YOR Y i - w in ST instructions. ) U16C g -
0 11 ADD D32 | p33 |gi—e 14— INV_B_OUT 10 | 74HCT32 [0
6 1¢3 05 p10 SuB e = vee
5 Ny 06 N9 STORE D34 | D35 D36 W -
4 Ny 07 N1 JUMP e 14— fus o= J
0 i o
74HCTL38 b3 ~
16-bit jump (JMP) detector I
o ~| wf M| |Il[\ll\\//_BA_:::ll RL)—15 03p—2—x Wired 1N6OP
3 ok k1 = [Ray—L>qe D4
7 b 717 INV_C_IN y " AND 2 BT
=t r s 74HCT139 02p0—+2—x OR “'E(')P To program
gg bohzebb=ze counter
- 14 o4l x 13
The control unit has: Buffer / 13 " v o THHCT32 11 L]
- 11 input signals: IR0:7, AC7, CO, CLK1 octal imverter | $ Q (R oobt2_ BF 12 | uep
— The output comprises 19 control E =
signals: /DE /OE /AE /IE ARO:3 AL /LD z
/XL /YL /OL IX EH EL /PL /PH /WE T BRI2888 38| xxx breakdown symbol
000000 into 8 inverter gates The control unit expands 8-bit opcodes (IR) to 19 control lines. The scheme is orthogonal:
|~ o N 38D Bit 0—1 control what is an the data bus: operand (D), RAM, accumulator or input.
INV A OUT Bit 2—4 select the addressing mode during operations, or the condition during branches.
Bit 5—7 determine the operation performed by the ALU and the type of instruction.
To A Marcel van Kervinck and Walter Belgers
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Memory Address Unit
Quad 2:1 MUX
210 Sl Al
D4 I1a
B 1 45
14 1o u3s
X7 10c 12 A7
Zc
13 Jitc
11 og T4HCT157 Lo A6
[D6)—10 14
1_is
[D—15qe
Quad 2:1 MUX
210 B AL
D1 I1a 32kB/70ns static RAM
200 Sl 7 A2 -
" 11b U3k AQ 10| 4o 00 [1/BUSO)
10¢ 12 AO AL 9 |12
13 Zc AL 1 [F41BUST)
[D0) e A2 8 13
11 74HCT157 A3 = A2 D2 EBUS2)
T 7429 A3 A 5" ik E3US3> The 6.25 MHz system has a clock period of 160 ns.
11d A5 S o4 T3US‘*> In each clock cycle 1 RAM access and 1 ALU operation
[ED 1 e I3 nl= 05 ;3U55> can be done sequentually. Therefore the computer
D 15 4 A7 | 06 T3U56> needs an SRAM speed of 70ns for reliable operation. In
A8 p o7 [2[BUST) the kit 55ns SRAM is included for additional headroom.
Quad 2:1 MUX A9 ul L o [3o$0F
2 . A10 21 1y we PXWE]
508 7alt A13 A1l 23 p04 o 2%
H I1a A12 21 p12
From control unit 5 liop N AL ﬁiz 26) 543
6 l1b 33 L ata
14
3 :SZ 712 A9 HM62256BLP -7
11 T4HCT157
0% Sel2 ALl
1
5
EH) 15 de
Quad 2:1 MUX
ma Sl A8 EHEL: AH AL Notation
H 11
) 5 ) AL5 LoLo YYYYYYYY  XXXXXXXX [y.x]
(72— | 7oL — 1] L H | YYYYYYYY DDDDDDDD [y,$dd]
e U32 AT5 H L © 00000000 XXXXXXXX  [x]
[Y5) 14 e 12 AL2 H H 00000000 DDDDDDDD  [$dd]
= Zc
13 e
Y2 11 og T4HCT157 ALO
10 114 zer—2
1 For speed and simplicity the memory addressing space is two—dimensianal.
:> 15 oé The address unit can create addresses in four different ways, as shown in the table.
The low address byte ariginates either from the operand (D) or from the user X register
The high address byte is either zero or comes from the user Y register.
Marcel van Kervinck and Walter Belgers
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O
[a'4
<]
R 0 0 o CIN
Logic P Lagic A Logic DA Logic S
Unit 3 g5 Unit 2 g S Unit 1 £ S Unit 0 g S
= N = =
~ ~ ~ ~
N N N N N N N N 4-bit adders
o ~) o ~) o N o N| 7 co
5 Ia o — TALUD Y
3 In o — ALUZ)
From 14 ) 5313 ALU2)
cgpttrol 12 1 U26 sul—10 [ALUS )
uni
S —p1 cu—2
AL 15122
A B3 7HCT2es To user
B4 registers
ARL AR1
Dual 4:1 multiplexers
AR2 L
AR3 5 saf—*4 ALULY
3 sol—L ALUS )y
14 Jn 5313 ALUG )
12y u25 410 ALU7 )
6
B1 9
2 82 C4
15 lg5  74HCT283
5
~ o ~ o ~ o ~ o
Back to
N N N Q N Q N N control unit
b b a i
Logic Logic Logic Logic
% E Un?t 4 § E Un?t 5 % 5 Unth 6 E E Un?t 7 Instruction L R CIN  Result
¥ F ¥ ¥
™~ ™~ ™~ ™~ LD 0 B 0 B
AND 0 A AND B 0 A AND B
S8R 8§ 588k 8 2ul [SS88 85 Sd8B 8 2o OR 0 AORB 0 A OR B
XOR 0 A XOR B 0 A XOR B
S R T B e e KR T B S (b 4 op AT -
ST A 0 0 A
CEE] oledam :'n CEE] B Bce 0 NOTA 1 A
Si< O N[ M Si<
o &looo 2 o &leoa 2
< << << < << <<

Each of the eight logic unit packages contains two 4:1 multiplexers we call L and R. R is fully programmable by the
truth table hosted in the control unit (ARO:3). It performs logic functions on both accumulator (A) and bus data (B).
L will either be zero or the value of the accumulator. Therefore it needs just one control line (AL).

The stage with two 4—bit adders combines L and R for a final result. The table lists resulting operations that we use.

During jump instructions, "—A" is computed so that the carry out (CO) indicates if the accumulator is zero.
During store instructions, "A" is ‘computed’ so that, depending on addressing mode, the accumulator can be copied to X or Y as well.

This unit is the equivalent of two large 4—bit 74181 ALU chips that were at the heart of
many 1970s minicomputers. This design is inspired by Dieter Mueller's excellent notes
starting from http://6502.arg/users/dieter/al/al_4.htm

Marcel van Kervinck and Walter Belgers
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ALUO ALUO
ALU1
ALUL
ALU2
ALU2
ALU3
ALU3
ALU%4
ALUL4
ALUS
ALUS
ALUB
ALUB ALL7
ALU7)-ALU
Accumulator X register Y register Output register
2 2 2
ALU3 3 &9 ALU7 6 14 ALUO 3 N ALU3 3 86
DO P3 0 —ALsY 9 I'po —ALes 9 I'pg
ALU2 4 ) at 2 ALU6 5 ) s ég CALUL s g, at 2 CALU2 w g a1 2
ALU1 7 | Q2 —, ALUS b oy Q212 g ALU2 7 | Q2 — ALU1 7 _|{p 9z —y
ALUO 8 |p3 @3 — ALU4 3 o Q31 K7 ALU3 8 |pz Q3 — ALUO 8 |p3 Q31—
ALUS 13 | AT 30 ALU7 43 | Qb — ALUL4 43 | T
ALU4 14 Q5 9 sz 15 ALUB 14 Q5 ALUS 14 Q5
D5 ———————2=qF T —AL=D 24 1ps —ALSD 2t 1ps
ALU7 17 |p, 4 ae 1S 7 eep T = ALUS 17 |p, Ut aett AU 47 |p. ) as 28
ALU6 18 |y Q7 120 Cet  74HCT161 ALUL 18 |y Q7 ALU7 18 |py Q7
Cp
L bep  74HCT377 [ L bep  74HCT377 11 _5ep  7HHCT377
D) L q¢o L _gvr '—1«0{0 —2LqEo
D
0oL)
ALU3 6 14
P3 0
From ALU2 5 Ip2 31 L3 ég
control ALU1 L w12 55
i ALUO 3 | 11
unit PO Q X3
u29
XL 9 _ope Te—12
X 7 Cep
[A)—210 dcet  7ancri6r
2 e,
L _gvR
[cLk2
2 fioa 00a—8 [BUS0)
4 i1a 0ta—16 1BUST)
6 122 0214 1BUS2)
83, 03a—121BUS3)
1L liob 00b—2—{BUS 7Y
13 li1b ﬂ 01b—L—{BUS6 Y
13 12b 026—32—1BUSH)Y
17 i3p 28 03b—>—BUSA) Besides PC there are four user registers: AC, X, Y and OUT, each has 8-bits.
[AE) L ot e AC is the accumulator for calculations. X and Y are used to form memary addresses.
19 OEZ Y is also used by the JMP instruction. OUT is the primary output register.
Only AC can write back to the bus and memory, the others are effectively write—only.
Bus gateway AC Marcel van Kervinck and Walter Belgers
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The RGB resistor values depend on the 74xx sub—family of the QUT register:

7400/74LS: 390Q / B820Q
74HCT/HC: 750Q / 1500Q

J3
DB15_FEMALE_HighDensity_MaountingHoles
6l o
1o oltly
Lo
; o of2x
3 O 5 DB15 connector for 64 colors analog Attenuation from 74HCT output to audio
9 O O RGB video out (VGA compatible) line level by two overlapping filter slopes:
10 f_L = 160 Hz; f_H = 700 Hz
x—Ho oftt
10~
5l o5 5.00
450
ol 4.00
Blinkenlights 3.50
3.00
Vv 250 === Low pass
o LED “ 200 «==High pass
2MZ} 5 R }— izg Line out
D8 :
LED 050 & —
27 4 R H 0,00+ —
Extended output ‘ﬂ g 33 65 131 262 523 1047 2093 4186
LED 77 5 f
mo  qol 2 2% 3 {E o
a1 Zl D6
Q2 LED
9 2 47 2
Q3 R
Q4 |12 = (e h AC coupling Line out
Q5 |15 . High pass
Q6 |16 2
u3s T GND 1 e
2 Yo/
1 Lo, 74HCT273 x?%
g L 5 N
5 SLEEVE
CONN—JACK—-STEREO-R/A-3PIN-3.5MM
V
GND
I R9
vce  DBI_MALE MountingHoles 3.5mm stereo audio connector
Q Audio for PC speakers or amplifier
vee
SER_PULSE . [SER_PULSE
o Game controller input
= DB9 connector for a
SER_LATCH “ U39 [SER_LATCH “Famiclone” game controller
SER_DATA o 15—(BUSO [SER_DATA
8 —1—BUST
11 Lspeik ac —2—<BUS2
SRCLR a0 —3—<BUS3
Qf —+—BUSE
——12 ek aF —2—(BUSH
B g¢ QG ;’ BUS6 OUT gives 6 color bits and 2 sync bits for VGA. XOUT is the extended output register.
QH BUS7 XOUT is controlled indirectly through /HSYNC and AC. On a positive edge it clocks in AC.
o 9 XOUT drives 4 blinkenlights and simple 4—bits audio. The waveform comes from software.
/HSYNC and /VSYNC double as clocks for the game controller and receiving shift register.
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