vee
1 enable instruction decode I
PWR_FLAG ¢ SlJ1 only during execute cycle I 01x01
PWR_FLAG -¢-2{s| 5V Power In onn_01x LSheet. decode low
AV E 1 I
GND e KIA_IN 10_IN_CLKOD—2
VD kIB_IN I0_IN_CLK1 g
24HCOb RH_IN I0_IN_CLK2 .
I0_IN_CLK3
ol RH.D_I I0_IN_CLK4 3
RLIN I0_IN_CLK5 g
TO_IN I0_IN_CLK6
Wi —— Sheet: clock Sheet: program counter L_qFrAGs N I0_IN_CLK7 8 J2
Reset PAU-EXT_SHAITEXT  PeLk PCLK BRLIN BRIN I0_IN_CLK8 9 [0 Output Cirl
RCLK RCLK IPL_IN IPL_IN I0_IN_CLK9 10
ViC«—0 o9 RST FE FE IPH_IN IPH_IN I0_IN_CLK10 i
R1 | Fiterclocksch TPE_ING RH.RL(N_IN I0_IN_CLK11
10K RST L TPE_IN I0_IN_CLK12D—23
CTL_IPL CTLLIPL REIN I0_IN_CLK13D—L4
vee ' EL':_:’;: CTL_IPH TN I0_IN_CLK14D—13
GND CTLIPE TOADI —
%74%374 CTL_IPE [OAD b i00.7] I0_IN_CLK15D}
AP B[0..7] Af0..19)p—A0.29] D 0[0..7]
BO 3 9 2 B0
BL 4 ES g 82 5 B1 File: program_counter.sch RCLK
B2 7 lpo 026 B2 EN I0_0UT means out to the bus,
B3 8 |pz 032 B3 Sheet: memory address File: decode_low.sch . or in from the 10 device
B4 13 Ipy oy |42 B4 I0_IN means in from the bus,
BS 14 Ipg 0515 BS —PRCLK RL_IN or out to the 10 device Sheet: decode high
U1D 8617 Ipg 06|16 B e [ —ab_ouT To_0UToD—+
. 74HC32 B7 18|, o7l19 87 - : “ o0t T 00T ;
AN TTLWLEN [ RH,RL_OUT B_OUT T0_0UT2
e CTL_WL_EN — . . [t
- 1 111 bep CTLWH_EN el RF.D_0UT] Sheet: memary Sheet: alu RF.RL_OUT 10_0UT3 ;’ 2 put Cirl
0FE = TTL WL Sl RH,RL(_0UT< LD RrCLK A_OUT< .
5 e TTLWL TR LbrcLk SEG_IN_CLK B0 RARL()_0UT 6
g register C o %*:LH RH.0IN L_pT0AD CTLSEGHH-CTL-SEG FLAGS_OUT FLAGS.OUT T0_0UT6 7
GND CTLRH TR RH,RL(N_IN L—DRsT AND_OUT AND_OUT 10_0UT7Dr—
- OR_OUT OR_OUT
GND u3 DD“RRD‘ E:E*‘D XOR_OUT XOR_OUT
S| 74HC245 Ve e ADD_OUT ADD_OUT
— . BSR_OUT BSR_OUT
o ceple M_BI M_BI S o
S, i 5 M_WD M_WD AsSIL
A->B vee M_WI M_WI ﬂ DT e
80 11 9 00 D[0..7] memory address A>B_OUT A>B_oUT
121 AT —DB[0.7] A[0..19] o AN b100.7]
11s \_| .
B2 13 gg H :g 7 D2 File: memory address.sch L—PDA[0..19] 1[0..7] DHO B_IN PD[0..7]
B3 14 6 D3 B[0..7] 8[0..7] D[0..7] D4 8[0..7]  FLAGS.IN _
B4 Al 8 bit main data bus TP EN
B4 151 p3 A3z |5 D& File: memory.sch File: alu.sch e decodehighsch
B5 16 B2 A2 - D5 8 bit instruction for decodin e decodenigh e
B6 17 | B A3 D6 10,71 8 bit immediate value 1[0..7] 9
B7 18 ) 2 D7
8l 1810 9 A0
o| D (immediate value) to bus
VLU UVLLULULOLUOL N
QLOZZOVOLLLLLVY \ed
>>00>>>>>>>
YA VAN
RN3
2.2K
CTL_WL_EN, 1 © 2021 Kyle Holland
CTLWHEN & 22 5 BO 1 Thi I . — . .
- . . BL 2 is work is licensed under a Creative Commons Attribution—ShareAlike 4.0 International
CTLIPL 2 21 3 note for v3: remove this interface and = N . .
CTLIPH I 20 4 use ZIF sockets for the flash chips B2 3| License (http://creativecommons.org/licenses/by-sa/4.0/).
CTLWL 19 5 gz ;, L1 e
CTL_WH 5 18 6 J5 =1——1= | Main Data Bus
CTLRL_© L7 7 Prog. Interface 722 g = Sheet: /
CTI_RH; 12 8 57 s File: 8—bit.sch
CTLIPE 9 — T R_
e i3 10 Title: 8-bit computer v2
HALT_EXT L0 13 11 Size: A4 [ Date: 2021 -08-01 Rev: A
11 12 — KiCad E.D.A. kicad 5.1.10 Id: 1/11
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1 I 2 3 I & I 5 I
slight delay to avoid timing issues
uéeB u6C 02
74HCOL T4HHCOL R5 LED this cpu is not pipelined,
so each instruction takes two
3 4 5 6 clock cycles:
one pulse on PCLK (fetch mode) and
low = fetch mode one pulse on RCLK (execute mode)
high = execute mode
\ D1
R4 LED g DFE
us 680 7
74AC161 S o[ PP ono
3 O primary clock 'reg'\s_tar _cmck', triggers
4 Do 9 U8A 1 latching in execute cycle
full-can crystal oscillator, oND 5 D1 74HC109
HCMOS compatible output, D2 GND
12 MHz 6 vee o> Vee 2
vee 03 M e e
9 4 ’ .
TOAD u7D
K’T vce 7 LOAD 3>£ —17 J4LHCO0 D4 ‘program clock’, latches loaded
W ENP 5 K e Q R7 LED instruction in fetch cycle
R " 10 { enT 12 680 I
1 5 2 GND - 1
NCNOUT CLK GND
] Jg ECS-2100 vce w2 SW3 13
[C] 1w S CLK Stop CLK Start
] e PCLK
1
o —O
GND R2 R3
10K GND 10K
GND
clock divider; e ds

74AC series preferred for
higher clock speed rating

must switch to fetch mode for
reset or external programming

usB ueb
74HC32 T4HHCOL

© 2021 Kyle Holland
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1 [ 2 [ 3 [ 4 [ 5 [ 6
B[0..7]D-
PR P e R P N R
GND register IPH: bits 815 register IPL: bits
paN of jump address 0-7 of jump
GND [ register IPE: bits 16-19 GND address
A o © N 219 o N | ] of jump address o © N 219 o N | ] A
WY ~NOLTMANAO WY N~OoLnTMAAO
10 20/Mu11 20Mu1s 10 207MU22
N vee THHC3 74 vee THHC3 T4 N vee THHC3 74
GND NOWLETMAN O GND
OO0 O0O0O0O0OO0O0

~OWLITFMAN O
OO0OO0OO00OOO0O
mmlmm o
D LOAD
QRST
vce vce vce vce vce
PCLK
count up at the
same time as
<o I o9 A9 <o I o9 A9 o I o9 B T B L e [ I B I s storing the
5¥M = o0 m< 5¥M = o0 m< 5¥M = o0 m< 5¥M = o0 m< 5¥M = = U o < | fetched instruction
oz ‘é vee oz ‘é vee oz ‘é vee oz ‘é vee oz ‘é vee
=Y = =Y = =Y = a — =2 =
8 16/NU12 8

B
16Mu1s 8 16Mu19 8 16Mu20 8 16Mu23
‘fcw vee Jahcies ‘fcw vee Jancies ‘fcw vee ancio3 ‘fcw vee JaHc103 ‘fcw vee
GND

74HC193
‘o (=] oV o< GND (=] (=] oV o< GND (=] (=] oV o< GND (=] (=] oV o< GND (=] (=] oV o<
o [© cooo o IO cogogg o IO cogogg o IO cogogg o IO cogogg
PN N M PN N M PN N M PN N M o SN N~ program counter:
20 bits with preset
and clear
GND
PAN
im
| N O WO T M N | N O WO T M N | N O WO T M N
=Bz BB BB BaBa =Bz BB BB BaBa =Bz BB BB BaBa
O H ANMIFT IO O H ANMIFT IO O H ANMIFT IO
T20 10 U13 T20 10 U17 T20 10 U21
Ve =] AL TLHC245 Ve =] N0 [T L 7umc 245 Ve =] N0 [T L 7umc 245
A A A
oHAaMITWwON | w GND oHAaMITWwON | w 2 oHAaMITWwON | w 2 C
L C < C < < < < O L C < C < < < < O e I I << < < < O e
o 1| | 0] © N © o « & o 1| | 0] © N © o « & o 1| | 0] © N © o « &
put program counter on bus
only during fetch cycle
GND GND GND
L 2 o—FE
oy O N O w3 M N O
| s v | | < O O N O W I M) N O
<€ <¢| <[ <| < <€| <€ <| <| <| <| < < <| <€ <| <| <[ <| <
A[0..19]<F
B[0..7] U108
U9A UBA
T4HCOL © 2021 Kyle Holland
combine control signals for setting H + : + + T H +
IPE. IPH. and IPL with RCLK ﬂ.’HS work is Ucensed.under a Creative .Cnmmms Attribution—ShareAlike 4.0 International
and OR with external CTL_* License (http://creativecommons.org/licenses/by-sa/4.0/).
BR_IN
branch if low bit on bus is set, UL4A CTLIPE
or when externally setting IPL 74HCO8 U16A Sheet: /program counter/
File: program_counter.sch D
Title: 8-bit computer v2
RCLKD—4 s
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1 I 2 I 3 I L I 5 [
memory is two bytes 55, U32A U328 u32C U32F U32E U320 U29A
wide: high byte is H/I JLHCOL 74HCOL 74HCOL 74HCOL 74HCOL 74HCOL 74HCOL 74HCO0 U298
and low byte is L/D edge trigger for RCLK
(AS6C4008 memory chip does
RH.RL_OUTD—1 2 6 not use edge trigger for write enable,
so it must be done externally)
address using RE, RH, ¥ )55 U27A
a_nd E'\tr_ver RL or D JLHCOL 74HC4002 U33c
(immediate value) Ps 2 Tow Byte 741008
3
RH,D_OUTD—3+ 4 4 ) 1 9
(1) modes use high S / 75&288 10 : M_BD
byte, others use 72528“ 9 CTLRLD connect low ¢
low byte 8 byte to bus te ¢ 2. simplify this logi d
0 note for va: simplity Is logic an
RERIY OUTP—2 6 ] u28c 10 low byte write always have re+rh enabled in execute mode
RH,RL(1)_OUTD— 74HC02 Figh U33D
8 byte 74HCO8 T WA
0250 é’ 1 CTL_WH U33A
74HCOk 9 U26h o T U1A THHCOB e enable high byte
74HCO2 bus — 43 -
RARCND-2 8 2 74HCO08 CTLRHD-=H T
RH,RUN%>@ connect connect high M_wi
. U278 byte to bus
\r;\lyrgg(des write to U25E T4HC4002 3 DIRD
(‘in’ frgm bus) 74HCO4 9 —_—— T W EN —_—_—
10 RLC addr CTL_WL_EN high byte write
RA.D_ND-L4 0 11 3 u29¢
12 74HCO0
U25F 9 D and not RL addr
74HCOL u28B u29D 8
74HC02 74HCO0 10
RARL()_INDL3 >62
U24A bus connect direction U168 U30A U308
74HCOB  high = mem —> bus 74HC32 74HCO8 74HCO8
low = bus} —> mem S _QREN 2 _AqRH_IN S grLIN
DIR |- 6 3 6
4 areik 1 areik 4 areik
D (immediate value)
B[0..7]D> D[0..7]
M N | O N Ol WO | M N | O N Ol WO | M N | O N Ol W T M N | O
A vce
q
A BN I o N M A BN I o N M A BN I o N M I I PR I A A Y
W ¥ ~NowutTMmANAO W ¥ ~NowutTMmANAO W ¥ ~NowutTMmANAO
10 207"U26 10 20" U31 10 20/MU34
GND vcC GND vcC GND vcC 10 < 20/NU35
< ] 74HC378 L] 74HC378 L] 74HCITH L GND 5 vee Juncans
O O0O0O0000O0 O O0O0O0000O0 O O0O0O0000O0 OO OO ODmoD D
aggglmmeregisterRE agggmmeregisterRH agggmmeregisterRL Td o o o
=Bz BB BaBaBaBa
oy O N O w3 M N O
| i | < | < < O ©O N O W I M) N O N O W I M) N O
< < < < < < I < < < < < g < < < < < g < < <
A[0..19]<F
© 2021 Kyle Holland
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|
N
[
=
|

B[0..7]D- oo U4
[0..7] 74HCo8 us2 AS6C4008-55PCN
R R P s e CTL_SEG SST395F040 o> vee ~ 1] © o
—> Vce o AR
SEG_IN_CLK MO_12 g DoJ-L3 40 MO__12 40 § poft3 Qo Spamzuon
Aoy ML 11 |, o) EVEN-11 ML 14, pqifte Qi & VEC
b R et By M2 10 |5 0ol15 @2 M2 10] )5 pQofts @2 o B
memor t register: 20120 Jvee GND |0
¥ NobLmooo y segment register: M3 9 a3 [ B VA M3 91p3 pQ3 [l Q3 3 -
10 {eno vee |20t use M5 7 s D545 M5 Tips pasft2—as 82383885 &9
< T4HC3 74 M6 6 lae D6 |20 Q6. M6__6lpp D6 2096 O P
M7 5 |,y p7}21Q7 M7 5], DQ721 7 M N O G A < <
one FEgEaEEg M8 27 | M8 275 oNo
RN1 M9 26 |, M9 26] g EEEEEEEE W
N 10K
b e B R I R M10 23 |1, M10 23,1, e 22 —
GND
vi > M11 25 |,4 ML1 28(,4 OE#[24 DI REN
3 when RST is pulsed, segment ML2 4 )45 ML2 41aqo wE# 22 DIR_ID7 o [« R Re
I register output is disabled RSTD—@ M13 28 |, M13 28545 & M_BI
5 and segment 00000000 M14 29 Mi4 3 = A o o 0| | | o
is jumped to Mi5 3 Al4 M5 3 Alh J
6 U394 LOAD M5 S s ML5 34 py5 WD NODEmo DO
7 J4HCO8 U6F :ig 320 Al6 ::ig 320 ALG o /‘\ << < I <C I vee o0
8 MLZ 30 Ja17 MLZ SQp17 < N o
T4HCO4 10 20
g M1B 1 )i M8 1],1g § < GND || vee §§
GND T GND ~
b= et - S B B V_WID- 3INpeM HL{)GND
U41A U41F
e -
8& 58882838 74HCO4 M19 22N cE Sadrese ot 19 74HCO4
24 oe M19 J?E'hi ra;m 13 2
&GND VCCM%ZGM pIR_ID-L 2 4—& I GND e f
GND NOWMTMANHAO second register is the equivalent . . u43 AS6C4008—55PCN
OO OOOOOO | of jumping for the segment register output disable chips SST39SF040 o> vee
in bus —> mem (write) mode > vee )
b e et S R MO 12 175 30113 Qo MO 12,4 Y bQolt3 Qo
ML 11 |, o) EVEN-11 ML 14, > pqifte Qi
M2 10 |5 o158 Q2 M2 10,5 b2 [i5_Q2 2
M3 9 13 [ B VA M3 91p3 pQ3ftl a3 10 f 6N = vee 201 o3
M&_ 8 |, oul18_as M4 8], DQuft8 Q4 < @ 3
A[0..19]D M5 7 )5 o519 Q5 M5 7] D5 fLe Qs GND Wl o RYwINgYQ
| o of N wof 4 o M6 6 20 Q6 M6 6 20 Q6 X o T eees
- o o(nq o 2o A6 D6 A6 DQ6
i <4< <|<|<{<| G©ND MT_5 {a7 D7 {2187 MZ_S1p7 Q7L e of o N0 ] | 1|
= M8 27 | g M8 27| \g VED,
= N
M9 26 M9 26| ~ O v < M N O
M3 _26 a9 MI__28 g DIR_DD-®
d9ne NImo N d9ne NImo N M10 23 |, M10 23,7, cexf22 29999999
Tman tmao o Tman tmao o MLL 25 f19 MLL 2319 OE# |22
o momao << << o VCC 0O momao << << o VCC M12 4 A2 M12 Z'A12 WE#zg 8@858388 APCLK
M13 28 |05 M13 28] ,)% A GND
8 1GND vee 167 U3s 8 1GND vee 167 uso M1k 29 M1k 3 &)
< ] 74Hc283 | L 74HC283 TR ALk EET ALk ‘3‘ I ENE e e s e
GND s Fma GND s Fma e 5 |ALS tvvpmy LEE = TS
O vuuh O wuuh M16 2 ],46 M16 21,46 Aoocoboooo VO
I I M17 30 |,;5 M17 30|17 T vee
of 28 of 28 M1B 1 |,ig M1B 1],ig @ 21120 |yce onp kL0
. % 3 <
i ~
9 5
Y 31 \—OL{> GND ~ GND
= A%59 9599 e rer 512K x 16 83888885
=] = 5| =| 5 = 5| =| 5 u41c -
M19 iz CE SRAM (2 of 512K x 8) 74HCO4 ~ 0] o] oy N 19 9| o register D
rﬁ OE
GND N
0 output disable chips in write mode ¢ < 5 o
512K x 16 0[0..7]
flash memory © 2021 Kyle Holland

(2 of 512K x 8) ) ! . ) ) ) ) )
This work is licensed under a Creative Commons Attribution—ShareAlike 4.0 International
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multiplexed
decode the top 4 bits of the instruction: us2
what will output onto the bus? 74LHC138
Us0 vee
74HC138
vee
£19 D[0..7] Do 9 oo pMSpioouTo
DL At > o1 N4 pTIoUTL
[0.71D— M——— 1 a0 9 oo PSppouT D2 A2 02 M3 piooum2
5 2 fa > o1 M4 prouT 03 P2 pioouT3
6 3 02 pL3 pEoUT o4 pL o ouTh
03 P2 pRARLOUT VeC «—b 1 g3 05 PO 15 oUTS
o4 pL-DRA.D_OUT oo —2Ne2 o o6 PLpiooute
vec «—b 1 g3 05 NEr Z 07 T0_0UT7
7 SN | 06 PLDRARL() OUT
,—"B £t Z 07 MLDFIAGSOUT
END- GND
GND<;:|
Us1
74HC138
vF:19vcc
M 1 9 oo PMSpAND oUT
5 2 fa > o1 M4 poRouT
6 3 02 M3 pxor_oUT
03 p2 pApD_ouT
ou pLL pESROUT
17 6 f¢3 05 PO pA<E OUT
oo —2Ne2 . 06 PLpa=BoUT
NEr Z 07 A>B_OUT

© 2021 Kyle Holland
This work is licensed under a Creative Commons Attribution—ShareAlike 4.0 International
License (http://creativecommons.org/licenses/by-sa/4.0/).

Sheet: /decode high/
File: decode_high.sch

Title: 8-bit computer v2

Size: Ak [ Date: 2021-08-01 Rev: A

KiCad E.D.A. kicad 5.1.10 Id: 6/11

| 2 [ 3 [ 4 | 5 |




B[0..7]¢ Uo0
uss us9 74HC245
us7 74HC245 T4HC374 GND
T4HC374 GND vee =

vee 3 :f —

:F = 2 ce pllasouT

1 > (¢ BO 3 |po 8 oo 2 RBO Sposp 4L GND

S oolg ﬁ:(l) “A->B 3; ; ot o 2 Egé RBO 11 9 BO
01 |=>—bAL D2 02 B7 A7
02| _6_RA2 RAO_11 | 7 A7 B3 8 Ipz 03}-9_RB3 RBL 12 | ¢ A6 |8 Bl
03|-9_RA3 RAL 12 | g A6 B4 13 1py ou}-12 RB4 RB2 13 | g D A5 |7 B2
04|12 _RA4 RA2 13 f g5 [T s B5 14 |pg 05|15 RBS RB3 14 | 54 Ay |6 B3
05|15 _RA5 RA3 14 | g AL u3ac B6 17 |pg 06|16 RB6 RB4 15 1 g3 A3 |2—B4
06|-16_RA6 RA4 15 | o A3 74HCO8 B7 18| 07|19 _RB7 RB5 16 | 55 Ao |4 B85
07|19 RA7 RAS 16 | o> Jes RCLKD-2 RB6 17 | gy AL |->—B6

RAG 17 fg) 8 1 e, RB7 18 fgo O po[2B7
i RA7 18 | o g 8 IND-L0 ono —LdoE % N
3 ™ DL o register B E :L
N 9 N | o vCcC
9 register A = vee GND
GND

registers A and B are wired as the
operands of each ALU operation

Sheet: alu compare
A<B_OUTDPA<B_OUT
A=B_OUTCPA=B_OUT
A>B_OUTDPA>B_OUT

RA[0..7]
RB[0..7]  B[0..7]D+—@

File: alu_compare.sch

Sheet: alu bitwise
AND_OUTEPAND_OUT

utbp o uT
XOR_OUTDP XOR_QUT
BSR_OUTDP BSR_OUT

RA[0..7]
RB[0..7]  B[0..7]D+—@

File: alu_bitwise.sch

Sheet: alu add

ADD_OUTDPADD_QOUT
FLAGS_OUTDPD FLAGS_OUT
FLAGS_INCD FLAGS_IN

RCLKCPRCLK
RA[0..7]

RB[0..7] B[0..7] <O
File: alu_add.sch
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1 2 3 3 I 5 I
B[0..7]<—
ue3
T4HC245
GND
ol
i
S ce pl2aass_our
©a->8 L] GND
ust GND 11 B7 A7 9 B7
74HC85 GND 12 B6 A6 8 B6.
o vee GND 13 B5 D A5 7 BS.
a GND 1; B4 Al g g;
GND B3 A3
Rb> 114 R e, ; vee oNp 16 82 A2 4 B2
RB[0..7]D— RBL 1 B2 la<b 3%vcc GND 17 ) gy AL |3 Bl
B1 la=b [———> S
RBO 9 % vee 18 BO o A0 2 BO.
RA3 15 | 45 EL
RA[0..7]D RAZ 13 f pp Oa>b |2 vee
RAL 12 1 py Oa<b L
RAQ_10 S 0achb |6 Uk
AR A0 Oa=b
(&}
7aHIC245 note for v3: combine these three operations
©| GND o into a single output and use a bitmask for
GND | conditional branch
Lo 2 ¢k D%GA<B,OUT
©A->B [—L—{> GND
74HC85
MEG oNp —L 87 A7 |2 87
- ono ¢—i2 86 N T
RB7 1 O 4 oNp 13185 [J A5 -L——B5
B3 & la>b 14 6 B4
RB6 14 > 2 GND B4 Al
B2 la<b 15 5 B3
RB5 11 B1 la=b 3 GND 16 B3 A3 2 52
RB4 9 BO GND B2 A2
GND 1; BL , ALpS u
RA7 15 | p3 BO £ A0
RAE 13 1 5> 0a>b [-2 o
RAS 12 |0 gap |7 B
RA4 10 AO gOa:b 6 vee
o ues
GND GN;QHCZQS
ol
i
2 ce pllga=s_out
©a->8 L] GND
oNp —L 87 A7 |2 B7
oND 12 86 A6 |-8——B6
oo L3185 [T as|L——BS
GND 14 B4 Al |-E B4
GND 15 83 A3 |2 B3
GND 15 82 = B2
GND 1; BL , ALpS u
BO 4 A0
>
© 2021 Kyle Holland
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1 I 2 3 I [ I 5 I
RB[0..7]D-
RA[0..7]D-
U678 U70B U73B
74HCO8 T4HC32 74HC86
RAQ_4 RAO_ 4 RAO__4\%
6 6 6
RBO 5 RBO 5 RBO 5
U67A U70A U73A
74HCO8 T4HC32 74HC86
RA1 1 RA1 1 RA1 1Ny
3 3 3
RB1 2 RB1 2 RB1 2
ue9 u72 u75
u67c 74HC245 uroc 74HC245 u73c 74HC245
whs o 74HCO8 GND cho o T4HC32 GND eho gZQHCSE GND
ol ol Y ol
\.8 T 8 < S— \ 5 =
RB2 10 J 2 cte pl2qano_out RB2 § 10 2 ce pl&«qorouT RB2 10 / 2 ce pl2axor_ouT
067D ©a->8 L GND U700 Op->p L GND U730 ©a->8 L] GND
74HCO8 74HC86
RA3 12 11 B7 A7 9 BO A7 9 BO RA3 1% 11 B7 A7 9 BO
= ey e B T = ey e B
RB3 13 B5 H A5 A5 RB3 13 B5 H A5
14 B4 Al 6 B3 Al 6 B3 14 B4 Al 6 B3
U68B 15 | g3 a3 |5 B4 a3 |5 B4 U748 15 | g3 a3 |5 B4
At [ vl A T T At vl A T
\\
et B1 Al B1 Al \ B1 Al
6 18 S 2 B7 6 18 S 2 B7 6 18 S 2 B7
BO O A0 BO O A0 BO O A0
RB4 5 RB4 5 RB4 5
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BO.
B[0..7
uso [ ]
write carry out to flags during add operation, T4HHC245
or write to flags directly from bus (FLAGS_IN) GND
u76 u77 3
T4HC157 THHC374
vee vee 2 ce pll«aFrAGS oUT
9 S ©a->8 L] GND
21100 & zal-t SJoo S oof-2 11 g7 A7 |2 B0
3ia > oND —2 b1 012x oND 12 86 A6 |- Bl
onp —L—{p2 02f-8x ono 2385 [T as L 82
ono 2 10b zb L onp —2p3 032 x onD 1 Ba Ay -8 B3
oND 28 116 oND 1304 o4 L2 oD 154 83 A3 |2 B4
onp 145 05H5% oND 28 B2 A2 |2 85
oND 12 1oc ze 2% ono 26 0618 oo LBt AL B6
onp 20 i1c onp 1807 07 (2% N 1880 O a0 |2 BT
GND 14 10d Zd H(iz 1 PEp o carry bit saved to Q
GND 13 11d GND 1 OE = flags will always be vee
o used in add operations
i ADD_QUT
115 s - 9 register FLAGS Us1
AR Ge N GND 74HC245
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decode bottom 4 bits of instruction:
what will read from the bus?

Us3

74HC138

> vee
©
|

11

13

U4E
T4HHCOL

Y

U4F
7LHCO4

Y

u41D
T4HHCOL
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A_IN

note for v3: use OR gates to combine control
signals with RCLK instead of NOT + AND

RH_IN

us5
74HC138

> vee
©
|

A0 S 00 PS5 pioN_cLko
At~ o1 P4 pioIN_cLk
A2 02 P3 pioN_cLk2
03 P2 5o IN_CLK3
o4 PL o IN_CLKY

£3 05 PO B0 IN_CLKS
£2 06 P2DI0_IN_CLK6

o
E1 Z 07 PLDIOLIN_CLKY

©
GND

us6
74HC138

> vee
©
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DO 1
D1 2
S D[0.71D—( % ‘
VeC <6
5
BR_IN D3 4n
IPLLIN
IPH_IN Do 1 |
D1 2
D2 3
U160
74HC32 D3 6

12 oD 5
\ 11 4
RCLKD-L3

A0S oo PS5 pioIN_cLks
At = o1 P4 pioIN_cLkg
A2 02 pM3 pio_N_cLk10
03 P2 pio N_cLkit
o4 PL pio IN_CLK12

£3 05 PO o IN_CLK13
£2 06 P2DI0_IN_CLK14

o
E1 Z 07 PLDIOIN_CLKLS

combine enable with RCLK
here to avoid having to do it for
each multiplexed output
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