2 5 6
NOTES:
Designed by Alexander K. Haley, KINCAID ARCADE
Diodes are represented with a "DD"
Capacitors are represented with a "CC"
o1 COPYRIGHT, (c) KINCAIDARCADE, 2018
1|2 Updates have been made to fix small mistakes | have
made in the notes in the schematic.
14.13813
330
Horizontal Sync Generator
K2A CLK/12.4B] 31 8H/9.2C 2
N K1A [Pr2.4C 11, Q o 1‘1‘ CKA QA ;2 1‘1‘ CKA QA 32
3 o CKB QB |— 2H/5 CKB QB |— 32H
CLK QC 4H/9. QC
2 . g RO(1) QD |1t g Ro() Qb Lt % -
K RO(2) ——| RO
7400N ic CLR o
74LS93N 74LS93N
74LS107N
Clock Circuit 16H/3.2C
1H/4.2B
HRESET/2.1C
1
[256] A 3 1 12A 8 5
' 4 4 5 [P2.4C J Q 256H/8.2A
64H/3. s P/2.4C 2 PRE Q /HRESET/3.3D 9
5 D [128H/4.2C CLK
6 3 Mok |l
o 74N % ctR  q |- HRESET/2.1C JHRESET/3.30>—2d cir g [F5—<(256H8.2A
T4LS74N 74LS107N
At first glance, these may look messy like
RAMTEK schematics, but these signal names
actually have meanings, and they are to make
it easier to split up into multiple sheets.
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1 3 4 5 6
1V/4.4B 16V/3.2B
H1 H2
HRESET/LAC)—11—>CKA QA |22 14 boka on [H2 . H3A .
CKB QB I% CKB QB I% [Pr15D J Q 256V/7.3C
QC QC
21 ro) Qb |8V 2 | rogy op AL 128V 12 |k
3 1 Rro@) 3 1 Rro@) .
K
74LS93N 74LS93N ﬁc CLR o] 2 1256V/8.5A
74107N
VRESET/3.2A
/VRESET
G2A 12B
= 1 10 9
|256¥/§;1 > 12 P/1.5D)>——-( ERE Q
VIZ 13 | 1
HRESET/1.4C CLK
7410N L3d cir g |-B—<VRESET/3.2A

Vertical Sync Generator

74LS74N
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VRESET/2.6D SYNC/20.2B
< NBLANKITZAC | 5
7402N
Sync Summing
VBLANK
G2B
7402N 3
: & IVSYNC
F1A 7410N an
1
8V/2.2C 2 337 VSYNC/5.4C
7404N

7400N

Vertical Sync

G2C
9 F1B
i s 5 HBLANK/18.4B

7410N
7400N
F1c HBLANK
9 F1D
8 o 12

JHRESET/L.5D 10

3
72008 32H/1.5B

7400N

Horizontal Sync
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L2A
[1riz3c)>—1
7404N
L2E
[16H/3.20>—L
7404N
L2F
[32r/3.4D>—22
7404N
F2A
[6ar/32c>—2
7404N
F2B
[28r/L5E>—2
7404N 7404N
HORIZONTAL Sync Signal F3B

Inversion... 32Vi2.4C)—2 132V/5.2B

/64V/5.2B

/128V/8.5A

Veritcal Sync Inversion
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/1V/4.5B
/2V/4.5B

[1avia5B)—4\ ‘

F4

BN (=

[128vi4.4D)—128Y

8V

o

[/8vi4.5C

G3D

OCEANVEN/11.1A
7404N

12

/16V/4.5C 0
/32V/4.5C

/64V/4.5D >—04

FREIGHTER/10.6C
SUBMARINE/14.6B

SCORE/9.5C

TORPEDO/11.1B

FREIGHTER/10.6C
SUBMARINE/14.6B

TORPEDO/11.1B

7430N F5A

1

The dotted line for the Ocean. [5/1.2B 2

(Ocean Surface Generation)

8 (OCEAN

74S08N

Red out

RED/20.2B

7432N

VSYNC/3.5C)>—4 .

[VISIBLETORPEDO/18.2Ep—>

D5D

[32VI4.5C>—1 5

[ ACTIVEEXPLOSION/11.4B 2

74S08N

GREEN/20.2B

7432N

Green out

10k

SOUND/20.2B

Volume Control
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1 3 4 5 6
. DlC6 R6
AW P1LED/20.2B |
7404N 220
If pulled "HIGH' 2 Games per credit. vee
VCC  if pulled 'LOW' 1 Game per credit.
L Q/7.3C
A2 *
S1
E1A E1B CC3 L
4 5 10 9 2 T~
L2 Pre d rre 9 Q §
P/2.5C 2 D Q L 12 D Q 2N2907 Auf E §
[CAME/7 .28 3 Bk 1Kok :I_—«
1 cr 7 & B cr g |8 .
a
74S74N 74S74N alg
N
o
3 S |
—|F °0§8
a
DE xg m
N
o
SISO
7404N xS
8 9 T2
| QI7.3€ T1 2N2222
Di1D 2N2222
<
ANTENNA/20.2B 3 i cea
The Antenna Prevents Fraud Al 2 S Yuf
N '
D1A
COINNC/20.2A 2
7404N §oC
ClA C1B
L 49 pre o |2 L(loi PRE  Q [-2
Pt I 129 §
i CLK . ig CLK .
DiB prlso—d cr T |- prlso—d cr Q@ |2
COINNO/7.4B 4 74S74N 74S74N
7404N
[128Vv/5.2A
Coin Detection
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74S08N
COINNO/6.1D>—12 .
[Q6.4A>—2
F5C
GAME/15.1C
E3A
oSy . = . id pre o |-°—<GAME/SIC
ak= \ 5 P/6.4D 12 PRE Q START/8.1C P/6.4D D
D
[1PSTART/20.2B . 5 / u 3 pok .
o [256V/2.5C> CLK J ctR Q /GAME/18.2D
Switch is wired to 'Normally Closed' 74S08N -T ClR © |28 :l
Q /START 7257IN
74S74N
vee
Pull Pin 13 'Q" a game can be started. o 9 vee
Pull Pin 13 'HIGH', and the game is on free play. Q648 & b= D3 )
>La R10 8 TREVCCH i
\ IRES
220k 7 3 1 DlElo
DIS OuT
) CON i 7404N
TRl GND
This pot controls game time 555
30 seconds to 3 minutes!
250K will make it 30 seconds to 52
seconds... +|CC5
100uf CC6

/DJluf

Game / Start

+——)

This circuit determines wether or not a
game is in progress, and game length.
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1 2 3 4 5 6
TENS place horizontal window
[256H/1.6D : AZA
ALD {128R74.2C A
Ti5E 12 SATISC 4 -TENS -—‘_/256V/2.SC 9 BIB
: |1 ' 5 128V/4.5D 10
13 74LS21IN -
16H/4.2B 12 SCOREVEN
74S08N [256H/1.6D 9 A2B [i6avis.28> 13 Enables score 32px
[T128A74.3C 10 s 32V/4.4C 74LS21N down from top of
» screen.
A1C IZHZED 13 o g Vertical position of score window...
9 \ 74LS21N Enables ones score window
/32087 38 8 ‘ to the right of the tens, with
16H/4.2B>—10 / a 16 px gap between them.
74S08N ONES place horizontal window
AlA Score Digit Windows are 32V x 16H 7432N
Score Windows
\ : B3
SCOREVEN 14 12
CKA QA
74S08N [ADDTENS 1 Rke oo |2 vee
h qc |- c3 .
5] RO @0 11 % W is |
K A RO(2 CORE
| START/7.4B Resets score. (2) 3 14 >%,,_C _F/9 4B
b - P/7.5B REG/9.4D
B4D 74LS93N 10s are "A", 1s are "B 4 13 =5
) ' [ SCOREEN SCOREAQ.AC
Counting Tens [ s 12 =
SCOREB/9.4C
B2 6 11 SCORECH
2w oy I 29 SCORED/9 %
1B SCOREE/9.4B
7432N = a v 7448
2B
A1B T oo . 1
4 14 12 Each of these letters corresponds
4A 4y :
ONES 6 ENONES Counting Ones 13 1 48 to a segment in a 7 - Segment
SCOREVEN 5 . Binary Coded Decimal display.
1 = --to--
A/B
74S08N 14 _ISckA QA 12l L EIONES 154 o 7 - Segment Display
1 9
CKB QB
qc |8 JC 7A157N
g rRo@) op |
RO(2) A
74LS93N
1 BIl1A
2 F B
. & (ADDTENS G
ADDPOINT/11.3A 5
74LS21IN
E C
D
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2 3 4 5 6
C4A
1
SCOREF/8.6C)—, 1
13
7410N
A4A C4C
; JOREE/8.6C)—
2\ 1 '@ OREE/8.6C>—, 8
13 11
74LS27N
K1B J e [BdOREB/8.6C
[2H/1.4B 4 0
6 9
5
[8H/1.4B TN
G O0N [5GOREC/8.6C cs
s 248 08 (SCORE/5.2C
/16H/4.3B 4 6
s [EdOREA/8.6C 7430N
74LS27N
ASB 7410N Converting 7 - Segment from LED
3 B5C o
% g 6 [6doREG/8.6C 18 } Bars on the screen. (Like PONG)
11
7410N A
7410N
A5A
1y 1
piFr | PGORED/B.6CO— 12 4 ‘ 5
13 12 13 G
7404N 7410N
E b ‘ ¢
/16V/5.2B
TITLE: PERISCOPE REV - C
Document Number: KA - AKH - 001 REV;
Date: 6/29/2018 2:16 PM ‘ Sheet:  9/20




1 2 3 5 6
1 A7A
iy
4 FREIGHTERVEN
R
74LS21N Freighter Vertical Pos.
A6
|:P/9‘5C 74161N Truth Table:
3 14 A B C D
20160 73 [ ISE 1 0 1 1 sTop B7A
Z c Qc ii X X X X Too fast to tell... FREIGHTERVEN 1 \ 5
D QD |—— 2 FREIGHTEREN/11.2D |
2 [ FREIGHTERHEN/11.1A
[/2H/4.38 e ~7So05
ENP
1H Also works... 10 ENT Freighters are 32H by 16V pixels. Freighter Enable Window
99 b
15 CLR RCO |15 Freighter Signal Mixing
B6 ABA
41I01N 1
3 14 DFREIGHTER
2 A QA 3 2 FREIGHTER/5.2B
5 B QB BY VISIBLE/11.1B
¢] QC |—==
6|5 op |4 74S08N
2
CLK
1; ENP 0 K1C
o] ENT FREIGHTERHEN/11.%AH B7D
e 15 10 12
———=C CLR RCO . | FREIGHTEREN/11.2D
DFREIGHTER
7400N [ FREIGHTERPROMDATA/12.6D)—2
74S08N
Freighter Motion Circuit
< For the Freighter pixel counter...

[FREIGHTERHEN/IL.1IA>—1L

G3E
10

/FREIGHTERHEN/12.4B |

7404N
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1 2 4 5 6
CONDITION1/19.2E G3F
» @EBROINT/B.3D BA B8B Starts at 0, goes to 1, then back to 0.
[FREIGHTERHEN/10.58 E 678 G04N 1 £/10.1B &1 = ACTIVEEXPLOSION/13.4B |
[OCEANVEN/5.4B \ s 4 \ 3 0
CLK
12 6 2
e s M A
74LS21IN 7432N L 109 cir g |8 JACTIVEEXPLOSION/12.5D |
74508N r
74107N
Explosions are ~ 2 seconds long. Vreset happens B7C
~ 60 times a second. The counters reset when it VRESET/3.2A 9 \ B9
has happened 128 times. (About 2 seconds.) - 8 14 CKA OA 12
[ACTIVEEXPLOSION/5.4C 10 ) Lbcke o8 |-
c &
74508N 2 | rowy o5 |2
Counter and supporting circuitry 3 RO(2)
to keep track of the explosions
741 S93N
’ A9
14 Loka on |12
1 Bck QB %
5 QC |7 ENDEXPLOSION |
RO(1) QD =
3 1 Ro@)
74L.S93N
B4C Controls if freighter is moving or not...
A8C
[FREIGHTEREN/10.6B>—2 s 1 ABD 8
10 s 1 (2
74S08N oLl (an0.1B
INVISIBLE 74S08N [/ACTIVEEXPLOSION/12.5Dp—22
7400N
B4B B8A (Or moving at lightspeed until it is back at left of screen...)
ASB P e £ CE L) o B = INVISIBLE
ENDEXPLOSION>—*2 6 s g 12 bk
5 4l
S 7432N L8] car 3 |2 VISIBLE/10.5C
74107N
Makes the frieghter invisible and unhittable until it gets
back to the left of the screen.
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2 3 4 5 6
Necessary because | don't want the graphics
to be streched by two pixels on the H.
-
i
04
13 l
[CLkiL3B N FQAI13.2
CKB QB |— FOBI32
2 Q¢ 77 EQCTLS2
|/FREIGHTERHEN/10.5D 3 RO(1) QD FQD/13.2
RO(2)
74LS93N
VCC
L4 24 L,
i/ /a6 41 5 w bt
g % ___ g D1 s 1‘11 CKA QA 32 FQE/13.2B
EQE/13.2 D2 Y CKB QB |—=
4] 13 1 8
5 12 EQD/13.2 I 2 QC =7
o m FQCII32 e 3] RO QD
FOQBI32 D5 RO(2)
I 101 LFoA33 15 1 be
8 9 - 12 | 5 74LS93N
52523 42 A Freighter H Data Counter
B
[@
G
74151N
vee D5A
1 15D
3
2
7432N
74S08N
/ACTIVEEXPLO
Freighter PROM DATA HTEREXPLOSION/13.5C
| FREIGHTERPROMDATA/10.5D,
vCC
1—\L3 —16 4 = 6
2 15 3 Bg w
3 14 EQE/13.2 21 b2 v |2
4 13 EQD/3.2 L1 ps3
5 12 ESC/I3 D 15 | oa
6 11 14
7 10 EQB/13.2 13| 2
s 9 FQA/13.2 12 D6
D7
82523 #1 TVER i(l) A
I2NT5.2A 9 B
JAVIS 2A 7 C
/8V/5.2B G
74151N
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R27

L9 J9
1 1 .
Z_U_lg 3 gcl> w P&
i 13, EQE/12.5 i D2 vy |2
5 12 EQD/12.5 = D3
6 11 FQC/12.5 14 D4
7 10 EQB/12.5 3] D5
FQA/12.5 D6 |ACT| EEXPLOSION/11.5A 15C
8 9 12
o7 D5B 4
82523 #7 . .
: A 6 10 FREIGHTEREXPLOSION/12.5D |
e 5
G 74S08N
7432N
74151N
VvCC
J8
1= e s o w e
: " S
i 1; EQE/12.5 i D2 vy |2
5 12 EQD/12.5 = D8
6 1 FOCI12.5 om
7 10 EQB/12.5 3] D5
- =
5 : QAZ5 2] o
82S23 #6 __ u
/1V/12.3E 0 A
[2VT12 . 3E 9 B
[AV[12 3E > (e}
[8VI12.3E)— G
74151N
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From My experiance in testing the
Motion Circuits, this produces:
A B C D OUTPUT

0 0 0 1 FASTDOWN
1 0 0 1 SLOW DOWN
c6 0 1 0 1 STOP
7A161N 1 1 0 1 SLOWUP
(Top counter only) .
A o < 2
— B QB [ SQBI16.5 SUBEN/15.4D
= c QC = SQCI16.5 13 SUBMARINE/5.2C
[Pr15A D QD SQD/16.58 | [[SUBPROMDATA/17.5C
2 bk 74S08N
71 enp The submarine needs its graphics...
[/VBLANK/3.3A 18 ENT
— LD
1C CLR RCO 15 b Cc8D . C7C
j— 1 SUBHEN/19.4D 8
D6 13 10 SUBEN/15.4D
74161N SUBVEN/19.5D
3| A on |14 7400N SUB ENABLE 74S08N
4 B QB 13
5 c Qc 12
6 11 o 1
D Q == II25 H/8.2A 2
T128HIB.2A
[/HSYNC/3.4A 2 oLk T6aRE A>3 D7 D8E
= ene EZAB.IA—2
o ENT 5 SUBHEN/19.4D
+—q w 15 16H/9.2D A
d cir reo SUBVEN/19.5D | = 7404N
P/11.5A 5 7430N
Horizontal position of Submarine
~ .

Submarine motion (VEN)
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vee vee Not sure why it didn't work when
| replaced the 7402 and 7404 with a coB
R43 R44 7432...
1K K, A
[sTOPDOWN ) . Qg
[SOYDOWN/20.2A 3
7402N
DI9B
5
[sTOPUP ) 4 13
6
[JOYUP/20.2A 2404N 7000
7402N
C9D
GAME/7.6B>—12
STOPDOWN
7432N ) ) ) }
STOP WHEN HIT FLOOR Move the submarine from the air to the Basically a 1-bit memory cell that says
OR GAMEOVER water before screen shows game. Is the sub under water? If 0, THEN MOVE
(Because of video converter) IT UNDER WATER!!
CcocC If 1, then maybe physics actually is realistic
GAME/7.6B here... 2
[OCEANCOLLISIOND Only necessary because on power on, If 0, I DIDN'T KNOW SUBS
OCEZRNCOIKBRION it starts at the top. | need to get it to the COULD FLY! If 1, then
7432N bottom before a game starts... nothing to see here...
The collision for the ocean
C7A H3B
%EQB SUBEN/14.6C)>— s 4 crB \ 81, Q 2 REPOSSUB
12 OCEANCOLLISION OCEANCOLLISION 2 5 6 9 CLK
TV DS 13 74508N 1y
74LS21IN 74S08Npr1asp>e—22] cir o |8 JREPOSSUB |
74107N

1 E9A
B
6

OFLOOR

4
(AR
74LS21N

OCEAN FLOOR
(Well, depth limit...)
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This is only necesary because of how the
PROMS are coded...

SQA/14.2B ISQAI17.3C

[SQBIT30

5
9
13

1SQC/17.3C
7404N
F8F
SQDI/14.2B /SQDI17.2D
7404N
VCC
1—\L6 16 4 = 36
2 15 3 Do w
omm| D1
3 S <Isoprizzp] 2, o2 v |->—<SUBLEVEL/17.4C
D3
5 12 8|_5 ; g 15 D4 Which graphic will be shown at any given time...
I i o
L : THIL7.2C 5 Do 1
' D7 [SA/I5.5B)
82523 #4 1 ) >2—<UPI17.3C
[SQANZ3C>—+ A SB/15.5A
[SQBAZ3C—o- B
ISQCI7.3C——] ¢ 7400N
{LEVE d ¢ F78
74151IN
DS (LEVEL
7400N
F7C
rgp SA/I5.5B>— o
> . o ® DOWN/L7.3E
7404N 7400N
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R53

L7 J7
1/ /16 4 6
2 15 3| Do w P
3] 14 > D1 5
4 13 55001668 | 21p2 v SUBUP]
5 12 8H/19.4D | 15 D3
D i 1] B
7 10 13
g 5 1H/16.2C 1 s
D7
82S23 #5 __ 1"
/SQA/16.6A 10 A
[SOBJ/16.6B 9 B
[SQC/16.6B > (o}
P716.6 G .
74151N SUBPROMDATA/14.5B |
w SUBLEVEL/16.3C 7432N
<
& =
This circuit handles the Submarine bitmap
graphics
vcc
1L5\ I‘J\ 4 =
2 12 —{ Do w HS
12 ] D1
3 15 1$IS0D668] 21p2 v |5 SUBDOWN
5 12 SH/19.4D | = D8
G o 4
7 10 = 13
TH/16.2C D6
8 9 1| 2°
82S23 #3 OATE 1 A
[SQB/I6 %:18 B
[SQC/16.6B 7 C
[ DOWNT16.6 G
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1 \ 2 3 4 6
P/15.5D
E6
74161N
3 14
s o
- 51 ¢ oc 12 1 D8A
[ TORPEDOVCORRECT/19.3A 61o oo | lg 12 1 2 (TORPEDOVEN/19.5D |
2 7404N
. CLK
[/HSYNC/14.1C TP =210
10
[/vBLANK/14.1C 9] EST Truth Table:
J 1 15 A B C D Move
I LR Reo 1 0 0 1 Down Slow 6
01 0 1 Stop
11 0 1 Up Slow P/15.5D 74161N
6 [TRA/19.4A B o %
74161N This is the same as the submarine, 5 g 8(: 12 1 H5A
31 A oA |4 making movement easy... 6 | p op it 2 \
g B QB —5 ) . 6 (TORPEDOHEN/19.1E |
= ¢ Qc = [CLK/12.4B e s J
D QD |— o] ENP
) [/HBLANKI/3.4C o] ENT 7ALS2IN
2Pk F7D 19 o 15 Biis pulled up b it onl
ENP J d cir rco is pulled up because it only
10 | enT 12 needs to stop or move left...
9C LD 11
1 15 13 mo
—={ CLR RCO 74161N
7400N &) A QA | 14 Xruth TaBbIe:
41 g oB |2 .
5| & oo |2 1 0  Right LIGHTSPEED
6]l p op |4 0 1 STOP
1 1 LEFT LIGHTSPEED
v TORPEDO VEN 2 ek
1; ENP
ENT
9
s 15
e———=] CLR RCO
G5B
3
vee E7A 4 6
1 3 Q 3 5
CENTERED/19.4A
12 7410N
CLK
T2y 4
@y « K
DSB4 18 - L1894 cir 0o &
FIRE/20.2B 7R
Ca0aN. 12 JUSTSHOT/19.1B
‘ 13
[INVISIBLETORPEDO/19.2C 74LS21IN <
IGAME/7.6C
TORPEDO HEN
Determines wether or not another Torpedo can be fired.
[PO55D>—2 jiiSE
[VISIBLETORPEDO/5.4C
1 TORPEDO/19.1E
[TORPEDOHEN/I9.IE)—%
[ TORPEDOVEN/19.5D TR
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1 2 3 4 5 6
HaA This is how | answered
[[32H/B.1B 1 the question: "Is the
'mi’l—.ﬁ 2 \ FOA torpgdo centered?"
6 STARTLINE/1L.2D | [ TORPEDOVCORRECT/18.1A>—1

CENTERED/18.2C

2 2
74L.S21N [ TORPEDOHCORRECT

From which point does the freighter become visible? 7
From which point does the torpedo decide to center? | used to use several flip-flops to do th

G5C
—~ 9
2 =10
VISIBLETORPEDO/18.2E >

About twice as fast as VRESET.

4S08N
is. *FACEPALM*

E8D

THA/18.4B

7410N

[ MOVETORPEDOH)
MOVETORPEDOH T

I5A
(BT |7Rtore SA [INVISIBLETORPEDO/18.2D)— s
P/18.4B
$—id Pre o |° SA/16.5D)—2
[sa16.5D D e
JUSTSHOT/18.3D S Pk .
[HITS d clR Q@ |—>
74S74N 7432N
When SQB and SQD and SUBVEN is high, it indicates
178 Store SB Moves torpedo, with or without submarine. that submarine line 10 is active. Perfect for centering.
L1909 pre o |2 p . o GBA
- [SB/16.5D 127 5 | originally tried 107s, but that didn't work... P/18.4B
. G7C : 1 3
1 3 J Q TORPEDOVCORRECT/18.1A |
T s [ 16D [ TORPEDOHCORRECT \ 8 12
L—=2d clr q |- b 0 CLK
7AS7AN ) 1 - /MOVEDOWN j 4
{TB/18.1A] K
4 158 £ 74S08N 131 clR @ |->—<TORPEDOVINCORRECT |
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