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PIC-Pong
e By Rickard Gunée; uses a 4-MHz PIC16F84 and a TV(!)

e the game in action:

e the game:
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GameBoy Schematic
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Project Overview (1999)
In a Nutshell

Design and build a hand-held video game.

Some Details

The game must
e use a Microchip PIC 16C74A microcontroller
e use a Micro Electronics SG128128 graphic LCD module
e have an appropriate soundtrack and/or sound effects
e be battery-powered, compact, and sturdily constructed

e survive evaluation by a dozen 5th-graders!?!!
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Project History
e 1998: “Original Edition Handheld Video Games":

— no sound, makeshift buttons and cases

— Games: Street Fighter, Battleship, Breakout, PIC Pilot

e 1999: “Handheld Video Games II":

— one- or two-track sound, real NES buttons, smaller cases

— Games: Combat!, Bowling, Go Bananal!, Tetris, Missile
Command, Duel Tetris, PICman

e 2000: “Ultimate Handheld Video Games” (as in, the last):

— custom printed-circuit boards, even smaller cases, in-circuit

emulator for development

— Games: 777

IEEE/HKN Il



PIC Overview

e Harvard architecture (separate instruction and data memories)

— 14-bit instructions

— 8-bit data
e Single-cycle instruction execution via instruction pre-fetch
TcyO Teyl Tcy2 | Tcy3 | Tcy4d | Tecy5

1. MOVLW 55h | Fetch1 | Executel
2. MOWNF PORTB Fetch 2 Execute 2
3. CALL SuB 1 Fetch 3 Execute 3
4. BSF PORTA, BI T3 (Forced NOP) Fetch 4 Flush
5. Instruction @address SUB 1 Fetch SUB_1| Execute SUB 1

e 200-ns instruction cycle

e Reduced instruction set (35 total) ...

IEEE/HKN I
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Development Environment
e PICDEM-2 demonstration board

e MPLAB IDE (Integrated Development Environment)
— assembler
— linker
— excellent simulator

Free for download, with many useful application notes
e Chipmaster 6000 device programmer

o U-V eraser
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PICDEM-2 Demonstration Board

45V 45V 5V
o RA P c1o Notes:
R1 % R7 1 Unless otherwise specified,
s1 47K —E2aL 47K s3 01 = | resistance values are in ohms,
i 4 RA3 i 8 ua 5% 1/4\/\_/. Capacitance values
5 RA4 i are in microfarads.
T c1 6 RAS A0 VDD
L 0.1 1 =
= = R17 32| VDD RED RA2 5 T b :;
ov 470 wwcim p) YD REL Rav 6] | oo ot 241018
— VW Rrao 2| 7
R2 g:g ; RAO RDO 3 LCD a% spa |2
R16 ~AZ 7| RAL RDL 5 DSPLY
oK 470 R18 RAS 5| RA2 RD2 10
L 470 21 RA3 RD3 T
= RA4 6 R19 +5V
— VW2 rag RD4 o
45V _RAS 7] 470
1 RBO 33| RAS RDS 13
2 RBL 34| REO RD6 1 cz  p—
5 B2 35| RBL RD7 0.1
R3 4 RB3 36| RB2 RCO —
s2 47K s ooy 3| Re3 RC1 16 | U3
= 6 RB5 3g| RB4 RC2 vee
oo = REG o] RBS RC3 2|\,
5V 8 RB7 a0 roe el MAX232A
RCH X TiouT
13 osc1 Rer 48728 T20UT
RC Rx 12
osc RC
vss  osce [2495¢ |1 (RCO) 0SO Z1R10UT  RUN [
vss [2__(RC1) oSl —R20UT  R2IN
3 RC2 .
PIC16C64 4 (RC3) SCL Cl+ c2+
I r = oo N 5 (RC4) SDA
ision Onl\ [5_ (RC4) SDA 3
— Provi y " 5 RCS }7(:1, co-
| e . | 7 (RCB) X c13 ¢
i o \D\ s 8 (RC7) RX 0.1 I GND
| TBD - | — cua 15
KEYBOARD T 20PF _L 20PF RD 01T iE +5V
= RN3 Y2 = = e RDO = = DI s
1 RBO | - Not Populated | 2 RDL
N > [ roz LZ23%
Ela s, n—BBZ | Txco ] 4 RD3 = ome
S a ry RB3 - = — — — . POWER
2 RN3_ ppg e 6
z |8 2 vy 7
a |7 RN3 0.1 8 ’
8 4 RB5S u2
v 20
[9_ 3 BN3_ ppg VDD
—RBE
R NMELR 1 GER  osci L cio
N RAO 2 Lot
RN1 3|RAO Osc2 =
2 RAL L — B
5| e +5V
6| RA3 A = 3 Breadboard
e ——1RA4
] D | §assasees
— = Ri2gR 885000008
820 O 820 2303058081
RBO RCO | 8303000081
RB1 RC1 330306000
23
e rg ges
RB3 RC3 gesssssee
TR Sssaes
R L —%iRes  Res 838833888
R ner ggeaasase
RB7 RC7 800000008+
8lvss 18883833881
PSS § 9] yes 8388830881
L L
= PIC16C73 X1
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MPLAB IDE

) (¥Muare: /mswin/win98/win98.cfg (James McDonald) =1~
File Power Seffings View Help |
" MPLAB - E-\CLASS\ECE403\MPLAB\P1\P1_PJT _[O] x]

File Project Edit Debug Options Tools 'Window Help
]=]=] [+ ]=]B]s] [ala]x]] (] FEJE]E]E (2]
jster Window =[] x]
1 Return Address: - -———— 68 81 82 83 B4 65 86 67 B8 892 BA 6B BC @D BE AF -
2 a@85s  ( call Initial )} 60608 68 B0 OF 38 00 00 00 OO OO0 00 OO OO0 OO0 60 00 68
8818 BA 00 60 6O B8O PO G0 A OA 00 60 68 BA A0 00 88
98828 32 00 60 OO 6O PO G0 A OA 00 60 68 BA A0 00 88
9838 BA 00 60 BB B8O PO G0 A 6P 00 60 68 BA A0 00 68
fBLB BA 00 60 BB B8O PO A0 A OAA 00 60 68 BA A0 00 88
6658 68 B0 60 99 09 60 00 OB OO 00 OO OO OO B0 06 68
G868 68 B0 60 90 OO B0 00 O OO 00 OO OO0 OO B0 608 A8
6870 60 B0 60 90 00 00 00 OO OO0 00 OO OO0 OO0 60 00 68
8888 8@ FF OE 38 8@ 3F FF FF FF 07 60 68 88 A8 80 —-
8898 -- —- FF 68 80 - -- - B2 80 - —— - —- -- @88
BBAB BA 00 60 BB GO PO G0 A OAA 00 60 68 BA A0 00 88
HOBA 69 B0 09 90 99 00 00 O OO 00 OO 60 OO 680 08 68
GOCH 68 96 60 99 0O 60 00 OB OO 00 OO OO OO B0 06 68
668D68 60 96 6O 9P B0 OO B0 OB OO OO0 OO B0 OO B 66 @8 &
1 A
REE
9 @888 2806 goto  HMainLoop -
18 A8A? 3832 Initia movlw Bx32
11 6688A B6A6 movwf  Bx28
12 @688 3881 mouvlw Bx1
13 B8AC 0636 movwf  @x6
hd 14 Beap 1683 bsf 8x3, Bx5
RN ABBE 0186 clrf B8x6
16 0BOF 1283 bcf Bx3, 8x5
17 0618 0608 return
BFR Hame Hex Dec Binary Char - 18 8611 OBAB Blink decfsz 0z20
L] a1 1 geppeB61 - 19 a@12 2817 goto BlinkEnd
tm-8 ae [ L 1T [T ¢ - 28 8813 3832 movlw @x32
option FF 255 11111111 - 21 8814 @en8 movwf  @8x28
pcl 8E 14 @eae1118 - 22 8815 30 movlw @x1
pclath aa a L Ll L TG 5 - 23 8016 B6BG X0Fuf  Bx6 -
status a8 56 ag1118688 8 <| | Ay
fsr aa a L Ll LTG5
porta 80 8 00088000 - S [=[ 3]
trisa 3F 63 ae111111 ? Initial |
portb i1} 8 0000BOO6 R movlw  HMaxCount ;Initialize first blink of LED
trisb FF 255 11111111 . mouvwf  BLHKGHNT ; to last about 8.58 seconds
portc 515} 5] TS 16 1 1615 . movlw Green ;Turn on green LED; turn off others
trisc FF 255 1111111 - mouwf PORTB
portd a8 5] ge000000 N bsf STATUS ,RPB ;5et register access to bank 1
trisd FF 255 11111111 .
porte [5]5] 5] 90000000 . bcf STATUS,RPB ;5et register access back to bank @
trise a7 7 aeaep111 - return
intcon an a aogpanan -
piri aa a L Ll L TG 5 - 3555335 Blink subroutine 53535353535555555555555555555553535335555355535351
pied aa a L Ll LTG5 - H
pir2 [:]5) 1] g0000000 N ; This subroutine blinks a green LED every 8.5 second.
pie2 ae [ L 1T [T ¢ - Blink
tme11 an LI 11T [T ) - b in a7
N . W EEWNN W R 1Y
Ln1 Call 5 | [RO [Nowrap [INS [PICIBC748 [poOsle  [wiOx01[-~zdce  [BkOn [Sim [4MHz [Edit
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LCD Module Overview
Block Diagram:

D7E - - ~ 8KXx8 bits
WR ——= Tqshiba SRAM
RD—" T16963C
CE Controller
C/D

RESET — w

FS—
128x128
VSS :
VDb Blas. _ LCD
VEE Circuit

e 128 x 128-pixel graphics and/or

e 16 x 16 array of 8 x 8-pixel characters (including user-defined)
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Ado) udans 000L0LLL AdOD N3IFYUDS
}93d usIS — — 00000L1LL A33d NIFHDS
ddVv °|geueAucN pue peay eleq — — L0L000L1
ddV d|gelieAuocN pue 31UAA eleq — eleq 00L000LL
dav usawaiaq pue peay ejeq — — LLO00O0LL
day 1uswaiag pue S1AA ered — eleq 0L0000LL iLiam/avad vivd
ddv 1uswaidu| pue peay ejeq — — L00000LL
ddV 1uswaidu| pue 31UAA ereq — ejeq 000000L1L
1959y oIy — — oLooLLoL
ERRETN
peay oiny eleq 19S —_ — L000LLOL
91LAA 01Ny eleq 19 — - 0000L10L /Ava¥ OLNV v.va
Josind aull-g — — LLLOO0LOL
10S4N> dUl|-£ — - oLLo0L0lL
Josind dul-9 - - LOLO0LOL
Josand dull-g —_ - ooLooLolL 12373S
J0sInd dul-f — — LLO0OOLOL NY3Llvd HOSYND
J0SINd 3ull-§ — — 0L000LO0L
1081Nd> dul|-g — - 10000L0L
JOSINd 3dul|-| — — 00000L0L
uo siydesb ‘uo 1xa — — XXLLL00L
uo siydesb ‘o 1xa) — - XXoLiLo0L
140 d1ydeub ‘uo 1xa) — — XXL0L00L
uo Mul|q ‘uo Josind — — LLXX100l 0O Avidsia
140 Juig ‘uo Josind — — oLXXL00L
1o Aejdsig — — 00001001
apow AIVY DD |euaix3 — - XXX1000L
apow AOY DD |eudalu| — — XXX00001L
apow dNqUIY IX3] — — 00LX000lL
apow NV — - L10X000l 135 3aow
spow YOX13 — - L00X0001
apow YO — — 000X000L
ealy dlydesn 19§ HOO suwnjod LL0000LO
ss2Uppy awoH diydets 195 | ssauppe ybiY | ssaippe mon 0L0000L0
ealy 1xal 319§ HO0O suwn|od L00000L0 QUOM TOYLNOD 135
SS2UPPY 2WOH 1x3d] 13§ | ssauppe ybiY | ssaippe moT 00000010
191ul0d Ssa4ppy 19§ | ssaippe YbBiH | ssauppe moq 00100100
1335169y 190 195 HOO eleqg 0L000L00 HNILLIS SYILSIDIY
J91Ul0d 40SiND 19| Ssa4ppe A ssaippe X L0000L00
NOILONNA [4q La 3aod ANVIANINOD

(D€£969.L equysoy)
19]|013u0) D7 2diydeun)




B NMH/333)

abe.o)s affessow sso|-Av1Rg O
ainjeliydes|qeld4 O
Juswisbeuew afessa |\ O
uolrsedo afeljoA MO O
Aowsw ‘JoR|[10S0 ‘sie|l)
‘SIALIP Joxeads ‘dueald o1w ‘D9 Y suoioun) wesAs paribelul A4 o
Alljenb punos Buipes|-Ansnpu| O
suoIreInp oegAe|d pue pJodal SeINUIW 8 01SPU0ISS 9 O
diyo ajbuis e uo weis/s »oegAe|d pue pi0BIVI0A O

19}JO S19Npoid ;_m_u‘_OUQ_LU

SpuURLIBP B2l JBLNSUOD S1S9 A
1SOD MO

uonoejoid ainjre) emod
aberl01S 9210 Sso|-Alaneg

'suoeoI|dde pajemod-Aseiteq Jo) [eap|
uondwnsuo) 1lamod Mo

U0 11oNPOoJdal 21sNW pue 3210A BuIpunacs [einteu ‘2nusyiny
Alrend punos reuondaox3

PXfew 018w ¥ainb ‘palinbal uswdo pAsp a/em1os ON
uonelibalu| ajdwis

's1onpo.d sjgeniod ‘yBremybi| Joj ewndo
uonnjos diyo-ajbuls

S10Npoid JaploDdiy) Jo susuag pue sainjes

:Auedwio)) ayy Aq sSeug
19p10]diy)y Qs



ChipCorder Interfacing

Interface to a Typical Microcontroller:
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2000: Printed-Circuit Fab

e Layout for Duel Tetris (using Linux freeware pcb):
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e Fabrication cost at APC: ~$100 for 2 copies
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2000: MPLAB-ICE

e MPLAB-compatible In-Circuit Emulation system:

Parallel Cable

Emulator Pod

Power Supply

Cable Processor Module

with Cable

Logic Probe
Connector

e No more code, compile, simulate, burn, reset, crash, erase,
code, compile, simulate, burn, reset, crash, erase, ... cycle!
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