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

• the game in action:

• 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

• use a Microchip PIC 16C74A microcontroller

• use a Micro Electronics SG128128 graphic LCD module

• have an appropriate soundtrack and/or sound effects

• be battery-powered, compact, and sturdily constructed

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

– no sound, makeshift buttons and cases

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

• 1999: “Handheld Video Games II”:

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

– Games: Combat!, Bowling, Go Banana!, Tetris, Missile
Command, Duel Tetris, PICman

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

– custom printed-circuit boards, even smaller cases, in-circuit
emulator for development

– Games: ???
IEEE/HKNSlide 7



PIC Overview
• Harvard architecture (separate instruction and data memories)

– 14-bit instructions

– 8-bit data

• Single-cycle instruction execution via instruction pre-fetch

 1997 Microchip Technology Inc. DS30390E-page 17

PIC16C7X

3.1
�

Clocking Scheme/Instruction Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks namely Q1, Q2, Q3 and Q4. Internally, the pro-
gram counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
is shown in Figure 3-4.

3.2
�

Instruction Flow/Pipelining�

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g. GOTO)

�

then two cycles are required to complete the instruction
(Example 3-1).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the “Instruction Register" (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

FIGURE 3-4: CLOCK/INSTRUCTION CYCLE

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

OSC1

Q1

Q2

Q3

Q4

PC

OSC2/CLKOUT
(RC mode)

PC PC+1 PC+2

Fetch INST (PC)
Execute INST (PC-1) Fetch INST (PC+1)

Execute INST (PC) Fetch INST (PC+2)
Execute INST (PC+1)

Internal
phase�
cloc� k

All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed. 

Tcy0 Tcy1 Tcy2 Tcy3 Tcy4 Tcy5

1. MOVLW 55h Fetch 1 Execute 1

2. MOVWF PORTB Fetch 2 Execute 2

3. CALL  SUB_1 Fetch 3 Execute 3

4. BSF   PORTA, BIT3 (Forced NOP) Fetch 4 Flush

5. Instruction @ address SUB_1 Fetch SUB_1 Execute SUB_1

• 200-ns instruction cycle

• Reduced instruction set (35 total) . . .

IEEE/HKNSlide 8
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Development Environment
• PICDEM-2 demonstration board

• MPLAB IDE (Integrated Development Environment)

– assembler

– linker

– excellent simulator

Free for download, with many useful application notes

• Chipmaster 6000 device programmer

• U-V eraser

IEEE/HKNSlide 12
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MPLAB IDE
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LCD Module Overview

Block Diagram:

SRAM
8Kx8 bits

LCD
128x128

T6963C

FS

RESET

C/D

CE

RD

WR

D7-D0

Bias
CircuitVEE

VDD
VSS

Toshiba

Controller

• 128× 128-pixel graphics and/or

• 16× 16 array of 8× 8-pixel characters (including user-defined)
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ChipCorder Interfacing

Interface to a Typical Microcontroller:

A
pplication N

ote

�

A
udible T

herm
om

eter S
chem

atics

�

A
N

1292

�M
O

T
O

R
O
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19

Date:    August 12, 1996 Sheet     1 of     1

Size Document Number REV
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2000: Printed-Circuit Fab
• Layout for Duel Tetris (using Linux freeware pcb):

• Fabrication cost at APC: ≈$100 for 2 copies
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2000: MPLAB-ICE
• MPLAB-compatible In-Circuit Emulation system:

MPLAB™-ICE User’s Gu ide

DS51159A-page 8  1998 Microchip Technology Inc.

1.4  Components of MPLAB- ICE System
The MPLAB-ICE system consists of these items (Figure 1.1):

1. Emulator pod
2. Parallel cable to connect the emulator pod to a PC
3.

�
Power supply cable

4.
�

Processor module with cable
5.

�
Device adapter to connect the processor module to the target system

6.
�

Logic probe connector

Figur e 1.1:  MPLAB -ICE Emulator  Sys tem

The e
�

mulator pod connects to the PC through a parallel port using the 
provided cable. It contains the hardware necessary to perform the common 
em� ulator functions, such as trace, break, and emulate.

The processor module inserts into a slot in the front of the emulator pod. It 
co� ntains the hardware necessary to emulate a specific device or family of 
dev

�
ices.

The d
�

evice adapter is located at the end of the processor module’s cable. It 
co� nnects to the target system.

A 
�

logic probe connector is also available. Logic probes may be connected 
here, or individual jumper leads may be used to connect to individual 
co� nnector pins. See Appendix A for more information on the connector and 
logic probes.

Parallel Cable

Power Supply
Cable

Emulator Pod

Processor Module
with Ca	 ble

Logic Probe
Connector

Device Adapter

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