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● Good example of how to send 
information from multiple inputs over 
a single data line

● Interfacing with an unsynchronized 
device
○ Not synced to processor clock
○ Must be synced in code

● Can use this controller in your own 
projects

Relation to Embedded Systems

http://www.eceinc.com/images/embbeded_system_development.jpg
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Controller Overview
● 10 buttons

○ Momentary switches
● 4-way D-Pad
● Analog joystick

○ X/Y Magnitude and 
direction

● Expansion bus (rear)
○ For memory pak, 

rumble pak, other 
peripherals

http://img76.imageshack.us/img76/3269/buttons23bm.gif
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Wiring
● 3 pins

○ VCC (3.3V)
○ DATA
○ GND

● Bus is open-collector
○ NEVER drive DATA 

high

http://www.pieter-jan.com/images/N64_Controller/Connector.JPG
3.3V

Output
Input
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Optional Verilog Driver Circuit
● Could communicate with 

controller through Verilog 
circuit
○ 1’bz assigns hi-z to a wire

● External transistor is safer
○ Using Verilog, one mistake 

could fry the controller
● Remember to synchronize Din 

when you read it (flip-flops)

http://www-inst.eecs.berkeley.edu/~cs150/fa04/Lab/Checkpoint1.PDF

DIn - data read from controller
Enable - enable bit
DOut - data sent to controller

DIn

DOut
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Controller-Processor System

N64 
(Processor)

B

A

RL

Z

What buttons 
are pressed?

B and A!
● Commands sent by processor
● Controller responds with data
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How Buttons Work
● Momentary switches
● Small metal disk pushed 

into contact with two 
strips of conductive 
material to close circuit

● Controller’s internal 
processor senses button 
signals
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Data Protocol

● Serial one-wire interface
● Self-clocked signal

○ Similar to “Manchester”
● 4 µs period
● N64 sends control signals
● Can read button state and 

read/write data to ctrl pak

Zero

One

http://www.pieter-jan.com/images/N64_Controller/Zero.png
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Example Serial Message – 0x01

Message starts with 
falling edge

MSB first

0 00 00 00 1 1 (Stop)

Message ends with 
stop bit
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Commands
0x01: Status
Returns a 32-bit button 
and analog stick status 
packet

(Likely only one you will need)

0x00: Identify
Returns 0x0500, followed by 
0x01 if controller pak 
detected, 0x02 if none, 0x04 
if previous read/write showed 
error

http://www.mixdown.ca/n64dev/10

http://www.mixdown.ca/n64dev/
http://www.mixdown.ca/n64dev/


Reading Button/Stick State

● 32-bit message (+stop 
bit)
○ 14 button on/off status
○ 1 “Joystick Reset” signal

■ Unknown use
○ 1 unused
○ 16 joystick position

● Buttons are active high

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

16-23
24-31

32

A
B
Z
Start
Up
Down
Left
Right
“Joystick Reset”
(0)
L
R
C-Up
C-Down
C-Left
C-Right
X-Axis
Y-Axis
Stop bit (1)

http://www.pieter-jan.com/node/1011

http://www.pieter-jan.com/node/10
http://www.pieter-jan.com/node/10


How to Get Button State

1. Send 0x01
2. Wait for response (~1-3 µs)
3. Receive 32-bit data packet

a. Sample bit after each falling edge
4. Decode packet
5. Repeat as necessary for desired response 

time



More Commands
0x02: Read from expansion bus

Followed by 2 byte read address

0x03: Write to expansion bus
Followed by 2 byte write address, 32 bytes of data

0xFF: Reset controller
Re-centers analog stick sensors
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Analog Stick Hardware

● 2 digital encoders return 
direction and magnitude as 
signed 8-bit number
○ 2 slotted wheels at right angles
○ Mounted between LED and photocell
○ Light sensed through slot when stick 

moves

http://hades.mech.northwestern.edu/images/2/22/Encoder_diagram.png

http://nfgcontrols.com/grafx/N64-3D-3.jpg
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Interpreting Analog Stick Data
● Data range: -128 to 127
● Mechanically limited to ~ -81 to 81
● Stick “0” position reset on startup

Position MSB LSB

Left Edge 0 1 0 1 0 0 0 1

Middle 0 0 0 0 0 0 0 0

Right Edge 1 0 1 0 1 1 1 1

http://cnt.at-ninja.jp/n64_dpp/N64%20controller.htm
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Analog Stick Examples

http://jmwgraham.ca/wp-content/uploads/2013/08/ControlStick.jpg 15
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Sampling Serial Data from Controller

● Two methods:
○ Sample center of signal by waiting 

2µs after falling edge
○ “Super-sample” at ~16x and compare 

low time to high to correct for jitter
● Method 1 discussed in class

○ See references for more info

normal timing

sample centered

bad: sample near rising 
edge

http://www.raphnet.net/electronique/gc_n64_usb/index_en.php 
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Controller Tradeoffs
● Cons

○ No ACK signal
○ Can’t connect multiple controllers to same bus
○ Unsynchronized with Master device

● Pros
○ Straightforward interface over a single wire
○ Easy debugging through oscilloscope
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Learn More
● http://www.pieter-jan.com/node/10 (example of verilog / arm coding)
● http://www-inst.eecs.berkeley.edu/~cs150/sp01/Labs/lablecckpt1.pdf (design structure & implementation)
● http://www.mixdown.ca/n64dev/ (quick overview of controller data)
● http://cnt.at-ninja.jp/n64_dpp/N64%20controller.htm (interfacing process)
● https://code.google.com/p/micro-64-controller/wiki/Protocol (addressing and control signals)
● http://www.raphnet.net/electronique/gc_n64_usb/index_en.php (sampling)
● http://webcache.googleusercontent.com/search?q=cache:IQF24pSzvUgJ:www.cms.livjm.ac.

uk/library/Archive/mike%2520baskett%2520(2)/CD1012/Lecture%25203/Lecture%252003a.
ppt+&cd=17&hl=en&ct=clnk&gl=us        (history and basic of system and controller and interfacing)

● http://jmwgraham.ca/2013/08/24/communicating-n64-controller/ (data signal)
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QUESTIONS?
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