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A method is described to use an inexpensive commercial video-game controller as a joystick for
operating stepper-motor controlled manipulators. ©1999 American Vacuum Society.
@S0734-2101~99!08605-4#

A persistent problem for experimentalists who operate
complex motor-driven instrumentation is the joystick. Instru-
ments that incorporate stepper-motor driven manipulators are
often positioned using a joystick attached to driver electron-
ics with a long cable that facilitates observation of the posi-
tioning event.

Our experience in synchrotron runs is that this joystick is
the one piece of instrumentation that takes the most abuse. It
is more likely to be dropped and then stepped on than any
other tool. This results in breakage of switches and connec-
tors which~a! cannot be fixed that night and~b! often require
expensive parts that are not immediately available, or only
available as nonidentical replacements.

Due to their long cables, tangling is also a problem and
the usual solution of yanking as hard as possible often results
in connector disconnection and the extraction of wires and
pins from connectors. During the course of one graduate ca-
reer, the joystick ends up being an unrecognizable battered
box of cold solder joints, broken wire wrap, creative strain
relief, and oddly selected replacement switches. One of our
controllers would even turn on when the joystick was set
upside down, initiating an unhappy sequence of damaging
sample positioning events.

In this shop note, we report a method to use a Sega™
video-game controller as a generic joystick. We find that this
is a happy solution to nearly all of our positioning problems.
First, it was designed to survive children and therefore will
last for some time in and out of the hands of the experi-
menter. Secondly, it is inexpensive when purchased as a re-
placement controller and extension cables are available from
the manufacturer, guaranteeing a rugged long-distance op-
eration. Finally, when it is mortally wounded in a late-night
experimental incident, it can be replaced immediately with a
quick run to a local Wal-Mart.

The standard Sega™ game controller~or ‘‘clicker’’ ! con-
sists of four buttons and a directional controller with a 9-pin
DB-9 connector, shown in Fig. 1. The directional controller
allows two directions to be simultaneously energized result-
ing in a diagonal motion, very handy in an X-Y positioning
application.

Our implementation uses the B and C buttons to select the
pair of motors, either X-Y, or Z-u, that are energized. When
the C button is pressed, the directional controller moves X
with the up/down direction and Y with the left/right direc-
tion. Similarly, depressing the B button allows the direc-
tional controller to move Z with the up/down direction andu
with the left/right direction. In this arrangement, the direc-
tional controller isinactive unless the B or C button is de-
pressed. This interlock prevents motor actuation when the
clicker is dropped and stepped on except in the unfortunate
situation whereboth the directional padand one of the B or
C buttons is simultaneously depressed.

With eight switches and a DB-9 connector, it is not pos-
sible to provide a pin for each switch as well asV1 and a
ground. For this reason, the Sega controller includes a single
TTL chip, a 74LS157 multiplexer.1 This chip switches its
output of four states, Y0–Y3 from two possible inputs
A0–A3 and B0–B3 according to the condition of theenable
and select inputs. This function is given in Table I. The
output enable is directly connected to ground so that the
condition of theselect, DB-9 pin 1, determines the state of
the outputs. The conditions of the game normally determine
the setting of theselectinput. The connections of the multi-
plexer are shown in Fig. 2.

For proper game performance, it is important that a num-
ber of the switches be simultaneously operational. In the

a!Electronic mail: kurtz@rouge.phys.lsu.edu
b!Present address: Seagate Technologies, Inc., Bloomington, MN. FIG. 1. Sega Genesis game controller.
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Genesis controller, the UP and DOWN buttons are connected
directly to the DB-9, as shown in Table II. Withselectin the
L state, outputs of the A and START buttons become avail-
able on Y2 and Y3 while LEFT, RIGHT, B, and C buttons
become available on Y0, Y1, Y2, and Y3 whenselectis in
the H state. This means that when the directional L-R-U-D
part of the controller is operational, only buttons B and C are
also operational.

This provides the opportunity to incorporate the failsafe
requirement that button B or C is depressed in order to ac-
tuate the directional control. This safety feature not only
minimizes the likelihood of inadvertent motor actuation but
also tends to force the experimenter to pay attention to the
manipulator while driving it. This additional benefit arises
due to the need to use two hands to actuate the buttons and
directional controls simultaneously. This is not 100% effec-
tive however since those with contortionist skills can learn to
operate it with one hand, freeing the other hand up to con-
duct other experimental business.

We selected the pair of motors that were energized by
combining the state of the button with that of the directional
pad using a TTL logical OR gate provided by 7432 chips.1

The connections of two of these 7432 chips between the
game controller and the stepper-motor controller are shown
in Fig. 3.

In our application, this rugged joystick is thereby inter-
faced to a Joerger model SMC-R stepper-motor controller.
The connections to the stepper motor controller, given in Fig.
3 are, of course, specific to this controller. However, the
principle outlined here will apply to other controller models
and manufacturers. The output of the 7432 OR gates are
connected to the external control input of the SMC-R con-
troller which requires a positive TTL-compatible input. The
controller signals are amplified by an external microstepper
power supply which drives the sample manipulator’s stepper
motors.

In other applications, one may find that an inverted logic
is required in which case inverting gates can be used to pro-
vide the desired signal levels. This completes the remote
control of the X-Y-Z-u manipulator.

The authors would like to acknowledge the support of
LSU’s CAMD synchrotron. This work was supported by the
National Science Foundation Under Grant No DMR-
9802278.

1The TTL Data Book for Design Engineers, 2nd ed.~Texas Instruments,
Inc., Dallas, TX, 1976!.

FIG. 2. Circuit inside of a Sega Genesis game controller. The 74157 is a
quad 2-input data selector/multiplexer providing TTL-compatible signals.
The connections to the switches are given by the open circles, as labeled.
The connections to the DB-9 external connector are indicated with the filled
circles and the pin number is indicated. When a button is pressed the signal
goes from a TTL H to L.

FIG. 3. Decoding circuit using 2 quad positive-OR chips, 7432. The connec-
tions to the Sega controller are shown with the numbers and the motor
signals are labeled. Each of these signals can now be used to activate a
motor in the desired direction.

TABLE I. Function table of a 74 LS 157 quad-input data selector/multiplexer
H515 V, L50 V, and X5do not care.

Inputs

Output enable Select Output Y0–Y3

H X L
L L A0–A3
L H B0–B3

TABLE II. Sega Genesis DB-9 connector pin-out. Input signals are in italics.

Pin # Signal

1 Select
2 Y0
3 Y1
4 DOWN
5 UP
6 Y3
7 Ground
8 15V
9 Y2
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