GSI LUMODNICS

Digital Scanning Controller
(DSC)

User Manual

COMPONENTS PRODUCTS GROUP
GMAX" SYSTEMS
MULTI-AXIS BEAM HANDLING
39 Manning Road
Billerica, Massachusetts 01821

GS| PN 12P-DSC
Rev. D
BGS| Lumonics 2001




TAELE OF COMTENTS
Warranty
Customer Support . . .
INTRODUCTION
SCOPE . & 4 4 e 4w a s

Scanning sSystem Configuration

X¥ Scan Head . . . . & 4 4 s s a4

Beam Generation/Modulation . . . .

Digital Secanning Controller . . . .

Host Computer/Controller . . . . . .
DSC Setup

THE DIGITAL ECAMNNING CONTEOLLER

Lk

[+3 LA Lo

Ssystem Specifications
Mechanical
Electrical
Environmental

Euro Card Chassis . . . « « .
Eura FPower Supply . . .
Scanner Interface Card .
Digital Backplane . . .

Eurge Servo Control Bus

KMechanical speclflcatlans

Pin Assignments

Eure Diagnostic Bus .
Mechanical $pe¢1ficat1nns
Pin Assignments %
Functional DEECTlptlﬂnE

Euro Digital Driver . .

Digital Interface Controller

HOBST-TO-DSC INTERFACE

G5I Bus . . . . .
DX versus DSC
Mechanical 5pE¢l;lcatlan
Electrical Specification
Pin Assignments .
Functicnal Definitions .
Scanner Bus Cycle Timing

L}

*

L0

wlr s WD

11
11

11
12
12

13
13
13
14

16

149
L9
20
21
21
21
22



EDD Command Interface BOS. 0 ‘v 4 o w0 e o n e e s s oa s s

Mechanical Specification . . . . v +« « « + .

Electrical Specification . . . . . . . + .+ &

Pin Assignments . . . . . . . 4 s 4 2 oa

Functiconal Definitions . & .« + &+ &+ & =

ECI Bus Cyole Timing . . . . .« « « « + « & &
WELIEE® & 4 4 s w s 2 s = 4 a w w ow w w o=
Bead & & & wis e 6 ow e o4 e owcw e & oal F

EDD Address Assignments . . . . . . o+ 4 4 s o+ o=

DSC OFERATION

XY Head Motion . o o« & & 4 v v o w s e s ow s s s s s s
Types of Scanner Drive Signals . . . . . .

Yector Scan Generation

Optimizing Vector Operatien . . . . . . . .

Debugging Scanning Software . . . .« o o 0 0 . . . .

APFENDIXES
AFPENDIX A: TROUBLESHOOTING MATRIX . . + « «+ » .

APPENDIX B: SYSTEM CONHECTORS . . « o o« o = o = = &

APFENDIX C: INTERFACE HARDWARE. . . . -« + & « &« 4 & =
APPENDIX D: IMPLEMENTING THE ECI BUS INTERFACE . . . . .
ADDENDUMS

ADDENDUM A: CONNECTING THE SINGLE AXIS DSC POWER SUPPLY.

23
23
21
24
24
25
25
26
27

25

30

31

4

34

36
)=
&0

Gl

4G



1.0 Introduction

The growth of laser technology and its applications over the past three decades has produced a
commensurate growth in the types and sophistication of beam delivery methods. As system
requirements demanded greater performance, both the equipment manufacturers and laser users
extended their knowledge, expertise and expectations. General Scanning has been and
contnues o be committed to the Jaser industry.

Originally, G5l emerged at the forefront of beam delivery technology with our basic product,
the closed-loop, “posidon controlled” galvanometer. As technology has advanced, so o has
General Scanning in its effort to provide the laser working field with fast, easy and affordable
methods of directed beam energy. General Scanning has maintained a leadership position in
beam delivery technology by aggressively pursuing all aspects of optical path requirements.

Beginning with the galvanometer, G5I has evolved a family of complementary components:
galvancmeters (both linear & resonant), mirrors, XY head assemblies, dynamic focusing lens
translators, and compiete optical rails. To complement the optical and electra-mechanical
components, a senes of servo control products have been developed: servo contmol amplifiers
(analog & digital), digital interface units (for analog amplifiers), digital correction electronics
(for Z/3-axis, post-objective scanning), raster and vector control units, and integrated digital
controllers. In addition, G5I creates and manufactures complete scanning systems to meet
custom design requirements.

The Digital Scanning Controller is one member of the most advanced servo control system ever
offered by General Scanning. As such it embodies years of experience and product knowledge
acquired while providing laser scanning solutions to industry, We feel that it offers distinet
advantages in performance, reliability and cost-effectiveness.

1.1 Scope

This manual 15 mtended (o provide users with-the information necessary to correctly set up and
operate the Digital Scanning Controller (DSC) and XY Head: The cabling and interconnection
of the scan head and DSC is illustrated; along with a brief description of each element. A
complete interface specification is presented for both the older GSI Scanner Bus and the newer
EDD Command Interface (ECT) Bus. In order to facilitate the integration of the DSC into a
user's system, guidelines and suggestions for implementing the ECT have been included.



The Digital Scanning Controller Manual has been expressly written to be a Users Manual and
Reference Guide for the normal operation and use of the DSC. As the XY Head-DSC pair is
provided as a heam delivery module or sub-system, circuit-level details and operational theory
have been omitted from this document, Instead, broader descriptions of the DSC components
have been included to identify each componant's function.

1.2 Scanning System Configuration

When discussing a scanning system, certain features are common to all systems, others are
common to most, and some are wnique to specific systems. Although all practical systems
must have a target (for image acquisition or deposition), the details of how the target interacts
with the other system components is very application-dependent. To provide a useful manual
to the greatest number of users, the focus of this section is restricted to enly the common
systemn elements. As Figure 1-1 illustrates, a typical laser system includes the following
COMPOonents:

+ XY Scan Head

*  Beam Generation/Modulation
+ Digital Scanning Controller

*  Host ComputerController

XY
BEAM GENERATION M_F,,--""“"
HEAD

X Y
ECIBUS OR DIGITAL
HOST
SCANNIMG

Figure 1-1:  Laser System Block Diagram



1.2,1 XY Scan Head

The XY Scan Head contains two closed-loop position controlled galvanometers, two mimrors
and the scanner mount. These units are pre-assembled and pre-tested with the DSC. The scan
head provides two-ax15 beam deflection within the sean field. Each head includes mechanical
limit stops at the full sean angle to protect the XY mirmors from vnintended collisions. General
Scanning has a complete line of XY Scan Heads to address every beam positioning need,

Scan Head Pupil Size
Y0507 5 mm
Xy 1013 10 frum
Y2026 20 mm
Y3037 20 mm
KY5067 50 mm
KY2100 5.5 mm

1.2.2 Beam Generation/Modulation

This includes the user-provided laser source, attenuation, safety interlocks and lenses, if any.

1.2.3 Digital Scanning Controller

The DSC contains all of the circuitry necessary to control two closed-loop galvanometers. The
DSC also contains a power supply and digital interface moduele. The DSC provides two-axis
servo control for systems using digital scanning technigues. Host commands are transiated
from the active digital bus into appropriate scanner positions, with high speed and accuracy.

1.2.4 Host Computer/Controller

The Host Computer or Controller initiates all scanner metion by sending commands to the
DSC. The Host can be connected to the DSC by either of two digital interfaces.  Although
different in many particulars, each bus is designed for parallel ransmission of 16-bits of data
{scanner position). The Host may also control the beam attenuation. Implementation of ane
GSI digital bus within the user-supplied "Host Computer/Controller” is required before the
DSC can be used, as there are no analog signal inputs.
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DSC Setup

NOTE:  Please read the XY Scan Head User Manual and the remainder of this
manuzl before powering up the DSC. The instructions rely on familiarity
with the layout and parts of the XY Head and DSC, as well as specialized
interface and operational knowledge.

Unpack the XY Scan Head and the D3C & cables and save the boxes for return 1o the
factory, if necessary.

Check that the voltage selection jumper has been correctly installed (110 VAC) or
removed (220 VAC) for your line voltage, (Ref. Figure 2-3.)

Connect one end of an extension cable to the X scanner cable and the other end to 51C
connector J4, behind the X EDD amplifier. (Ref. to Figure 2-3.) Secure the scanner
end of the cable by closing the locking slide. Secure the EDD end of the cable by
screwing the captive serews firmly, without over-tightening, into the locking standoffs.
Connect the other extension cable between the Y scanner and Y EDD's SIC. Refer to
the EDD nameplate to identify the X and Y channels.

Install both cables prior to energizing the DSC, If the scanner cables are
connected or disconnected while the DSC is powered up, catastrophic
damage may CCour.

Connect the Host Computer to either the GSI Scanner Bus connector or the ECI Bus
connector, (Ref. to Figures 2-2 & 2-3.) Secure the cable by engaging and tightening
the connector's screws in the locking standoffs. Ensure that the cable is connected to
an interface card which has been properly designed for that bus. Install the cable prior
to energizing the DSC. IF the host system is connected or disconnected
while the DSC is powered up, catastrophic damage may occur.

Read the rest of this manual. Most importantly, read the sections covering the
applicable digital interface and the DSC operation. Improper operation of the
DSC can result in damage to the XY Scan Head, DSC or both.

Ensure that the Host System is powered up and operating correctly.

Connect the AC power cable to the DSC input socket. (Ref. Figure 2-3.) Power up the
DSC. The ON/OFF switch is located above the AC input socket.



2.0 The Digital Scanning Controller

The Digital Seanning Controller (DSC) is 4 versatile scanner servi control engine which is
packaged in a closed electronics chassis.. When configured for the DSC, the chassis is
cquipped with @ power supply, two servo controller modules and a digital interface module.
The DSC is a self-contained unit which accepts Host scanning commands and translates them
into servo signals and, by extension, scanner positions.

The Digital Scanning Controller is a member of General >canning’s advanced line of servo
control preducts. The DSC is designed to support applications requiring only two axes of
scanning control, without built-in geometric correction or position interpolation. Other family
members include the Linear Scanning Controller which accepts analog input signals and the DE
series of two-axis and thres-axis scanner control electronics. The DE 3000, for example,
includes three EDD modules, the common power supply module, and an internal 68000
microprocessor to perform high-level command interpretation, geometric correction, and
scanner position interpolation.  Each of these products is designed to provide the best
performance to the user.
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Figure 2-1:  Block Diagram of DSC
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2.1 System Specifications

2.1.1 Mechanical .

Dimensions: 10.5H x 7.75W x 8.0D (in) / 266H x 197TW x 203D (mm)
Weight: LEIbs; ozl 457 kg

2.1.2 Electrical

Input Yoltage: 1HW220 VAC - User Selectable
Line Frequency: SVE0 Hz - Mo Modification Required
Input Current (MAX): 4A@1I0VAC/I2 A@ 220VAC

2.1.3 Environmental

Operating Temperature: 15" C o327 C
Storage Temperatire: 207 Cro 807 C
Relative Humidity: 1056 to 90% Non-Condensing

2.2 Euro Card Chassis

The Euro Card Chassis (ECC) consists of a VME-compatible card frame for structural support,
a power supply module and a segmented backplane (see Figure 2-4). The leftmost slot (see
Figure 2-2) accommodates the digital interface module, the center slots contain the X and Y
servo control amplifiers, and the rightmost section houses the unit's power supply.

The majority of the ECC components are used in all of General Scanning's Euro-based
scanning control products, This ensures compatbility between family members and provides
user with an upward performance ladder, as their requirements change.



ECI BUS

Figure 2-4:  Block Diagram of ECC

2.2.1 Euro Power Supply

The Euro Power Supply (EPS) is a switching power supply which accepts AC line voltage and
generates T18 VIC and +5 VDIC regulated outputs. Itis the standard power supply of General
Scanning's two and three axis scanning control systems. The EPS can be configured for
operation with 110or 220 VAC line voltage and 50 or 60 Hz line frequency.
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Figure 2-5;  EPS Rear View
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The standard shipping configuration is 110 VAC/60 Hz. To change the AC line selection,
install or remeve the voltage jumper shown in Figure 2-5. A replacement fuse is located within
the AC input connector's fuse holder, on the rear panel (see also Figure 2-3). This fuse is
rated for 5 amperes.

2.2.2 Scanner Interface Card

The EDD servo control amplifiers are linked to their galvanometers through the ECC's
segmented backplane. Behind each EDD is a Scanner Interface Card (SIC) which connects
that amplifier with DC power and the digital contrel bus. In addition, the S5IC has two output
connectors: one for scanner control and one for diagnostic information. The usar connects the
scanner cable {usually a scanner extension cable) to the scanner connector (J4) with the power
OFF. The diagnostic connector (J3) is primarily used for EDD setup and tuning. It can also be
nsed for softwars debugging by identifying significant problems, without having a scanner
connected to the EDD.

1.2.3 Digital BackPlane

Similar to the EDDs, the Digital Interface Controller (DIC) is linked to the remainder of the
DSC through the Digital BackPlane (DEP). With the DBP, the DIC provides a signal path to
the EDD modules from the Host system. Inside the DSC, the EDD and DIC cards bus the ECI
digital signals. The DBP to connects this "private” pathway to the external world. Although it
i3 a vital component of the DSC, there is no active circuitry on the DBP PC card.

O the visible (outer) side, the DEP has the ECI Bus's 37 pin D connector. - This connector
allows interconnection of external equipment (Host) to the full EDD Command Interface Bus,
Since the DBF is pant of the segmented backplane in the ECC, thas connector 15 only accessible
from the rear of the chassis. On the inner, "hidden” side, the DEP has a mating connector tor
the DIC PC board, analogous to the SIC's mating with the EDD card. Thus, the DBE links the
physical ECI bus, the 37 pin D connector, and the DICconverted-to-ECI Scanner Bus.

2.3 Euro Servo Control Bus
The EDD servo control amplifiers are connected to the galvanometers through the segmented
backplane of the ECC. Behind each EDD is a Scanner Interface Card (SIC) which connects

each amplifier with DC power and the digital control bus, In addition; the SIC has two ourput
connectors: one for diagnostic information and one for scanner control.

I



The scanner is operated through a 15 pin D connector located near the bottom of the S1C.
(Please refer to the Figure 2-3.) The scanner connector is labelled J4 and contains the
following signal groups.

+ High & low drive signals to the scanner coils

+ Thermal drive and control signals required by the heater blanket and thermistor
control circuit to regulate the scanner temperature.

+ Control signals used by the position detection circuitry and Automatic Gain Control
(AGC) circuit,

2.3.1 Mechanical Specifications

Figure2-6: Scanner D Connector (14)

M
PLUG On scanner/extension cable: AMP p/n 205206-1 or eq.
RECEFTACLE Cm chassis {(SIC) rear panel: AMP pin 205205-1 or 2q.

2.3.2 Pin Assignments

Samin' i Shenifi red il gieris

l &9 Dirive Cwrrent High 7 Heater Current High
& 10 Dmive Current Low B AGC Cutput

3 Positdon In {+} 11 Position [n (-}

4 Signal GND 12 AGC Sente

5 Heater Cwrrent Low K] AGC GND

6.& 14 (Reserved) 15 Thermistor Input

12



2.4 Euro Diagnostic Bus
As stated in section 2.3, each EDD mates with a Scanner Interface Card (SIC) which connects
the amplifier with its inputs (DC power & the ECI bus) and outputs (diagnostic & scanner
control signals),
The diagnostic signals are provided through a 9 pin D connector located near the top of the
SIC. (Pleasc refer to the Figure 2-3.) The scanner connector is labelled T3 and contains the
fellowing signal groups:

*  Drive signals to the scanner coils and position sensar.,

*  Scanner position-related signals: velocity, position. position errer & DAC output.

+  Optional analog input (requires a hardware maodification,)

2.4.1 Mechanical Specifications

Figure 2-7:  Diagnostic D Connector (13)

h 131‘] “fﬂ ch |IHI5 Sﬂﬁii ﬁ: Eﬂ-ﬂﬂ .

PLUG - Om mating cable: 3M pfn 3730-1000 or eq.
RECEPTACLE Om chassis (SIC) rear panel: AMLAN p/n CDFIP oreq.

2.4.2 Pin Assignments

1 Paosition Error (10x) 5 Seanmer Current
2 Position Cut & Welocity Cut

3 DA Ot 7 External In
4&9 Signal GND 3 AGC Volizge

13



2.4.3 Functional Definitions

Position Error:

Position Output:

DAC Output:

Seanner Current:

Velocity OQutput:

External Input:

AGC Voltage:

Signal Ground:

The voltage measured is equal to ten times (10x) the position error
signal. The position error signal is defined to be the difference hetween
the position input signal (desired position) and the position output signal
(actual position), from the transducer. The position error signal is used
to tune the scanner/amplifier pair.

NOTE: The signal is often several millivalts offset from 0%, due to -
normal op amp offset vollages, .

The voltage measured is proportional to the angle of the miror. [t is
generated by the position transducer within the galvanometer and the
position amplification circuit on the EDD.

The voltage measured is proportional to the digital position values
generated by the Host system. When used, the DAC output is also the
position input signal to the servo amplifier circuits.

The voltage measured is one-half the galvanometer drive signal current
(i-e. 2 amps produces 1 volt). The voltage is generated by sampling the
drive current across a (1.5 £} resistor. The drive signal frequency is
rolled off with a 3 KQ seres resistor and 0.01 UF capacitor (~5.3 kHz).

The voltage measured is proportional to the speed of mirror motion (or,
slew rate of mirmror deflection.) The velocity signal is generated by
differentiating the position output signal.

This pin can be usaed to directly supply the EDD card with an analog
input signal. (Please contact factory.)

NOTE: To use this input pin, the DAC must be switched off.

The voltage measured drives the position sensor circuitry in the scanner.
The voltage is generated by the Automatic Gain Correction circuit on the
EDD card, and connected via a 3 KLl series resistor. The AGC supplies
a stable voltage to the position sensor, for greater position accuracy.

Ground 15 provided for circuit reference and signal return for all
diagnostic connectar signals.
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2.5 Euwro Digital Driver

The Eure Digital Driver (EDD) contains an analog closed-loop servomotor control amplifisr
which generates the current required to drive 4 scanner. The EDD also contains digital interface
circuitry and a Digital-to-Analog Converter (DAC) which changes the digital position data into
analog position voltage for the servo circuits, The desired position voltage is compared with
the actual position signal being returned by the galvanometer. The servo amplifier produces
drive signals to minimize the difference berween the actual and desired scanner positions.

The four starus indicators, located on the front of each BB module, give visual confirmation
that the scanner is operating correctly. (See Figure 2-8.)

Figure 2-8:  EDD Front Panal Indicators

POWER: When lit, POWER indicates that EDD is receiving +18 VDC and 45 VDO,
The LED must be ON for the EDD to function.

TEMFERATURE: When lit, TEMPERATURE indicates that the scanner temperature has
stabilized. When the LED is OFF, the scanner is either warming up or is
overheating. It is highly recommended that the user wait until the scsnner
temperature has stabilized before scanning.

IN FIELD: When lit, IN FIELD indicates that the scanner is within its maximum rated

excursion (angle). When the LED is OFF, the over-positon circuitry has
detected that the scanner is beyond its maximum rated excursion.

I5



TRACKING: When lit, TRACKTING indicates that the position error {the difference
between the desired and the actual scanner positions) is within the preset
limit. When the LED is OFF, the position error signal 15 greater than the
preset limit. This is not necessarily a fault condition. The TRACKING
LED} may blink for many applications. The amplitude of the positon error
signal is proportional to the scanning speed of the galvanometer, the slew

rate of the rmurmors, and the amplitude of the position signal.

Mame State
Powver LED OM
LED OFF
Temperztne LET: ON
LED OFF
In Field LED QN
LEDOFF
Tracking LEDHCHY
LED OFF

Description

EDD module i3 receiving power
EDDr module is not receiving power

Scanner temperatune is stabilized.
SCanner iy warming up of overheating.

Scanner is within maximum excarsion
Scanner is beyond maximum excursion.

Scanner 15 following the positon. input siznal
(DAC ourput) within preset error threshold.
Scanmer has exceeded the preset posinon error threshold

NOTE: When the scanners are at rest and warmed up, all status indicators should be ON. The
G100 and G300 series . scanners warm: up-in approximately 5-and 30 minues,
respectively. Ambient emperamre influgnces the warm up ome.

Table 1: Status Indicator Summary

2.6 Digital Interface Controller

The Digital Interface Controller (DIC) is an adaptor ¢ard which permits the host system o
connect to the EDD modules using either the GSI Scanner Bus or the EDD Command Interface
(ECT) Bus. This permits users to benefit from the features of the newer interface, while

providing complete compatibility with ¢xisting applications and equipment.

The DIC provides a complete implementation of both digital interfaces and it contains all of the
circuitry required to convert signals from the Scanner Bus to the ECI Bus. The DIC plugs into
a special member of the ECC's segmented backplane, the DBP (see also section 2.2.53). The
Seariner Bus connector is a 25 pin D, located on the front of the DIC module. The ECI

connector is a 37 pin D, located at the back of the DSC chassis and mounted on the DEF,

Ik



General Scanning, recommends that all new product designs implement the ECI Bus. The
Scanner Bus has been included in the DSC for applications which require ir, rather than as an
equivalent. A clear example of this 15 using the D5C with the DG seres of digital scanner
control elecoonics. The Scanner Bus is not supported on other new GSI products and may not
be included in future versions of the DEC.

A user may not physically connect to both the Scanner Bus and the ECI Bus, simultaneously.
The design of the DIC permits signals from only one digital interface to reach the amplifiers; at
any time. The active interface is selected by a set of five shorting jumpers. The jumpers,
labelled W 1 through WS, are located near the top edge of the DIC card (see Figures 2-9).

s

e
o] @
| | L 1 | | -
— e
B O
[ | ] i/l:'n
Jumpers
W1-W35

A5 —F

Figure 2-0: DIC Layout Eeference Drawing

The DSC comes pre-configured for operation with either the Scanner Bus or the ECI Bus. The
user may re-configure the DSC to use the other digital interface, This requires removal of the
DIC card to change the jumpers. The modification can be made quickly, following a few
simple steps.

NOTE: The DSC and its modules are static-sensitive. Flease perform all

modifications at a static-controlled station, observing ESD-preventive
precautions.

7



[1]

(2]

(3]

[4]

[3]

[6]

Switch OFF the DEC. The ON/OFF switch is located above the AC input socket

Locsen the captive locking screws (above and below the DIC finger pull grips) until
they do not engage the card frame.

Using both hands, carefully pull the Digital Interface Controller out of the DSC. If the
DIC moves forward a small distance and then stops, at least one of the screws is not
completely freed. Re-loosen the screws and remove the DIC,

Following Figure 2-10, move the shorting jumpers W1 through W4 onto the correct
pairs of pins. Also, remove or install a shoming jumper across W5, as illustmated.

Carefully slide the DIC card into the chassis. Ensure that the edges of the PC board are
seated in the card guides. When the connectors engage, continue to push the DIC

module (using the grips) firmly, until the front panel is flush with the EDDYs panel.

Tighten the locking screws until completely seated, Be carsful to not over-tighten.

SCANNER BUS

Wl

Wl

W4

W3

NOTE: o o =Shorting Jumper

BER = No Jumper on Pin(s)

Figure 2-10: Jumper Settings for Digital Bus Selection

a



3.0 HOST-TO~-DAC INTERFACE

The host computer initiates scanner motion by sending commands
(positions) to the DSC. The DSC supports two physical
interfaces: (1) the GSI (General Scanning Interface) Bus: (2) the
ECI (EDD Card Interface) Bus.

Although different in their control mechanisms, each bus is
designed for lé-bit, parallel transmission of data {scanner
position). Users are free to choose either interface depending
on thelir needs. However, all new customer designs should
incerporate the ECI Bus, as the G5I bus will not be supported in
future hardware releasas.

3.1 G8I BUOB

The GSI Bus consists of sixteen data lines (D15-0), three strobes
{STE X*, STE ¥+, STB I%*) and signal grounds. Data is transferred
from the host to the DSC by first applying the data to the data
bus and then pulsing (Active Low) the appropriate strocbe line
(for X, ¥, or Z).

For exact timing specifications, refer to Figure 3-2 on page 22.
Note that data is latched into the DSC on the rising edge of
strobe. As long as data has been stable foer 100 nS or more prior
to the rising edge of strobe, the cycle will be successful.

3.1.1 DX VERBUS D8C

If you opt teo use the DSC to replace a DY series servo control
amplifier, you may have to make minor alterations to the host
hardware. TIf the host system strictly adheres to thHe Scanner Bus
timing requirements, as presented in sectien 3.1.6. then no
modifications should be necessary.

Most problems will invelve how the contrel signals are configured
and, unless these lines are hard-wired, the changes should be
easy to identify and implement.

In an application where DX series controllers were used
previously, each scanner axis was connected to a single servo
amplifier PC board (DAl160). These boards were designed to
directly support the GSI Scanner Bus, as they include a decoding
section where the amplifier is configured to respond to only one
of the three strobe signals ¥, ¥ or 2.

This completely isclates that PC board from any activity on the
other two strobe lines. If more than one strobe signal were
activated, each axis would independently respond teo its own
strobe signal.

A DSC contains the newer EDD servo amplifier PC boards. These
hoards are designed to directly support the ECI Bus, as theay
include a decoding section for ECI Bus signals, but not for
Scanner Bus signals.

19



In the DSC, the Scanner Bus is decoded on the DIC card. ThHe DIC
synthesizes the correct ECI address, direction and strobe signals
for the EDD servo amplifiers from the Scanner Bus input signale.

Because all Scanner Bus signals are channelled through only cne
set of decoding circuits, the DIC cannot process two strobes
51mu1taneausly If a second strobe is activated while the first
strobe is still active, the ECI signals will be inwvalid.

In a DX 2000 system;, the 2 strobe signal does not affect the X or
¥ scanners. If the host system design held the Z strobe in the
active state (a logic 0 or LOW), this might go unnoticed.

It is possible for the designers to overlook this errer, since it
would not produce any errors. Because of the independence of
each axis, the DX is very forgiving of this type of timing
violation. But if a DSC is used to replace the DX, the decoding
c;rcu;try on the DSC never generates the correct sequence of ECT
Bus signals and neither the X or ¥ scanner rotates. To carrect
this problem, the Z strobe must be set to the inactive state (a
logic 1 or HIGH). This is likely to be the most common problem
when a DX is replaced with a DscC.

3.1.2 MECHANICAL BPECIFICATION

The digital connector is a 25-pin D which fastens to the ‘cable in
the same manner as the scanner cables do (See Figure 3-1 below).
The system has been designed to work reliably with unshielded
ribben cable (cable length recommended to be less than 6 feet) to
minimize costs.

Figure 3-1: Scanner Bus Connector

Manufacturer's Specification:

PLUG on Chassis (DIC) front panel: AMP p/n 206771-1 or eg.
RECEPTACLE ©n ribbon interconnect cable: AMP p/n 206770-1 or eq.

20



2.1.3 ELECTREICAL SPECIFICATION

All signals are TTL and Low=-Power Schottky (LS) TTL compatible.
Inputs:

Lagic 0: Guaranteed if level is less than 0.8 V.

Logic 1: Guaranteed if level is greater than 2.0 V.
Fanout: Each signal line should be capable of driving 3 LS TTL

loads.
3.1.4 FPIN ABBIGNHMENTS
-pi n ignal Mame
1 GHND
2 2TE X=
3 D14
iy D1z
5 D10
& D&
7 GHD
g S5TH ¥-
9 nDa
10 D4
11 Dz
12 oo LSB)
13 STE 2= {unused)
14 GHD
i5 H.C.
16 D15 (MSE)
17 013
18 D11
19 Do
20 CZHD
21 H.C.
24 o7
23 D5
24 03
25 D1
3.1.5 FONCTIONAL DEFINITIONS
DO=-D16 16 data lines (uni-directicnal)
BTB X- Edge-sensitive contreol line, which gates bus actiwvity
to X EDD
BTB ¥- Edge-zensitive control line, which gates bus actiwvity
bt ¥ EDD
GHND System ground/Signal Return
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3.1.6 Scanner Bus Cycle Timing

Description Symbol Min, Typ. Max., Units
Data Setup TDVSH ] - ns
Strobe- TSLSH 100 - - ns
Data Hold TSHDX SO0 - - ns
DAC cyele TSLCC - 8 - TR
‘7
L
D015 VALID / §
£
| l4—— TOVSL s
-
— TS5LSH - f:’
STROBE- "\ ‘ <
£
- TSLDX 57
A
EDD B TSLCC s T
DAC £t
OUT 4w

Figure 3-2;

Individual Write Cycle

DO-DIS — & X DATA VALID »—< ¥ DATA VALID 3—< Z DATA VALID »——

X 5TE-

Y 5TB-

LZE5TB-

Figure 3-3:
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) EDD COMMAND INTERFACE BUS

The EDD Command Interface (ECI) Bus was developed for Seneral
Scanning's third generation of integrated, digitally-contreolled
scanning systems. The ECI is incorporated in the DE Series of
scanner control electronics, the Linear Scanning System (LSs5) and
the Digital Scanning Controller (DSC). The DSC provides external
access to the ECI, whereas the other products incorporate it only
internally.

The ECI offers greater flexibility and performance than the
Scanner Bus, with little increase in integration or
implementation complexity. The ECI is bi-directiconal, so status
infermation on the scanners is available from the serve
amplifiers by using an appropriate read command.

The ECI can support many devices on cone cable, permitting future
product line development without forcing interface change. It
can be driven with programmed Input/output from a variety of
readily availahble parallel I/0 PC-Interface cards. The minimum
number of active I/0 lines reguired to implement the ECI is 23.

J.2:.1 MECHANICAL SPECIFICATION

The ECI connector is a 37=-pin D which fastens to the cable in the
same manner as the scanner cables do (See Figure 3-4). The bus
is designed to work with unshielded ribbon.

100000000000000000001
270000000000000000001s

Figure 3=4: ECI Bus D Connectar

Manufacturer's Specification

PLUG On Chassis (DIC) rear panel: AMP p/n 206850-1 or ed.
RECEPTACLE On ribbon interconnect cable:! AMP p/n 206655=1 or eg.

3.2.2 ELECTRICAL SPECIFICATION
All signals are TTL and Lew-Power Schottky (LS} TTL compatible.

Inputs:

Logic 0: Guaranteed if level is less than 0.8 V.
Logic 1: Guaranteed if level is greater than 2.0 V.
Fanout: Each signal line should be capable of driving 3 LS TTL

lcads.
outputs:
Levels: Legic 0 and 1 will meet veoltages specified under

"Inputs" above.
Fanout: Each. output can drive.at least 7 LS TTL loads.
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3.2.3

3.2.4

RD / WR-

DO=D15
Al-R4

STROBE-

GHD

FBO0=FB3

PIN ASBIGNMENTE

T C t | am
1 Do (LSB)
2 GND
3 D3
& D4
5 GND
[ D7
7 D&

a EHD

=] DlL

14 Diz

11 GHD

12 Bl (MSE)
13 A

13 oz

15 RD/WR~
15 GHD

17T GHD

18 F51 {UNUSED)
19 F33 (UHUSED)
20 Dl

21 oz

A GHND

£3 8 5]

24 Da

25 GHD

26 D9

27 DLO

25 GHD

29 D13

30 DLl4

3z Al

33 Al

34 RESET—
35 STE-

36 F50 (UHUSED)
a7 F52 (UNUSED}

FUNCTIONAL DEFINITIONE

Level-sensitive control line to differentiate a READ
bus transaction from a WRITE bus transaction.

16 data lines (bi-directional), D15=MSBE & DO = LSEBE.
4 address lines (unidirectional), Ad4=MSE & Al = L3B.

Edge-sansitive control line which gates all bus
activity, READ or WRITE.

System ground/Signal Return.

4 Function - Selector Lines (reserved for future
implementation) .
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3.2.5 ECI BUS CYCLE TIMING

3.2.5.1 WEITE CYCLE

aAn ECI Bus write ecyecle is performed by providing the necessary
amplifier address signals Al-A4 (see Table 2, page 27}, setfing
the RD/WR* line low, applying wvalid data to data pins DO-D135, and
finally bringing 5TB* low and then high. Figure 3-3 below shows
the timing regquired. The most common methed teo accomplish this
speration is to provide a generic parallel interface card and
program the necessary conktrol operations.

When using software to control this interface, the proper
sequence is to (1) apply data, address and RD/WR* signals to the
interface; (2) walt the necessary setup time (ZO0ns):; (3) pulse
the STE* line low. The low level of STBE* must be at least 100nsS
wide. Data will actually be latched on the rising edge of STB*,
Data must remain stable for a minimum of 100nS wide after the
rising edge of STB*.

Description Symbaol Min. Typ. Max. Units
Control Setup TCVSL 10 - - n3
Data Setup TDVSH 20 - - nS
Strobe- TSLSH 100 - - n3
Control Hold TSHCX 20 - - ns
Data Hold TSHDX 100 - - ns
DAC cycle TSHCC - 8 - B3

NOTE: Address Setup & Hold times are identical to those of Control lines,

o
7
Al - A4
W o
— — TCVSL — #— TSHCX %
4
STROBE K ToLSH § ;
' 4— TSHDX —8 2 7
TOVSH ——  r—— 5
i
R
D0-D15 VALID s E/Tamn
o
v
Y,
4—— TSHCC e
EDD 0
DAC A
oUT o

Figure 3-5: ECI Bus Write Cycle
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JdwSvd READ C¥CLE

An ECI Bus read cycle is performed by providing the necessary
amplifier address on signals Al-A4 (See Table 2 next page) ,
settivg the RD/WE* line High, then after a short delay (1lons),
lowering STB*. The timing required is shown in Figure 3-s5. The
status information will be available in 100nS (max}. The status
bit encoding is shown below.

Status Word Error Bit - Definitions
I Pover
|1 Tesperature
| {Lofn Fleld
| I v I Tracking
\ L T Power
T I 1o T Temperafure
e+ a1 ) Ia-Field
; i H i i i T Trackisr
; | i | i i oL Paver
Pl f 40 v R Teaperatare
S A N A T R R 2 [n Pield
N T T S S SR S L Tracking
] I 1 ] i 1 1 i i i I 1
i i 1 ] 1 [} ] 1 i L
¥ T T ¥ L ¥ ¥ ¥ T T T T
: R R St T SN U Ut AR HRN T0 AU RS S
HER L&A
(DL5| [oo)
[E bit iz set - Brror.is preseat
L= Den"t Cars (Mot Uaed)
far Degeeiption of Breors fefer Bo Section 2.5
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Description Symbaol Min. Typ. Max. Units

Control Setup TCVSL 10 - - ns
Data Latency TSLDW - - 100 n3
Strobe- TSLSH 100+ TRD - - n3
Control Hold TSHCX 0 i - n3
Data Hold TSHDX 50 - - n3

MOTE: Address Setup & Hold times are identical to those of Control lines.

Al - Ad
RIVWR- VALID
ol TCYSEL TSHCX ——ttf—

B T5LEH
STROBE- .f

g TSLDV —— TSHDX —— o
DO-D15 VALID

Figure 3-6: ECI Bus Read Cycle
3.2.86 EDD AMPLITIER ADDRESEING

The ECI Bus address assignments for the X and Y servo drivers are
shown in Takle 2. The DSC amplifiers addresses are preset by the
factory and should not recquire modification by the user., These
settings are consistent with the setup of ¥ and ¥ EDD modules in
other caontrollers.

TABLE 2. ECI Bus I/0 Address Assignments

i Contrel Signals Balectad Function
RD/WR* A4 53 | AZ Bl
a 1 ® ] 0 7 Servo Write (if applicable)
Q 1 x 3] 1 Y Servo Write
i) 1 X 1 ] X-Servo Write
1 1 X 0 1 Status Read

NOTE: X = Don't Care; 1 = High Level; 0 = Low Leveal
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4.0 DSC Operation

--- WARNING ---

Each DSC is paired with a specific XY Scan Head. The factory has pre-adjusted the X and 'Y
EDD modules for their respective scanners. The same axis serve amplifier and scanner (i.e.
EDD X & scanner X) must be connected together for proper operation. Mis-connection of the
XY Head to the DSC {ex. EDD X with scanner Y) may result in serious damage to the
amplifier, scanner or both.

-=- EXPLANATION ---

Although some XY Heads (i.e. those with smaller pupils) have similar inertia for the X and Y
mirrors, others do not. Even when these two values are ¢lose, they are not identical. The EDD
servo loop control parameters (servo gain, integrator gain and damping) are tuned o the
specific inertial load of the scanner and mirror. The inertial difference, if the: X & Y mirrors
are swapped, most likely would result in somewhat sub-optimal system performance. This
reduction might be small enough to be unnoticed except in the most demanding applications {or
when large pupil XY Heads are used.)

In addition, each scanner has a unique position transducer sensitivity and offset. The position
amplification cirewit of each EDD has been calibrated to the position transducer of the scanner it
controls. The probable variation of position signal strength from one scanner to the next 15
quite large. We would expect it to appreciably affect the system performance whenever
incorrectly calibrated.  Thus, the scanner and same axis amplifier comprise a matched setand
must be used as such.

NOTE: Alterations to the scanner's inertial load (Le. swapping mirrors), changing scanners
or changing amplifiers requires complete re-tuning and calibration of the amplifier
and the XY Scan Head. Whenever one channel is re-tuned, because the DSC is
optimized for vector operation (see 4.2), the two channels must be re-matched,
Therefora, if a DSC or XY Head requires repair, the XY Head and both EDD
modules (alternately the entire DSC) mus: be sent to the designated repair facility.



4.1 XY Head Motion

The ELD accepts binary 16-bit digital inputs, which will be referred to as “digital position™ or
simply "position”. These digital positions are ransmitted to the EDD via the Scanner or ECI
Bus {as detailed in sections 3.1 & 3.2). There is a linear relationship between the inpitt
position and the output beam. - A correctly calibrated EDD will produce a beam deflection
(rotation), proportionate to the input, as shown in Table Y

Digital Position Scanmer Rotation Optical Deflection
) 1 x OCW -2
16384 W2 CCW =14
32768 Centered o
4152 U2 = COW vy
G3535 1z CW 200

MNOTE: The input values as shown are decimal (base 10). The EDD requires binary input
valoes (base 23 conversion 1o binary must be performed by the Host System

Table 3: Digital Position versus Beam Deflection
The actual beam deflection is the end product of a series of signal transformations. In reverse
order, the chain of ransformations 15:
+  The new beam deflection is established by the angular displacement of the mirrors,
= Mirror angle is a direct function of scanner rotation.

+ The amount of scanner rotation is set by the steady-state cument in the scanner drive
coils and the closed-loop positdon signal.

+ The position reference signal (desired position) is generated by a 16-bit digital-to-
analog converter. This signal and the scanner's (actual) position signal determine how

" much current is needed in the drive colls to reach and maintain the desired position.

+  The Host System supplies the 16-bit digital position signal which initiates the sequence.

7



4.2 Types of Scanner Drive Signals

-== WARNING «--

=T ST

The standard EDD servo driver amplifiers are tuned for vector input ONLY. Briefly, this
method of tunung (and operation) provides the highest possible small signal bandwidth, with
the loss of stable operation for large input signals. All input signals {vector and step)
must be restricted to within certain safe limits for proper operation. Exceeding

these limits may result in uncontrolled scanner motion which can produce mirror crash or
internal damage.

Exceptions:

At customer request, General Scanning will tune the DSC for non-vector operation. [f your
EDD amplifiers have been twned for step operation, they will have been optimized for a
particular range (size). Inputs ocutside this range will produce under- and over-damped
response for smaller and larger steps, respectively. 1t is less likely that uncontrolled scanner
motion will oceur with step-tuned servo drivers,

There are three primary types of scanner motion:  step, raster and vector. For comparisen
purposes, a short description of the advantages and disadvantages of each scanning methed is
included below:

STEP: Step operation directs the scanner to jump directly to an X, Y coordinate in one
motion and with one X,Y input pair. Tuning an amplifier for step performance
compromises the speed and performance of the scanner-amplifier sysiem. A
relatively narrow range of steps can be tuned for. Outside of this range, the
scanner will exhibit degraded performance. This may require large steps to be
split into two or more smaller steps.

However, step operation permits the use of simple destination coordinates
{without slewing through intermediate points.) This reduces the programming
effort and real-time calculations needed to generate X,Y positions.



. RASTER:

VECTOR:

4.3

Raster operation orient the scanning along either the X or Y axis. The fast axis
fusually X) is scanned at 2 constant velocity with a digital ramp (created by
slewing through intermediate data points.) The slow axis (usuzlly Y) steps,
during the reirace interval of the fast axis, to produce the raster lines. Data must
be synchronized on the scan line to allow margins at each end for scanner
acceleration and deceleration.

Raster tuming compromises vector performance by allowing some overshoot at
the fast axis margins {to provide higher speed retrace motion) and by stepping
the slow axis, Raster uning compromises step performance by under-damped
scanner moton which dramatically increases settling time,

Vector operation synchronizes the scanning of both the X and ¥ axes. Both are
scanned at a constant velocity by a digital ramp. The Host Svstem generates a
sequence of XY pairs which are actually very small, equidistant steps. These
steps are ransmitted to the DSC/EDD at short, regular intervals, The resultis a
very constant velocity over the entire vector.

Yector muning produces the best all-around scanner performance. A high slew-
rate vector will often reach “stepped” coordinates more rapidly than step tuning
can, Raster scans can be executed (when generated as vector streams) at
approximately 75% of raster-tuned performance. Vector operation does require
a high rate of XY coordinates to create the digital input ramp. Step inputs
cannot be used with vector-tuned scanner-amplifier pairs.

Vector Scan Generation

As stated in section 4.2, a vector is a type of ramp waveform, which consists of many small
steps. In fact, vectors are generated and sent to the EDD as digital ramps. The velocity of such
a ramp is defined as the change in position over time: Apft. ‘As shown in Figure 4-1, this is
comirolled by both the magnitude of the incremental step (step size: 55) and the tme interval
between successive siep outputs (step period: SP). Although the Host may be able to generate
data over a wide range of step periods (e.g. from very slow to very fast), the capabilities of the
EDD and scanner may limit the minimum and maximum Cansmission ras.
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Figure 4-1; Vector Velocity

In general, the affectiveness of vector operation (or vector slewing) is highly dependent on the
uniformity of the data steps and their frequency. Each vector has a start and finish endpoint
(digital position). The length of the vector must be subdivided into a sequence of incremental
(intermediate) points, all of which must be equidistant.  (See Figure 4-2.)

Figure d-2:  1-Axis Vector Point Generation

For application to two axes, we would say, "Each vector must be subdivided into a sequence
of incremental points (pairs), each point lying along the line of the vector, and all points being
equidistant.” In fact, the 2-dimensional vector is decomposed into the sum of its component X
and Y vectors. These vectors are then subdivided into an equal number of uniformly spaced
intermediate points, as in Figure 4-3. Mote that the point spacing along the X vector is usually
not equal w that of the Y vector.
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4.4 Optimizing Yector Operation

Different scan heads require different scanner speed to achieve good or optimal performance:
[1is also very true that the best scanning results are highly dependent on the application. In
general, faster scanning will often produce smoother vectors, Yet, for some applications,
faster scan rates (vector speeds) may decrease accuracy, If laser power 15 limited, slower scan
rates may be necessary to insure sufficient energy depositon or uniformity.

Be prepared to experiment to determine the most effective parameters for your
particular system.

It may also be useful to alter the vector speed for different length vectors. This may improve
the system performance in many demanding, high-resolution applications. Laser beam
modulation will alse be dependent on the scan head performance, as well as many other
facters, including the type of laser and the modulation/output control method.  Again, the user
should anticipate the need for experimentaton to determine the best control parameters.

4.5 Debugging Scanning Software

When writing new software for XY scanning, it may be helpful and easier to verify the zross
performance of the programs without connecting the scanners. Although many of General
Scanning’s XY heads have integral position stops, those without such stops can be damaged
by uncontrolled scanner motion. It is possible to operate the DSC without the scanners
connected. This could alleviate any anxiety over the operation of un-tested software;

There are two approaches to observing the "potential" scanner motion: one requires the usar to
make up cables for the diagnostic connectors (see section 2.4), the other uses an accessory
available from General Scanning, the TOM. If the user chooses to construct their own cables,
they should limit the cable length to less than six (6) feet. The signal of primary interest is the
DAC output.

The Tuning Operation Module (TOM) [GSI p/n EG0-T701330] was designed to assist the tuning
and trouble-shooting of GSI's scanner control systems. The TOM connects to the diagnostic
connector (J3) on the SIC and provides BNC terminations for three of the diagnostic signals:
Position Error (10x), Pesition Cutput, and DAC Output.  As above, the DAC output signal is
the imporiant one,
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When the Host System sends digital posidon values to the EDDs, the DACS generate matching
output voltages (ref. Figure 4-1). The voltage range is +3 Volts. These signals can be
displayed on an oscilloscope. For repetitive scanning moton, such as a raster waveform, ong
axis at a time could be displaved and seen quite easily. For vector slewing or jumping to test
points, one axis might be more difficult to verify or visualize,

If the oscilloscope is configured for X-Y display and connected to both the X and ¥ DAC
cutputs, the 'scope trace (dot) will show where the beam would be deflected, This can be VETY
helpful in finding major errors as well as venfying overall scan operation. However, full-size
images on film or other substrates produced by actual beam energy are the only method of
proving fine detail comectness. .
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APPENDIX B: System Connectors

EDD Command Interface Bus:

PLUG O chassis (DIC) rear panel: AMP p/n 206650-1 or eq.
EECEFTACLE  Onnbbon interconnect cable: AMP pin 206635-1 oreq.

1 D0 (L3E) 20 Di

2 Gy 21 D2

k] D3 il G

4 jut! 23 D5

5 GND 24 D6

& o7 25 GND

T D& 26 LA

B GMNDy s D10

4 D1l 23 GND

10 D12 29 Di3

] N 30 Did

12 D15 {M3B) 31 ERR THRESH-= {opl)
13 Ad 12 Al

14 A2 11 Al

15 RDVWR- ¥ RESET-

16 MDD 15 STE-

17 GND 16 FS0 (unused)
13 F51 {unuzad) LT F52 {unused)
19 F53 {unused)

Euro Diagnostic Bus:

PLUG O mating cable: 3M p/n 3T230-1000 o eq.
RECEFTACLE  Onchassis (SIC) rear pangl: AMLAN p/n CDF9P oreq.
2-pin D Conmector Sifnal Name 2-pin. D Connector Signal Name
1 Position Errar {10x) 5 Scanner Current
2 Poaition Ot & Velocity Cut
3 DAC Out 7 External In
4819 Signal GND 4 AGT Vollage



Euro Servo Control Bus:

PLUG On scanner/extension cable: AMP p/n 205206-1 or eq.
RECEFTACLE  On chassis (SIC) rear panel: AMP pin 205205-1 or eq.
Ai-pin [ Connector dignal Mame 13-pin [ Connegtor . Signal Wame

&9 Drive Cuarrent High T Heater Current High

2 & 10 Dirive Current Low E A0 Ourput

3 Paosition [n{+} 11 Position-In (=)

4 Signal GND 12 AGC Sense

5 Heater Current Low 13 AGC GND

6414 {Reserved) L5 Thermistor Input

(51 Scanner Control Bus:

FLUG On chassis (DIC) front panel: ANP p/n 206771-1 or eq.
RECEPFTACLE Ownribbon interconnect cable: AMP p/n 206770-1 or eq.
2 5-pin D.C Sienal N 25l D Siomal N

1 GML 14 GRD

P STB X i3 M.C.

3 D14 16 D15 (MSE)

4 D12 17 D13

5 D10 13 D11

& DE 19 D2

7 GND 20 GND

8 S5TBY- 21 M.C.

b ¥ s D7

10 D4 23 DS

11 D2 24 D3

12 DO (LSE) 28 D1

i3 STB E- {unuosed)
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APPENDIX C: Interface Hardware

Disclaimer:

The inclusion of specific interface hardware for the IBM PClcompatible computer is done
solely for the convenience of General Scanning's customers. Those products listed are simply
commercially available products, of which we are cognizant, The listing of such hardware
should not be misconstrued as a characterization of these products as better (ot worse) than
competing products. There is no implied warranty of fitness for scanner control using these
products and G3T1s not responsible for consequential damages or musapplication,

Note: A customized interface cable will be necessary to route the active signals to the
correct pins on the Scanner Bus or ECI Bus. This can be done by splithing one end
of a ribbon cable and scldering each wire independently to a D connector.
Alternately, an in-line re-routing board could be designed (using wire-wrapped
comnectors) so that normally terminated ribbon cables can be used.

Company:  Personal Computing Tools, Inc.
17419 Farley Road
Los Gatos, CA 95030
(408) 395-6000

Product: D-MAX 54: Universal Digital 'O Interface Card
Company: Real Time Devices, Inc.

531 East Marvlyn Avenue

P.O, Box 906

State College, PA 16804

(B14) 234-8087

Product: [¥524: Drgial IO Interface Card
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APPENDIX D: Implementing The ECI Bus Interface

Introduction:

This zpplication note details one implementation of General Seanning’s ECI (EDD Coammand
Interface) bus. As such; a specific combination of hardware, saftware, and cabling is used to
show how a user could meet the bus requirements, The primary goal of this application note is 1o
convey the idea that using and implementing the ECI bus is really quite simple.

All of the code has been compiled and run and several of the suggested improvements have also
been successfully used in scanner testng. The suggestions ars not shown in the code for two
reasons. First, the code examples would get much larger for very linle additional benefit. Second,
the changes are quite straightforward and it benefits the interested reader much more to make these
changes after reflection, rather than by copying them from this note.

The selection of hardware (I/O card) for this example was arbitrary and is not intended to be a
staternent of support for one supplier's products over another. The software methods illustrated in
this application note are general and can be applied, with sufficient adaptation for hardware
differences, to any general purpose /O card using the §255 1C. Furthermore, the choice of a
programmable [C for this example should not preclude or prevent a user from designing a custom
eireuit o implement the ECT Bus. Often the hardware solution will be superior when weighing all
aspects of a real-world design: speed, overhead, noise immunity, commonality of resources, etc.

ECI Bus Overview:

As covered in section 3.2, the EDD Command Interface (ECT) Bus has been developed for use
with highly integrated, digitally-controlled scanning systems. The experience gained from years of
creating, using and providing multi-axis scanning systems was central to the creation of the bus
specification. As a result, it offers good performance and flexibility without being overly complex.
ECl is incorporated into many of General Scanning's current scanning systems, including the DE
2xxx and DE 3xxx, L35, and D5SC. On the DSC, it is accessible to the user as the primary Host
scanner control interface.

ECI allows many devices to share one physical cable by using bus addresses o differsntizte the
devices. This expands the usefulness of the bus beyond simple X, Y, Z 3-axis systems, by
allowing other receivers to be added. In addition, the ECI bus provides status readback from the

EDD servo control amplifiers. This permits the dirscting controller {an intemal CPU or an exiamal
host) to identify scanner or amplifier problems and take appropriate acton.

Hardware Overview:

The sample software is written for IEM PC-compatible computers. - A low-end clone with 4.77
MHz 2088 CPU, monochrome display and 5.25" floppy disk drives will be quite adequate 1o
execute the software. A faster computer (higher speed 8086, 80286 or 80386) with a hard drive
will make program development (compilation and debugging) much easier.

DSC-APP NOTE i arsl
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The user will need to purchase a D-MAX 54 Digital IO Interface Card (see Appendix C) and install
it in an empty PCoexpansion slot I an alternate [0 card 15 1o be used, changes to the driver
routines and cable will probably be required.

An interconnection cable diagram and part numbers are also included in this application note, The
cable is commect for the D-MAX 54's 3255 connector pinout. The cable uses unshielded ribbon
cable, which may be susceptible to EMI generated by the computer. It is recommended that the
cable length be kept as short as possible,

Software Driver Overview:

The software in this application note was written in Turbo C, version 2.0, One goal was to
provide software examples that would be easy to understand, self-decumenting if possible, and
highly portable, making it easy for a user to try them out. This namowed the choice of
programming language to either Pascal or C.. C was chosen, not because it had any specific
advantages over Pascal, but because it is-a "hotter” language presently and more likely to be
available to the average user. However, it is possible to code these routines in almost any language
with minor difficulty. Once the reader understands the concepts shown, translation into ancther
language will be straightforaard,

In keeping with the portability objective, no assembly language has been used in these examples.
Mot only would this produce much greater machine dependency, it would also complicate the code
unnecessarily, obfuscating the techniques being tllustated. Tt is mue that using assembly language
would allow faster execution of some routines, but through appropriate coding methods C alone
has been adequate even when executing on the slowest (4.77 MHz, 8088) PC-clones.

Turbo C was selected as the development environment, due to its popularity for PC-based
applications and its interactive capability. Although most, if not all, PC-based C compilers could
casily generate the sample code, Turbo does offer advantages when considering full program
development requirements.

Interface Card Architecture:

The D-MAX 54 Digital 'O Interface Card contains two 8235 Programmable Peripheral Interface
ICs, twi 8253 CountersTimer ICs an ascillator clock for the 82535, an address selection switch,
and an intermupt selection block. Physically, the IO card is an 8-bit "short" PC expansion card.
Thus, it can be used in PC, XT or AT style computers.

Each IC (8255 or 8253) occupies four consecutive addresses which are added to the L/O card’s
base address (see below).. The base address is decoded on the D-MAX 54 through the address
selection switch. Both the software and hardware must agree on the choice of address. In
addition, this address cannot conflict with any other device in the computer. The default address
set by the factory (280H) is the base address used in the sample code.

DSC-APP NOTE 1 a1



Of the four ICs, only the first 8255 is used in the code samples. Neither the 82534 or their
interrupt contreller block are used. Although, as a product, the D-MAX 54 provides greater
functionality by including these devices, they are not needed to implement the ECl Bus.

Dewice Address Register Connector
25581 BASE +0H Fort A |
BASE +01H Port B J0
BASE + 02 Port 14
BASE + G3H Control -
158 2 BASE + 4H Por A It
BASE + 05H Port B Ji
BASE + MH Port C n
BASE + 07TH Contral —
B33 81 BALSE + 08H Caenter 0 12
BASE + %H Cainter'l I2
BASE + DAH Caunter 2 12
BASE + 0BH Control —
B8 A2 BASE + 0CH Coonter-0 i3
BASE + 0DH Counter 1 J3
BASE +« 0EH Counter 2 13
BASE + O0FH Contral —

Table 1: 'O Device Assignments

As can be seen from the table, cach of the ICs has a dedicated connector header. The headers are
dual-row, 0.1 in center-spaced pins to which a ribbon cable can be mated. The 82555 have 26 pin
headers, and the 82535 have 16 pin headers.

In the ECI driver software, the global constant BASE is created and defined to be 280H. 'This
constant 15 used when transferring data through the pre-defined, low-level DS Turbo C function
“outportb()’. In keeping with good coding practice, the offsets for ports A, B, C & control (F) are
also defined as constants, I these values have to be altered, they can be found quickly and the
change must be made in only one place.

8255 IC Architecture:

The 8255 (823553 is used generically to refer o all variants, including the 32554 and 82C55A) isa
general-purpose, programmable 'O device, which was designed for use with all Intel and most
other manufacturers' microprocessors. It is used to connect peripheral equipment to the
microcomputer system bus. Because it is programmable, normally no additional logic 15 necessary
to interface external devices or components. On the D-MAX 54, the 8255 links the intemal PC
expansion bus with external peripheral devices.
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The 8255 has an £-bit bidirectional data bus for communication with ‘its assaciated svstem
microprocessor. Address, read and write signals are used to control the receplion and Lrﬂnsnﬁ:issinn
of data and commands to or from the IC, The input/output pins are grouped into 3 8-bit entities,
which are called Ports A, B, & C, There is also a control register which is used to program
(configure) the 8155, Each of these four intemnal locations is accessed by setting the two address

pins during a-data bus cycle. Not surprisingly, the chip addresses (offsets) given in Table 1 are the
internal IC addresses for the ports and control register.

The 8255 can be configured in many ways. These setups are grouped into three major ¢lasses:
Maode 0 - Basic (Simple) VO; Mode 1= Strobed IO; Mode 3 - Strobed Bidi Bus IO, Tn this note,
only the Mode 0, the most popular, is discussed. Within Mode 0, there are 16 different salactable
combinations of /'O pin assignments. Mot only can ports A, B, & C be programmed as either
inputs or outputs (8 combinations), but Port C is split into the upper (C1N) and lower (CL) mibblag
and these can be chosen separately (8 more combinations). Only two setups within Mode 0 are
used for this example.

Software Driver Design;

The sample code is intended to illustrate basic methods of transmitting digital positions to 2 scanner
controller. There is a shell (main) program which calls the driver routines and creates a slowly-
changing triangle wave ramp. The main/shell program is useful primarily as an outline of how the
low-level programs act or interact with other portions of & program. The parts of the code which
are of greatest significance are the 3 driver functions contained in the edd io.¢ file: startup,
shutdown, and galvo send,

Duning power-up, the D-MAX 54 applies the PC RESET signal to the 82555 and 82535, RESET
clears all of the bits in the control register, resets all of the port latches, and leaves the 8255 with all
Port pins as INPUTs (fairly high impedance) and in Mode 0 - word 15. The D-MAX 354 haz a
pullup resistor (10 K£2) connected to each Port pin. This ensures that any pin set as an input (or
with a 1 value as an output) is read as a logic 1" by an other device.

In the main function, the startup routine is called before any other commands are issued o the
8255, Startup would normally be called when the 82535 set for all inputs, as when it has been
EESET. However, startup can re-configure the 8255 from any other setup. Startup establishes a
consistent starting point for the software: the 8255 is set to Mode O - word O (all Port pins as
QUTPUT: = "0"). Startup also sets the STROEBE bit (Port C pin 7) to 1, which is the inactive
state of the ECT 5TB- signal.

After the user halts the execution of the tiangle wave, the main function "tidies up’', by calling the
shutdown routine.  Shutdown is the complement to startup. The 8255 is reprogrammed into Mode
0 - word 15, as if a RESET was sent. During this operation, the STROBE bit remains a 1, so the
scanner does not move from its minimum position (where the triangle wave halted.) As a minor
improvement, one could keep rack of the current position of the galvo (from any routing). Then,
prior to calling shutdown, the galve could be moved via a smeooth motion 1o the center of the fisld
(or any other desired location) before disabling the §255.
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Curpaut module for EDD serve contmollers & ECT Bus Tnierfacing

The data commuonication is performed via @ programmable 10, the 8255

This chip has 3 8-bit data ports labelled A, B, & Co An §-bit external data

bus allows the IC o be directly connegied o many popular microprocessors

or microconmollers. Intel designed it a5 an 0 peripheral device for the 8080
B85 P families, - Aldwoug h:the B-bit interface requires multple bus cycles

1o ransfer 16-bit or largec quantities, the 3255 is still very useful and commeon.
{Zee mode description in starrupd) comment block for more information,)

MOTE: Thess functions are designed specifically fosthe D-dax 34 PCLO
Interface Card and will probably require medification foruse with any other
B35 VO Interface Cards, The card Addressing most likely will be different,
but the IC control within the "global™ addressing should be similar,

The code is wrinen for Terbo C version 2.0, although a conscious affort
has been made 1o keep the code as pomable as possible; Towards this goal,
no Assembly Languape has been used, The small speed penalty forusing
only C is insignificant compared 1o the greater comprehension & readability,
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#inclode “dos.h”
#define BASE
Edefine DEWV
fdefine A
Fdefine B
Flefine i
Fdefine Iy
fdefine 5TB BIT
#define DIE_BIT
Relafime At
Sdefme Al
Edefine A
Helafme Al
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M Tarbo O low-level DO routines

/* Hex Address of D-MAX I Card in PC memary map
#* Chip Number of 8255 on D-Max PCB (1.of 2 1Cs)

™ Offset for Port A within one §255: High Byte Data

* Offset for Port B owithin one 3255 Low Byie Data

* (Hfzen for Port C withinoone 8235. Conmol:lines

i* Offset for Control (programming ) Porg within one #2535
i* Upper Nibble of Port T = EDD Control Lines

I® Srrabe line is MSE of Port O within 8233
/* Direction of ¥Xfern 1= READ, 0= WEITE (RDVWE-)

/* Lower Nibble of Port C = EDD Address Bits

{* Address Bit ¥4 = Port © Bt 03
* Address Bit #3 = Port C Bit 02
f* Address Bit #2 = Poet O Bit 01
M address Bit #1 = Part C Bit 00

*
s
)
i)
*

*

ilr
*
*!
o)

=



JIIiI""*‘-“‘*‘**“-‘*“*““*"*‘FI.“riijj-*‘*jh‘j*-‘*‘;r‘*rr“lt-ijl.-|-illi*-"'*‘|
i

vaid starmep{void)

f."i“l‘*""""“-“".‘.r..‘.‘-*'l“‘ﬁ*“““*‘*‘“'i*iITI*‘IL‘itl*‘*&jj&ii‘h*j&**‘*;

/* Swarap: Function initializes the 8255 for correct operational mode & sers STROBE line = § (HIGH). %/

:“TI"I.[""1“#“l'“i“‘F“‘!""l'llllljjiljjjj.jjj‘f‘jt,j'tti"...itji."ippiqjilii

*
{* The 8235 has three (3) major modes. of operation: *
* Mode O - Basic (Simple) Input & Ourput for each of the three ports, preatest flaxibility )
/- Mode 1 - Swobed Input & Ourput groups one-half (1/2) of Part © with A & B Pons *
i Mode 2 - Strobed Bi-Directional Bus-Oriented V'O uses only Ports A & C, very structured %/
i "

* At power-up, the 8255 receives a RESET pulse from the PC's backplane IO connector. A reser pulse %/
/* chears all bits in the control register and sets all Poet pins (24 in all) to INPUT (fairly high-impedance) %/
-': with the IC programmed to Moda (. The D-Max PCE has 10K pullups on each 3255 pin. "
! *l
¢* In 8255 Mode 0, there are 16 different selectable combinations of 'O pin assignments, Each of these, */
/* including Modes 1 & 2 are fully documented in any 8255 or 82055 data sheet Swarmup configures the. %/
(* BZ55 for Mode 0, with all ping as OUTPFUTS. This gives the greatest flexibility for bus conrol and s */
(* the most appropriate configuration for swraightforward costom bus conrol. The control word is Ox80H

;t

f“*l"l.-lﬂt-.l-‘.-‘.--'lt-llilliiliiiliiiiliii##iii#iii#-ii-iiir-iiti:ir:iitiiti#it#wi{

{

int cirlport; M wariable for addressing Port P(Progoamuming) .
int 5_5th_h; * variahble 1w 5et STroBe High i)
int rmaidel out; M wariable for conmol word SIMPLE MODE O, all gurputs - %/
crrlpart = {BASE + (DEV << 21+ F) F it Port P (control) address: & Port C bit manipulaton )
i sth_hw= {(5TB_BIT =< 1) 1% * init high STROBE for bit manipolation *
moded out = OxBi; * 1000 Q000 bit paern for 8253 coawol por *
outportblctrlport, moded out); F* send contmol word w8255 for mede output setup bt
cutpontb{ctriport, 5 stb _h) /* force STROBE bit =-1 (HIGH) this is the inactive state *

} /* end of starmp ¥/

fiiiiiviii#iiii#iib#iti*i#iiiiiii#iihtiii#iiii#*iti#iitiiit#iitiii##iit#ii##iitiiibiii#if

vioid shutdown{void)

fl-‘]j‘lj"]‘I-1--:-‘t-:-::jr:-:.t--tt-‘.-.:.tll.l':j‘II..tI.tl*:":.tIIItII.lI].-I.IIl‘f

* Shutdown: Function resets the 8255 to mode 0owith all pins’as inputs (a5 if IC was BEESET). *

JIili.II‘.:.tii--lt-itiI.tIiiliiit.itiii*.iiitiiii:iitIi#i#iiFii#i'iitii#*iif##i*'i###iij

{

int cirlport: i* variable for addressing Port P(Programming) )
int 5 sth_[; /= variable wo Set 5TroBe Low X
int model_in; /* vadable for control word SIMPLE MODE O, all inpuws: -
cirlport = (BASE = (DEV =< 2) + P); ™ init Port P (control) address & Port © bit manipalation )
5 sth 1= (STEB _BIT << 1}); % init lowr STROEBE for bit manipulation *
model_in = (x9h; #1001 1011 bie pattern for 8255 control port *f
outportbicerlport, moded in); i* program all pins as inputs, set up chip as inactve o

b o™ end of shutdawn *f
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HIIT!'T‘**"i“T"*T‘*'1ll*‘iii*i**ii**"*ITI*1I'.lliti-ii-iirtiiiiliihhiiniiiiiriirvivw

viid galvo sendlint axis, unsigned shart gp)

j--tttttt *‘l."‘.'...ll****‘****!TI.IIIlllljjllijji'j‘ljjl‘jllll"rlljljjt‘j-jjj'jjj‘jjr

/* Galvo_send: Funcoon rangmils a single galvo position (2p) of 16 bits o the driver PCB (an EDD)Y. . %
/* The beam axis is specified as X or ¥ by the calling routing. This is converted into ECI signals: *f

JIIII'I!!'!'!*! o i ool o e o o o o ol o o ool ol ol ol ko iq.q.-q.q.-pq.q.-.q.q..ll

¥ Y

/* Following the ECT Wrile Cycle Timing Diagram, the Address {A4-A1) and RODVWR- contol lines are- */
/* set prior to starting the JSTROBE pulse., Also, the data lines are ser while (STROBE is = 0.{TRUE).. */
{* When sufficient processing Ume exists; the data lines can be sef before (STROEBE i TRUE, Thiswill~ */
i* eliminate any polental fdnging or pickep on the (STROBE line from the swilching data lines. These %/
i* congiderations are important when long cable lengths and little shislding are ysed, The data lines are o
{* TRI=stated, but this is unimporiant since the EDD is not insrucied to drive STATUS onto the bus, -y
f L L

Ill‘-'.‘“"-ilﬂi--ii‘#i'i-‘illi#iliiiii#iliiiﬁi#i*11*"#“'"1*"‘##'4i'*i'!ii?i?iii'ii'!ii"l::

Ea

{

int aport, bport, cport, culport; - f* vanables for addressing Poats A, B, G & PiProgramming) */
int s 3tb ohosisth 0] * variahles (o Set STroBe High & Set STroBe Low ¥
it dir o, dir wr; % yariables to set DIR BIT to ReaD & DIR BIT to WRite %/
int X WS, ¥ WTiLE| 1* wariables 10 set ECI address lines & keep STROBE HIGH ' */
aporl = (BASE « {DEV << 2 +-A); M iniv Port A address *
bpart = (BASE + (DEY << 2} + B); Minic Port Boaddmess ¥
cport = {BASE + (DEY << 2) + T F*init Port  address */
crlport = (BASE + (DEY =< 2) +F); {* init Port P (conmol) address & Port C bit manipulaton *
i sth h=((STB _BIT =< 13| 1% * init high STROBE for bit manipulation o)
5 stl:u 1= (STE BIT =< 1}; M oanie low STROBE for bit mantpulation ey
dir_rd = ({(DIR_BIT =< 1} | I} I init high (ED) direction for bit manipulaton bl
dir wr = (DIE,_BIT =< 1); 5 imic lowr (WR-) direction for bit manipulation =
x_write = OxBa; #* 10001010 bit pattern = X EDD wfinactive STROBE =
¥_write = OxE, /000100 bit pattemn = Y EDD wiinactive STROBE L)

AR R R AR R R R AR R R R AR R R R

* set the EDDY address lines (Ad4-AlY according tocthe axis selection input parameter, set the data ransfer
A direction control (DR BIT) Lne 1o WRITE-, and kesp the STRORE line inpctive (HIGH). *

fiii#tt#ii#i-itiiiIi;iitfi#ii##tt#ih##ihii*i#iii#iiiiiiltii1il#itiil#ili#tﬂ!iliﬁtliiliiﬂ

if {axis == XAMP) 2 X AMP s plobally defined for caller & cutput routines *
patporth{cport, X write); F* bit pattern ses WRITE cycle, STROBE = 1, & Ad-Al *
else if (axis == YAMP) Y AMP 15 globally defined for caller & output routines =
cutportbicpart, ¥ _write); i* bit pattern sets WRITE cycle, STROBE = 1, & Ad-Al *
M axis soonly delined for 2AMP &Y AMP, but an eror mapcould be added here... *

R e b

/* begin the WRITE cycle (on the ECI bus) by setting STROBE- 10 the active state {0 = LOW *

lll::i-:iriitii-it-riiiittti##ittii#iti#i#l-tiilli-i‘.i!l--‘t-"-’.-"'*"“*"1t"*"*"“**“*""*ﬂ.’

cutportb{cripart, 5. sth_1); 1 force STROBE bit = 0 (LOW), modify only rﬁe S’I:RDEE *
M bit asing the built-in 8235's Port C bit manipulabon *
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fiittittkattlilliiiihiiii**i*"**"lilitt!rr!!rrlll:liilli;llll¢¢1i¢¢¢¢¢+'¢"+¢1.i;..¢¢.,
v

i* xmission portion of the port access & control routine: send dara o the galva contrel amplifier! #

;!*i!!iil-*i-**‘***F‘****!**FIFF*'Ithttt!nitt!riil:niilli;lnijiin'iﬁ;jtt.iqqt".iiiii¢..
!

£ magk lower eight bits o isolate least significant Byte, *
cutponb{bport, (gp & Cxff; M lsB is sent first o minimize "jump” if no STROBE .y

. * mazk upper ¢ight bits & shiftright 2ight bils 0 create af
outponb{aport ((gp & OxfC0) == 8)); * mast significant Byle, msB is sent 2nd for same reasons — *f

Illll.:...'-"iliiiiiiiii'.‘***"*".*liiiiitiitviii!uitjzilli111*:41;114*1;**;t*tjjttth

* complete the WRITE cycle by réturning the /STRORE line to the inactive state A

Iithttitt#ri#vii**ii*'***'lllf'iiiliii-“*I'lllllttttittiittvtt!tt!tttvvtt:lill;*;liﬁili;

ourporthiciriporn, s sth_h); M force STROBE bit's 1 (HIGH), modify gnly. the STREOBE %/
¢* bit, wiing the built-in 82553 Pory C Bit manipulation =

} Mend of galvo_send *f

f““‘"*““*““*“""*"‘t'."-'*"l‘*‘*““—*‘*!“*'IijI.*IllEllilljjljﬁll*‘h‘jﬂl*‘!

Mog shelle ®f

f“*""--‘**‘"‘*"**"‘*".'*.“‘.*‘F"*‘*ﬁ""*‘*f'*"I.il.tl:lll+l-lj‘.'*llj**“*tij!

/=G _shell 15 a sample program which uses three functions which are written for the D-Max 54 1O Card, %/

l.'l-l--H-t-i-Hﬂ-Hn-H-'--1-H-#-H-il--I-H--H-ilt'H"I'IiirIIn-liuur1-tl-u-u-t-1-u-t-u--“-1-t---u:u..:-u:rur-:---:u.::tll-

/" o
/* The program provides a simple test for the low-level routines and can be easily modified or expanded,  */
f* It 15 intendiad and expected that these functions and sample usage will be a guidaling 1o the new user, xy
- *

% As discussed inthe text of the application note, there are many enhancements which can and should be — *f
* made to these basic routnes for real-world usage. Such modifications would speed up data ransmiszion */
/o the galvo and make the code more bullet-proaf. *
I# i!
(* NOTE: As it is writien, the code assumes that the programmer will observe the DAC OUT signal at %/
i* the 51Cs diagnostic connector. This voltage is valid without a scanner connected. Due to a startup b1
/¥ jump, which has not been addeegzed in thase fencaons, the code should be tested WITHOUT 2 scanner” %
* connecied 1w the EDD amplifier. Unless your amplifiers are STEP-TUNED, this initial jump coald |
r* cause the servo control loop w become temporarily unstable and cauge galvo/mirror damage, !
" *
F‘*"‘-‘*t‘*"*‘-‘t-"--J.-.“‘l‘F-‘FF-iiF..‘il#iiiﬁ*iiF#iiiifiii##itiii#i*iit#ii*'ii#'iJ

Finchede <sidioh= M= standard T00 Library roudnes printf, eitc, *f
Fine: [de <oonio.hs= F* standand console TO routdnes .. k)
Finchede edd 0" i* loow-lewel El]!f?-sp-:-l:i.ﬁc, rouEines .

;TF*‘-“11‘**‘f"F"*""T**T*“**‘*1*‘*T“‘*T*‘FI*‘.!"TT."“tt*'I‘t‘l'tlltll‘fl‘t‘liﬂ

" Constant Declarations ol

It-iiii#i#iiii¢ii##i**ii#iiiitiiiii##iii#iiiﬁ*iiiiiit'ii#iiititi#iiititi#ii*iiti—ii*iitff

wedefine MINPOQS 0 * smallest digital scanner position i
#define MAXPOS 65535 {* largesy digial scanner position *
wdefine XAMP 1 ™ lower bits of EDD Address for X-axis (in decimal) "
define ¥ AMP 9 * loweer bis of EDD Address for Y -axis (in decimal) =
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;¢¢1¢¢l¢il:11!!-!tv-t¢¢ttitt!t#rt!!t!rtiwtt-tttt!!rt!il|¢nbniLli!r!trttt-#i-t!rttf!t"tif
i

(* Main Program Module

I.'-'q.q.'q.q.i.llrllill LA LR LR L LA TR AR RS ERR SR L ERRERITERESERTTEREYSERLLLE R ELE L LR R LLE ] o |

main )

viid Stamupy;
vord shutdoamnd);
wvoid galvo send();
woud clrsen);

unsigned short position;

L axis;

axis = XAMP;
startupd )5
clrser();

pringf(™\minin™);

* doa simple example of generiting scanner positons

¥ declarations of non-integer rétuming functions

/* variable i pass digital scanner posidons b Culput rouling
f* variable to pass which beam axis will be medified

i* set axis for X galvor only 1 axis is used in this program
f* init'actvate firse 8255 on IO card fur Mode O - all outputs
f*erase soreen, MOVE CUrsor 1 upper left comer

M display. a' message describing what the program does and
F= how the user can si0p it when they get bored

printf( "\ This program generates a slow-moving, full-field mangle wive rampin™);
printd(™ Hor the X-axis scanner. The executon of the program can be checked byin");
printfi™tobserving the DAC OUT voltage from the SIC's diagnosiic connector\nin™);
printf{™wT'o QUIT the program, press any (a) key.\n'};

printf{™tThe program will completa the current full miangle before halting.\n™);

while (kb))

{* loop untl any (a) key is depressed by the user: | = NOT

for (posidon = MINPOS; position < MAXPOS; positions+) . /* waxing part of wiangle waveform

galvo send(axis, posidon);

/= lopop from MIN o MAX by ones
/* send w X scanner as position

for (position = MAXPOS; position > MINPOS; positon--} {*waning part of mangle waveform

galvo_send{axis, posinon);

} 1™ end of while loop ®/

shutdammi);
clrsen);

} * end of g_shell program */
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£ loop from MAX o MIN by ones
{*send o X scanner-as position

/* deactivare 'O card == set all lings to input stace

M wipe scresn

*
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ADDENDUM A:

CONHNECTING THE SINGLE AXIS DSC POWER SUPPLY
Single axis Digital Contrellers have a different power supply

from the one used in dual axis controllers. Please note the
following changes:

INPUT SPECIFICATIONS:
Input wvoltage: 85-265 VAC Universal
Input freguency: 50/60 Hz

Input current: 1.0A {(rms) for 115 VAC
0.64 (rms) for 230 VAC

There are no jumpers to set to use the DSC with either the 115
VAC or the 230 VAC.

Other than having a single servo driver and a different power
supply, there are no other differences between the dual axis and
gingle axis Digital Scanning Contollers.
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