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1. INTRODUCTION

Chapter 1 introduces the Smart Star embedded control system
and describes the features associated with the backplane chassis
and the CPU card. The Tool Kit containing the hardware essen-
tials to begin using the Smart Star is described, and the software
highlights are presented.

The Smart Star isamodular and expandable embedded control system whose configuration
of digital 1/0, A/D converter, D/A converter, and relay 1/0 cards can be tailored to alarge
variety of demanding real-time control and data acquisition applications.

Thetypical Smart Star system consists of arugged backplane with abuilt-in voltage regul ator,
aCPU card, and one or more I/O cards. The CPU card plugs into a designated slot on the
backplane chassis, which has additional slots available for any combination of 1/0 cards.
A high-performance Rabbit 2000 microprocessor on the CPU card operates at 22.1 MHz
to provide fast data processing.

1.1 Features

» C-programmable to create a custom user interface

» Flexible functionality—modular configuration allows interchanging or replacing indi-
vidua 1/0 cards

» Expandable—up to 168 1/O ports
» Choice of two backplanes—with either 3 or 7 slotsfor 1/O cards

» Choice of CPU cards—with or without One RJ-45 Ethernet port compliant with
IEEE 802.3 standard for 10Base-T Ethernet protocol

* RS-232 and RS-485 serial ports allow networking to other Smart Star units, single-
board computers, or enterprise computing centers

» 128K SRAM and 512K flash memory, optional 512K SRAM
* Real-time clock

» Watchdog supervisor

» Backup battery

» Optional backlit 122 x 32 graphic display/keypad module

» RabbitLink Ethernet gateway available for remote download/debug, Web serving, and
e-mail

User’'s Manual 9
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Table 1 lists the backplanes, CPU cards, and the 1/O cards that are available for the Smart
Star control system. Appendix A provides detailed specifications for the Smart Star back-
planes and the CPU cards.
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Table 1. Smart Star Backplanes and Cards

Card Model Features

SR9010 7 1/0O card dots, 1 CPU card slot

Backplane SR9050 31/0 card slots, 1 CPU card slot, header connections
for optional L CD/keypad module

SR9150 Full-featured CPU card with RJ-45 Ethernet port

i SR9160 Full-featured CPU card without RJ-45 Ethernet port
SR9200 16 digital inputs, 8 digital sinking outputs
SR9210 8 digital inputs, 16 digital sinking outputs
SR9220 8 digital inputs, 8 digital sinking outputs

Digital 1/0

SR9205 16 digital inputs, 8 digital sourcing outputs

SR9215 8 digital inputs, 16 digital sourcing outputs

SR9225 8 digital inputs, 8 digital sourcing outputs

SR9300 12-bit A/D converter, 11 channels,0V — 10V

A/D Converter SR9310 12-bit A/D converter, 11 channels, -10V —+10 V

1/O Cards

SR9320 12-bit A/D converter, 11 channels, 4 mA —20 mA

SR9400 12-bit D/A converter, 8 channels, 0V — 10V

D/A Converter SR9410 12-bit D/A converter, 8 channels, -10V —+10V

SR9420 12-bit D/A converter, 8 channels, 4 mA — 20 mA

5 SPST relaysand 1 SPDT relay, each protected
SR9500 .
Relay with onboard snubbers

SR9510 8 SPDT relays (no snubbers)

10 Smart Star (SR9000)



1.2 User Connections

Connections to the 1/O cards are made via a ribbon cable connector or optional field wir-
ing terminals that are either pluggable or have screw terminals. Three different Field Wir-

ing Terminals (FWTs) are available. Table 2 lists the 1/O cards and the Z-World part

numbers for the corresponding FWTs.

Table 2. Guide to FWT Selection

Z-World Part Number

Pluggable Terminals

Screw Terminals

FWT Description I/O Cards
Digital 1/0
FWT27 Relay (SRI510) 101-0420 101-0424
A/D Converter
FWT18 DIA Converter 101-0421 101-0425
FWT18R Relay (SR9500) 101-0422 101-0426

NOTE: Appendix A, “Field Wiring Terminals,” provides further information on FWTSs,
including their dimensions.

1.3 Optional Add-Ons

The LCD/keypad module isthe only available optional add-on. Further details on the

L CD/keypad module are provided in Appendix B.

Visit Z-World'sWeb site for up-to-date information about additional add-ons and features

as they become available. The Web site also has the latest revision of this user’s manual.

User’'s Manual
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1.4 Development and Evaluation Tools
1.4.1 Tool Kit
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The Tool Kit has the hardware essentials that you need to create and use your own Smart
Star control system.

Theitemsin the Tool Kit and their use are as follows:

* Smart Sar (SR9000) User’s Manual with schematicsfor the backplane chassis and the
CPU cards (this document).

e User manualsfor available 1/O cards.

» Programming cable, used to connect your PC serial port to the Smart Star CPU card to
write and debug C programs that run on the Smart Star control system.

* FWT27 pluggable field wiring terminal.
o Screwdriver.

» DC power supply, used to power the backplane, which in turn supplies power to the
CPU card and the 1/O cards. The DC power supply accepts an AC input of 100 V to
240V at upto 0.6 A, and deliversaDC output upto 1.1 A at 24 V.

» Rabbit 2000 Processor Easy Reference poster.
* Registration card.

1.4.2 Software

The Smart Star control system is programmed using Z-World's Dynamic C Premier, an
integrated devel opment environment that includes an editor, aC compiler, and adebugger.
Library functions and software drivers provide an easy-to-use interface for the Smart Star
control system. Dynamic C Premier is sold separately.

12 Smart Star (SR9000)
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2. GETTING STARTED

Chapter 2 explains how to connect the power supply to the
Smart Star backplane, how to install the CPU card on the back-
plane, and how to connect the programming cable to the CPU
card. Once you run a sample program to demonstrate that you
have connected everything correctly, you will be ready to go on
toinstall 1/0 cards and finish developing your system.

User’'s Manual 13
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2.1 Attach the CPU Card to the Backplane

1. Orient the backplane with the PROCESSOR SLOT facing away from you as shown in
Figure 1.

RERERE]

Align facing edge of
CPU card with back
edge of alignment hole

Align facing edge of
CPU card with back
edge of alignment hole

Figure 1. Attach the CPU Card to the Backplane

2. Position the CPU card above the backplane as shown in Figure 1.

3. Carefully insert the CPU card header into the PROCESSOR SLOT on the backplane
and line up the facing edge of the CPU card with the back edge of the alignment holes
on the backplane as shown in Figure 1.

NOTE: Be careful to line up the pins on the CPU card with the socket on the backplane when
installing the CPU card. The CPU card can be damaged once power is applied if the CPU cardis
not installed correctly.

4. Use the two 4-40 screws supplied with the CPU card to anchor the plastic brackets so
that they hold the CPU card firmly in place on the backplane.

14 Smart Star (SR9000)



2.2 Connect the Power Supply Notice to Customers

Connect the power supply to the POWER IN Outside North America

connector on the backplane—the red (PoSi-  The power supply included with the Smart Star

tive) wireto +RAW and the black (negative) = Tool Kit may be used worldwide. Customers

wireto GND, as shown in Figure 2. outside North America simply need to exchange
the line cord and plug from the power supply to

their wall outlet with one available locally.
= [TRaTTATaTTR aTHIa]|
OEI O . 1.To exchange the line cord and plug, first
T4 remove the existing line cord. To accessthe
g ‘/ screws, use a screwdriver to gently lift up
18 and remove the plastic insulating cover.
VLO 8
H [o
ELO_§ _IQ{LO
34|| = To
od|| & Smart Star To wall
g4l 2 POWER IN outlet
odll 8
o )
28| |84 | i@
a o
_| —
y g =
EEMOd o acl .‘(;)' S =)
; g Black _::g %
& Red 3
i S
Qﬂ_ C NI | Ple}sﬁ[i_c :) )
nsulatin
éaMOd ™ Cover
(D . .
Figure 3. Power Supply Connections
HlZ)
> 2.Unscrew the wires at the ground, L, and N
% D terminals.
W - 3.Attach the line cord that you obtained locally
to the power supply. Be sureto follow any
Figure 2. Power Supply Connections color-coding conventions, for example,
green/yellow to ground, brown to L, and
NOTE: Be careful to hook up blueto N terminals.

the positive and negative leads
exactly as described. Only the
+5V circuitry is protected
against reverse polarity.

4.Ensure that the wires are attached securely
and are not touching each other. Snap on the
plastc insulating cover.

. . NOTE: The power suppl
A USER connection is supplied on the back- / gl i ?he Smarlto psér ol
planeto allow an independent power supply Kit isintended for development
to be used for future devel opment. For now, purposes only.

use ajumper to connect USER to +RAW so
that they share the same power supply.
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2.3 Programming Cable Connections
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1. Connect the programming cable to the CPU card.

Connect the 10-pin PROG connector of the programming cable to header J2 on the CPU
card as shown in Figure 4. Connect the other end of the programming cableto a COM port
on your PC. Note that COM1 on the PC is the default COM port in the Dynamic C Pre-
mier installation.

I . .
[oAc[ ] Diagnostic
connector

/ To
PC COM port

\ Colored side
towards pin 1

[Proq | Programming
connector

T

Pin 1
" Iscccoool |

800002
=0 -

o

"
O|
mOO
[ ]

Battery

Figure 4. Programming Cable Connections
2. Apply power.
Plug the power supply in to anearby outlet. The CPU card is now ready to be used.

NOTE: A hardware RESET is accomplished by unplugging the power supply, then plug-
ging it back in.
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2.4 Installing Dynamic C Premier

If you have not yet installed Dynamic C version 7.06P3 (or alater version), do so nhow by
inserting the Dynamic C Premier CD in your PC's CD-ROM drive. The CD will auto-
install unless you have disabled auto-install on your PC.

If the CD does not auto-install, click Start > Run from the Windows Start button and
browse for theset up. exe fileon your CD drive. Click OK to begin theinstallation once
you have selected the set up. exe file.

The Dynamic C Premier User’s Manual provides detailed instructions for the installation
of Dynamic C and any future upgrades.

NOTE: If you have an earlier version of Dynamic C aready installed, the default instal-
lation of the later version will be in adifferent folder, and a separateicon will appear on
your desktop.

2.5 Starting Dynamic C

Once the CPU card isinstalled and connected as described above, start Dynamic C by
double-clicking on the Dynamic C icon or by double-clicking on the . exe file associated
with DcRab in the Dynamic C directory.

Dynamic C should detect the CPU card and go through a sequence of stepsto cold-boot the
CPU card and to compile the BIOS. If the error message “ Rabbit Processor Not Detected”
appears, you have probably connected to a different PC serial port than the default serial
port selected during the installation of Dynamic C Premier. You can change the serial port
used by Dynamic C with the OPTIONS menu, then try to get Dynamic C to recognize the
CPU card by selecting Recompile BIOS on the Compile menu. Try the different COM
portsinthe OPTIONS menu until you find the one you are connected to. If you still cannot
get Dynamic C to recognize the target on any port, then the hookup may be wrong or the
COM port is not working on your PC.

If you receive the “ BIOS successfully compiled ..."” message after pressing <Ctrl-Y> or
starting Dynamic C, and this message is followed by a communications error message, it
is possible that your PC cannot handle the 115,200 bps baud rate. Try changing the baud
rate to 57,600 bps as follows.

» Locatethe Serial Options dialog in the Dynamic C Options > Communications
menu. Change the baud rate to 57,600 bps.
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2.6 PONG.C

You are now ready to test your set-up by running a sample program.

Find the file PONG. C, which isin the Dynamic C SAMPLES folder. To run the program,
open it with the File menu (if it isnot still open), compile it using the Compile menu, and
then run it by selecting Run in the Run menu. The STDIO window will open and will dis-
play asmall square bouncing around in a box.

This program does not test the serial ports on the CPU card, but does ensure that the CPU
isbasically functional.
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2.7 Installing I/O Cards

1. Orient the backplane with the CPU card already installed and facing towards you as
shown in Figure 5.
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Tip: It's easier to install the
plastic brackets when you
install /0 cards starting
from the slot furthest away
from the CPU card. You
may have to remove the
CPU card to install the
brackets on the 1/O card

in SLOT 0.

LA EHAE AL

R25

[
[EHEH

cccccc

Place tabs on
card into
alignment slot i
4:
=

EHOO EOOOO
000 00000

uuuuu

SRAM

IIIIIIIIIIIIIIII_

000000000000 000000Q00000000
000000000000 000O00OO0O0000ON

Note: The plastic brackets
on the CPU card are
attached on the opposite

[ side of the board relative
to the I/O cards.
v power supply

Figure 5. Installing I/O Cards on the Backplane

rowes 107 HOSSTOOMS

2. Position the new 1/O card above the backplane over any unused dlot position (SLOT 0 to
SLOT 6) asshown in Figure 5. Note the slot number and the type of 1/0 card since
Dynamic C addresses the 1/0 cards by slot number.

3. Carefully insert the 1/O card header into the slot on the backplane and line up the tabs
on the I/O cards with the slots on the backplane as shown in Figure 5.

4. Usethetwo 4-40 screws supplied with the 1/O card to anchor the plastic brackets on the CPU
card or the 1/O card firmly on the backplane. Tighten the screws as needed using a Phillips
screwdriver whose shaft is at least 3" (7 cm) long, but is no thicker than 0.16" ( 4 mm).
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2.8 Where Do | Go From Here?

NOTE: If you purchased your Smart Star through a distributor or Z-World partner, con-
tact the distributor or Z-World partner first for technica support.

If there are any problems at this point:

» Check the Z-World Technical Bulletin Board at www.zworld.com/support/bb/.

» Usethe Technica Support e-mail form at www.zworld.com/support/support_submit.html.
» Call Z-World Technical Support at (530)757-3737.

If the sample program ran fine, you are now ready to go on to install 1/O cards, explore
other Smart Star features, and develop your own applications.

Chapter 3, “Hardware Features,” provides detailed information about the CPU card, and
how to install the I/O cards. Be sure to take the total current consumption of the individual
cards into account when selecting a power supply. Appendix C.1, “Current Require-
ments,” provides more detailed information. Chapter 4, “ Software,” describes the
Dynamic C software libraries and introduces some sample programs for use with the CPU
card. Chapter 6, “Smart Star Specifications,” provides specifications for the backplanes
and the CPU cards, including mounting and clearance recommendations.

Separate sectionsin this manual have been prepared for the various /0O cards, and include
complete information about their pinouts and Dynamic C software libraries, including
sample programs.

Once you have developed your application and bench-tested the finished system, you may
install the finished system.
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3. HARDWARE FEATURES

Chapter 3 describes the principal features for the Smart Star
backplanes and CPU cards.

* Power Distribution
- Power Distribution
- 1/O Card Slots

* Smart Star CPU Card Features
- Serial Communication
- Memory
- Other Connectors
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3.1 Backplane Features
3.1.1 Power Distribution

Power is supplied to the Smart Star control system from an external source through header
J1 on the backplane. The +5 V circuitry on the Smart Star control system is protected
against reverse polarity by a Schottky diode as shown in Figure 6.

+V_USER

I +RAW SWITCHING VOLTAGE +5V
= I REGULATOR I
L 2
sz M
o

Figure 6. Smart Star Control System Power Supply Schematic

A capacitor provides surge current protection for the voltage regulator, and allows the
external power supply to be located some distance away from the Smart Star control sys-
tem. A switching power regulator is used. The +RAW input voltage may range from 9V to
30V (15V to 30V you plan to use a D/A converter card).

The backplane has inputs for two separate power supplies on header J1, +RAW and
V_USER. The +RAW power supply goes to the switching power regulator, which outputs
the +5V DC used by the CPU card and by the 1/0O cards plugged into the backplane. The
V_USER connection allows a different voltage to be available on the 1/0 cards for future
development.

NOTE: Always connect V_USER to +RAW with ajumper wire between terminals 1 and 2
on header J1 for the development activities described in the Smart Star manuals.
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Figure 7 shows how the power supplies are distributed on the backplane and on the CPU card.
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Power In SLOTO...6
24 V DC power +RAW TRAW +5 V switching | *5V__ 20
supply included 9-30 V DC regulator
in Tool Kit —1
= Jumper
Optional V_USER [|---------- +V_USER 22
power supply A
(for future use) 9-30VDC — J.Lﬁ
(a) Backplane - -

PROCESSOR

SLOT

20

= Backup Battery
- 3vDC

+5V
leM IJ_:IIS
CPU logic, ’/RAM
2 +V_USER memory SRAM. CPU.

RTC

51 +RAW

1, 26, 52

(b) CPU Card

Figure 7. Smart Star Power Supplies—Backplane and CPU Card

User’'s Manual 23



Figure 8 shows how the power supplies are distributed on the 1/0O cards.
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+5V
+RAW
+V_USER )
K
Multiplexer/Latch = = Relay Coils
High-Voltage Outputs = = Multiplexer/Latch
(user-selectable)
Digital I/0 Relay
Multiplexer/Latch = = Multiplexer/Latch
Voltage Regulators/ = - \/oltage Regulators:
A/D Reference Voltage 12V
A/D Converter D/A Converter

Figure 8. Smart Star Power Distribution on I/O Cards

NOTE: Notethat Z-World recommendstying +RAW to +V_USER as explained in
Section 2.2, “Connect the Power Supply.”

The user has the option of using a separate power supply to K when configuring the high-
power outputs for the digital 1/0 cards. The connection to K is through the user interface
on the digital 1/0O card. Further details are provided in Chapter 7, “ Digital I/O Cards.”
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3.1.2 1/O Card Slots

The backplane serves to make the CPU card accessible to up to seven |/O cards plugged in

to SLOT 0 through SLOT 6 on the backplane. Figure 9 shows the pinout for SLOT 0

through SLOT 6 (headers J3-J9) on the backplane.

J3-J9
GND [{m o1 DO
D1 []o o[ D2
D3 []o o[ D4
D5[J]o o[ D6
D7 [|o o[ A0
A1 |0 o[ A2
A3 []o o[J/IORD
NOWR [| o © [ /SELECT
INHIB_OUT [] o o [J /ATTN1
/RESET [|o o[ J+5V
NC []° o[ +V_USER
T™X C]o o [JRX
SCLK | = [ GND
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Figure 9. Pinout for SLOT 0 Through SLOT 6
(Headers J3-J9) on the Backplane

NOTE: The SR9050 backplane can accomodate up to three I/O cards plugged in to
sLoT o through sLoT 2 (headers J3-J5).
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3.2 Smart Star CPU Card Features
3.2.1 Serial Communication

The CPU card has one screw terminal header for RS-232/RS-485 serial communication
(J3) and one RJ-45 Ethernet jack (J7, SR9150 only). The RJ12 jack, J6, is reserved for
future use and therefore has no signals. The pinouts are shown in Figure 10.

Mode 0: Mode 1: Mode 2:
RS-485/3-wire RS-232 two 3-wire RS-232 one 5-wire RS-232

J3 J3 J3
g8
¥ Y o [SINe) 200 Qo0 2w »n QO
225 & X 5ErER 565 Ek&F
SINSINEINZ) SOS0600 SINSINEINZ]
7 6 5 4 3 2 1 7 6 5 4 3 21 7 6 5 4 3 2 1

J3 J6 J7
ccececo|l | L

Figure 10. Smart Star CPU Card Serial Pinout

The factory default for the CPU card is one RS-232 (3-wire) and one RS-485 serial chan-

nel, corresponding to Mode 0 in Figure 10. The other modes shownin Figure 10 are set in

software viathe Dynamic C ser Mode function call (see Section 4.4, “ Serial Communica-
tion APIS").

3.2.1.1 RS-232

The CPU card’s RS-232 serial channel is connected to an RS-232 transceiver. The trans-
ceiver provides the voltage output, slew rate, and input voltage immunity required to meet
the RS-232 serial communication protocol. Basically, the chip trand ates the Rabbit 2000's
0V to +Vcc signalsto RS-232 signal levels. Note that the polarity isreversed in an
RS-232 circuit so that +5 V is output as approximately -10 V and 0 V is output as approx-
imately +10 V. The transceiver also providesthe proper line loading for reliable communi-
cation.

The maximum baud rate is 115,200 bps. RS-232 can be used effectively at this baud rate
for distances up to 15 m.

The Rabbit 2000 seria port C TXD and RXD signals are presented either as RS-232 TX
and RX or as RTS/CTS handshaking, depending on the mode selected with the Dynamic C
function ser Mode. The RS-232 signals are available on screw terminal header J3.
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3.2.1.2 RS-485

The CPU card has one RS-485 seria channel, which is connected to the Rabbit 2000 serial
port C through an RS-485 transceiver. The chip’s slew rate limiters provide for a maxi-
mum baud rate of 250,000 bps, and allows networking over a distance of up to 300 m (or
1000 ft.). The half-duplex communication uses the Rabbit 2000’s PD4 pin to control the
data enable on the communication line.

The RS-485 signals are available on the CPU card through screw terminal header J3.

The Smart Star control system can be used in an RS-485 multidrop network. Connect the
485+ to 485+ and 485— to 485— using single twisted-pair wires on the CPU card’'s header
J4 as shown in Figure 11. Note that a common ground is recommended.

Ground recommended

[ ]

=S

Figure 11. Multidrop Smart Star Network
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The CPU card comes with a 220 Q termination resistor and 681 Q bias resistors aready
installed and enabled with jumpers across pins 1-2 and 5-6 on header JP1, asshownin
Figure 12.
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Figure 12. RS-485 Termination and Bias Resistors

For best performance, the bias and termination resistors in a multidrop network should
only be enabled on both end nodes of the network. Disable the termination and biasresis-
tors on any intervening Smart Star units in the network by removing both jumpers from
header JP1.

TIP: Savethejumpersfor possible future use by “parking” them across pins 1-3 and 4-6
of header JP1. Pins 3 and 4 are not otherwise connected to the CPU card.
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3.2.1.3 Programming Port

The CPU card has a 10-pin programming header labeled J2. The programming port uses
the Rabbit 2000’s Serial Port A for communication, and is used for the following opera-
tions.

» Programming/debugging
» Cloning

» Remote program download/debug over an Ethernet connection via the RabbitLink
EG2100

The programming port is used to start the Smart Star in amode where the CPU card will
download a program from the port and then execute the program. The programming port
transmits information to and from a PC while a program is being debugged.

The Rabbit 2000 startup-mode pins (SMODEO, SMODEZ1) are presented to the program-
ming port so that an externally connected device can force the Rabbit 2000 to start up in
an external bootstrap mode.

NOTE: Refer to the Rabbit 2000 Microprocessor User’s Manual for more information
related to the bootstrap mode.

The programming port can also be used as a diagnostic port when the DIAG connector on
the programming cable is used to connect the programming port to a PC or other device.
See Appendix D, “Programming Cable,” for more information.

User’'s Manual 29

L
Z
<
-
o
%
@)
<
Q
-
o
®)




L
pd
<
-
o
X
@)
<
[a4]
2
o
©)

3.2.1.4 Ethernet Port (SR9150 only)

Figure 13 shows the pinout for the Ethernet port (J2 on the CPU card). Note that there are
two standards for numbering the pins on this connector—the convention used here, and
numbering in reverse to that shown. Regardless of the numbering convention followed,
the pin positions relative to the spring tab position (located at the bottom of the RJ-45 jack
in Figure 13) are always absolute, and the RJ-45 connector will work properly with off-
the-shelf Ethernet cables.

ETHERNET

1. E_Tx+
2. E_Tx-

3. E_Rx+
6. E_Rx—

RJ-45 Plug RJ-45 Jack

Figure 13. RJ-45 Ethernet Port Pinout

RJ-45 pinouts are sometimes numbered opposite to the way shown in Figure 13.

Two LEDs are placed behind the RJ-45 Ethernet jack, one to indicate an Ethernet link
(LNK) and one to indicate Ethernet activity (ACT). Only the CPU LEDs are functional at
this time since the RCM LEDs were added for future enhancements to the CPU card.

The transformer/connector assembly ground is connected to the CPU card digital ground
viaa0 Q resistor “jumper,” R43, as shown in Figure 14.

RJ-45 Ethernet Plug

I

R43
Board Chassis

Ground = = Ground

Figure 14. Isolation Resistor R43

The factory default isfor the 0 Q resistor “jumper” at R43 to be installed. In high-noise
environments, remove R43 and ground the transformer/connector assembly directly
through the chassis ground. Thiswill be especially helpful to minimize ESD and/or EMI
problems.
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3.2.2 Memory
3.2.2.1 SRAM

The Smart Star CPU cards are designed to accept 128K or 512K of static RAM packaged
in an SOIC case. Standard CPU cards come with 128K of SRAM.

3.2.2.2 Flash EPROM

The Smart Star CPU card are also designed to accept 128K to atotal of 512K of flash
memory packaged in a TSOP case. The CPU cards come with two 256K flash memory
chips.

NOTE: Z-World recommends that any customer applications should not be constrained
by the sector size of the flash memory since it may be necessary to change the sector
sizeinthe future.

A Flash Memory Bank Select jumper configuration option based on 0 Q surface-mounted
resistors exists at header JP5 on the CPU card. This option, used in conjunction with some
configuration macros, alows Dynamic C to compile two different co-resident programs
for the upper and lower halves of the 256K flash in such away that both programs start at
logical address 0000. Thisis useful for applications that require a resident download man-
ager and a separate downloaded program. See Technical Note 218, | mplementing a Serial
Download Manager for a 256K Flash, for detalils.
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3.2.3 Other Connectors
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The connectors labeled J4 and J5 in Figure 15 are reserved for future use and should not
be used in customer applications at thistime.

800002

aNo Ri7
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oo oeeCee e e oo eet e oo ey U

Figure 15. CPU Card Connectors J4 and J5
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Jumpers across pins 9-10 and 13-14 on header JP1 on the backplane are used to bring out
the ACT and LNK LED signalsto header J6, which is used to connect the optional LCD/key-
pad module. Remove these jumpers (you may park them across pins 7-8 and 11-12 on
header JP1) if you do not wish to usethe ACT and LNK signals on the LCD/keypad module.
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Figure 16. Header JP1 Configurations for ACT and LNK Signals

NOTE: The RCM positions for pins 1-2 and 56 on header JP1 are reserved for future
use and should not be used in customer applications at thistime.
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4. SOFTWARE

Dynamic C Premier is an integrated development system for
writing embedded software. It runs on an IBM-compatible PC
and is designed for use with Z-World controllers and other con-
trollers based on the Rabbit microprocessor.

Chapter 4 provides the libraries, function calls, and sample pro-
grams related to the Smart Star backplane and CPU cards.

You have a choice of doing your software development in the flash memory or in the static
RAM included on the Smart Star CPU cards. The advantage of working in RAM isto save
wear on the flash memory, which is limited to about 100,000 write cycles.

NOTE: An application can be developed in RAM, but cannot run standalone from RAM
after the programming cable is disconnected. All standal one applications can only run
from flash memory.

The disadvantage of using flash memory for debug is that interrupts must be disabled for
approximately 5 mswhenever abreak point is set in the program. This can crash fast inter-
rupt routines that are running while you stop at a break point or single-step the program.
Flash memory or RAM is selected on the Options > Compiler menu.

Dynamic C Premier provides a number of debugging features. You can single-step your
program, either in C, statement by statement, or in assembly language, instruction by
instruction. You can set break points, where the program will stop, on any statement. You
can evaluate watch expressions. A watch expression isany C expression that can be eval-
uated in the context of the program. If the program is at a break point, awatch expression
can view any expression using local or external variables.
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4.1 Programming Cable

The programming cable has alevel converter board in the middle of the cable since the pro-
gramming port on the CPU card supports CMOS logic levels, and not the higher voltage
RS-232 levelsthat are used by PC seria ports. When the programming cable is connected,
Dynamic C running on the PC can hard-reset the Smart Star and cold-boot it. The cold boot
includes compiling and downloading a BIOS program that stays resident while you work. I
you crash the target, Dynamic C will automatically reboot and recompile the BIOS if it
senses that atarget communication error occurred or that the BIOS source code has changed.

4.1.1 Switching Between Program Mode and Run Mode

The CPU card is automatically in Program Mode when the programming cable is attached,
and is automatically in Run Mode when no programming cable is attached. See Figure 17.

Program Mode Run Mode

[pre]] Diagnostic
connector

/To
PC COM port

\ Colored side
towards pin 1

ﬁ]ﬁmﬁé

[Froq] Programming
connector

b J

RESET Smart Star when changing mode:
Remove, then reapply power
after removing or attaching programming cable.

Figure 17. Smart Star Program Mode and Run Mode Set-Up

4.1.2 Changing from Program Mode to Run Mode

1. Disconnect the programming cable from header J2 of the CPU card.

2. Reset the Smart Star by unplugging the power supply, then plugging it back in.
The Smart Star is now ready to operate in the Run Mode.

4.1.3 Changing from Run Mode to Program Mode

1. Attach the programming cable to header J2 of the CPU card.

2. Reset the Smart Star by unplugging the power supply, then plugging it back in.
The Smart Star is now ready to operate in the Program Mode.

36 Smart Star (SR9000)



4.2 Dynamic C Libraries

With Dynamic C running, click File > Open, and select Li b. The following list of
Dynamic C libraries and library directories will be displayed.

Open HEH|
Lookin: | Lib - S
Biosib: Costate.lib SLICE i el
lcom FFT.lib STDIO.Ib
Jrablib MATH.lib String.lib
Srarkztar Fragram.lib Spslib
Tepip R5232.lb Usos2 b
COFUNC.Iib RTCLOCK.lib Wdriver. lib
L4 | i
File name: I Open I
Filez of type: ISu:uun:e Files [*.c;%lib] j Cancel

Onelibrary directory contains software that is unique to the Smart Star.

* SMRTSTAR—libraries associated with features specific to the Smart Star control sys-

tem.

Other functions applicable to all devices based on the Rabbit 2000 microprocessor are
described in the Dynamic C Premier User’s Manual.
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4.2.1 Library Directories

The SMRTSTAR directory contains libraries required to operate the Smart Star control sys-
tem.
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Open
Laak jn: I £ Smrtstar

[ 5 mstar it
File name: I Open I
Files af type: ISnurce Files [*.c;"lib) j Cancel |

* SMRTSTAR. LI B—Thislibrary supportsall the functions needed by the Smart Star sys-
temsincluding digital 1/0 cards, relay cards, D/A converter and A/D converter cards,
and serial communication.

Functions dealing with the backplane and the CPU card are described in this chapter.
Functions relevant to the individual 1/0 cards are described in the chapter specific to the
1/O card.
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4.3 Smart Star Backplane Function APIs
4.3.1 Board Reset
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voi d brdReset Bus();

Resets dll cards on the bus.
RETURN VALUE

None.

4.3.2 Board Initialization

void brdinit();

Initializes slot addressing, disables card enable/disable line, resets card slot bus and LED latch, and turns
al LEDS OFF. Call this function at the beginning of the application.

RETURN VALUE
None.
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4.4 Serial Communication APIs

Library filesincluded with Dynamic C provide afull range of serial communications support.
The RS232. LI B library providesaset of circular-buffer-based serial functions. The
PACKET. LI B library provides packet-based serial functions where packets can be delimited
by the 9th bit, by transmission gaps, or with user-defined specia characters. Both libraries
provide blocking functions, which do not return until they are finished transmitting or receiv-
ing, and nonblocking functions, which must be called repeatedly until they are finished. For
more information, see the Dynamic C Premier User’s Manual and Technical Note 213,
Rabbit 2000 Serial Port Software,

Use the following function calls with the Smart Star.

i nt serMbde(int node);

User interface to set up up serial communication lines for the Smart Star control system. Call this func-
tion after ser XOpen() .

PARAMETERS
node isthe defined seria port configuration of the CPU card.

Serial Port Parallel Port
Mode
C (PC2 and PC3) D (PCO and PC1) D (PDO and PD1)
0 RS-232, 3-wire RS-485
1 RS-232, 3-wire RS-232, 3-wire
2 RS-232, 5-wire RTS/ICTS
3 RS-232, 5-wire RS-485 RTS/ICTS

RETURN VALUE
0if correct mode, 1 if not.

ser485Tx();

Enables RS-485 transmission (disables receive) on serial port D.
RETURN VALUE
None.
SEE ALSO
ser 485Rx
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ser 485Rx() ;

Disables RS-485 transmission (enables receive) on serial port D.
RETURN VALUE
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None.
SEE ALSO
ser485Tx
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4.5 Sample Programs
Sample programs are provided in the Dynamic C Sanpl es folder, which is shown below.
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Open

Look in: I £ Samples j | 5
|_1 Cofunc [ Jackrab 3 topip 2] Dre
1 COREMODIILE [ Rtclack (] Timerb ] De
1 Costate (1 Serial CAUCas ] FF
[ Fit (1 Slice Cvdriver ]Gl
1 lcom [ Smrtstar (0 5mem j LC
1 Intrupts [ Syseiock B Demaol.c 3 (ol

| | L
File name: I Open I
Filez of wpe: ISnurce Files [*.c;% lib] j Cancel |

The various folders contain specific sample programs that illustrate the use of the corre-
sponding Dynamic C libraries. For example, the sample program PONG. C demonstrates
the output to the STDIO window.

The SMRTSTAR folder provides sample programs specific to the Smart Star control sys-
tem. Each sample program has comments that describe the purpose and function of the
program. Follow the instructions at the beginning of the sample program.
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Let'stake alook at sample programs for the backplane and the CPU card in the SMRT-
STARfolder.

open T g |
Laoak jn: IﬁSmrtStar j ﬁl
adc 1Rs485
dac 3 Topip

DISPLAY_KEYPAD
io

relay

Rz232

Flepane: | [ 0o |
Filez af type: ISaurce Files [*.c:® lib] j Cancel |

The RS232 directory contains two sample programsto illustrate RS-232 serial communica
tion.

* SSTAR232. C—Demongtrates a smple RS-232 loopback using both seria ports C and D.

» SSTARS5W C—Demonstrates ssimple 5-wire RS-232 communication with flow control.

The RS485 directory contains two sample programsto illustrate RS-485 serial communication.

* MASTER. C—Demonstrates a simple RS-485 transmission of lower case lettersto a
slave controller. The slave will send converted upper case letters back to the master
controller for display in the STDIO window. Use SLAVE. C to program the slave con-
troller.

* SLAVE. C—Demonstrates a simple RS-485 transmission of alphabetic charactersto a
master controller. The slave will send converted upper case letters back to the master
controller for display in the STDIO window. Use MASTER. Cto program the master
controller.

4.6 Using Dynamic C

To run asample program, open it with the File menu (if it is not still open), compile it
using the Compile menu, and then run it by selecting Run in the Run menu. The CPU
card must be in Program Mode (see Section 4.1, “Programming Cable”) and must be con-
nected to a PC using the programming cable as described in Section 2.3, “Programming
Cable Connections.”

More complete information on Dynamic C is provided in the Dynamic C Premier User’s
Manual.
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5. USING THE TCP/IP FEATURES

Chapter 5 discusses using the TCP/IP features on the CPU cards.
Note that the TCP/IP feature is available only on the SR9150
CPU card.

5.1 Ethernet Connections

Before proceeding you will need to have the following items.

» If you don’'t have an Ethernet connection, you will need to install a 10Base-T Ethernet
card (available from your favorite computer supplier) in your PC.

» Two RJ}45 straight-through Ethernet cables and a hub, or an R}45 crossover Ethernet
cable.

The Ethernet cables and Ethernet hub are available from Z-World in a TCP/IP tool kit.
More information is available at www.zworld.com.

1. Install the CPU card on the backplane, and connect the power supply and the pro-
gramming cable as shown in Chapter 2, “ Getting Sarted.”

2. Ethernet Connections

 If you do not have accessto an Ethernet network, use a crossover Ethernet cable to con-
nect the installed CPU card to a PC that at least has a 10Base-T Ethernet card.

* If you have an Ethernet connection, use a straight-through Ethernet cable to establish
an Ethernet connection to the installed CPU card from an Ethernet hub. These connec-
tions are shown in Figure 18.

g SRO150
CPU card
= | ]
User's PC
Ethernet —— >
Ethernet cables
crossover M ﬂ JE— To additional
cable Hub v network
Direct Connection _ _ (?Iements
(Network of 2 computers) Direct Connection Using a Hub

Figure 18. Ethernet Connections

User’'s Manual 45


http://www.zworld.com

3. Apply Power
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Plug in the power supply. The Smart Star is now ready to be used.

NOTE: A hardware RESET is accomplished by unplugging the power supply, then plug-
ging it back in.

The green LNK light is on the CPU card is on when the Smart Star is properly connected
either to an Ethernet hub or to an active Ethernet card. The orange ACT light flashes each
time a packet is received.
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5.2 TCP/IP Sample Programs

We have provided anumber of sample programs demonstrating various uses of TCP/IP for
networking embedded systems. These programs require that you connect your PC and the
Smart Star together on the same network. This network can be alocal private network
(preferred for initial experimentation and debugging), or a connection viathe Internet.

5.2.1 How to Set IP Addresses in the Sample Programs

Most of the sample programs use macros to define the | P address assigned to the CPU
card and the I P address of the gateway, if there is a gateway.

#define My_| P_ADDRESS "216.112.116. 155"
#def i ne MY_NETMASK "255. 255. 255. 248"
#def i ne MY_GATEWAY "216.112.116. 153"

In order to do adirect connection, the following | P addresses can be used for the CPU
card:

#define My_I P_ADDRESS "10.1.1.2"
#define MY_NETMASK "255. 255. 255. 248"
/1 #define MY_GATEWAY "216.112.116. 153"

In this case, the gateway is not used and is commented out. The | P address of the board is
defined to be 10.1.1.2. The IP address of your PC can be defined as 10.1.1.1.

5.2.2 How to Set Up your Computer’s IP Address for a Direct Connection

When your computer is connected directly to the OP6800 via an Ethernet connection, you
need to assign an | P address to your computer. To assign the PC the address 10.1.1.1 with
the subnetmask 255.255.255.248 under Windows 98, do the following.

SR9150
IP10.1.1.1 CPU card

Subnet mask
255.255.255.248
-
User's PC

Ethernet #define My_I P_ADDRESS "10.1.1.2"

crossover )
cable #def i ne MY_NETMASK " 255. 255, 255, 248"

Direct Connection PC to Smart Star CPU Card
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Click on Start > Settings > Control Panel to bring up the Control Panel, and then double-
click the Network icon. In the window find the line of the form TCP/IP > Ethernet
adapter name. Double-click on thisline to bring up the TCP/IP properties dialog box.
You can edit the IP address directly and the subnet mask. (Disable “obtain an | P address
automatically.”) You may want to write down the existing values in case you have to
restore them later. It is not necessary to edit the gateway address since the gateway is not
used with direct connect.

The method of setting the | P address may differ for different versions of Windows, such as
95, NT, 2000, or XP.

5.2.3 Run the PI NGVE. C Demo

In order to run this program, edit the | P address and netmask in the PI NGVE. C program
(SAMPLES\ TCPI P\ | CVP) to the values given above (10.1.1.2 and 255.255.255.248).
Compile the program and start it running under Dynamic C. The crossover cable is con-
nected from your computer’s Ethernet adapter to the CPU card’'s RJ-45 Ethernet connec-
tor. When the program starts running, the green LNK light on the CPU card should be on
to indicate that an Ethernet connection is made. (Note: If the LNK light does not light, you
may not have a crossover cable, or if you are using a hub perhaps the power is off on the
hub.)

The next step isto ping the board from your PC. This can be done by bringing up the MS-
DOS window and running the ping program:

ping 10.1.1.2
or by Start > Run

and typing the command

ping 10.1.1.2

Notice that the orange ACT light flashes on the CPU card while the ping is taking place,
and indicates the transfer of data. The ping routine will ping the board four times and write
a summary message on the screen describing the operation.

5.2.4 Additional Demo Programs

The program SMIP. C (SAMPLES\ SMRTSTAR\ TCPI P\ ) demonstrates a basic Smart
Star system using the SMTP library to send an e-mail when a keypressis detected on an
L CD/keypad module. In order to run this sample program, edit the |P address as for the
pingme program, edit the “mail to” e-mail address, compile the program, and start it exe-
cuting. An e-mail corresponding to the keypad button that was pressed is sent.

The program SSI . C (SAMPLES\ SMRTSTAR\ TCPI P\ ) demonstrates how to make the
Smart Star CPU card a Web server. This program allows you to turn the LEDs on an
attached L CD/keypad module on and off from aremote Web browser. In order to run these
sample programs, edit the | P address as for the pingme program, compile the program, and
start it executing. Then bring up your Web browser and enter the following server address:
http://10.1.1.2. This should bring up the Web page served by the sample program.
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The program SSI 2. C (SAMPLES\ SMRTSTAR\ TCPI P\ ) demonstrates the use of 1/0
cards viainstructions sent from a Web browser. You will need an A/D converter 1/0 card,
aD/A converter 1/0O card, or arelay |/O card installed on the backplane in order for the
Web browser to be able to initiate changes on one or more of these 1/0 cards. Before you
run this sample program, edit the IP address as for the pingme program, compile the pro-
gram, and start it executing. The analog outputs will change or the relays will open and
close in response to instructions sent from the Web browser.

5.2.5 LCD/Keypad Sample Programs Showing TCP/IP Features

The following sample programs, found in the TCPI P subdirectory in

SAMPLES/ LCD_Keypad/ 122x32_1x7, are demonstrate the features of the LCD/key-
pad module connected to the backplane. Remember to configure the | P address, netmask,
and gateway as indicated in the sample programs.

* NMBOXDEMO. C—This program implements a web server that alows Web e-mail mes-
sages to be entered that are then shown on the LCD display. The keypad allows you to
scroll within messages, flip to other e-mails, mark messages asread, and delete e-mails.
When anew e-mail arrives, an LED turns on, and turns off once the message has been
marked asread. A log of al e-mail actionsis kept, and can be displayed in the Web
browser. All current e-mails can also be read with the Web browser.

When using MBOXDEMO. C, connect the Smart Star CPU card and a PC (or other device
with a Web Browser) to an Ethernet. If you connect the PC and the CPU card directly,
be sure to use a crossover Ethernet cable; straight-through Ethernet cables and a hub
may be used instead.

* TCP_RESPOND. C—This program and TCP_SEND. C are executed on two separate sin-
gle-board computers to demonstrate how the two boards communicate with each other.
Use PCSEND. EXE on the PC console side at the command prompt if you do not have a
second board. PCSEND. EXE is located with source code in the
SAMPLES/ LCD_Keypad/ W ndows directory.

TCP_RESPOND. Cwaits for a message from another single-board computer. The mes-
sage received is displayed on the LCD, and you may respond by pressing a key on the
keypad. The response is then sent to the remote single-board compulter.

e TCPSEND. C—This program and TCP_RESPOND. C are executed on two separate sin-
gle-board computers to demonstrate how the two boards communicate with each other.
Use PCRESPOND. EXE on the PC console side at the command prompt if you do not
have a second board. PCRESPOND. EXE is located with source code in the
SAMPLES/ LCD_Keypad/ W ndows directory.

When akey on the keypad is pressed, a message associated with that key issent to a
specified destination address and port. The destination then responds to that message.
The response is displayed on the LCD.

Note that only the LEFT and UP scroll keys are set up to cause a message to be sent.

When using TCPSEND. Cand TCP_RESPOND. C, connect the CPU card and the other sin-
gle-board computer to an Ethernet. If you connect the them directly, be sure to use a cross-
over Ethernet cable; straight-through Ethernet cables and a hub may be used instead.
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5.3 Where Do | Go From Here?

NOTE: If you purchased your Smart Star through a distributor or Z-World partner, con-
tact the distributor or Z-World partner first for technica support.
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If there are any problems at this point:

» Check the Z-World Technical Bulletin Board at www.zworld.com/support/bb/.

» Usethe Technica Support e-mail form at www.zworld.com/support/support_submit.html.
» Call Z-World Technical Support at (530)757-3737.

If the sample programs ran fine, you are now ready to go on.

Additional sample programs are described in the Dynamic C TCP/IP User’s Manual.

Refer to the Dynamic C TCP/IP User’s Manual to develop your own applications. An
I ntroduction to TCP/I P provides background information on TCP/IP, and is available on
Z-World's Web site.
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6. SMART STAR SPECIFICATIONS

This chapter provides the specifications for the Smart Star back-
plane and CPU card, and describes the conformal coating.
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6.1 Electrical and Mechanical Specifications
6.1.1 Smart Star Backplane

L
b
<
-
o
%
@)
<
Q
>
o
@)

Figure 19 shows the mechanical dimensions for the two Smart Star backplanes.
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Figure 19. Smart Star Backplane Dimensions

NOTE: All diagram and graphic measurements are in inches followed by millimeters
enclosed in parentheses.
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Table 3 lists the electrical, mechanical, and environmental specifications for the Smart

Star backplanes.

Table 3. Smart Star Backplane Specifications

Specification

Parameter
SR9010 SR9050
Board Size 6.50" x 4.20" x 0.75" 3.75" x 4.40" x 0.75"
(165 mm x 107 mm x 19 mm) (95 mm x 112 mm x 19 mm)
Connectors one 2 x 26 (CPU card dlot), 2mm | one 2 x 26 (CPU card slot), 2 mm
seven 2 x 13 (1/0 card slots), 2 mm | three 2 x 13 (1/O card slots), 2 mm
Each dot has a predefined dedicated set of addresses
Slot Select (see Appendix E and the software chaptersin the
individual 1/0 card manuals)
Temperature —40°C to +70°C
Humidity 5% to 95%, noncondensing

External Input Voltage

9V to30V DCat 1A typical for onboard +5 V regulated supply;
provision for independent 9V to 30 V DC (V_USER) voltage source for
1/0O cards—the exact voltage for the second supply depends on the
requirements of the specific 1/O cards used (Z-World recommends tying
V_USER to +RAW unless there is a specific need for an independent

power supply)

Onboard Voltage Regulator

Surface-mount switching regulator sources5V at 1 A

DataLines

Buffered bidrirectional datalines (DO-D7)

Address Lines

Buffered address lines (AO-A3)

Read/Write Control

Buffered IORD, IOWR

Reset

1/0 cards and CPU card can be reset independently

User’'s Manual

53

L
pd
<
-
o
X
@)
<
2]
2
o
®)




6.1.2 CPU Card

Figure 20 shows the mechanical dimensions for the CPU cards.
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Figure 20. CPU Card Dimensions
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Table 4 liststhe electrical, mechanical, and environmental specificationsfor the CPU card.
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Table 4. CPU Card Specifications

Parameter Specification
Board Size (with optional 4.00" x 3.12" x 1.00"
backup battery board) (102 mm x 79.2 mm x 25.4 mm)
one RJ-45 (Ethernet) (SR9150 only)
one 2 x 5, 2 mm pitch (serial programming port)
Connectors
one 0.9 mm x 0.5 screw-terminal connector strips (accept 14—
30 AWG or 0.05-1.5 mm?2 wire)
Ethernet Interface Direct connection to 10Base-T Ethernet networks via RJ-45
(SR9150 only) connection
Temperature —40°C to +70°C
Humidity 5% to 95%, noncondensing
Input Voltage 5V DC at 190 mA typical
Microprocessor Rabbit 2000™
Clock 22.1 MHz
SRAM 128K, surface mounted, 512K option
Flash EPROM 2 x 256K, surface mounted
Timers Five 8-bit timers cascadable in pairs, one 10-bit timer with 2
match registers that each have an interrupt
Three serial ports:
e one CMOS-compatible programming port
Serial Ports e remaining ports software-configurable as two 3-wire RS-
232, one 5-wire RS-232, or one 3-wire RS-232/
one R$-485
Selected baud rates up to 115, 200 bps
Serial Rate CMOS-compatible port supports up to 6.45 Mbps
(synchronous)
Watchdog/Supervisor Yes
Time/Date Clock Yes
Expansion Port Supportsup to 7 I/O cards
Yes: Panasonic CR2330 or equivalent 3V lithium coin type,
Backup Battery 265 mA -h standard using onboard battery holder;
provision for external battery
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6.2 Jumper Configurations

Figure 21 showsthe header |ocations used to configure the various CPU card optionsviajumpers.

©)

0060600
e
O

JP1

Battery

-

)
5
JP5 ]
— JP3
o 83883888588368388356835834
- DUDRDDUDRDIDDTUROOnnD -
Figure 21. Location of Smart Star CPU Card Configurable Positions
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Table 5 lists the configuration options.

Table 5. Smart Star CPU Card Jumper Configurations

Header Description Pins Connected ety
Default
1-2 | Bias and termination resistors %
. N 56 | connected
Pl RS-485 Bias and Termination
Resistors 1-3 | Bias and termination resistors not
4-6 | connected”
1-2 | 128K/256K X
JP2 | U5 Flash Memory Size
2-3 | 512K
1-2 | 128K X
JP3 SRAM Size
2-3 | 512K
1-2 | 128K/256K X
JP4 | U1l Flash Memory Size
2-3 | 512K
1-2 | Norma Mode X
JP5 | Flash Memory Bank Select
2-3 | Bank Mode

*  Although pins 1-3 and 46 of header JP1 are shown “jumpered” for the termination and
bias resistors not connected, pins 3 and 4 are not actually connected to anything, and this
configuration isa*“parking” configuration for the jumpers so that they will be readily
available should you need to enable the termination and bias resistors in the future.
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6.3 Conformal Coating

The areas around the crystal oscillator and the battery backup circuit on the CPU card
have had the Dow Corning silicone-based 1-2620 conformal coating applied. The confor-
mally coated areas are shown in Figure 22. The conformal coating protects these high-
impedance circuits from the effects of moisture and contai minants over time.

-

Conformally
coated area

Figure 22. CPU Card Areas Receiving Conformal Coating

Any components in the conformally coated area may be replaced using standard soldering
procedures for surface-mounted components. A hew conformal coating should then be
applied to offer continuing protection against the effects of moisture and contaminants.

NOTE: For more information on conformal coatings, refer to Rabbit Semiconductor
Technical Note 303, Conformal Coatings.
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6.4 Use of Rabbit 2000 Parallel Ports
Figure 23 shows the Rabbit 2000 parallel ports.
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PB2— PB6 PEO PE3
i} PB7 i PE7
Port B Port E
Serial Port
PCO, PC2, PC4 Serial Ports CPU Control ) PDO-PD4
(Port C) (RABBIT 2000™) (Port D)
PC1, PC3, PC5
Z-Bus Reset ~ PD7
PC6-PC7 ProgeraoTtming | Real-Time Clock | Address Lines AO-A3
Watchdog IORD
. i I/0 Control
DAO-DA7 4| Data Lines 6 Timers ontre IOWR
| Clock Doubler |[™ Misc. Input__|dmmmm RESET
RAM Backup Battery Flash
Support

Figure 23. Smart Star CPU Card Rabbit 2000 Systems
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6.5 Exclusion Zone
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It isrecommended that you allow for an “exclusion zone” of 3" (80 mm) around the Smart
Star in al directions when the Smart Star isincorporated into an assembly that includes
other components. This “exclusion zone” that you keep free of other components and
boards will allow for sufficient air flow, and will help to minimize any electrical or EMI
interference between adjacent boards.
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PART Il. DIGITAL 1/O0 CARDS
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7. DIGITAL I/O CARDS

Chapter 7 describes the features of the digital 1/0O card, one of
the 1/O cards designed for the Smart Star embedded control sys-
tem.The Smart Star is amodular and expandable embedded con-
trol system whose configuration of 1/0, A/D converter, D/A
converter, and relay cards can be tailored to a large variety of
demanding real-time control and data acquisition applications.

Thetypica Smart Star system consists of arugged backplane with a power supply, a CPU
card, and one or more 1/O cards. The CPU card plugs into a designated slot on the back-
plane chassis, which has seven additional slots available for 1/O cards to be used in any
combination. A high-performance Rabbit 2000 microprocessor on the CPU card operates
at 25.8 MHz to provide fast data processing.

7.1 Features

The SR9200 digital 1/O cards offer protected digital inputs and high-current driver outputs
in three banks, each containing 8 1/0 points. One bank’s configuration is fixed as pro-
tected digital inputs, one bank’s configuration is fixed as high-current driver outputs, and
one bank may be configured either as protected digital inputs or as high-current driver out-
puts, depending on the model of digital I/O card selected. The high-current driver outputs
are either all sinking or all sourcing, depending on the model of digital 1/0 card selected.

Table 6 liststhe digital 1/0 cards that are available for the Smart Star control system.

Table 6. Smart Star Digital 1/0 Cards

/0 Card Model Features

SR9200 16 digital inputs, 8 digital sinking outputs

SR9210 8 digital inputs, 16 digital sinking outputs

SR9220 8 digital inputs, 8 digital sinking outputs
Digital 1/0

SR9205 16 digital inputs, 8 digital sourcing outputs

SR9215 8 digital inputs, 16 digital sourcing outputs

SR9225 8 digital inputs, 8 digital sourcing outputs
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7.2 User Interface

Figure 24 shows the complete pinout for the user interface on header J2. Note that pin 1is
indicated by asmall arrow on the ribbon cable connector.

Q 72
<_EI GND [m o] DIGINO
|: DIGIN1 [ o o | DIGIN2
U] DIGIN3 | o o|GND
&) K|o ol|DIGIN4 I
DIGIN o o|DIGIN
rpsl B Bwa 2000000 RRC 000002008
1/08 | c o|l/0O9 v
/010 | o o l/O11
GND (o o|l/012
/1013 | o o©|l/0O14
/015 |8 o|[HVOUTO
HVOUT1 | o o|HVOUT2
GND | © [HVOUT3
HVOUT4 |o oK
HVOUT5 | & o |HVOUT6
HVOU7 |o o
GND |o o

Figure 24. Digital /0 Card User Interface Pinout
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7.3 User FWT Connections

Connections to the digital 1/0 cards are made via a ribbon cable connector or optional
field wiring terminals that are either pluggable or have screw terminals. Table 7 lists the
Z-World part numbers for the FWTs.

O
Table 7. Guide to FWT Selection _
<
Z-World Part Number (T’)
Pluggable Terminals Screw Terminals a
FWT Description I/O Cards
FWT27 Digital 1/0 101-0420 101-0424
7.3.1 Pinouts
Figure 25 shows the pinout for FWT27s used on 1| D[|eND
digital 1/0 cards. Note that only 23 of the 1/0 2 % B:g:m
points are available on the FWT27—the HVOUT7 4||olloicing
digital output is not available on the FWT27. 5(|@|{pIGIN3
12| I
7||®@]|pIGINg
8||@]|DIGIN5
9||D|IDIGING
m 010||@||DIGIN7
8311||o||ios
S o12|[@|[vo9
3813||o|lio10
8 814|[@|| 1011
8515||@||11012
(oXe]
8816 D013
0917 @||1o14
0018|[D|fro15
19[|@||HvOUTO
20[|@||HVOUT1
21||@||HvouT2
22||@|{HvouT3
23(|2]||HvouT4
24| DK
25(|@||HvouTs
26||@||HVOUT6
27||@|lGND
Figure 25. FWT Pinout for
Digital I/O Cards
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7.4 Digital Inputs and Outputs

Thedigital I/O card has 24 1/O points that are factory configured as either inputs or outputs
in banks of eight, depending on the model.

Figure 26 shows the locations of the I/O banks.
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Figure 26. Locations of Banks
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The 1/0 points on Bank 0 are always inputs, and the 1/0 points on Bank 1 are always out-
puts. The 1/0O points on Bank 2 were configured at the factory as either inputs or outputs,
depending on the model of the digital 1/O card. Table 8 lists the factory configurations.

Table 8. Digital /O Card Bank 2 '®)
Factory Configurations i

Model Bank 2 Configured As é
SR9200 Inputs g
SR9210 Sinking outputs
SR9220 —
SR9205 Inputs
SR9215 Sourcing outputs
SR9225 —

The operation of Bank 2 is determined by the components on the digital 1/0 card. Thereis
No jumper setting to select between inputs and outputs for Bank 2.

7.4.1 Digital Inputs
Table 9 provides the pinout configuration for the input points.

Table 9. Digital Inputs Pinout

Pin Bank O Pin Bank 2
2 DIGINO INO 13 1/08 IN8
3 DIGIN1 IN1 14 1/09 IN9
4 DIGIN2 IN2 15 1/010 IN10
5 DIGIN3 IN3 16 /011 IN11
8 DIGIN4 IN4 18 1/012 IN12
9 DIGINS IN5 19 1/013 IN13
10 DIGING IN6 20 1/014 IN14
11 DIGIN7 IN7 21 1/015 IN15
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The protected digital inputs, shown in Figure 27, are factory configured with 10 kQ pull-
up resistors. Digital I/O cards are also available in quantity with the protected digital
inputs pulled down as shown in Figure 27.

INPUT PULLED UP () ey
Vce

10 kQ
2 ko 74HC257
DIGIN | MULTIPLEXER 4» CPU card

10 nF

e
-
=
Q
(@)

—

INPUT PULLED DOWN
22 kQ
DIGIN i waHe2sT 4 CPU card
10 kQ I

10 nF

Figure 27. Protected Digital Inputs

A 0 Q surface-mount resistor is used as ajumper to select whether the inputs are pulled up
or down, as shown in Figure 28.

SINKING OUTPUTS SOURCING OUTPUTS
- H! °u ok = o [t
55> mputs m%ai INPUTS :&Hi INPUTS m%ag INPUTS
PULLED PULLED UP PULLED

Bank 2
JP3
Bank 2
JP3

=

Factory

Factory
Default

Default

H PULLED urP

DOWN = 5 DOWN
=F =T 1
2 82 O 2
3 87| |3 3

Bank 2
JP2

~

mmmmmmm
o o

HEEEEET

0000000000000
000000000000m

| é’@l
| PUUUTIODORND |

Figure 28. Selecting Pulled Up or Pulled Down Digital Inputs
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The digital inputs are able to operate continuously from -30 V to +30 V, and have alogic
threshold of 2.5 V. They are protected against spikes up to +43 V.
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7.4.2 Digital Outputs

The high-current digital outputs are either sinking or sourcing, depending on the model of
the digital 1/0 card. Table 10 provides the pinout configuration for the output points.

Table 10. Digital Outputs Pinout Q

Pin Bank 2 Pin Bank 1 I<_£I

13 1/08 ouTs 22 HVOUTO ouTo (:D

14 1/09 ouT9 23 HVOUT1 OuUT1 Q
15 /010 OuUT10 24 HVOUT2 ouT2
16 1/011 OuUT11 26 HVOUT3 OuUT3
18 1/012 OuUT12 27 HVOUT4 OouT4
19 /013 OouT13 29 HVOUTS5 OuT5
20 1/014 OouT14 30 HVOUT6 OuUT6
21 1/015 OuUT15 31 HVOUT7 OouT7

Figure 29 shows the power distribution on the digital I/O card.

BACKPLANE USER INTER-
SLOT 0-6 FACE (J2)
20 5V Multiplexer/
Latch K 128
JP1or JP3 FPWR

22 +V_USER
>

51 y +RAW

1,25 1,6,12,17,25,33

1

Figure 29. Digital I/O Card Power Distribution

When designing your interface with the Smart Star system, you need to establish whether
you will use the +V_USER/+RAW supply on the backplane or your own independent K
supply to drive the high-current outputs. The selection of this FPWR power supply is
implemented viaa 0 Q surface-mount resistor on header JP1 (sinking outputs) or header
JP3 (sourcing outputs) as shown in Figure 30. The factory default isto use
+V_USER/+RAW, but digital I/O cards are available in quantity with the FPWR power
supply jumpered to your own independent K supply.
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Figure 30. Selecting Power Supply for High-Current Sinking or Sourcing Outputs

Figure 31 shows how to connect aload to the high-current outputs based on whether your
digital 1/0O card model has sinking or sourcing outputs.

SINKING OUTPUT SOURCING OUTPUT
FPWR Load FPWR
HVOUT ] L ‘ HvVOUT
536 Q J 1kQ 100 nF == Load
CPU card I100 nF CPU card

Figure 31. Connecting a Load to the High-Current Outputs

Each high-current output is able to sink or source up to 200 mA continuously, with a load
limit of 40 V. Each high-current output may be switched independently, or awhole bank
may be switched at once. The total current draw should be kept below 2.0 A when all
high-current outputs on one digital I/O card are operating s multaneously, and the total
current draw from your +V_USER/+RAW supply for al the 1/O cards should be kept
below 7.0 A.

NOTE: Notethat the power supply provided in the Smart Star Tool Kit has a maxi-
mum output of 1.1 A.
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7.5 Software

Dynamic C Premier is an integrated development system for writing embedded software.
It runs on an IBM-compatible PC and is designed for use with Z-World controllers and
other controllers based on the Rabbit microprocessor.

7.5.1 Dynamic C Libraries 9
With Dynamic C running, click File > Open, and select Li b. The following list of <
Dynamic C libraries and library directories will be displayed. o
&
Open  HH|
Lookin: | Lib - S
Biosib: Costate.lib SLICE i el
lcom FFT.lib STDIO.Ib
Jrablib MATH.lib String.lib
Srarkztar Fragram.lib Spslib
Tepip R5232.lb Usos2 b
COFUNC.Iib RTCLOCK.lib Wdriver. lib
L4 | i

Flogane: | | Oeen |
Filez of type: ISu:uun:e Files [*.c;%lib] j Cancel |

Onelibrary directory is specific to the Smart Star.

» SMRTSTAR—libraries associated with features specific to the Smart Star control sys-
tem.

Other functions applicable to all devices based on the Rabbit 2000 microprocessor are
described in the Dynamic C Premier User’s Manual.
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7.5.2 Library Directories

The SMRTSTAR directory contains libraries required to operate the Smart Star control sys-

tem.

Open

Look, i I £ Smrtstar
Smrtstar. b

File name: I

Open I

Files af type: ISnurce Files [*.c;"lib)

j Caricel |

* SMRTSTAR. LI B—Thislibrary supports al the functions needed by the Smart Star sys-
temsincluding digital 1/0 cards, relay cards, D/A converter and A/D converter cards,

and serial communication.
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7.5.3 Smart Star Digital 1/0 Card Function APIs

int digln(int channel);

Reads the state of adigital input channel (INO-IN15, IN8-IN15 is not available on all versions of the

digital 1/0 card). g
PARAMETER =
channel isthedigital input channel to read. channel should be passed as 5
channel = (slotnunber * 128) + (channel nunber) (@]
or
channel = ChanAddr (sl ot nunber, channel nunber)

where sl ot nunber is0-6,and channel nunber is0-15.
RETURN VALUE
The state of the digital input channel, 0 or 1.
SEE ALSO
di gBankl n, di gQut, di gBankQut

i nt di gBankl n(int bank);

Reads the state of Bank 0 or Bank 2 (if installed) digital input channels—Bank 0 consists of INO-IN7
and Bank 2 consists of IN8—IN15.

PARAMETER
bank isthe bank of digital input channelsto read. bank should be passed as
bank = (sl otnunber * 16) + (banknunber)
or
bank = BankAddr (sl ot nunber, banknumnber)
where sl ot nunber is0-6, and banknunber isOor 2.
RETURN VALUE
Aninput value in the lower byte, where each hit corresponds to one channel.
SEE ALSO
di gl n, di gQut, di gBankQut
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voi d digQut(int channel, int value);

Writes avalue to an output channel (OUT0-OUT15, OUT8-IN15 not available on all versions of the
digital 1/0 card).

PARAMETERS
2 channel isthedigita output channel to write. channel should be passed as
3:' channel = (slotnunber * 128) + (channel nunber)
|: or
Q
Q channel = ChanAddr (sl ot nunber, channel nunber)

wheres| ot nunber is0-6, and channel nunber is0-15.

val ue isthe output value, O or 1.
RETURN VALUE
None.
SEE ALSO
di gBankQut, di gl n, digBankin

i nt di gBankQut (i nt bank, int val ue);

Writes abyte valueto Bank 1 or Bank 2 (if installed) digital output channels—Bank 1 consists of OUTO—
OUT?7 and Bank 2 consists of OUT8-OUT15.

PARAMETER
bank isthe bank of digital output channelsto write. bank should be passed as
bank = (sl ot nunber * 16) + (banknunber)
or
bank = BankAddr (sl ot nunber, banknunber)
where s| ot nunber is0-6, and banknunber is1or 2.
val ue isthe output value, where each bit correspons to one channel.
RETURN VALUE
Aninput value in the lower byte, where each hit corresponds to one channel.
SEE ALSO
di gQut, digln, digBankln
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7.5.4 Sample Programs

* SSTARI O C—Demonstrates digital 1/0 using individual channels and whole banks.
The sample program is set up for 8 inputs and 16 outputs. If necessary, you may change
the macros in the sample program to match your digita 1/0 card.

7.5.4.1 Using Dynamic C

To run asample program, open it with the File menu (if it is not still open), compile it
using the Compile menu, and then run it by selecting Run in the Run menu. The CPU
card must be in Program Mode (see Section 4.1, “Programming Cable”) and must be con-
nected to a PC using the programming cable as described in Section 2.3, “Programming
Cable Connections.”
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More complete information on Dynamic C is provided in the Dynamic C Premier User’s
Manual.
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7.6 Electrical and Mechanical Specifications

Figure 32 shows the mechanical dimensions for the digital 1/O card.
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Figure 32. Digital I/O Card Dimensions

NOTE: All diagram and graphic measurements are in inches followed by millimeters
enclosed in parentheses.
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Table 11 lists the electrical, mechanical, and environmental specifications for the digital
1/O card.

Table 11. Digital I/O Card Specifications

Parameter Specification

2.73" x 3.00" x 0.44"

e
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Board Size (70 mm x 76 mm x 11 mm)

Connectors one 2 x 17 latch/gject ribbon connector, 0.1 inch pitch
Operating Temperature —40°Cto +70°C

Humidity 5% to 95%, noncondensing

5V DC at 65 mA from backplane (+5 V supply)

9V to30V DC for +RAW/+V_USER from backplane or 9 V
to 30V DC for K on user interface header J2

Maximum draw 2.0 A from +RAW/+V_USER on backplane

Power Requirements

Continuous operation from -30 V to +30 V, logic threshold at
Digital Inputs 2.5V, protected against spikes 48 V, 10 kQ pull-up/pull-down
resistors

Each output can sink (source) up to 200 mA continuously with
load limit of 40 V, each output may be switched independently
Digital Outputs or bank of eight may be switched all at once, load current
supplied from +RAW/+V_USER on backplane or user-
supplied K on user interface header J2
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x
L]
l_
o
L
=
pa
O
O
Q
<




A/D CONVERTER

Smart Star A/D Converter Cards (SR9300)



8. A/D CONVERTER CARDS

Chapter 8 describes the features of the A/D converter card, one
of the I/O cards designed for the Smart Star embedded control
System.

The Smart Star is amodular and expandable embedded control system whose configura-
tion of 1/0, A/D converter, D/A converter, and relay cards can betailored to alarge variety
of demanding real-time control and data acquisition applications.
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Thetypical Smart Star system consists of arugged backplane with a power supply, a CPU
card, and one or more 1/O cards. The CPU card plugs into a designated slot on the back-
plane chassis, which has seven additional slots available for 1/O cards to be used in any
combination. A high-performance Rabbit 2000 microprocessor on the CPU card operates
at 25.8 MHz to provide fast data processing.

8.1 A/D Converter Card Features

Three models of A/D converter cards are available, as shown in Table 12.

Table 12. Smart Star A/D Converter Cards

1/0 Card Model Features

SR9300 12-bit A/D converter, 11 channels, 0V —10V

A/D Converter SR9310 12-bit A/D converter, 11 channels, -10V —+10V

SR9320 12-bit A/D converter, 11 channels, 4 mA —20 mA
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8.2 User Interface

Figure 33 shows the circuit used to condition the analog signal before it goesto the A/D
converter chip. Depending on the model of A/D converter card you have, it is designed to
handle analog inputsof 0V to 10V, -10 V to +10 V, or 4-20 mA. The two different volt-
age ranges are handled with different gain resistors, Ry 23.7 kQ for the SR9300 and

12.1 kQ for the SR9310. The input shown in Figure 33 is configured differently for the
SR9320, which handles analog inputs of 4-20 mA.

Crs
[l
I
1nF
Rg
o dWVo 4
Input Rin
= VVV - To ADC
100 kQ — >
+
VREF Rrop ReotTtom
10 kQ
II 100 nF 1

Figure 33. Analog Input Amplifier Circuit

Figure 34 shows the complete pinout for the user interface on header J2. Notethat pin 1is
indicated by asmall arrow on the ribbon cable connector.

AINO
GND
AIN3
AIN4
GND
GND
AIN8
AIN9
GND
GND

(3
N

O o o o ooooconl

o O o o 0o o o o o o

AIN1
AIN2
GND
AIN5
AING
AIN7
GND
AIN10
+5 V/ (ADC)

L

0000000000 000000000000
pO000000000 00000000000

+2.5V

Figure 34. A/D Converter Card User Interface Pinout
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8.3 User FWT Connections

Connectionsto the A/D converter cards are made via aribbon cable connector or optional
field wiring terminals that are either pluggable or have screw terminals. Table 13 lists the
the Z-World part numbers for the FWTs.

Table 13. Guide to FWT Selection

Z-World Part Number

Pluggable Terminals Screw Terminals
FWT Description I/O Cards »
s i
|_
o
L
>
5
FWT18 A/D Converter 101-0421 101-0425 @)
o)
. <
8.4 Pinouts
Figure 35 shows the pinout for the FWTs used on ; g Qm?
the A/D converter cards. 3/ p|lano
4||o||AIN2
5/(@||AIN3
6|[@||GND
7|[@||AIN4
8|[@||AINS
9|[@||eND
= ¢10||@]|AING
s 211|[||leND
s o12|[|lAIN7
$313||o[laiNs
es14][@]lenD
e s15[|@|lAINg
[ X J
8 816||D|[AIN10
ee17|[@||+5 V (ADC)
[ X J
0 e18||D|{+2.5 v (ADC)

Figure 35. FWT Pinout for
A/D Converter Cards
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8.5 Power Distribution

Figure 36 shows the power distribution on the A/D converter card.

BACKPLANE
SLOT 0-6
20 +5V Multiplexer/
Latch
+5V VecADC
22 +V_USER
Precision

+2.5 V reference

1, 26

1

Figure 36. A/D Converter Card Power Distribution
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8.6 Software

Dynamic C Premier is an integrated development system for writing embedded software.
It runs on an IBM-compatible PC and is designed for use with Z-World controllers and
other controllers based on the Rabbit microprocessor.

Dynamic C Premier is an integrated development system for writing embedded software.
It runs on an IBM-compatible PC and is designed for use with Z-World controllers and
other controllers based on the Rabbit microprocessor.

8.6.1 Dynamic C Libraries

With Dynamic C running, click File > Open, and select Li b. The following list of
Dynamic C libraries and library directories will be displayed.

Open  HH|
Lookin: | Lib - S
Biosib: Costate.lib SLICE i el
lcom FFT.lib STDIO.Ib
Jrablib MATH.lib String.lib
Srarkztar Fragram.lib Spslib
Tepip R5232.lb Usos2 b
COFUNC.Iib RTCLOCK.lib Wdriver. lib
L4 | i

Flogane: | | Oeen |
Filez of type: ISu:uun:e Files [*.c;%lib] j Cancel |

Onelibrary directory is specific to the Smart Star.

* SMRTSTAR—libraries associated with features specific to the Smart Star control sys-
tem.

Other functions applicable to all devices based on the Rabbit 2000 microprocessor are
described in the Dynamic C Premier User’s Manual.
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A/D CONVERTER

8.6.2 Library Directories

The SMRTSTAR directory contains libraries required to operate the Smart Star control sys-
tem.

Open
Look, i I £ Smrtstar
S rrtstar. fibd

File name: I Open I
Files af type: ISnurce Files [*.c;"lib) j Cancel |

* SMRTSTAR. LI B—Thislibrary supports al the functions needed by the Smart Star sys-
temsincluding digital 1/0 cards, relay cards, D/A converter and A/D converter cards,
and serial communication.
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8.6.3 Smart Star A/D Converter Card Function APIs

i nt anal nEERd(i nt channel);

The A/D converter card calibration constants, gain, and offset are stored in the factory in the upper half
of the EEPROM on the A/D converter card. Use this function to read the A/D converter card calibration
constants, gain, and offset from the upper half of the EEPROM on the A/D converter card

PARAMETERS
channel istheanalog input channel. channel should be passed as
channel = (slotnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunber is0-10
or
channel = ChanAddr (sl ot nunber, channel nunber)
where s| ot nunber is0-6, and channel nunber is0-10.
RETURN VALUE

0if successful.
-1—control command unacceptable.
-2—EEPROM address unacceptable.

SEE ALSO
anal nEwW

i nt anaSaveCalib();

The calibration constants may also be saved in the flash memory on the Smart Star CPU card. Doing so
will speed up A/D conversions since a memory access from flash memory will be faster than from
EEPROM. UseanaSavecCal i b to save the current set of calibration constants for the anal og input and
output channelsin the Smart Star flash memory. The calibration constants stored in flash memory can
then be accessed at any time with theanalLoadCal i b function.

If the factory-set calibration are not used, customer-measured calibration constants should first be estab-
lished using the anal nCal i b function.

RETURN VALUE
None.
SEE ALSO
anaLoadCali b, analnCalib

voi d anaLoadCal i b();

Reads a complete set of calibration constants for the analog input and output channels from the Smart
Star flash memory on the CPU card. These should be set using the anal nCal i b or anal nEERd func-
tion, then saved to flash memory using theanaSaveCal i b function.

RETURN VALUE
None.
SEE ALSO
anaSaveCal i b, analnCalib
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A/D CONVERTER

int analnCalib(int channel, int val uel,
float voltl,int value2, float volt2);

Used to recalibrate the response of the A/D converter channel as alinear function using the two conver-
sion points provided. Gain and offset constants are calculated and placed into the global table
_adcCal i b.

PARAMETERS
channel isthe A/D converter input channel (0-10). channel should be passed as
channel = (slotnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunber is0-10
or
channel = ChanAddr (sl ot nunber, channel nunber)
where sl ot nunber is0-6, and channel nunber is0-10.
val uel isthefirst A/D converter value.
vol t 1 isthe voltage corresponding to the first A/D converter value.
val ue2 isthe second A/D converter value.
vol t 2 isthe voltage corresponding to the first A/D converter value.
RETURN VALUE
0if successful, -1, if not able to make calibration constants.
SEE ALSO

analn, analnVolts

i nt anal nEEW (i nt channel);

Writes the calibration constants, gain, and offset to the upper half of the EEPROM on the A/D converter
card.

PARAMETERS
channel istheanalog input channel. channel should be passed as
channel = (slotnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunber is0-10
or
channel = ChanAddr (sl ot nunber, channel nunber)
where sl ot nunber is0-6, and channel nunber is0-10.
RETURN VALUE

0if successful.
-1—control command unacceptable.
-2—EEPROM address unacceptable.
-3—data value unacceptable.

SEE ALSO

anal nEERd, _anal nEEW
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unsi gned i nt anal n(unsigned int channel);

Reads the state of an analog input channel and convertsit to adigital value. A timeout occurs, causing
the function to exit, if the end of the conversion is not detected within 13 ps.

PARAMETERS
channel istheanalog input channel toread. channel should be passed as
channel = (slotnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunber is0-10
or
channel = ChanAddr (sl ot nunber, channel nunber)
where sl ot nunber is0-6, and channel nunber is0-10.
RETURN VALUE

A value corresponding to the voltage on the analog input channel, 0-4095. A value outside this range
indicates afailure

SEE ALSO

analnCali b, analnVolts

i nt anal nVol ts(int channel);

Reads the state of an analog input channel and uses the previously set calibration constants to convert the
state to volts.

PARAMETERS
channel istheanalog input channel. channel should be passed as
channel = (sl otnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunber is0-10
or
channel = ChanAddr (sl ot nunber, channel nunber)
where sl ot nunber is0-6, and channel nunber is0-10.
RETURN VALUE
A voltage val ue corresponding to the voltage on the analog input channel, 0—4095.
SEE ALSO

analn, analnCalib
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A/D CONVERTER

8.6.4 Sample Programs

* SSTARAD1. C—Demonstrates how to calibrate an A/D converter channel using two
known voltages, and defines the two coefficients, gain and offset. These coefficients are
then read back to compute the equivalent voltage.

* SSTARAD2. C—Reads and displays voltage and equivalent values of each A/D con-
verter channel. Calibrations must have been previoudly stored into flash memory before
running this program. See sample program SSTARADS. C.

* SSTARAD3. C—Demonstrates how to calibrate all A/D converter channels using two
known voltages and defines the two coefficients, gain and offset. These coefficients are
then read back to compute the equivalent voltage and are saved to flash memory.

8.6.4.1 Using Dynamic C

To run asample program, open it with the File menu (if it is not still open), compileit
using the Compile menu, and then run it by selecting Run in the Run menu. The CPU
card must be in Program Mode (see Section 4.1, “Programming Cable”) and must be con-
nected to a PC using the programming cable as described in Section 2.3, “Programming
Cable Connections.”

More complete information on Dynamic C is provided in the Dynamic C Premier User’s
Manual.
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8.7 Electrical and Mechanical Specifications

Figure 37 shows the mechanical dimensions for the A/D converter card.
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Figure 37. Relay Card Dimensions

NOTE: All diagram and graphic measurements are in inches followed by millimeters
enclosed in parentheses.
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A/D CONVERTER

Table 14 lists the electrical, mechanical, and environmental specifications for the A/D

converter card.

Table 14.

A/D Converter Card Specifications

Parameter

Specification

Board Size

2.73" x 3.00" x 0.44"
(70 mm x 76 mm x 11 mm)

Connectors

one 2 x 10 latch/gject ribbon connector, 0.1 inch pitch

Operating Temperature

—40°C to +70°C

Humidity

5% to 95%, noncondensing

Power Requirements

5V DC at 40 mA from backplane (+5 V supply)

9V to30V DC,35mA at 24V DC, +RAW/+V_USER from
backplane

Number of Inputs

11 conditioned channels

Analog Input Ranges’

0V to+10V (max. +22V DC)
10V to +10V (max. £40V DC)
4 mA to 20 mA (max. 30 mA)

Resolution

12 bits (0-4095)

Conversion Time
(including Dynamic C)

0.13 mg/channel (includes 0.08 ms/channel for raw count)

Repeatability

Typical +%2 count, maximum +1 count @ —20°C to +70°C
Typical £1 count, maximum %2 counts @ —40°C to —20°C

Accuracy

Typical +1 count, maximum %2 counts @ 25°C
+4 counts @ —40°C and +70°C"

Input Impedance

SR9300 (0 V to +10 V): 100 kQ min.
SR9310 (=10 V to +10 V): 100 kQ min.
SR9320 (4 mA to 20 mA): 249 Q + 1%

Linearity Error (end to end)

+1 count

* The A/D converter card is protected against transients that might exceed the maximum

ratings.

T Accuracy at temperature extremes can beimproved by recalibrating the A/D converter
card at the temperature it will be used at.
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9. D/A CONVERTER CARDS

Chapter 9 describes the features of the D/A converter card, one
of the I/O cards designed for the Smart Star embedded control
System.

The Smart Star is amodular and expandable embedded control system whose configura-
tion of 1/0, A/D converter, D/A converter, and relay cards can betailored to alarge variety
of demanding real-time control and data acquisition applications.

Thetypical Smart Star system consists of arugged backplane with a power supply, a CPU
card, and one or more 1/O cards. The CPU card plugs into a designated slot on the back-
plane chassis, which has seven additional slots available for 1/O cards to be used in any
combination. A high-performance Rabbit 2000 microprocessor on the CPU card operates
at 25.8 MHz to provide fast data processing.

9.1 D/A Converter Card Features

Three models of D/A converter cards are available, as shown in Table 15.
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Table 15. Smart Star D/A Converter Cards

/0 Card Model Features

SR9400 12-bit D/A converter, 8 channels, 0V — 10V

D/A Converter SR9410 12-bit D/A converter, 8 channels, -10V —+10V

SR9420 12-bit D/A converter, 8 channels, 4 mA — 20 mA
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9.2 User Interface

Figure 38 shows the D/A converter circuit. A buffer, U6, buffers the data signals DO-D7
from the Smart Star backplane, and sends them to the D/A converter, U2-U5. Signals D2—
D5 are used to switch the chip select line to identify which D/A converter will perform the
conversion. The model of D/A converter card determines the analog output ranges (0 V to
10V, -10V to+10V, or 4-20 mA). The different voltage or current ranges are handled with
different feedback resistors, as shown in Figure 38. A switching regulator provides a regu-
lated power supply for the op-amps.

33 pF
-
SR9400/SR9410 I
+5Y 825 kQ
———\\N— D/A_SEN[0-7]
u2-Us
DA DATA —{DIN  DAC 165 kQ U10
DA_\_CLK —sClk  OUT ——AAAN——4
—lics
100 Q
1
0Q
D/A_OUT[0-7]
33 pF
-
SR9420 1l
5V ‘ 8.25 kQ
u2-Us
DA _DATA — DN DAC 165 kQ U10 0a
DA CLK —|sck  out AN =
- —]/cs
T 165 kQ 100
= A% +
AVAVAY; 8— D/A_OUT[0-7]
8.25 kQ

Figure 38. D/A Converter Card Circuit

NOTE: The D/A_SEN[0-7] sensing inputs are not used when using the current source
version (model SR9420) of the D/A converter card.
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Figure 39 shows the complete pinout for the user interface on header J1. Notethat pin 1is
indicated by a small arrow on the ribbon cable connector.

J1

D/A_SENO [m c©|D/A_OUTO
D/A_SEN1|a o |D/A_OUT1 | 4
D/A_SEN2|= o |GND W OSSRRO0O00
D/A_SEN3|c o |D/A_OUT2 v
D/A_SEN4 | o o |[D/A_OUT3

AGND | o ©|D/A_OUT4
D/A_SEN5 |5 o |D/A_OUT5
D/A_SEN6 | o o |D/A_OUT6

AGND |0 ©|D/A_OUT7? \

AGND | o ©|D/A_SEN7 o

Figure 39. D/A Converter Card User Interface Pinout

The D/A converter card has eight analog output channels, D/A_OUT[0-7], and isaso
equipped with aremote sensing capability through sensing inputs D/A_SEN[0-7] for the
voltage-amplifier versions of the D/A converter card (models SR9400 and SR9410). These
sensing inputs compensate for the voltage drop across the wire leads of low-impedance loads
to provide a more precise output across the load.

Let’slook at Figure 40 to see how this happens. Assume the load is 500 Q. If the imped-
ance of the wire used to connect the load to the output terminal on the D/A converter card
is5 Q, there will be avoltage drop of about 5 Q/500 Q = 1% across the wire. The voltage
across the load will then be 1% less, which is about 40 counts for the SR9400. By connect-
ing D/A_SEN as shown in Figure 40, the output driver will be able to sense the voltage
drop across the wire and provide a more accurate voltage output across the load. If the
load impedance is much greater than the impedance of the wire leads, smply leave the
D/A_SEN sensing inputs open.

33 pF
| ]
I
825 kQ
> DIA_SEN[0-7]
u10
1000 S50
00
5Q
AN —
D/A_OUT[0-7]
% 500 Q

Figure 40. D/A Converter Output for Low-Impedance Loads
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9.3 User FWT Connections

Connectionsto the D/A converter cards are made via aribbon cable connector or optional
field wiring terminals that are either pluggable or have screw terminals. Table 16 lists the
the Z-World part numbers for the FWTs.

Table 16. Guide to FWT Selection

Z-World Part Number

Pluggable Terminals Screw Terminals
FWT Description I/O Cards
FWT18 D/A Converter 101-0421 101-0425
9.3.1 Pinouts
Figure 41 shows the pinout for the FWTs used on ; g 87/:_25':3
the D/A converter cards. |||l ora_sent
4{|@|lp/Aa_ouT1
5/(@||D/A_SEN2
6|[@||GND
7||@||o/A_SEN3
8|[@||p/A_ouT2
9|(@||D/A_SEN4
= ¢10||@||D/A_0OUT3
4K 2] | [e1Xb)
e 812|lm||o/A_ouTa
$313||o|lp/a_sens
8 814||@||p/A_ouTs
5515 o|lo/a_sene
¢ 816||D|[D/A_OUT6
ee17||®|lD/A_oOUT?
[ X J
e ¢18||D||D/A_SEN7

Figure 41. FWT Pinout for
D/A Converter Cards
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9.4 Power Distribution

Figure 42 shows the power distribution on the D/A converter card.

BACKPLANE
SLOT 0-6
— Multiplexer/
2 Y Latch
+4.096 V
DAC reference
22 +V_USER +12 V voltage
regulators
1,26
E— -

Figure 42. D/A Converter Card Power Distribution

Figure 43 shows the power supply for the op-amps used as voltage amplifiers/current
SOUrces.

U1
+12 V Reg|——OFF/ON control

+V_USER—r IN GNDOUT —+12V
T 1 T

U9
SR9410 -12V Reg

only _T_ IN GNDOUT ?YY‘TAI:
T T -12V

Figure 43. Op-Amp Power Supplies

Thereis provision in software using the anaQut Di sabl e or theanaQut Enabl e func-
tion callsto turn the regulated £12 V power supply off or on since pin 5 on U1 is connected
to PE7 on the Rabbit 2000 microprocessor on the backplane. This type of disabling/enabling
allows the analog output channels to float in a high-impedance state.

The voltage regulator on/off is disabled by default when there is areset or when the D/A
converter card isfirst used. All output channels must be configured to the required voltage
or current outputs before calling the anaQut Enabl e function since unconfigured chan-
nels are automatically set to the maximum output.

The-12V supply is provided only for the SR9410, which provides analog outputsup to +10 V.
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D/A CONVERTER

9.5 Software

Dynamic C Premier is an integrated development system for writing embedded software.
It runs on an IBM-compatible PC and is designed for use with Z-World controllers and
other controllers based on the Rabbit microprocessor.

9.5.1 Dynamic C Libraries

With Dynamic C running, click File > Open, and select Li b. The following list of
Dynamic C libraries and library directories will be displayed.

open ______________________HEH

Lookin: |3 Lib

SLICE lib e lib

Biosit: Costate i

lcom FFT.lib STDIO.Ib

Jrablib MATH.lib String.lib

Srarkztar Fragram.lib Spslib

Tepip R5232.lb Usos2 b
COFUNC.Iib RTCLOCK.lib Wdriver. lib
L4 | i
File narme: I

Open I

Files af type: IS:::uru:e Files [*. ;% lib)

j Cancel |

One library directory is specific to the Smart Star.

* SMRTSTAR—Iibraries associated with features specific to the Smart Star control sys-

tem.
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9.5.2 Library Directories

The SMRTSTAR directory contains libraries required to operate the Smart Star control sys-

tem.

Open
Look, i I £ Smrtstar
Smitstar b
File name: I Open

Files af type: ISnurce Files [*.c;"lib)

[

[ e |
Cancel |

e SMRTSTAR. LI B—Thislibrary supports all the functions needed by the Smart Star sys-
temsincluding digital 1/0 cards, relay cards, A/D converter and D/A converter cards,

and serial communication.

User’'s Manual
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D/A CONVERTER

9.5.3 Smart Star D/A Converter Card Function APIs

voi d anaQut Di sabl e(voi d);

Turns off (disables) voltage regulator for output-channel op-ampson all D/A converter cards, leaving all
output channels in a high-impedance state.

RETURN VALUE
None.

See Al so

anaQut Enabl e, anaCQut, anaQutVolts, anaCutmAnps
voi d anaQut Enabl e(voi d) ;

Turns on (enables) voltage regulator for output-channel op-amps on all D/A converter cards.

NOTE: The voltage regulator on/off is disabled (off) at power-up or reset. All output
channels must be configured to the required voltage or current outputs before calling
the anaQut Enabl e function since unconfigured channels will be set automatically to
the maximum output.

RETURN VALUE
None.
SEE ALSO
anaQut Di sabl e, anaQut, anaQutVolts, anaQutmAnps

i nt anaCQut EERd(i nt channel);

The D/A converter card calibration constants, gain, and offset are stored in the factory in the upper half
of the EEPROM on the D/A converter card. Use this function to read the D/A converter card calibration
congtantsinto the global table _dacCal i b

Parameters
channel isthe D/A converter output channel. channel should be passed as
channel = (slotnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunmber is0-7
or
channel = ChanAddr (sl ot nunber, channel nunber)
where sl ot nunber is0-6, and channel nunmber is0-7.
RETURN VALUE

0 if successful.
—1—control command unacceptable.
—2—EEPROM address unacceptable.

SEE ALSO
anaQut EEW
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int anaQut Calib(int channel, int valuel,
float voltanpl, int value2, float voltanp2);
Calibrates the response of the desired D/A converter channel as alinear function using the two conver-
sion points provided. Gain and offset constants are calculated and placed into global table _dacCal i b.
Parameters

channel isthe D/A converter output channel. channel should be passed as
channel = (slotnunber * 128) + (channel nunber)

where sl ot nunber is0-6, and channel nunber is0-7

or
channel = ChanAddr (sl ot nunber, channel nunber)

where sl ot nunber is0-6, and channel nunber is0-7.

val uel isthefirst D/A conversion data point. Use avalue near 4095 to produce a lower output mea-
surement.

vol t anpl isthe voltage (volts) or current (milliamperes) measurement corresponding to the first D/A
conversion data point.

val ue2 isthe second D/A conversion data point. Use a value near 0 to produce a higher output mea-
surement.

vol t anp2 isthe voltage (volts) or current (milliamperes) corresponding to the second D/A conversion
data point.

Approximate Output Equivalent
r awcount
SR9400 SR9410 SR9420
0 (0000H) +10V +10V 20mA
2047 (07FFH) +5V oV 12mA
4095 (OFFFH) oV -10V 4 mA

RETURN VALUE
0if successful

—1 if not able to make calibration constants.

SEE ALSO
anaQut ,

anaQut Vol ts
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D/A CONVERTER

i nt anaSaveCal i b(int boardtype);

The calibration constants may also be saved in the flash memory on the Smart Star CPU card. Doing so
will speed up D/A conversions since a memory access from flash memory will be faster than from
EEPROM. UseanaSaveCal i b to save the current set of calibration constants for the analog input or
output channelsin the Smart Star flash memory. The calibration constants stored in flash memory can
then be accessed at any time with theanalLoadCal i b function.

Calibration constants should first be established using anaQut Cal i b or obtained viaanaCut EERd.
PARAMETER

boar dt ype isthetype of board, which isO for the D/A converter card, 1 for the A/D converter card.
RETURN VALUE

0if successful.

—1—attempt to write non-flash area, nothing written.
—2—r oot Sr ¢ not in root.

—3—timeout while writing flash memory.
—4—attempt to write to ID block sector(s).

SEE ALSO
anaLoadCal i b, anaCutCalib

i nt analLoadCal i b(i nt boardtype);

Reads a complete set of calibration constants for the anal og output channels from the Smart Star flash
memory on the CPU card. These should have been loaded to the flash memory with the anaSaveCa-
I'i b function.

PARAMETER
boar dt ype isthetype of board, which is O for the D/A converter card, 1 for the A/D converter card.
RETURN VALUE

O if successful.
—1—attempt to read from non-flash area.
—2—destination not all in root.

SEE ALSO
anaSaveCal i b, anaCutCalib
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i nt anaCQut (unsi gned i nt channel,
unsi gned int rawcount);

Sets the voltage of an analog output channel by serially clocking in 16 bitsto a D/A converter using the
following format:

* Program bits (D15...D12)
* New data (D11...D0)

D15 | D14 D13 | D12 | D11 (D10 D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

R1 | SPD |PWR| RO | MSB 12 data bits MSB-L SB (0-4095) LSB

SPD—Speed control bit: 1 = fast mode (default), 0 = slow mode
PWR—Power control bit: 1 = power down, O = normal operation (default)

The following table lists all the possible combinations of the register-selects bits R1
(Register 1) and RO (Register 0)

R1 RO Register

0 0 Write datato D/A converter channel B
0 1 Write data to buffer

1 0 Write data to D/A converter channel A
1 1 Reserved

PARAMETERS
channel isthe D/A converter output channel to write. channel should be passed as
channel = (slotnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunmber is0-7
or
channel = ChanAddr (sl ot nunber, channel nunber)
where sl ot nunber is0-6, and channel nunber is0-7.

r awcount isavalue corresponding to the voltage on the analog output channel (0—4095). The follow-
ing r awcount data correspond to the analog outputs indicated.

Approximate Output Equivalent
r awcount
SR9400 SR9410 SR9420
0 (0000H) +10V +10V 20 mA
2047 (07FFH) +5V oV 12mA
4095 (OFFFH) oV -10V 4mA
RETURN VALUE
0 if successful.
—1if rawcount isgreater than 4095.
SEE ALSO

anaCQut Vol ts, anaCutCalib
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D/A CONVERTER

voi d anaQut Vol t s(unsi gned i nt channel,
fl oat vol tage);

Sets the voltage of an analog output channel by using the previously set calibration constants to calculate
correct data values.

PARAMETERS
channel isthe D/A converter output channel. channel should be passed as
channel = (slotnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunber is0-7
or
channel = ChanAddr (sl ot nunber, channel nunber)
where sl ot nunber is0-6, and channel nunber is0-7.
vol t age isthe voltage desired on the output channel.
RETURN VALUE
None.
SEE ALSO
anaQut, anaQutCalib, anaCutmAnps

voi d anaQut mAnps(unsi gned i nt channel,
float current);

Sets the current of an analog output channel by using the previously set calibration constants to calculate
correct data values.

PARAMETERS
channel isthe D/A converter output channel. channel should be passed as
channel = (slotnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunber is0-7
or
channel = ChanAddr (sl ot nunber, channel nunber)
where sl ot nunber is0-6, and channel nunber is0-7.
vol t age isthe voltage desired on the output channel.
RETURN VALUE
0 if successful.
—1if not able to make calibration constants.
SEE ALSO
anaCQut, anaCutVolts, anaQutCalib
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i nt anaQut EEW (i nt channel);

Writes the calibration constants, gain, and offset to the upper half of the EEPROM on the D/A converter
card.

PARAMETERS
channel isthe D/A converter output channel. channel should be passed as
channel = (slotnunber * 128) + (channel nunber)
where sl ot nunber is0-6, and channel nunber is0-7
or
channel = ChanAddr (sl ot nunber, channel nunber)
where sl ot nunber is0-6, and channel nunber is0-7.
vol t age isthe voltage desired on the output channel.
RETURN VALUE

0 if successful.
-1—control command unacceptable.
-2—EEPROM address unacceptabl e.
-3—data value unacceptable.

SEE ALSO

anaQut EERd
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9.5.4 Sample Programs

ANAVOUT. G—Demonstrates how to set the D/A channel for the desired outpui.

SSDAC1. C—Demonstrates how to recalibrate a D/A converter channel using two known
voltages, and shows how to define the two coefficients, gain and offset, that will be
rewritten into the D/A converter card's EEPROM.

SSDAC2. C—Demonstrates how to recalibrate a D/A converter channel using an A/D
converter card andtwo known voltages. Shows how to define the two coefficients, gain
and offset, that will be rewritten into the D/A converter card's EEPROM.

SSDAC3. C—Demonstrates how to recalibrate a D/A converter channel using two known
currents, and shows how to define the two coefficients, gain and offset, that will be
rewritten into the D/A converter card's EEPROM.

SSDAC4. C—Demonstrates how to recaibrate a D/A converter channel using an A/D
converter card,two known currents. Shows how to define the two coefficients, gain and
offset, that will be rewritten into the D/A converter card's EEPROM.

9.5.4.1 Using Dynamic C

To run asample program, open it with the File menu (if it is not still open), compileit
using the Compile menu, and then run it by selecting Run in the Run menu. The CPU
card must be in Program Mode (see Section 4.1, “Programming Cable”) and must be con-
nected to a PC using the programming cable as described in Section 2.3, “Programming
Cable Connections.”

More complete information on Dynamic C is provided in the Dynamic C Premier User’s
Manual.
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9.6 Electrical and Mechanical Specifications

Figure 44 shows the mechanical dimensions for the D/A converter card.
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Figure 44. D/A Converter Card Dimensions
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NOTE: All diagram and graphic measurements are in inches followed by millimeters
enclosed in parentheses.
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Table 17 lists the electrical, mechanical, and environmental specifications for the D/A
converter card.

Table 17. D/A Converter Card Specifications

Parameter Specification

2.73" x 3.00" x 0.44"

Board Size (70 mm x 76 mm x 11 mm)
Connectors one 2 x 10 latch/gject ribbon connector, 0.1 inch pitch
Operating Temperature —40°Cto +70°C
Humidity 5% to 95%, noncondensing

5V DC at 50 mA typical from backplane (+5V supply)
Power Requirements 15V 1to30V DC, 30 mA at 24V DC, +RAW/+V_USER from

backplane

Number of Outputs 8 channels

SR9400: 0 V to +10V, 20 mA/channel (maximum)
Analog Output Ranges SR9410: 10V to +10 V, 20 mA/channel (maximum)
SR9420: 4 mA to 20 mA, 10 V (maximum)

Resolution 12 hits (0-4095)

Conversion Time

(including Dynamic C) 0.2 ms/channel

Output Stability +Y% count
SR9400: < 1 Q,

Output Impedance SR9410: <1 Q,

SR9420: > 100 kQ
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PART V. RELAY CARDS
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10. RELAY CARDS

Chapter 10 describes the features of the relay card, one of the
I/O cards designed for the Smart Star embedded control system.

The Smart Star is amodular and expandable embedded control system whose configura-
tion of 1/0, A/D converter, D/A converter, and relay cards can betailored to alarge variety
of demanding real-time control and data acquisition applications.

Thetypica Smart Star system consists of arugged backplane with a power supply, a CPU
card, and one or more I/O cards. The CPU card plugs into a designated slot on the back-
plane chassis, which has seven additional slots available for 1/O cards to be used in any
combination. A high-performance Rabbit 2000 microprocessor on the CPU card operates
at 25.8 MHz to provide fast data processing.

10.1 Relay Card Features

Two models of relay cards are available, as shown in Table 18.

Table 18. Smart Star Relay Cards

1/0 Card Model Features
SRI500 5 SPST relaysand 1 SPDT relay, each protected
Relay with onboard snubbers

SR9510 8 SPDT relays (no snubbers)
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The SR9500 relay cards are suitable for switching all kinds of loadsupto 30V DCat 1 A or
48V AC at 0.5 A. The SR9510 handles similar loads, but is restricted to noninductive loads
unless you add snubbers to the system that isinterfacing with the Smart Star.
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10.2 User Interface

Depending on the model of relay card (see Table 18), the relays on the relay card will be con-
figured as SPDT or SPST with or without snubbers. Figure 45 shows these relay configura-
tions.

+V
COM 8 1 4
NO 7
o Y SPDT
(no snubbers)
NC 9 10 | RELDRV
+V
CoM 8 )

100nF 470 7 S
VVV y SPDT
NO £ (with snubbers)
10 | RELDRV

100nF 470 9
NC

COoM

8
100 nF 47 Q
W7o l SPST
NO _9| (with snubbers)

10 RELDRV

[
Ll

Figure 45. Relay Configurations

The diode protects the coil power supply (and the Smart Star backplane) from inductive
spikes caused by energizing/de-energizing the coil, and the resistor-capacitor snubbers
protect the relay contacts against voltage spikes induced by inductive loads.

Figure 46 shows the complete pinout for the user interface on header J1. Notethat pin 1is
indicated by asmall arrow on the ribbon cable connector.

SR9500 SR9510
GND |® o | RELONO GND |m o| RELONO
RELONO | o o| RELOCOM RELOCOM | o o | RELONC
RELOCOM | & o©o| GND RELINO |o o | GND
RELINO | o o| RELINO REL1COM |o o| RELINC
REL1COM | & ©| REL1ICOM A/, OOOOOOOOOOOO (=) REL2NO | & o | REL2COM
REL2NO | o o| GND 0000000 REL2NC |o o| GND
REL2COM | = ©o| REL2NO REL3NO | o & | REL3COM
REL3NO | o o| REL2COM REL3NC |o o | REL4ANO
GND | o o| REL3NO GND | o = | RELACOM
REL3COM | & ©| REL3COM REL4NC |o o | REL5SNO
REL4NO | o o| REL4NO REL5COM | o o] RELSNC
REL4COM | @ ©| REL4COM REL6NO | o =& | REL6COM
GND |2 = | RELSNO GND | o © | REL6NC
RELSNO | o o | REL5COM REL7NO | = o | REL7COM
REL5COM | o o | REL5SNC REL7NC (o ©
GND | o 0| RELSNC GND o B
GND o o o o

Figure 46. Relay Card User Interface Pinout
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10.3 User FWT Connections

Connectionsto the relay cards are made via aribbon cable connector or optional field wir-
ing terminalsthat are either pluggable or have screw terminals. Table 19 liststhe Z-World
part numbers for the FWTs.

Table 19. Guide to FWT Selection

Z-World Part Number
Pluggable Terminals Screw Terminals
FWT Description I/O Cards
FWT18R Relay (SR9500) 101-0422 101-0426
FWT27 Relay (SR9510) 101-0420 101-0424
10.3.1 Pinouts
Figure 47 shows the pinout for the FWT18R FwT27
FWTs used on the relay cards. SR9500 — 6-relay card SR9510 — 8-relay card
1[[o]lieND
2[|@|||RELONO
3| [||RELOCOM
4||o|[|RELONC
S 5||@|[|REL1INO
11| D} RELONO 6/|o||REL1COM
2|[@||[rRELOCOM 7l o|[ReLine
31/ @ GNP 8|{@|[|REL2NO n
4|[@|fRELINO 9||@|||REL2COM a)
e 2| Qf|RELICOM = o 10||@|[REL2NC @
333 @||GND $211||o||REL3NO 6
82 7|[D[[REL2NO s 212 ||[REL3COM
332 (% RE'EfCOM e e13||o|[REL3NC z
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Figure 47. FWT Pinouts for Relay Cards
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10.4 Power Distribution
Figure 48 shows the power distribution on the relay card.

BACKPLANE
SLOT 0-6

20 +5V Multiplexer/
Latch

+12 V linear

|_ regulator
22 +V_USER +12 V coil actuation
voltage
Comparator

Figure 48. Relay Card Power Distribution

—

Therelay coil actuation voltageis 12V, and so +V_USER should be 12V to 30V DC. The
+V_USER supply passes through alinear regulator and comparator, which arein parallel.
The comparator is set for approximately +13.9V, and aslong as +V_USER ismore than
+13.9V, the +12 V from the linear regulator will provide the coil actuation voltage.
Should +V_USER be less than +13.9 V, the comparator will supply +V_USER directly to
provide the coil actuation voltage.
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10.5 Relay Cards Software

Dynamic C Premier is an integrated development system for writing embedded software.
It runs on an IBM-compatible PC and is designed for use with Z-World controllers and
other controllers based on the Rabbit microprocessor.

10.5.1 Dynamic C Libraries

With Dynamic C running, click File > Open, and select Li b. The following list of
Dynamic C libraries and library directories will be displayed.

Open  HH|
Lookin: | Lib - S
Biosib: Costate.lib SLICE i el
lcom FFT.lib STDIO.Ib
Jrablib MATH.lib String.lib
Srarkztar Fragram.lib Spslib
Tepip R5232.lb Usos2 b
COFUNC.Iib RTCLOCK.lib Wdriver. lib
L4 | i

Flogane: | | Oeen |
Filez of type: ISu:uun:e Files [*.c;%lib] j Cancel |

Onelibrary directory is specific to the Smart Star.

» SMRTSTAR—libraries associated with features specific to the Smart Star control sys-
tem.
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10.5.2 Library Directories

The SMRTSTAR directory contains libraries required to operate the Smart Star control sys-
tem.

Open

Look, i I £ Smrtstar

File name: I Open

Files af type: ISnurce Files [*.c;"lib) j Cancel |

* SMRTSTAR. LI B—Thislibrary supports all the functions needed by the Smart Star sys-
temsincluding digital 1/0 cards, relay cards, D/A converter and A/D converter cards,
and serial communication.

10.5.3 Smart Star Relay Card Function APIs

void relayQut(int relay, int value);

Setsthe state of arelay.
PARAMETER
r el ay istherelay to set. r el ay should be passed as
relay = (slotnunber * 128) + (relaynunber)
or
rel ay = ChanAddr (sl ot nunber, rel aynunber)

where sl ot nunber is0-6, andr el aynunber is0-5 (SR9500) or 0—7 (SR9510), depending on the
model of relay card.

RELAY CARDS

val ue isthevalueto set the relay to, 0 or 1 (off or on).
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10.5.4 Sample Programs
* SSTARRLY. C—Demonstrates turning arelay on the relay card on and off.
10.6 Using Dynamic C

To run asample program, open it with the File menu (if it is not still open), compile it
using the Compile menu, and then run it by selecting Run in the Run menu. The CPU
card must be in Program Mode (see Section 4.1, “Programming Cable”) and must be con-
nected to a PC using the programming cable as described in Section 2.3, “Programming
Cable Connections.”

More complete information on Dynamic C is provided in the Dynamic C Premier User’s
Manual.
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10.7 Electrical and Mechanical Specifications

Figure 49 shows the mechanical dimensions for the relay card.

3.00
(76)
1.88
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/ ‘ ,
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O :Iﬁ :||: :||: = =1 I
- - = - = m] R7
5 Elmrld Blmmlg@ B
o — R2 R4
<]
S
=L

Figure 49. Relay Card Dimensions

NOTE: All diagram and graphic measurements are in inches followed by millimeters
enclosed in parentheses.

RELAY CARDS
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Table 20 lists the electrical, mechanical, and environmental specifications for the relay
card.

Table 20. Relay Card Specifications

Parameter Specification

2.73" x 3.00" x 0.44"

Board Size (70 mm x 76 mm x 11 mm)
Connectors one 2 x 17 latch/gject ribbon connector, 0.1 inch pitch
Operating Temperature —40°Cto +70°C
Humidity 5% to 95%, noncondensing
5V DC at 10 mA from backplane (+5 V supply)
Power Requirements 12V t0o30V DC, 10mA at 24V DC, +RAW/+V_USER from

backplane

Relay Switching Contacts 30VDCatl1Aor48V ACa05A

SR9500: 1 SPDT, 5 SPST (N.O., COM) with snubbers

Relays SR9510: 8 SPDT (N.O., N.C., COM), no snubbers
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APPENDIX A.
FIELD WIRING TERMINALS

Appendix A explains how to prepare the connector on an 1/O
card to accept a field wiring terminal, and how to secure the
field wiring termina to the 1/O card. The dimensions for the
field wiring terminals are included.
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A.1 Selecting and Installing a Field Wiring Terminal

Connections to the 1/O cards are made via a ribbon cable connector or optional field wir-
ing terminalsthat are either pluggable or have screw terminals. Three different Field Wir-
ing Terminals (FWTs) are available. Table A-1 liststhe 1/O cards and the Z-World part
numbers for the corresponding FWTSs.

Table A-1. Guide to FWT Selection

Z-World Part Number
Pluggable Terminals Screw Terminals
FWT Description I/O Cards m
FWT27 Digital 1/0 (SR9200 series) 101-0420 101-0424
A/D Converter (SR9300
series)
FWT18 D/A Converter (SR9400 101-0421 101-0425
series)
Relay (SR9510)
FWT18R Relay (SR9500) 101-0422 101-0426

Beforeyou caninstall the FWT you selected
for your 1/0O card, you must remove the tabs

from the connector on the |/O card. To do m @ m

SO, move thetab inwards as far as pOSSl bl (S //00500000000505000000000 , @
asshown in Figure A-1. Theninsert a

screwdriver into the space below the tab on
the side of the connector and gently nudge
the tab up and out. If you are careful, the tab
will remain intact to be saved and snapped
back in place should you need to use arib-

Figure A-1. Remove Tabs from Connector
on /O Card

bon cable connector in the future.

Plug the FWT connector into the connector ® ®
on the I/O card. Be sure to position the plug- U
gable or screw connectors so that the edge
of the FWT they are on faces outwardsfrom
the 1/O card as shown in Figure A-2. Posi-
tion the mylar insulator above the FWT as
shown in Figure A-2 to protect the header
pins on the printed circuit board, and secure

the FWT using the two 4-40 x ¥4 screws
supplied. Figure A-2. Secure FWT to I/O Card

o
Pifi 1 * Mylar insulator

1
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A.2 Dimensions
Figure A-3 shows the overall FWT dimensions.

Figure A-3. FWT Dimensions

00E0E6060606060606 0_225
(16)
® 29338552233385592 QO —— T
T ' 0.125
‘ ‘ (3.2)
. 0725 2.75
(18.5) 1 (70) !
4.20
(107)

NOTE: All diagram and graphic measurements are in inches followed by millimeters

enclosed in parentheses.

The actual appearance of the terminals may vary, depending on the number and type of
terminals. The pinouts for the FWTs applicable to aparticular 1/0O card are shown with the

pinouts for the connectors on the individual 1/0 cards.
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APPENDIX B. LCD/KEYPAD MODULE

An optional LCD/keypad module is available for the Smart Star.
Appendix B describes the LCD/keypad module and provides the
software APIs to make full use of the LCD/keypad module.

B.1 Specifications

Table B-1 lists the electrical, mechanical, and environmental specifications for the
L CD/keypad module.

Table B-1. LCD/Keypad Specifications

Parameter Specification
' 2.60" x 3.00" x 0.75"
Board Size (66 mm x 76 mm x 19 mm)
Operating Range: 0°C to +50°C
Temperature Storage Range: —40°C to +85°C
Humidity 5% to 95%, noncondensing
Power Consumption 1.5W maximum
Connections Connects to high-rise header sockets on Smart Star
LCD Panel Size 122 x 32 graphic display
Keypad 7-key keypad
LEDs Seven user-programmable LEDs
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APPENDICES

Figure B-1 shows the mechanica dimensions for the LCD/keypad module and its bezel.

DISPLAY BOARD

Om Om Om Om Onm
R2 R3 R4 RS R6 R7
i 2mm 2mm 2

il
ISl
] e
3 Q6 a7 Q8

3.00
(77)

4.40
(112)

Figure B-1. LCD/Keypad Module and Bezel Dimensions

NOTE: All measurements are in inches followed by millimeters enclosed in parentheses.
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B.2 Keypad Labeling

The keypad may be labeled according to your needs. A templateis provided in Figure B-2
to allow you to design your own keypad label insert.

Ut
HjEn

2.35
(60)

Figure B-2. Keypad Template

To replace the keypad legend, remove the old legend and insert your new legend prepared
according to the template in Figure B-2. The keypad legend is located under the blue key-
pad matte, and is accessible from the left only as shown in Figure B-3.

Keypad label is located

under the blue keypad matte. O @000 0DO0O O

4 A VvV »p
N opoo
moo

Figure B-3. Removing and Inserting Keypad Label
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B.3 Header Pinouts

Figure B-4 shows the pinouts for the LCD/keypad module.

J1

DB7B |o o | DB6B
DB5B | o o | DB4B
DB3B |o o | DB2B
DB1B |o o | DBOB

GND

DB6B
DB4B
DB2B
DBOB

AOB |0 o|A1B

/ICS |6 o|/RES

A2B |o o | A3B
+5BKLT (o m| VCC

GND |0 o| GND
GND | o o| LED7
LED6 |o o | LED5S

LED4 |o o | LED3
LED2 |o o | LED1

J2

J3

GND |o =
DB7B |7 ©
DB5B |2 ©
DB3B |= ©
DB1B |2 ©

AOB (= ©| A1B

A2B |- B | A3B
GND (o o |GND
GND | = ©|LED7
LED6 |o ©|LED5S
LED4 [o O |LED3
LED2 | o |LED1

/CS |5 B|/RES

+5BKLT |© B |VCC

Figure B-4. LCD/Keypad Module Pinouts

B.3.1 I/O Address Assignments

The LCD and keypad on the L CD/keypad module are addressed by the /CS chip select as

explained in Table B-2.

Table B-2. LCD/Keypad Module Address Assignment

Address Function
61COExx0-61COEXxx7 | LCD control
61COEXx8 LED enable
61COEXx9 Not used
61COEXXA 7-key keypad
61COEXXB (bits 0-6) 7-LED driver

61COEXXB (bit 7)

LCD backlight on/off

61COEXXC—-61COEXXF

Not used

132
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B.4 Mounting LCD/Keypad Module
B.4.1 Installation Guidelines
When possible, following these guidelines when mounting the LCD/keypad module.

1. Leave sufficient ventilation space

2. Do not install the LCD/keypad module directly above machinery that radiates a lot of
heat (for example, heaters, transformers, and high-power resistors).

3. Leaveat least 8" (20 cm) distance from electric power lines and even more from high-
voltage devices.

4. When installing the LCD/keypad module near devices with strong electrical or mag-
netic fields (such as solenoids), allow aleast 3" (8 cm), more if necessary.

The L CD/keypad module has strong environmental resistance and high reliability, but you
can maximize system reliability by avoiding or eliminating the following conditions at the
installation site.

» Abrupt temperature changes and condensation

»  Ambient temperatures exceeding arange of 0°C to 50°C
* Relative humidity exceeding arange of 5% to 95%

» Strong magnetism or high voltage

» Corrosive gases

 Direct vibration or shock

» Excessiveiron dust or salt

» Spray from harsh chemicals
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B.4.2 Mounting Instructions

A bezel and a gasket are included with the LCD/keypad module. When properly mounted
in a panel, the L CD/keypad module bezel is designed to meet NEMA 4 specifications for
water resistance.

Since the LCD/keypad module employs an LCD display, the viewing angle must be con-
sidered when mounting the display. Install the LCD/keypad module at a height and angle
that makes it easy for the operator to see the screen.

B.4.2.1 Bezel-Mount Installation

This section describes and illustrates how to bezel-mount the L CD/keypad module. Fol-
low these steps for bezel-mount installation.

1. Cut mounting holesin the mounting panel in accordance with the recommended dimen-
sionsin Figure B-5, then use the bezel faceplate to mount the L CD/keypad modul e onto
the panel.

N %
AN 7
AN 7
AN 7
AN ’
N 7
AN 7
AN 7
AN 7z
AN e
AN ’
O/-\
o
curTourT S
o=
// \
’ AN
// \
7z AN
// \
’ AN
// \
’ AN
// \
7 AN
//‘ \
- ————— — o+ ¥
. .10.230 i 8
(5.8) °e
2.870 .
(72.9)
3.100
(78.8)

Figure B-5. Recommended Cutout Dimensions

2. Carefully “drop in” the LCD/keypad module with the bezel and gasket attached.
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3. Fasten the unit with the four 4-40 screws and washers included with the LCD/keypad
module. If your panel isthick, use a4-40 screw that is approximately 3/16" (5 mm)
longer than the thickness of the panel.

f Bezel/Gasket

OE OE OE ON ON ON On
R R R RS Re R s
ZCUZCD30D 200 Z@D 2CD 2LD

Figure B-6. LCD/Keypad Module Mounted in Panel (rear view)

Carefully tighten the screws until the gasket is compressed and the plastic bezel face-
plate is touching the panel.

Do not tighten each screw fully before moving on to the next screw. Apply only one or
two turnsto each screw in sequence until all are tightened manually as far as they can
be so that the gasket is compressed and the plastic bezel faceplate is touching the panel.

User’'s Manual 135

0
L]
Q
0
Z
LL]
o
o
<




B.5 Connecting LCD/Keypad Module to Smart Star Backplane

The LCD/keypad module can be located as far as 2 ft. (60 cm) away from the Smart Star
backplane, and is connected via aribbon cable as shown in Figure B-7.

0000000000000 0000
0000000000000 0000

0000000000000 0000
0000000000000 0000

0000000000000 0000
0000000000000 0000

E
H
| —
Om ON ON ON ON ON ON
©) O

--[D]]]----
200 20D 20D Z@D 2mD

IEIIEIIEIIEI

\\ Fﬁn 1
h""u

EE
EE

goop
goop
—oop
s| doop

clomp )
goop
—oop
comp ]

3 .
n

Hoop

s| doop
goop

doop

i doop
doop

Figure B-7. Connecting LCD/Keypad Module to Backplane

Note the locations and connections for pin 1 on both the backplane and the L CD/keypad
module.
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The SR9050 backplane can also be panel-mounted behind the L CD/keypad module.

1. Prepare a cutout and install the LCD/keypad module in the cutout as explained in
Section B.4.2.1.

2. Use brackets to secure the L CD/keypad module to the panel using the four 4-40 screws
and washers included with the LCD/keypad module. The four screw positions are indi-
cated with the number 1 in Figure B-8. If your panel isthick, use a4-40 screw that is
approximately 3/16" (5 mm) longer than the thickness of the panel.

3. Use aribbon cable to connect header J6 on the backplane to header J1 on the LCD/key-
pad module. Note the pin 1 positions reflected by the red-colored line in the ribbon
cable shown in Figure B-8.

/7 Bezel/Gasket

Bracket 0

Panel

O0000000000000000
OO00000000000O000O0

8 8
0000000000000 0000
0000000000000 0000
OO0000000000000000
OO00000000000000O0

Figure B-8. Install Smart Star Backplane Behind LCD/Keypad Module
4. Securethe Smart Star backplane using four 4-40 x ¥2" or 6-32 x ¥2" screws at the screw
positions indicated with the number 2 in Figure B-8.

Brackets and ribbon cables are sold separately. Note that only a Smart Star assembly using
the SR9050 backplane can be panel-mounted.
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B.6 Font and Bitmap Converter

A Font and Bitmap Converter tool is available to convert Windows fonts and mono-
chrome bitmaps to alibrary file format compatible with Z-World’'s Dynamic C applica-
tions and graphical displays. Non-Roman characters can also be converted by applying the
monochrome bitmap converter to their bitmaps.

Start the Font and Bitmap Converter tool by double-clicking onthef bncnvtr. exe file
in the Dynamic C directory. You then select and convert existing fonts or bitmaps. Com-
plete instructions are available viathe Help menu that isin the Font and Bitmap Con-
verter tool.

Once you are done, the converted file is displayed in the editing window. Editing may be
done, but should not be necessary. Savethefileas! i braryfil enanme. | i b, where
i braryfil enane isafile name of your choice.

Add thelibrary file(s) to applications with the statement #use | i braryfil enane.li b,
or by cutting and pasting from the library file(s) you created into the application program.

TIP: If youusedthe#use |ibraryfilenane.!|ib statement, remember to enter
l'ibraryfilename.libintolib.dir,whichislocatedinyour Dynamic C directory.

You are now ready to add the font or bitmap to your application using the gl XFont | ni t
or the gl XPut Bi t map function calls.
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B.7 LCD/Keypad Module Function APIs
B.7.1 LEDs

When power is applied to the LCD/keypad module for the first time, thered LED (DS1)
will come on, indicating that power is being applied to the LCD/keypad module. The red
LED isturned off when the br dI ni t function executes.

One function is available to control the LEDs, and can be found in the SMRTSTAR. LI B
library.

void ledQut(int led, int value);

LED on/off control. This function will only work when the LCD/keypad moduleisinstalled on the Smart
Star.

PARAMETERS
| ed isthe LED to control.

0=LED DS1
1=LED DS2
2=LED DS3
3=LED D$4
4=LED DS5
5=LED DS6
6=LED DS7

val ue isthe value used to control whether the LED ison or off (0 or 1).
0 = off
1=on

RETURN VALUE

None.
SEE ALSO
brdl nit

(V)]
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B.7.2 LCD Display

The functions used to control the LCD display are contained in the GRAPHI C. LI B library
located in the Dynamic C DI SPLAYS\ GRAPHI Clibrary directory.

void gllnit(void);

Initializes the display devices, clears the screen.

RETURN VALUE
None.

SEE ALSO

gl D spOnCFF, gl Backl i ght, gl Set Contrast, gl Pl otDot, glBlock, glPlotDot,
gl Pl ot Pol ygon, glPlotGrcle, glHScroll, glVScroll, gl XFontlnit, glPrintf,
gl Put Char, gl SetBrushType, gl BuffLock, gl BuffUnlock, gl PlotLine

voi d gl BackLi ght (i nt onOff);

Setsthe intensity of the backlight, if circuitry isinstalled.

PARAMETER
onOf f reflectsthe low to high values (typically 0 to 255, depending on the board design) to set the back-
light intensity (O will turn the backlight off completely.)

RETURN VALUE
None.

SEE ALSO
glInit, gl D spOnoff, gl SetContrast

void gl Di spOnOif (int onOFf);

Setsthe LCD screen on or off. Datawill not be cleared from the screen.
PARAMETER
onOf f turnsthe LCD screen on or off

1—turn the LCD screen on
O—turn the LCD screen off

RETURN VALUE
None.

SEE ALSO
glInit, gl SetContrast, gl BackLi ght
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voi d gl Set Contrast (unsi gned | evel);
Sets display contrast (the circuitry is not installed on the L CD/keypad module used with the Smart Star).

PARAMETER
| evel reflectslow to high values (typically 0 to 255, depending on the board design) to give high to low
contrast respectively.

RETURN VALUE
None.

SEE ALSO
glInit, glBacklight, glD spOnoff

void gl Fill Screen(char pattern);

Fillsthe LCD display screen with a pattern.

PARAMETER
The screen will be set to all black if pat t er n isOxFF, al whiteif pat t er n is0x00, and vertical
stripes for any other pattern.

RETURN VALUE
None.

SEE ALSO
gl Bl ock, gl Bl ankScreen, gl Pl otPolygon, glPlotCircle

voi d gl Bl ankScreen(voi d);

Blanks the LCD display screen (sets LCD display screen to white).

RETURN VALUE
None.

SEE ALSO
gl Fill Screen, glBlock, glPlotPolygon, glPlotCircle
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void gl Block(int x, int y, int bmNdth,
i nt bnHei ght) ;

Drawsarectangular block in the page buffer and onthe LCD if the buffer is unlocked. Any portion of the
block that is outside the LCD display areawill be clipped.

PARAMETERS
x isthe x coordinate of the upper left corner of the block.
y isthey coordinate of the |eft top corner of the block.
bm dt h isthe width of the block.
bmW dt h isthe height of the block.

RETURN VALUE
None.

SEE ALSO
gl Fill Screen, gl Bl ankScreen, gl PlotPolygon, glPlotCircle

voi d gl Pl ot VPol ygon(int n, int *pFirstCoord);

Plots the outline of a polygon in the LCD page buffer, and on the LCD if the buffer is unlocked. Any por-
tion of the polygon that is outside the LCD display areawill be clipped. The function will also return,
doing nothing, if there are less than 3 vertices.

PARAMETERS
n isthe number of vertices.
*pFi r st Coor d isapointer to array of vertex coordinates: x1, y1, x2,y2, x3,y3, ...

RETURN VALUE
None.

SEE ALSO
gl Pl ot Pol ygon, gl Fill Pol ygon, gl Fill VPol ygon
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voi d gl Pl ot Pol ygon(int n, int yl, int x2, int y2,
Plots the outline of a polygon in the LCD page buffer and on the LCD if the buffer is unlocked. Any por-

tion of the polygon that is outside the LCD display areawill be clipped. The function will also return,
doing nothing, if there are less than 3 vertices.

PARAMETERS
n isthe number of vertices.
y1 isthey coordinate of the first vertex.
x 1 isthe x coordinate of the first vertex.
y2 isthey coordinate of the second vertex.
x2 isthe x coordinate of the second vertex.
. arethe coordinates of additional vertices.

RETURN VALUE
None.

SEE ALSO
gl Pl ot VPol ygon, gl Fill Pol ygon, gl Fill VPol ygon

void gl FillVPol ygon(int n, int *pFirstCoord);

Fillsapolygon in the LCD page buffer and on the LCD screen if the buffer is unlocked. Any portion of
the polygon that is outside the LCD display areawill be clipped. The function will aso return, doing
nothing, if there are less than 3 vertices.

PARAMETERS
n isthe number of vertices.

*pFi r st Coor d isapointer to array of vertex coordinates: x1, y1, x2,y2, x3,VY3, ...

RETURN VALUE
None.

SEE ALSO
gl Fi Il Pol ygon, gl Pl ot Pol ygon, gl Pl ot VPol ygon
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void gl FillPolygon(int n, int x1, int y1,
int x2, int y2, ...);

Fillsapolygonin the LCD page buffer and on the LCD if the buffer is unlocked. Any portion of the poly-
gon that is outside the LCD display areawill be clipped.

PARAMETERS
n isthe number of vertices.

x 1 isthe x coordinate of the first vertex.
y1 isthey coordinate of the first vertex.
x2 isthe x coordinate of the second vertex.
y2 isthey coordinate of the second vertex.
. arethe coordinates of additional vertices.

RETURN VALUE
None.

SEE ALSO
gl Fi Il VPol ygon, gl Pl ot Pol ygon, gl Pl ot VPol ygon

void glPlotCircle(int xc, int yc, int rad);

Drawsacirclein the LCD page buffer and on the LCD if the buffer is unlocked. Any portion of thecircle
that is outside the LCD display areawill be clipped.

PARAMETERS
xc isthe x coordinate of the center of the circle.
yc isthey coordinate of the center of the circle.
r ad isthe radius of the center of the circle (in pixels).

RETURN VALUE
None.

SEE ALSO
glFillGrcle, glPlotPolygon, glFillPolygon

void glFillCrcle(int xc, int yc, int rad);

Draws afilled circlein the LCD page buffer and on the LCD if the buffer is unlocked. Any portion of the
circlethat is outside the LCD display areawill be clipped.

PARAMETERS
X ¢ isthe x coordinate of the center of the circle.

yc isthey coordinate of the center of the circle.

r ad isthe radius of the center of the circle (in pixels).

RETURN VALUE
None.

SEE ALSO
gl PlotG rcle, glPlotPolygon, glFillPolygon
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void gl XFontlnit(fontlnfo *plnfo, char pixWdth,
char pi xHei ght, unsi gned start Char,
unsi gned endChar, unsigned | ong xmenBuffer);

Initializes the font descriptor structure, where the font is stored in xmem Each font character’s bitmap is
column major and byte-aligned.

PARAMETERS
*pl nf o isapointer to the font descriptor to beinitialized.
pi xXW dt h isthewidth (in pixels) of each font item.
pi xHei ght isthe height (in pixels) of each font item.
st art Char isthevalue of thefirst printable character in the font character set.
endChar isthevalue of thelast printable character in the font character set.
xmenBuf f er isthexnmempointer to alinear array of font bitmaps.

RETURN VALUE
None.

SEE ALSO
gl Prinf

unsi gned | ong gl Font Char Addr (fontl nfo *pl nfo,
char letter);

Returns the x memaddress of the character from the specified font set.

PARAMETERS
*pl nf o isthe xmemaddress of the bitmap font set.
| et t er isan ASCII character.

RETURN VALUE
xmemaddress of bitmap character font, column major, and byte-aligned.

SEE ALSO
gl Put Font, gl Printf
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void gl PutFont(int x, int y, fontlnfo *plnfo,
char code);
Puts an entry from the font table to the page buffer and on the LCD if the buffer is unlocked. Each font

character’s bitmap is column major and byte-aligned. Any portion of the bitmap character that is outside
the LCD display areawill be clipped.

PARAMETERS
X isthe x coordinate (column) of the upper left corner of the text.
y isthey coordinate (row) of the left top corner of the text.
*pl nf o isapointer to the font descriptor.
code isthe ASCII character to display.

RETURN VALUE
None.

SEE ALSO
gl Font Char Addr, gl Printf

voi d gl Set Pf Step(int stepX, int stepY);

Setsthegl Pri nt f () printing step direction. The x and y step directions are independent signed values.
The actual step increments depend on the height and width of the font being displayed, which are multi-
plied by the step values.

PARAMETERS
st epXisthegl Pri nt f xstep value

stepYisthegl Pri ntf ystepvaue

RETURN VALUE
None.

SEE ALSO
Usegl Get Pf St ep() to examine the current x and y printing step direction.

int gl Get Pf St ep(voi d);

Getsthecurrent gl Pri nt f () printing step direction. Each step direction isindependent of the other,
and istreated as an 8-bit signed value. The actual step increments depends on the height and width of the
font being displayed, which are multiplied by the step values.

RETURN VALUE
The x step isreturned in the MSB, and they step is returned in the LSB of the integer resullt.

SEE ALSO
Usegl Get Pf St ep() to control the x and y printing step direction.
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voi d gl Put Char (char ch, char *ptr, int *cnt,
gl Put Char I nst *pl nst)
Provides an interface between the STDIO string-handling functions and the graphic library. The STDIO

string-formatting function will call this function, one character at atime, until the entire formatted string
has been parsed. Any portion of the bitmap character that is outside the LCD display areawill be clipped.

PARAMETERS
ch isthe character to be displayed on the LCD.
*pt r isnot used, but is aplace holder for STDIO string functions.
*cnt isnot used, isaplace holder for STDIO string functions.
*pl nst isafont descriptor pointer.

RETURN VALUE
None.

SEE ALSO
gl Printf, gl PutFont, doprnt

void glPrintf(int x, int y, fontlnfo *plnfo,
char *fnt, ...);

Prints a formatted string (much like pr i nt f ) on the LCD screen. Only the character codes that exist in
the font set are printed, all others are skipped. For example, \b’, \t’, \n’ and \r’ (ASCI| backspace, tab,
new line, and carriage return, respectively) will be printed if they exist in the font set, but will not have
any effect as control characters. Any portion of the bitmap character that is outside the LCD display area
will be clipped.

PARAMETERS
X isthe x coordinate (column) of the upper left corner of the text.
y isthey coordinate (row) of the upper left corner of the text.
*pl nf o isafont descriptor pointer.
*fmt isaformatted string.

. areformatted string conversion parameter(s).

EXAMPLE
glprintf(0,0, &fil2x16, "Test %\ n", count);

RETURN VALUE
None.

SEE ALSO
gl XFont I ni t

User’'s Manual 147

0
L]
Q
0
Z
LL]
o
o
<




APPENDICES

voi d gl Buf f Lock(voi d);

Increments LCD screen locking counter. Graphic calls are recorded in the LCD memory buffer and are
not transferred to the LCD if the counter is non-zero.

NOTE: gl Buf f Lock() and gl Buf f Unl ock() can be nested up to alevel of 255, but
be sure to balance the calls. It is not a requirement to use these procedures, but a set of
gl Buf f Lock() and gl Buf f Unl ock() bracketing aset of related graphic calls speeds
up the rendering significantly.

RETURN VALUE
None.

SEE ALSO
gl Buf f Unl ock, gl Swap

voi d gl Buf f Unl ock(voi d);

Decrements the LCD screen locking counter. The contents of the LCD buffer are transferred to the LCD
if the counter goesto zero.

RETURN VALUE
None.

SEE ALSO
gl Buf f Lock, gl Swap

voi d gl Swap(void);

Checksthe LCD screen locking counter. The contents of the LCD buffer are transferred to the LCD if the
counter is zero.

RETURN VALUE
None.

SEE ALSO

gl Buf f Unl ock, gl BuffLock, _gl SwapData (locatedinthelibrary specifically for the LCD
that you are using)

voi d gl Set BrushType(i nt type);

Sets the drawing method (or color) of pixels drawn by subsequent graphic calls.

PARAMETER
t ype value can be one of the following macros.
Pl XBLACK draws black pixels.

Pl XWHI TE draws white pixels.
Pl XXOR draws old pixel XOR'ed with the new pixel.

RETURN VALUE
None.

SEE ALSO
gl Get BrushType
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i nt gl Get BrushType(void);
Gets the current method (or color) of pixels drawn by subsequent graphic calls.

RETURN VALUE
The current brush type.

SEE ALSO
gl Set BrushType

void gl PlotDot(int x, int y);

Draws asingle pixel in the LCD buffer, and on the LCD if the buffer is unlocked. If the coordinates are
outside the LCD display area, the dot will not be plotted.

PARAMETERS
X isthe x coordinate of the dot.
y isthey coordinate of the dot.

RETURN VALUE
None.

SEE ALSO
gl Plotline, glPlotPolygon, glPlotCircle

void gl PlotLine(int x0, int yO, int x1, int yl);

Drawsalinein the LCD buffer, and on the LCD if the buffer is unlocked. Any portion of thelinethat is
beyond the LCD display areawill be clipped.

PARAMETERS
x0 isthe x coordinate of one endpoint of the line.

y0 isthey coordinate of one endpoint of the line.
x 1 isthe x coordinate of the other endpoint of the line.
y 1 isthey coordinate of the other endpoint of the line.

RETURN VALUE
None.

SEE ALSO
gl Pl ot Dot, gl Pl ot Polygon, glPlotGrcle
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void glLeftl(int left, int top, int cols, int rows);

Scrolls byte-aligned window | eft one pixel, right column isfilled by current pixel type (color).
PARAMETERS

| ef t isthe upper left corner of bitmap, must be evenly divisible by 8.

t op isthe left top corner of the bitmap.

col s isthe number of columnsin the window, must be evenly divisible by 8.

r ows isthe number of rows in the window.

RETURN VALUE
None.

SEE ALSO
gl HScroll, glRightl

void glRghtl(int left, int top, int cols, int rows);

Scrolls byte-aligned window right one pixel, left columnisfilled by current pixel type (color).
PARAMETERS

| ef t isthe upper left corner of bitmap, must be evenly divisible by 8.

t op isthe left top corner of the bitmap.

col s isthe number of columns in the window, must be evenly divisible by 8.

r ows isthe number of rows in the window.

RETURN VALUE
None.

SEE ALSO
gl HScrol I, glLeftl

void gl Upl(int left, int top, int cols, int rows);

Scrolls byte-aligned window up one pixel, bottom column isfilled by current pixel type (color).
PARAMETERS

| ef t isthe upper left corner of bitmap, must be evenly divisible by 8.

t op isthe left top corner of the bitmap.

col s isthe number of columns in the window, must be evenly divisible by 8.

r ows isthe number of rows in the window.

RETURN VALUE
None.

SEE ALSO
gl VScrol |, gl Downl
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void gl Downl(int left, int top, int cols, int rows);
Scrolls byte-aligned window down one pixel, top column isfilled by current pixel type (color).
PARAMETERS
| ef t isthe upper left corner of bitmap, must be evenly divisible by 8.
t op isthe left top corner of the bitmap.
col s isthe number of columnsin the window, must be evenly divisible by 8.
r ows isthe number of rowsin the window.

RETURN VALUE
None.

SEE ALSO
gl VScrol I, gl Upl

void gl HScroll (int left, int top, int cols,
int rows, int nPiXx);

Scrollsright or left, within the defined window by x number of pixels. The opposite edge of the scrolled
window will befilled in with white pixels. The window must be byte-aligned.

Parameters will be verified for the following:

1. Thel ef t and col s parameterswill be verified that they are evenly divisible by 8. If not, they
will be changed to avalue that is amultiple of 8.

2. Parameterswill be checked to verify that the scrolling areais valid. The minimum scrolling areais
awidth of 8 pixels and a height of one row.
PARAMETERS
| ef t isthe upper left corner of bitmap, must be evenly divisible by 8.
t op isthe left top corner of the bitmap.
col s isthe number of columnsin the window, must be evenly divisible by 8.
r ows isthe number of rows in the window.
nPi x isthe number of pixelsto scroll within the defined window (a negative value will produce a scroll
to the left).

RETURN VALUE
None.

SEE ALSO
gl VScrol |
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void gl VScroll (int left, int top, int cols,
int rows, int nPiXx);
Scrolls up or down, within the defined window by x number of pixels. The opposite edge of the scrolled
window will befilled in with white pixels. The window must be byte-aligned.
Parameters will be verified for the following:

1. Thel ef t and col s parameterswill be verified that they are evenly divisible by 8. If not, they
will be changed to avalue that isamultiple of 8.

2. Parameters will be checked to verify that the scrolling areais valid. The minimum scrolling areais
awidth of 8 pixels and a height of one row.

PARAMETERS
| ef t isthe upper left corner of bitmap, must be evenly divisible by 8.
t op isthe left top corner of the bitmap.
col s isthe number of columns in the window, must be evenly divisible by 8.
r ows isthe number of rowsin the window.
nPi x isthe number of pixelsto scroll within the defined window (a negative value will produce a scroll
up).
RETURN VALUE

None.

SEE ALSO
gl HScr ol |

void gl XPutBitmap(int left, int top, int wdth,
i nt height, unsigned | ong bitmap);

Draws bitmap in the specified space. The data for the bitmap are stored in xmem This function calls
gl XPut Fast map automatically if the bitmap is byte-aligned (the left edge and the width are each
evenly divisible by 8).

Any portion of abitmap image or character that is outside the LCD display areawill be clipped.
PARAMETERS

| ef t isthe upper left corner of the bitmap.

t op isthe upper left corner of the bitmap.

wi dt h isthewidth of the bitmap.

hei ght isthe height of the bitmap.

bi t map isthe address of the bitmap in xnmem

RETURN VALUE
None.

SEE ALSO
gl XPut Fast map, gl Printf
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voi d gl XPut Fast map(int left, int top, int wdth,
i nt height, unsigned | ong bitmap);
Draws bitmap in the specified space. The data for the bitmap are stored in xnem This function is like
gl XPut Bi t map, except that it is faster. Therestriction is that the bitmap must be byte-aligned.
Any portion of abitmap image or character that is outside the LCD display areawill be clipped.
PARAMETERS
| ef t isthe upper left corner of the bitmap, must be evenly divisible by 8.
t op isthe upper left corner of the bitmap.
wi dt h isthewidth of the bitmap, must be evenly divisible by 8.
hei ght isthe height of the bitmap.
bi t map isthe address of the bitmap in xnem

RETURN VALUE
None.

SEE ALSO
gl XPut Bi t map, gl Printf

i nt Text W ndowFr ame(w ndowFr anme *w ndow,
fontInfo *pFont, int x, int y, int wi nWdth,
i nt w nHei ght)

Defines atext-only display window. This function provides away to display characters within the text
window using only character row and column coordinates. The text window feature provides end-of-line
wrapping and clipping after the character in the last column and row is displayed.

NOTE: Executethe Text W ndowFr anme function before other Text . . . functions.

PARAMETERS

*wi ndowisawindow frame descriptor pointer.

*pFont isafont descriptor pointer.

x isthe x coordinate of where the text window frameisto start.

y isthey coordinate of where the text window frameisto start.

wi nW dt h isthe width of the text window frame.

Wi nHei ght isthe height of the text window frame.
RETURN VALUE

O—window frame was successfully created.

-1—x coordinate + width has exceeded the display boundary.
-2—y coordinate + height has exceeded the display boundary.
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voi d Text Got oXY(wW ndowFranme *w ndow, int col,
int row;

Sets the cursor location on the display of where to display the next character. The display location is
based on the height and width of the character to be displayed.

NOTE: Executethe Text W ndowrr ame function before using this function.

PARAMETERS
*wWi ndowis apointer to afont descriptor.

col isacharacter column location.
r owisacharacter row location.

RETURN VALUE
None.

SEE ALSO
Text Put Char, TextPrintf, TextW ndowFrane

voi d Text Cur sor Locati on(w ndowFr ane *w ndow,
int *col, int *row);

Gets the current cursor location that was set by a Graphic Text . . . function.

NOTE: Executethe Text W ndowrr ame function before using this function.

PARAMETERS
*wWi ndowis apointer to afont descriptor.

*col isapointer to cursor column variable.
*r owisapointer to cursor row variable.
RETURN VALUE

Lower word = Cursor Row |ocation
Upper word = Cursor Column |ocation

SEE ALSO
Text Got oXY, TextPrintf, Text WndowFranme, Text CursorlLocation

voi d Text Put Char (struct w ndowFrane *w ndow, char ch);
Displays a character on the display where the cursor is currently pointing. If any portion of a bitmap
character is outside the LCD display area, the character will not be displayed.
NOTE: Executethe Text W ndowrr ame function before using this function.

PARAMETERS
*wWi ndowis apointer to afont descriptor.

ch isacharacter to be displayed on the LCD.

RETURN VALUE
None.

SEE ALSO
Text Got oXY, TextPrintf, TextW ndowFrame, Text CursorlLocation
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void TextPrintf(struct w ndowFrane *w ndow,
char *fnt, ...);
Prints aformatted string (much like pr i nt f) on the LCD screen. Only printable characters in the font
set are printed, also escape sequences, \r’ and \n’ are recognized. All other escape sequences will be

skipped over; for example, \b’ and 't’ will print if they exist in the font set, but will not have any effect as
control characters.

The text window feature provides end-of-line wrapping and clipping after the character in the last col-
umn and row is displayed.

NOTE: Executethe Text W ndowrr ame function before using this function.

PARAMETERS
*wWi ndowis apointer to afont descriptor.

*fmt isaformatted string.

. areformatted string conversion parameter(s).

EXAMPLE
Text Pri nt f (&Text W ndow, "Test %\ n", count);

RETURN VALUE
None.

SEE ALSO
Text Got oXY, Text Put Char, Text W ndowFranme, Text CursorlLocation
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B.7.3 Keypad

The functions used to control the keypad are contained in the KEYPADY. LI Blibrary
located in the Dynamic C KEYPADS library directory.

voi d keylnit(void);

Initializes keypad process

RETURN VALUE
None.

SEE ALSO
brdlnit

voi d keyConfi g(char cRaw, char cPress,
char cRel ease, char cCntHol d, char cSpdLo,
char cCntLo, char cSpdHi);

Assigns each key with key press and release codes, and hold and repeat ticks for auto repeat and
debouncing.

PARAMETERS
cRawisaraw key code index.

1x7 keypad matrix with raw key code index assignments (in brackets):

[0 (1 [2] [3]
[4] (3] 6]

User Keypad Interface
cPr ess isakey press code

An 8-bit valueis returned when akey is pressed.
0 = Unused.

See keypadDef () for default press codes.
cRel ease isakey release code.

An 8-bit value is returned when a key is pressed.
0 = Unused.

cCnt Hol d isahold tick.

How long to hold before repeating.
0 = No Repeat.

cSpdLo isalow-speed repeat tick.

How many times to repeat.
0= None.

cCnt Lo isalow-speed hold tick.

How long to hold before going to high-speed repeat.
0=Sow Only.
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cSpdHi isahigh-speed repeat tick.

How many times to repeat after low speed repeat.
0= None.

RETURN VALUE
None.

SEE ALSO
keyProcess, keyGet, keypadDef

voi d keyProcess(void);

Scans and processes keypad data for key assignment, debouncing, press and release, and repeat.

NOTE: Thisfunctionisalso able to process an 8 x 8 matrix keypad.

RETURN VALUE
None

SEE ALSO
keyConfig, keyGet, keypadDef

char keyGet (void);

Get next keypress

RETURN VALUE
The next keypress, or 0 if none

SEE ALSO
keyConfig, keyProcess, keypadDef

I nt keyUnget (char cKey);

Push keypress on top of input queue

PARAMETER
cKey isthe key being pressed

RETURN VALUE

None.
SEE ALSO
keyGet

[0)]
L
O
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voi d keypadDef () ;

Configures the physical layout of the keypad with the desired ASCI| return key codes.
Keypad physical mapping 1 x 7

0 4 1 5 2 6 3

(L] ['UT] (DT ['R]
[-1] [+] ['E]

where
'E' represents the ENTER key
'D' represents Down Scroll
'U' represents Up Scroll
'R' represents Right Scroll
'L' represents L eft Scrall

Example: Do the followingfor the above physical vs. ASCII return key codes.

keyConfig ( 3,”’R,0, 0, O, O, 0);
keyConfig ( 6,”E,0, 0, O, O, 0);
keyConfig ( 2,’D,0, O, O, O, 0);
keyConfig ( 4,’-',0, 0, 0, 0, 0);
keyConfig ( 1,’U,0, 0, 0, 0, 0);
keyConfig ( 5,'+,0, 0, 0, 0, 0);
keyConfig ( O,’L',0, O, O, O, 0);
Characters are returned upon keypress with no repeat

RETURN VALUE
None.

SEE ALSO
keyConfig, keyGet, keyProcess

voi d keyScan(char *pcKeys);
Writes"1" to each row and reads the value. The position of akeypressisindicated by azero valuein abit
position.

PARAMETER
* pcKeys isthe address of the value read.

RETURN VALUE
None.

SEE ALSO
keyConfig, keyGet, keypadDef, keyProcess
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B.8 Sample Programs

The following sample programs are found in the 122x32_1x7 subdirectory in
SAMPLES\ LCD_Keypad.

ALPHANUM C—Demonstrates how to create messages using the keypad and then dis-
playing them on the LCD display.

COFTERMA. C—Demonstrates cofunctions, the cofunction serial library, and using a
serial ANSI terminal such as Hyperterminal from an available COM port connection.

DI SPPONG. GC—Demonstrates output to LCD display.

DKADEMOL. C—Demonstrates some of the L CD/keypad module font and bitmap
manipulation features with horizontal and vertical scrolling, and using the
GRAPHI C. LI Blibrary.

FUN. C—Demonstrates drawing primitive features (lines, circles, polygons) using the
GRAPHI C. LI Blibrary

KEYBASI C. C—Demonstrates the following keypad functions in the STDIO display
window:

- default ASCII keypad return values.
- custom ASCII keypad return values.
- keypad repeat functionality.

KEYMENU. C—Demonstrates how to implement a menu system using a highlight bar on
agraphic LCD display. The menu options for this sample are as follows.

1. Set Date/Time

2. Display Date/Time
3. Turn Backlight OFF
4. Turn Backlight ON
5. Toggle LEDs

6. Increment LEDs

7. Disable LEDs
LED. GC—Demonstrates how to toggle the LEDs on the LCD/keypad module.

SCROLLI NG. C—Demonstrates scrolling features of the GRAPHI C. LI B library.

TEXT. C—Demonstrates the text functions in the GRAPHI C. LI B library. Hereisalist
of what is demonstrated.

1. Font initialization.

2. Text window initialization.

3. Text window, end-of-line wraparound, end-of-text window clipping, line feed, and carriage return.
4. Creating 2 different TEXT windows for display.

5. Displaying different FONT sizes.
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The following sample programs, found in the TCPI P subdirectory in

SAMPLES/ LCD_Keypad/ 122x32_1x7, are targeted at the Ethernet-enabled versions of
the Smart Star, the Smart Star and the BL2110. Remember to configure the 1P address,
netmask, and gateway as indicated in the sample programs.

* MBOXDEMO. G—This program implements aweb server that allows e-mail messages to
be entered that are then shown on the LCD display. The keypad allows you to scroll
within messages, flip to other e-mails, mark messages as read, and delete e-mails.
When anew e-mail arrives, an LED turns on, and turns off once the message has been
marked asread. A log of al e-malil actionsis kept, and can be displayed in the Web
browser. All current e-mails can also be read with the Web browser.

When using MBOXDEMO. C, connect the Smart Star and a PC (or other device with a
Web Browser) to an Ethernet. If you connect the PC and the Smart Star directly, be sure
to use a crossover Ethernet cable; strait-through Ethernet cables and a hub may be used
instead.

* TCP_RESPOND. C—This program and TCP_SEND. C are executed on two separate sin-
gle-board computers to demonstrate how the two boards communicate with each other.
Use PCSEND. EXE on the PC console side at the command prompt if you do not have a
second board. PCSEND. EXE islocated with source code in the
SAMPLES/ LCD_Keypad/ W ndows directory.

TCP_RESPOND. C waitsfor a message from another single-board computer. The mes-
sage received is displayed on the LCD, and you may respond by pressing a key on the
keypad. The response is then sent to the remote single-board compulter.

e TCPSEND. C—This program and TCP_RESPOND. C are executed on two separate single-
board computers to demonstrate how the two boards communicate with each other. Use
PCRESPOND. EXE on the PC console side at the command prompt if you do not have a
second board. PCRESPOND. EXE islocated with source code in the
SAMPLES/ LCD_Keypad/ W ndows directory.

When akey on the keypad is pressed, a message associated with that key issent to a
specified destination address and port. The destination then responds to that message.
The response is displayed on the LCD.

Note that only the LEFT and UP scroll keys are set up to cause a message to be sent.

When using TCPSEND. C and TCP_RESPOND. C, connect the Smart Star and the other sin-
gle-board computer to an Ethernet. If you connect the them directly, be sure to use a cross-
over Ethernet cable; straight-through Ethernet cables and a hub may be used instead.
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APPENDIX C. POWER MANAGEMENT

Appendix C providesinformation on the current requirements of
the Smart Star 1/O cards, the use and installation of a backup
battery, and some background on power mangement.
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C.1 Current Requirements

Remember to take the current draw of the various I/O cards into consideration when
selecting the power supply for your Smart Star control system.

Table C-1 lists the typical current consumption for the CPU card and the 1/0 cards.

Table C-1. Current Consumption of I/O Cards Attached to Smart Star Backplane

Current Consumption
I/O Cards

+5 V Supply +V_USER Supply
Digital 1/0 (SR9200 series) 65 mA up to 200 mA/output*
A/D Converter (SR9300
series)
D/A Converter (SR9400 40 mA 35mA
series)
Relay (SR9500 series) 10 mA 75 mA
CPU card 190 mA —

*  Maximum current 2.0 A per /O card, 7.0 A for Smart Star system

C.2 Batteries and External Battery Connections

An onboard 265 mA -h lithium coin cell on the CPU card provides power to the real-time
clock and SRAM when external power isremoved from the Smart Star control system.
Thisallows the CPU card to continue to keep track of time and preserves the SRAM mem-
ory contents while the power is off.

The drain on the battery istypically less than 20 pA when there is no external power
applied. The battery can last

265 mA h
10 PA

The drain on the battery istypically less than 4 pA when external power is applied. The
battery can last for

= 3.0 years.

265 mA-h
4 PA
Since the shelf life of the battery is 10 years, the battery can last for most of its shelf life
when external power is applied most of the time.

= 7.5 years.
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C.2.1 Replacing the Backup Battery

The battery is user-replaceable, and isfitted in a battery holder. To replace the battery, lift
up on the spring clip and slide out the old battery. Use only a Panasonic CR2330 or equiv-
aent replacement battery, and insert it into the battery holder with the + side facing up.

NOTE: The SRAM contents and the real-time clock settings will be lost if the battery is
replaced with no power applied to the Smart Star. Thereisaprovision for an external bat-
tery if you need to save the SRAM contents and the real-time clock settings since the
CPU card needs to be removed from the backplanein order to change the onboard battery.

CAUTION: Thereisan explosion danger if the battery is short-circuited, recharged, or
replaced incorrectly. Replace the battery only with the same type or an equivalent type
recommended by the battery manufacturer. Dispose of used batteries according to the
battery manufacturer’s instructions.

C.2.2 Battery-Backup Circuit
Figure C-1 shows the battery-backup circuit.

Internal Battery
BT1 D3

R41 R39
VBAT-INT .;I VRAM
1kQ 1kQ

= RT1

thermistor
External Battery ‘,_@
1 22 kQ

R8

VOSC
47 kQ

C6

:|:10nF I10nF

Figure C-1. Smart Star CPU Card Backup Battery Circuit

The battery-backup circuit serves three purposes.

* It reduces the battery voltage to the SRAM and to the real-time clock, thereby limiting
the current consumed by the real-time clock and lengthening the battery life.

 Itensuresthat current can flow only out of the battery to prevent charging the battery.

» A voltage, VOSC, is supplied to U14, which keeps the 32.768 kHz oscillator working
when the voltage begins to drop.

VRAM and Vcc are nearly equal (<100 mV, typically 10 mV) when power is supplied to
the CPU card.
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C.2.3 Power to VRAM Switch

The VRAM switch, shown in Figure C-2, allows the battery backup to provide power
when the external power goes off. The switch provides an isolation between +5V and the
battery when +5V goeslow. This prevents the +5 V line from draining the battery.

+5V R3gs VRAM
A (not installed) A

0Q

Q6
FDV302P

Q7
MMBT3904

Figure C-2. VRAM Switch

Transistor Q6 is needed to provide avery small voltage drop between +5V and VRAM
(<100 mV, typically 10 mV) so that the processor lines powered by +5 V will not have a
significantly different voltage than VRAM.

When the CPU card is not resetting (pin 2 on U4 is high), the/RES line will be high. This
turns on Q6, causing its collector to go low. Thisturns on Q7, allowing VRAM to nearly
equal +5 V.

When the CPU card is resetting, the /RES line will go low. Thisturns off Q6 and Q7, pro-
viding an isolation between +5V and VRAM.

The battery-backup circuit keeps VRAM from dropping below 2 V.
C.2.4 Reset Generator

The CPU card uses areset generator, U4, to reset the Rabbit 2000 microprocessor when
the voltage drops below the voltage necessary for reliable operation. The reset occurs
between 450V and 4.75 V, typically 4.63 V.
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C.2.5 External Battery

A connection for an external backup battery is provided at header J8, shown in Figure C-3.
The header iswired to provide reverse polarity protection.

CPU Card —
i
q
= [600002 |
B X
BE
Battery

Figure C-3. External Backup Battery Connection

The external battery connection is useful if the SRAM and real-time clock data need to be
preserved while the backup battery is being changed. Thisway power can continue to be
applied to the CPU card from the backplane (if the external backup battery is being
replaced) or from the external battery (if the onboard backup battery needs to be changed
since this requires removing the CPU card from the backplane in order to access the
onboard backup battery).
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APPENDICES

C.3 Chip Select Circuit
Figure C-4 shows a schematic of the chip select circuit for the RAM.

/CSRAM

Q4

/CS1— 1
‘( Q5
VRAM

R37

/RES

Figure C-4. Chip Select Circuit

The current drain on the battery in a battery-backed circuit must be kept to a minimum.
When the CPU card is not powered, the battery keeps the SRAM memory contents and the
real-time clock (RTC) going. The SRAM has a powerdown mode that greatly reduces
power consumption. This powerdown mode is activated by raising the chip select (CS)
signal line. Normally the SRAM requires +5 V to operate. However, only 2 V isrequired
for data retention in powerdown mode. Thus, when power isremoved from the circuit, the
battery voltage needs to be provided to both the SRAM power pin and to the CS signal
line. The CS controal circuit accomplishes this task for the CS signal line.

In a powered-up condition, the CS control circuit must allow the processor’s chip select
signal /CS1 to control the SRAM’s CS signal /CSRAM. So, with power applied, /lCSRAM
must be the same signal as/CS1, and with power removed, /CSRAM must be held high
(but only needs to be battery voltage high). Q4 and Q5 are MOSFET transistors with
opposing polarity. They are both turned on when power is applied to the circuit. They
allow the CS signal to pass from the processor to the SRAM so that the processor can peri-
odically access the SRAM. When power isremoved from the circuit, the transistors will
turn off and isolate /CSRAM from the processor. The isolated /CSRAM line has a 100 kQ
pullup resistor to VRAM (R31). This pullup resistor keeps/CSRAM at the VRAM voltage
level (which under no power condition is the backup battery’s regulated voltage at alittle
more than 2 V).

Transistors Q4 and Q5 are of opposite polarity so that arail-to-rail voltage can be passed.
When the /CSL1 voltage is low, Q5 will conduct. When the /CS1 voltage is high, Q4 will
conduct. It takes time for the transistors to turn on, creating a propagation delay. This
delay istypicaly very small, about 10 nsto 15 ns.

The signal that turns the transistors on is a high on the processor’s reset line, /RES. When
the CPU card isnot in reset, the reset line will be high, turning on n-channel Q5. When a
reset occurs, the /RES line will go low.
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APPENDIX D. PROGRAMMING CABLE

Appendix D provides additional theoretical information for the
Rabbit 2000™ microprocessor when using the DIAG and PROG
connectors on the programming cable with the CPU card in the
Smart Star system. The PROG connector is used only when the
programming cable is attached to the proramming connector
(header J2) on the CPU card while a new application is being
developed. Otherwise, the DIAG connector on the programming
cable allows the programming cable to be used as an RS-232 to
CMOS level converter for seriadl communication, which is
appropriate for monitoring or debugging the Smart Star system
whileit is running.
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The programming port, which is shown in Figure D-1, can serve as a convenient commu-
nications port for field setup or other occasional communication need (for example, asa
diagnostic port). There are several ways that the port can be automatically integrated into
software. If the port is simply to perform a setup function, that is, write setup information
to flash memory, then the controller can be reset through the programming port and a cold
boot performed to start execution of a special program dedicated to this functionality.

PROGRAMMING PORT PIN ASSIGNMENTS
(Rabbit PQFP pins are shown in parenthesis)
1 @2 1. RXA(51) —— — — — A+
3@ @4 2. GND ~50 kQ
e o6 3. CKLKA (94) — — — — —AAA~ +
4. +5V/+3V 5@ Q‘E
e @3 5. IRESET——— — — — V- +
s]@ @0 6. TXA (54)
7. n.c.
Programming Port 8. STATUS (output) (38) ;g
Pin Numbers 9. SMODEO (36) — — — M GND
10. SMODE1 (35) — — — —AAA~ GND

Figure D-1. Programming Port Pin Assignments

When the PROG connector is used, the /RESET line can be asserted by manipulating
DTR and the STATUS line can be read as DSR on the serial port. The target can be
restarted by pulsing reset and then, after a short delay, sending a special character string at
2400 bps. To simply restart the BIOS, the string 80h, 24h, 80h can be sent. When the
BIOS s started, it can tell whether the programming cable is connected because the
SMODEL1 and SMODEQ pins are sensed as being high. Thiswill cause the Rabbit 2000 to
enter the bootstrap mode. The Dynamic C programming mode then can have an escape
message that will enable the diagnostic seria port function.

Alternatively, the DIAG connector can be used to connect the programming port. The
/RESET line and the SMODE1 and SMODEDO pins are not connected to this connector.
The programming port is then enabled as a diagnostic port by polling the port periodically
to seeif communication needs to begin or to enable the port and wait for interrupts. The
pull-up resistors on RXA and CLKA prevent spurious data reception that might take place
if the pins floated.

If the clocked serial mode is used, the seria port can be driven by having two toggling
lines that can be driven and one line that can be sensed. This allows a conversation with a
device that does not have an asynchronous serial port but that has two output signal lines
and one input signal line.

Theline TXA (aso called PC6) is zero after reset if the cold-boot mode is not enabled. A
possible way to detect the presence of a cable on the programming port isfor the cable to
connect TXA to one of the SMODE pins and then test for the connection by raising PC6
and reading the SMODE pin after the cold-boot mode has been disabled. The value of the
SMODE pin isread from the SPCR register.
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APPENDIX E.
SMART STAR SLOT ADDRESS LAYOUT

Appendix F provides information about the register addresses
for the various /O card slots on the backplane. The information
in this appendix will be of interest to more advanced users.
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The slots on the Smart Star backplane are accessed as external registers viathe Rabbit
2000's assembly | OE prefix or via standard Rabbit BIOS functions. More convenient
functions specific to the Smart Star control system have been written to provide more flex-
ibility; for example, thereis now a provision for the automatic update of shadow registers
for each dot and for each register.

The Smart Star design routes four address bitsto each slot, providing 16 register addresses
for each dot. These bits are passed through as bits 03 of the register address. The dlot
number itself is assigned to bits 6-8 of the address. In addition, the backplane design
requires that bits 13 and 14 be high and that bit 9 be low. The simplest way to enforce this
iSto use a base address of 0x6000. Table E-1 provides the address layout for accessing the
Smart Star dots, where Sn isthe binary representation of the slot number (0-6), Rnisthe
binary representation of the register numbers (0-15), and X means the value does not mat-
ter.

Table E-1. Smart Star External Register Address Bitmap

A15 | A14 | A13 | A12 | A1l | A10| A9 | A8 | A7 | A6 | A5 | Ad | A3 | A2 | A1 | AO

0 1 1 0 X X 0 S2 S1 S0 | X X1 R3 R2 Rl RO

This bit mapping of the external register address provides the register addresses for each
slot aslisted in Table E-2.

Table E-2. Slot External Register Addresses

Slot Number Address Range

0 0x6000-0x600F

0x6040-0x604F

0x6080-0x608F

0x60C0-0x60CF

0x6140-0x614F

1
2
3
4 0x6100-0x610F
5
6

0x6180-0x618F
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E.1 Digital /0O Card Channel Layout

Thedigital 1/0 card layout is complicated by the standard Z-World method of minimizing
chip layout while adding channel arrangement flexibility. In particular, the nibble-wise
layout of digital input channels requires fewer chipsif fewer channels are desired. Thisis
a common feature on Z-World products and should not surprise most users. The digital
output channel layout is straightforward.

It isalso possible to access the digital 1/0 channelsin banks of eight channels. This
method is significantly faster than reading eight channels one at atime, and so was
included in the API.

Table E-3. Digital I/O Card Bank/Channel Mapping

Lfg(;?ezzrd Input Bank Output Bank Input Channels |Output Channels
0x00 0 0-3/8-11
0x01 2 4-7/12-15
0x02 1 0-7
0x03 2 8-15
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E.2 A/D Converter Card Channel Layout

The A/D converter card contains asingle 11-input 12-bit A/D converter, TLC2543. The

method of interfacing to this chip is a combination of single-bit writes via board registers
and synchronous clocked serial accessviathe CPU card’s Serial Port B, which is extended
across all eight dlots. In addition, aserial EEPROM isinstalled on the A/D converter card

to store the calibration constants.

Table E-4. A/D Converter Card Control Registers

Address | Data Bits Value Description
. D7-D4 selectsinput channel, .

0x0 Write D7-D0O D3-D0 sdlects conversion channel Load A/D converter with data byte
0 A/D converter end of conversion signal

0x0 Read D1
1 A/D converter busy
0 Enable A/D conversion

Ox1 Write DO
1 Disable A/D conversion
0 EEPROM clock line low

0x2 Write DO
1 EEPROM clock line high
0 EEPROM dataline low

0x3 Write DO
1 EEPROM dataline high
0 EEPROM acknowledge signal

0x0 Read D2
1 EEPROM busy
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E.3 D/A Converter Card Channel Layout

The D/A converter card contains four two-channel 12-bit D/A converters, TLV 5618, to
produce 8 anal og output channels. Each channel is accessed by the slot, channel and
device addressing scheme. The D/A converter card also has an EEPROM to store calibra-

tion constants.

Table E-5. D/A Converter Card Control Registers

Address | Data Bits Value Description
0 D/A converter clock line low
= 1 D/A converter clock line high
D1 X D/A converter datainput line
D2 0 D/A converter chip select channels 0 and 1
D3 0 D/A converter chip select channels 2 and 3
0 D4 0 D/A converter chip select channels 4 and 5
D5 0 D/A converter chip select channels 6 and 7
0 EEPROM clock line low
= 1 EEPROM clock line high
D7 X EEPROM dataline

External reads and writes (/IORD and /IOWR) control the data direction.
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E.4 Relay Card Channel Layout

The relay card layout is complemented by the standard Z-World method of minimizing
chip layout while adding channel arrangement flexibility. In particular, the nibble-wise
layout of the relay channels requires fewer chipsif fewer channels are desired. Thisisa
common feature on Z-World products and should not surprise most users. The relay chan-
nel layout is straightforward.

Table E-6. Relay Card Channel Mapping

Local Board SR9500 SR9510
Address Relay Channels | Relay Channels
0x00 RELO RELO
0x01 REL1 REL1
0x02 REL2 REL2
0x03 REL3 REL3
0x04 REL4 REL4
0x05 RELS RELS
0x06 — REL6
0x07 — REL7
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SCHEMATICS

090-0129 CPU Card (SR9150) Schematic

090-0143 Backplane (SR9010) Schematic

090-0130 Backplane (SR9050) Schematic

090-0101 Digital I/0O Card-Sinking (SR9200) Schematic
090-0118 Digital I1/0 Card—Sourcing (SR92x5) Schematic
090-0086 A/D Converter Card (SR9300) Schematic
090-0121 D/A Converter Card (SR9400) Schematic
090-0098 6-Relay Card (SR9500) Schematic

090-0108 8-Relay Card (SR9510) Schematic

090-0102 FWT18 Schematic

090-0106 FWT18R Schematic

090-0103 FWT27 Schematic

090-0125 LCD/Keypad Module Schematic

090-0128 Programming Cable Schematic
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NOTES: UNLESS OTHERWISE SPECIFIED;

ALL RESISTOR VALUES ARE IN OHMS, 1/16W, 5%
ALL JUMPER RESISTORS ARE @ OHMS @805 PACKAGE.

hall Ol e

BY(*

A OUTLINED CIRCUIT NOT STUFFED.

6. COMPONENT VALUES SHOWN WITH AN ASTERISK (*)
FOLLOWING THE VALUE, MAY HAVE DIFFERENT VALUES
OR MAY NOT BE STUFFED DEPENDING ON MODEL.

ALL CAPACITORS ARE 5@VDC OR HIGHER.

THE OR|GINATION SOURCE OF A VOLTAGE IS REPRESENTED
), AND ALL REFERENCES TQ THAT VOLTAGE

ARE REPRESENTED BY ( V_Crc ).

SEE STUFFING CHART FOR CLARIFICATION.
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2,27,39, PIN3 — C14 + C15
U1 RABBIT 2000 52,77.89 3,28,53,78,92 23, C24, C17, C16
u2 74HC0O8 7 14 C5
U3 | 74AHC1GU@4 3 5
U4 ETC811L 1 4 Cl14
us FLASH 24 8 C13
ué SP483E 5 8 Cc19
SRAM 512K X 8 16 32
i -t - — —— — —— — —— —— 1020
SRAM 128K X 8 16 32
us 74HC125 7 14 C22
(V<] 74HCO4 7 14 C21
u1e 232A 15 16 C26, C28
u11 FLASH 24 8 C29
u12 232A 15 16 C43, C44
U13 | LM2575-5.0 f;ffi”'””e'
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U14: OPTIONAL 512K OR 128K
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STUFFING TABLE

MODEL
CIRCUIT PART SR9150 SR9160
TVS1 NOT INSTALLED NOT INSTALLED
C51 NOT INSTALLED NOT INSTALLED
C48 NOT INSTALLED NOT INSTALLED
POWER
SUPPLY
(PAGE 1) C42 NOT INSTALLED NOT INSTALLED
D4, D6 NOT INSTALLED NOT INSTALLED
U13 NOT INSTALLED NOT INSTALLED
L1 NOT INSTALLED NOT INSTALLED
R35, R38 NOT INSTALLED NOT INSTALLED
N
=
o § MAIN u7 128K SRAM 128K SRAM
v
~| SRAM P ZERO ohm ZERO ohm
SELECT JP3 ACROSS PINS 1—2 [ ACROSS PINS 1-2
FLASH 1 U1 256K FLASH 256K FLASH
FLASH 1 JP4 ZERO ohm ZERO ohm
— ™| SELECT ACROSS PINS 1—2 [ ACROSS PINS 1-2
0
g § ADDR. BANK JP5 ZERO ohm ZERO ohm
b o | SELECT ACROSS PINS 1—2 | ACROSS PINS 1-2
FLASH 2 us 256K FLASH 256K FLASH
FLASH 2 JP2 ZERO ohm ZERO ohm
SELECT ACROSS PINS 1—2 | ACROSS PINS 1-2

MODEL
CIRCUIT PART SR9150 SR9160

C50, C52 10nF—1KV NOT INSTALLED

C45, C47 10nF NOT INSTALLED

C31, C36 10pF NOT INSTALLED

C30, C35 100nF—16V NOT INSTALLED

C41, C46 100nF—16V NOT INSTALLED

C49, C53 100nF—16V NOT INSTALLED

Q1 3904 NPN NOT INSTALLED

ETHERNET DS2 GREEN LED NOT INSTALLED

(PAGE 3)

DS3 YELLOW LED NOT INSTALLED

R43 © ohm NOT INSTALLED

R40 200 ohm NOT INSTALLED

R33 1M NOT INSTALLED

R32 ® ohm NOT INSTALLED

R25, R27 330 ohm NOT INSTALLED

R23, R44 10K NOT INSTALLED

u14 RTL8@19AS NOT INSTALLED

Y3 20 MHZ CRYSTAL | NOT INSTALLED

J7 RJ—45 NOT INSTALLED

2/4/02 COPYRIGHT 2002, Z—WORLD, INC.
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POWER

IN

+5V
A

+V_USER +RAW
A
‘ R4 (@ ohm)= 5V SWITCHING POWER SUPPLY
1 DLW5B_ COIL
‘ 350 © 100Mhz+ D3
2 RAW_INPUT | b +RAW » DCIN. 7 [un U2 .
3 GND_IN | ‘ ST 1N5819 VOUT_ W
| L
C4 |+ cB
c37| | c36 Vst 470F
Z}ZPF* T 22pF* A SMBJ51» AL 6 loND ON/*OFF
l R3 (@ ohm)* L__LM2675-5.0 |
Y
Decoupling Capacitors
+5V
T
j_c7 j_cs j_cg J_cw ,
10@nF —10@nF —10@nF —1@@nF IC’S

i B B |
v

+5V
T
j_c14 j_c17 j_czo j_czs j_czs j_czg j_csz J_css
T1eenF T10:sz Tﬂa@nF Tm@nF T100nF T1eanF T100nF T1rznzm|-' SLOTS
+V_USER
T
J_c13 j_ms j_c19 j_czz j_czs j_cza j_czn J_c:u
10@nF —=10@nF —=1@@nF —=10@nF ——10@nF ——1@@nF —10@nF —1eenF  SLOTS

NOTES: UNLESS OTHERWISE SPECIFIED;

1. ALL RESISTOR VALUES ARE IN OHMS, 1/1@W, 5%
2. ALL CAPACITORS ARE 5@VDC OR HIGHER.
3. THE ORIGINATION SOURCE OF A VOLTAGE IS REPRESENTED
BY ( A ), AND ALL REFERENCES TQGFHAT VOLTAGE
ARE REPRESENTED BY ( T ).

4. COMPONENT VALUES SHOWN WITH AN ASTERISK ()
FOLLOWING THE VALUE, MAY HAVE DIFFERENT VALUES
OR MAY NOT BE STUFFED DEPENDING ON MODEL.
SEE STUFFING CHART FOR CLARIFICATION.

D4
1N5819

REVISION HISTORY REVISION APPROVAL
Rev| Eco DESCRIPTION e o
A | E11833 | INITIAL RELEASE XT 2/15/02 KIS 2/15/02
TABLE A
REF DEVICE VOLTAGE INFORMATION DEVICE: FILTER CAP
DEs| DEVICE b +5V  |NO CONNECTS REF DES(s)
U2 LM2675-5.0 2,3
U3 74VHC245 10 20 Cc7
U4 74VHC245 10 20 c8
us 74VHC138 8 16 c9
ue 74VHC245 10 20 ci1o

STUFFING TABLE

PART SR901@ BACKPLANE
R3, R4 ZERO OHM RES
L3 NOT STUFFED
POWER SUPPLY
CIRCUIT c36 NOT STUFFED
(PAGE 1)
c37 NOT STUFFED
VST NOT STUFFED
TERMINATION
RES (PACE 3) R2, R5 NOT STUFFED
LED JUMPER P 1-2, 5-6,
(PAGE 2) 9-10,13-14
11FEB@2
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INTERFACE

BACKPLANE

/ATTN1

IOBENB OR SLOT_EN
PE2 OR /CPU_ACT
PE3 OR /CPU__LINK
PE4 OR /RCM_ACT
PE6 OR /RCM_PI(_)INK

+V_USER S Docs D BUF_De-7 <3>
/
Ve +RAW o8 Sl U3 BoiiS—guros | suros TN sy
D5 2 1A B4 Bur D5 BUF_ D5 SINAAD -
D4 5 2% gg 5 BUF D4 BUF D4 2 'V\,\M’\'_‘ 5
b3 6 4 BUF D3 BUF_ DO 6 12
D2 7|44 B3 BUF D2 BUF_D1 7 W
1 GND b1 8 ﬁg gg 12 BUF_DI BUF_D2 8 m RN1
2 Do Do 0o 9 11 BUF_D® BUF_D3 9 47k
3 D1 D7 A7 B7 AMN—
4 02 02 IOBENB—OR—SLOT_ENABLE_B 19
5 D3 D3 7I0RD 1 ?E*R
6 D4 D4
7 05 05 74VHC245
8 06 06
3 07 57
19 Ao A® \ Cs sLoTe-7 C O cs. SLOTo—7 <3>
1 Al Al —
L —" 5 +5v e U5 oepid G siort
4 /IoRD i 3 |M 01043 Cs_sLoT2
5 /IOWR A2 020575 CS_SLOTS
6 SLOT_ENABLE_A SLOT_ENABLE_A R9 +5v 03 g 1 CS_SLOT4
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/RESET 20 5V /RESET 20 15V /RESET 20 15V /RESET 20 eV
+5V 21 +5V 21 +5V 21 +5V 21
WU s':é: 2 22 4V_USER U S"ég 2 22 +V_USER U S"ég 2 22 +V_USER U S"ég 22 +V_USER
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1 OND 1 GND 1 oND 1
G'[‘gg 27 B Do BUF_Dg] GND% 27 BUroe BUF_Dg] GNDDB 27 BUr_De BUF_Dg] "_"_g\\g <3 ?
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B E11834 SMALL MODIFICATIONS TO ENHANCE READABILITY . XT .2/15/02 KIS 2/15/02
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37 /CPU—LINK
38 /RCM—ACT
39 7RCM—LINK
40
a1
$ag
#
S aa CS SLOT 0-3
45
46 vcC A6 1 U2 5 Cs_sLoTe
] A7 2 |he 08P, C5_sLom
8 w3 |M 01073 Cs_sLoT2
a9 R1 A2 0235 =
&) 47k vee 93b11
& +RAW 6 |3 dap1e
52 GND SLOT_ENABLE_A SLOT_ENABLE_A 4|5 0639
A9 A5 P7 cS_LCD
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/CPU—ACT JP1 /CPU_ACT
X9 -
3 |5 ol 14
/CPU—LINK 119 o2 /CPU_LINK
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— 7 BUF_D5 BUF_D5 BUF_ D4 BUF_ D4 = UF_D4
EUF— DA - - 7 BUF_D5 BUF_D5 — 7 BUF_D5 F
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BUF D7 26 BUF_D7 BUF_D7 -
J6
SCALE NONE | REV LTR B | SHEET 3 OF




NOTES: UNLESS OTHERWISE SPECIFIED: REVISION HISTORY REVISION APPROVAL
1. ALL RESISTOR VALUES ARE IN OHMS, 1/1@W, 5% PROJECT | APPROVAL | DOCUMENT [ APPROVAL
' ' DESCRIPTION
2. ALL CAPACITORS ARE 50VDC OR HIGHER. o 4T 2w No REV| ECO SCRIPTIO ENGINEER | DATE | CONTROL |  DATE
3. THE ORIGINATION SOURCE OF A VOLTAGE IS REPRESENTED I S| BN i A |E11217| INITIAL RELEASE, TRACKS A/W @ REV-A DM {1/20/00| KIS [1/17/01
BY (vec ), AND ALL REFERENCES TO THAT VOLTAGE CERE P N A I S 1 N5 B |E11564 CHANGED PE7 TO OUTPUT INHIBIT DM |28JUNel| KIS |7/17/@1
ARE REPRESENTED BY (vce ). s e "
T - e TABLE A
OUTLINED CIRCUIT MAY NOT BE STUFFED DEPENDING B2[ 12— X2 INe REF
ON MODEL, SEE STUFFING CHART FOR CLARIFICATION. 83 " DEVICE DEVICE VOLTAGE INFORMATION DEVICE: FILTER CAP
seLecT|- 15— DES AGND | GND | VCC | =5V |NO CONNECTS|  REF DES(s)
5. COMPONENT VALUES SHOWN WITH AN ASTERISK (%) . 1 | 7arcos7 5 16 o
FOLLOWING THE VALUE, MAY HAVE DIFFERENT VALUES, T arcass . ~ -
OR MAY NOT BE STUFFED DEPENDING ON MODEL. D 4le UZ )2 M6 INg
SEE STUFFING CHART FOR CLARIFICATION. M )k — 1o U3 | 74HC138 8 16 c3
o712 Y% A5 e LK us | 74Hces 7 14 c4
V- JSER - p 50 L 12 us | 74HC273 10 20 c5
J1 v ( N 2 10 e U | 74HC273 10 20 c6
AGND H@D; Do 1 A0
O oi | <3 ot S 15 7RoDN 16 INPUT 8 INPUT 8 INPUT
= - 03 ZAHC207 8 OUTPUT 16 OUTPUT 8 OUTPUT
O ba | L5 D5 STUFFING TABLE MODEL
m D6 8 D6 D6 .
o 07| <3540 > o 1T s o B CIRCUIT PART SR9200 SR9210 SR9220
L AB | SS9 aAT B 0ep:7 - 6 /RDDIGIN
T Ao 12 R K23 WY 8;313 —4ico8 ZERO ohm ZERO ohm ZERO ohm
'5 /Ioég $1a4  /I0RD U4A 4 3 74HCe8 8iQL FPWR SELECT JP1 ACROSS ACROSS ACROSS
S | JomR 15 2| ) //Z%}/:i E3 823;,@— . e PINS 2-3 PINS 2-3 PINS 2-3
= INHIBIT - <38 7&mu1 R [ 07p’ or—a e U ao 2 ouTi N ZERO ohm ZERO ohm ZERO ohm
/ATINT | Syo—oreh 74HC138 S]] Qi oUT2 Ny
O | reser| 19— 2 7o a9l ourz 2| INPUT LEVEL SELECT |JP2 ACROSS ACROSS ACROSS
o] 2 OB EN | ISP R . & PINS 1-2 PINS 1-2 PINS 1-2
Lo | v User %g +V—T§SER ;32 1; D5 Q5 —12 3312
x| S92 ®x 57 18 |06 Qg ours w P R36—-43
RX WLK ——D7 Q7 O W
SCLK | €55 enD /HVWR® 11 I > C28-35
GND | <559 JRESET 1 CL%'-K H | CURRENT DRIVER |p28-35 NOT INSTALLED | INSTALLED NOT INSTALLED
v 74HC273 e g Q28-35
U4:C D0 31 US gl 2 000 ol S é 05
el e T 1 E— ¥|TZ| DRVERCHP |o2 NOT INSTALLED | INSTALLED | NOT INSTALLED
fvees R z INPUT R60—67
: D5 14 15 Q05 -
D5 Q52— mpg" 0
s ) 5% 98He o 22| CONDTIONING | G445 INSTALLED | NOT INSTALLED | NOT INSTALLED
74HC0O8 oa
v Jreser 1| K S Z| DRIVER CHIP gg INSTALLED | NOT INSTALLED | NOT INSTALLED
74HC27 3%
JP3 1-2
2> ) 082 / DIGITAL 170 LEVEL R68—75 INSTALLED NOT INSTALLED | NOT INSTALLED
<25 () emQUIRZ / —
<2> (CD)—=lit=d / Z| DIGITAL OUTPUT LEVEL |R28-35 NOT INSTALLED | NOT INSTALLED | NOT INSTALLED
&
vee Decoupling Caps for ICs
APPEND THE FOLLOWING DRAWING CONTENT: TITLE
DOCUMENTS WHEN CHANGING( prawN BY: (INITIAL RELEASE) .
C1 Cc2 C3 C4 C5 C6
l1emnF 108nFx==10@nF == 10@nF == 1@@nF+==10@nF THIS DOCUMENT: RM 29JUL99 SCHEMATIC DIAGRAM @7
REVISED BY: VVUK
DM 26JUNOG1 SR92®® SERIES 2900 SPAFFORD ST.
APPROVALS: INITIAL RELEASE DIGITAL /O BOARD D;ZI_S;;A_Z;%‘S
PROJECT ENGINEER:
Darren Musgrove 7/20/01 SIze DWG NO.
ENGINEERING MANAGER: B —
R.Matthews 2/15/02 89 @ @ 1 @ 1
COPYRIGHT 2001, Z—WORLD, INC. SIGNATURES DATE SCALE NONE | RELEASE DATE |SHEET 1 O 9




USER INTERFACE

J2

GND
DIGIN®
DIGIN1
DIGIN2
DIGIN3

GND

K
DIGIN4
DIGINS
DIGING
DIGIN7

GND

1708

1709

17010
17011
GND
17012
17013
17014
17015
HVOUT@
HVOUT1
HVOUT2
GND
HVOUT3
HVOUT4
K
HVOUTS
HVOUT6
HVOUT7

GND

D) QuUTo—7

N
e
e h
‘ Install @ @ Ohm Resistor on BANK 2 T BANK 1
JP1:1-2 for K (Customer provides Power Source) FACTORY CONFIGURABLE DIGITAL 170 HIGH VOLTAGE SINKING DRIVERS DIGITAL OUTPUT
‘ JP1:2—3 for +V_ USER (Power from Z—Bus) ‘ HIGH VOLTAGE SINKING DRIVERS / j \ ‘ LEVEL  / j \ ‘ ‘ LEVELS  / j \ ‘
+V_—LLSER Ve D35 D27
K ‘ K 1 JP1¥* ‘ FPWR 914 /08 ‘ Install @ Ohm Resistor on FPWR 914 HVOUTe ‘ ‘
28 JP3:1-2 for Pull-Ups
‘ +V_USER 3 a JP3:2-3 for Pull-Downs
R A | | w |
r BANK @ BANK 2
DIGITAL INPUTS FACTORY CONFIGURABLE ij
‘ ‘ DIGITAL INPUTS ‘ FPWR D34 ‘ ‘
-\ | | | |
1 GND ( )
<5 DicNe DIGIN® ‘ IN® R52 DIGIN® ‘ N8 R67 /08 ‘ ‘ ‘
3 DIGINT DIGINT I YW . I YW
7 DIGNZ DIGINZ c36 22k Install @ Ohm Resistor on c51 22k
5 DIGN3 DIGING ‘ 10nF JP2:1-2 for Pull-Ups ‘ 1onF ‘ FPWR D33 ‘ ‘
56 GND JP2:2—-3 for Pull-Downs
PRS- i vCC i
8 DICIN4 DIGIN4
g DIGINS DIGING™ ‘ IN1 R53 DIGIN1 IN9 R66 /09 ‘ ‘ ‘ ‘ ‘
1@ _DIGING DIGING JP2* vce
11 DIGIN7 DIGIN7 ™ ‘ c37 22k DIGIN® ” ‘ cse 22k
12 GND 10nF 10nF
<93 vos ¢ 1708 DIGIN1 ‘ ‘ ‘ ‘
141709 1709 ‘
15 _1/010 /010 DIGIN2
16 17011 17011 ‘ IN2 R54 DIGIN2 IN1Q R65 /010 ‘ ‘ ‘ ‘
17 GND DIGIN3
$i8 170120 17012 c38 22k c49 22k
19 17013 17013 10nF DIGIN4 10nF ‘ ‘ ‘ ‘
20 /014 17014
21 17015 17015 ‘ DIGINS ‘
22 AVOUT@ AVOUT®
23 HVOUTI AVOUTT IN3 R55 DIGIN3 DIGING IN11 R64 /014 ‘ ‘ ‘ ‘
24 AVOUTZ HVOUTZ
$25 oD ‘ cag 22k DIGIN? ‘ c4s 22k FPWR 874
26 HVOUT3 | HVOUT3 10nF 10nF
27 AVOUT4 FVOUTA 10k
2 ch;<u75 HVOUTS ‘ ‘ ‘ ‘ ‘ ‘
29
3@ HVOUT6 HVOUT6 IN4 R56 DIGIN4 IN12 R63 /012
31 _HVOUT7 HVOUT7
s | L | L | | | |
33 n n
$34 i ‘ l ‘
v R57 R62 ‘ ‘ ‘ ‘
IN5 DIGINS IN13 17013
‘ c41 22k ‘ c46 22k ‘ ‘ ‘ ‘
‘ l1DnF ‘ 10nF
R58 R61 ‘ ‘ ‘ ‘
IN6 DIGING ‘ IN14 17014 D29
Ca2 22k c45 22k ‘ ‘ ‘ ‘
‘ 10nF ‘ 10nF ‘ ‘ ‘ ‘
‘ IN7 R59 DIGIN7 ‘ IN15 R6Q /015
22k 22k ‘ ‘ ‘ ‘
C43 C44
FPWR D28
‘ l1:sz ‘ l1:sz ‘ ‘ ‘ 974 ‘
S A — \ lom i
1% MMBT4401 i 1% \MBT4401 2 i
\_DIGINa=7 / LiiiiiiLiiiiLiiiiii
N\__/Q8=15 7\ /
\\_HVouTe_7 /
26JUNG1
SIZE DWG NO.
COPYRIGHT 2001, Z—WORLD, INC. [Scaz NONE | VIR B |SHEET 5 o o




NOTES: UNLESS OTHERWISE SPECIFIED; REVISION HISTORY REVISION APPROVAL
1. ALL RESISTOR VALUES ARE IN OHMS, 1/16W, 5% PROJECT | APPROVAL | DOCUMENT [ APPROVAL
' ’ DESCRIPTION
2 ALL CAPACITORS ARE 5@VDC OR HIGHER. oo ‘[T o o REV | ECO SC o ENGINEER DATE CONTROL DATE
3. THE ORIGINATION SOURCE OF A VOLTAGE IS REPRESENTED LI fy{ RN [l A |[E11383| INITIAL RELEASE, TRACKS A/W @ REV—A XT 2/1/01 | KIS 2/1/01
BY (vcc ), AND ALL REFERENCES TO THAT VOLTAGE 03 12 |12 14 N3 N3
ARE REPRESENTED BY ( vce ). \S A3 s - " B [E11564| CHANGED PE7 TO OUTPUT INHIBIT DM 28JUN@1( KIS 7/17/01
T g? 6 IN5 N5
A OUTLINED CIRCUIT MAY NOT BE STUFFED DEPENDING B2[12 &5 e
ON MODEL, SEE STUFFING CHART FOR CLARIFICATION. T e TABLE A
SELECT
5. COMPONENT VALUES SHOWN WITH AN ASTERISK (%) N REF DEVICE DEVICE VOLTAGE INFORMATION DEVICE: FILTER CAP
FOLLOWING THE VALUE, MAY HAVE DIFFERENT VALUES, DES AGND | 6ND | vec | —=5v | NO CONNECTS REF DES(s)
OR MAY NOT BE STUFFED DEPENDING ON MODEL. 0 dlvo U2 pgl2 INg e U1 | 7ancos7 s 6 o197
SEE STUFFING CHART FOR CLARIFICATION. s g |V} AT NTe IN1®
b7 12 |43 a3l 14 INT1 INT1 u2 74HC257 8 16 Cc18
+V_USER 3 IN12 IN12 u3 74HC273 10 20 c19
_ —7 Y, Bo5 INT3 INT3
J1 vce /—m \ g; 1@ N4 INT4 U4 | 74HC273 10 20 c20
AonD | <1 oo A B33 M1 e us 74HC138 8 16 c21
) Da % B? B? SELECT 15 /ARQDme ue 74HCe8 7 14 c22
D1 OFp15_ /RDDIGIN]
o 2| ¢¢—D% L 74HC257x
<C D3| S5 s D4
O Bg 7 D5 D5
E D6 | <&—o7 07 U6:B MODEL
D7 10 #e A0 1 U5 15 .
L Ao | <2 AT o (A0 OOSBD 6 /RDDIGIN STUFFING TABLE SR9205 SR9215 SR9225
E A2 12 A2 L N 8;9127 74HC08 16 INPUT 8 INPUT 8 INPUT
O | somd| 1t o N T s oAbl — CIRCUIT PART 8 OUPUT 16 OUTPUT 8 OUTPUT
= /IOWR | S35—7s D—\ 7cs 4 |E3 050g—
/SELECT E1 0605— ZERO OHM ACROSS | ZERO OHM ACROSS | ZERO OHM ACROSS
= | et S T Bl o ?; po M e é ar FPWR SELECT | JPS PINS 2-3 PINS 2-3 PINS 2-3
/RESET D2 Q2
8 Tsv| ¢20 Ve R ouTs JP2 ZERO ohm ACROSS |ZERO ohm ACROSS
Lo | i | S22 vy I R K ouTS DIGITAL 1/0 LEVEL PINS 1-2 PINS 23 NOT INSTALLED
] 2w o7 18]35 5o our7 R25-32 10k OHMS 100k OHMS
sak | <25 F JHVWRG 11 %)
GND | &9 JRESET 1 LCR'-K h% R72-95
v 74HC273 w Y C48-55
I D9—16
u6:C be 3 [y, U3 opl2 Qoo o[ 5 ©CURRENT DRIVER Q17-32 NOT INSTALLED INSTALLED NOT INSTALLED
] )8 o | - — x99
7aHcos g o3 o3l Gor Slze
u6:D D5 14 |D4 a5 ces %’ x U3
D6 Qo6
: 12 11 ﬁgg ggﬁ Q DRIVER CHIP c19 NOT INSTALLED INSTALLED NOT INSTALLED
74HCes JHVWRT 11
v RESET 1| CLK a0 INPUT R17-24
L S 22| CONDITIONING | c9-16 INSTALLED NOT INSTALLED NOT INSTALLED
oo
N / S Z| DRIVER CHIP 838 INSTALLED NOT INSTALLED NOT INSTALLED
<25 () —mUIZZ /
<2> (CD)—=lit=d ZERO OHM ACROSS| ZERO OHM ACROSS|ZERO OHM ACROSS
INPUT LEVEL SELECT | JP1 PINS 1—2 PINS 1—2 PINS 1—2
vee Decoupling Caps for ICs
APPEND THE FOLLOWING DRAWING CONTENT: e
c17 c18 c19 c20 c21 c22 DOCUMENTS WHEN CHANGING/ prawN BY: (INITIAL RELEASE) @)
108nF ——1@@nF —=1@8nF ——10@nF —1@8nF == 10@nF THIS DOCUMENT:
e e Al A KAH eonovee | SCHEMATIC DIAGRAM | 7aheiip
REVISED BY:
DM 28JUNO1 SR92x5 SERIES 2900 SPAFFORD ST.
APPROVALS: INITIAL RELEASE 530 - ’757_ 4616
SOURCE OUTPUT BOARD

COPYRIGHT 2001, Z—WORLD, INC.

Darren Musgrove 7/20/01 SIZE DWG NO.
ENGINEERING MANAGER: B @9 @ — @ 1 1 8
R.Matthews 2/15/02
SIGNATURES DATE SCALE NONE | RELEASE DATE | SHEET 9 OF o




D) QuUTo—7

_7 BANK 2 Y BANK 1 N
o= \ FACTORY CONFIGURABLE HIGH VOLTAGE SOURCING DRIVERS
ez - . . _ K _ _ HGHVOLTAGE SOURCING DRIVERS
N ‘ Install @ @ Ohm Resistor on ‘ FPWR Q24 FPWR Q16 FPWR Q12
JP3:1-2 for K (Customer provides Power Source) HVOUT® T MMBT44@3LT1 HVOUT2
JP3:2—3 for +V_ USER (Power from Z—Bul_gg’WR ‘
USER INTERFACE | wv_uses cor
= . Corr 2 D8 D6
K | K 13P3 ‘ it X-TP 914
5] 1
2
J2 | +V_USER 3 ‘
1 GND a
Dlgl':lg <7 DiciNg DIGIN® i _ ‘
DIGINT DIGINA
DIGINT | <3 iGNz LAy r BANK @ ‘ BANK 2
g:gmg 5 DIGIN3 DIGIN DIGITAL INPUTS FACTORY CONFIGURABLEC FPWR Q26 ‘ FPWR Q14 FPWR Q10 ours
GND Eg GﬁD | ‘ ‘ DIGITAL INPUTS . A
K| <g oieiNg DIGIN4
DIGIN4 | <5—piGiNG DIGING™ Ca4 3o
DIGINS | €5 piGiING DIGING™ ‘ 1onF & g7,
D'G::s’ 11 DIGIN7 DIGINT ™ \ ‘ |
Y I d N
131708 1708 R9 R17
1701 | <37 —1709 1709 IN0 DIGING N8 1708
1702 | $&=—17579 17010
| i e — g || e |
GND }2 7012 T 17012 ‘ 10nF " ‘ FPWR Q28
:;gg 19 17013 17013 ‘ HVOUT4
20 /014 7014
:;8; 21 17015 17015 ‘ IN1 R12 piging ‘ IN9 R18 /09 ‘ cas b
22 AVOUTa FAVOUTS I YW
HVOUT® | $53 HvouTt AVOUTA c2 22k c1e 22k 8? i ‘ 10nF 87'4
HVOUT1 | <53 —FvouTz FVOUTZ 1onF 1onF
HvoUT2 | <225 1
Hvo%'#g $26 FVOUT3® | HVOUT3 ‘ ‘
27 FVOUT4 FAVOUT4
HVOUT; 28 K ‘ IN2 R11 piginz IN1Q R19 /610 ‘
HVOUTS
HvouTs | {29 TVOUTS | Hvouts 22k 22k ‘
HvouTs | ¢30 VOUTe | HvouTe 3 e ‘ FPWR Q30 FPWR
HvouT7 | <31 1onF 1@nf T MMBT4403LT1
GND | ¢33 OND_g ‘ ‘
34
= IN3 R12 peing INT1 R20 |,0¢ ‘
v ‘ ca 22K ‘ 1o 22K ‘
10nF 1@nF ‘
Install @ Ohm Resistor on ‘ i ‘ l ‘ -
JP1, JP2 :1—-2 for Pull-Ups IN4 R13 pioing IN12 R21 /012 T
JP1, JP2 :2—-3 for Pull-Downs ‘ 22k ‘ 29k FPWR Q32 FPWR Q20
C13
1@k for Pull—Ups ?gnF 1@nF ‘ yo12 T} MMBT4403LT1 — . yo14 ‘ HyouTe
100k for Pull—Downs ‘ i ‘ l ‘ 3
C55 C49 C41 3
vee R ann_ DIGIN® IN5 R14 peins IN13 R22 /013 10nF 18?2 10nF 8}2 ‘ 10nF 8124
* RZ DIGINT
JP1 Ly 3 Y DIGiN2 ‘ o6 22k ‘ c14 22k ‘ l ! ’
ol2 R4 NN, DIGIN3 1@nF 10nF Q19
3 RS A DIGN4 ‘ i ‘ MMBT4401
RE YW DIGINS ‘ ‘
R7 DIGING
am DIGIN7 IN6 R15 pigine IN14 R23 /614 FPWR 22 FPWR a8 FPWR
‘ c7 22k ‘ c15 22k ‘ T~ MMBT4403LT1 1/015 ‘ T~ MMBT4403LT1
vee R25 \\n /08 TonF ook
* R26 1709
JP2 |4 27% 17010 ‘ l ‘ ‘
Ron |B12—3 RO R16 R24
£o E 3 R2OVW\A 17012 ‘ IN7 DIGIN7 ‘ IN15 17015
o= R3Q 17013
s - RI TN 1/014 cg 22k c1e 22k ‘ 7 ‘
32y 1/oTS ‘ l1cz)n|-' ‘ anF ‘ MMBT4401 ‘
R69 @0k HvouTe
2509 5VVVI1@0k  HVOUTT ‘7777l777774 \ /
ZE o R61VVVTOk  FVOUT2
a5¢g R57W\A 100k  HVOUT3
o4 §53m Q0K  FVOUT L
2 R49VVV-Tpok HVOUTS \\ DIGING=7 / o I | I I
/\ t zsm POk FAVOUT6 |
4 o RATLI@0K HVOUTT N\ 1/Q8-15 /\ 7\ /
v \, HVOUTQ—7 /\ /

SIZE DWG NO.

et B 090—0118

COPYRIGHT 2001, Z—WORLD, INC. [t NoNE [ 5 G




W USER VCCADC Vel e vee2 REVISION HISTORY REVISION APPROVAL
O o 2 B ] - ] kev] rco DESCRIPTION rroncs, [ o Tt [ armonss
VIAP c12 10 F Cc13 1@ F o _ I R N R
3 o M 10nF 163 19nF 16\L; A PROTOTYPE RELEASE, TRACKS A/W @ REV—A
LS sensel 2 A ATANT A ANT B |E11217| INITIAL RELEASE TRACK A/W @ REV—B DM  |[2eNovee| KIS [11/20/01
Al lon eaonks ADREF C [E11453] CONNECTED /IOWR TO U4, UPDATED FOR SR9320 DM  [20MARe1| KIS [3/20/01
A VA LP2951A +2.5V REF D [E11564] CHANGED PE7 TO QUTPUT INHIBIT DM 28JUN@1| KIS 7/17/01
REF+
Ro@ _+2.5V EXT REF f REF+ TABLE A
leek 1z REF DEVICE VOLTAGE INFORMATION DEVICE:
Re9
Ce —L%'Sr fonF Q2 DES| DEVICE FILTER CAP
o 17 ’Vr 2222 AGND[DGND| +5V [VCC1([VCC2|VCC3| ADREF |VCCADC NC REF DES(s)
TANT
LMC66@ Ut | 24ces 4 8 c1
4 A
24 z
1 ROt JESFE N U2 | 74HC165 12 | 20 1,6,11,16 | C2
+2.5V LM7301 100"V 12 U3 | 74Hc125 7 14 C3
T3,
U4 |PALCE16VB 12 | 20 c4
Us | TLc2543 | 1@ 20 C5, C44
sz — N U6 | LP2951A
D@—7
/ N ADREF uze | Lvcese | 11 4 c12
oA U2 qufS DATA_N RX LB 18 JoaTa_ouT AING—Aoc— u21 | LMcese | 11 4 c13
02 b2 13 |2 EOC AN1 "5 apc2
B3 D3 14| C 7 us AIN2 4 ADCS u22 LMC660 11 4 C14
o4 o4 3P QHP—— AD_ CLK AD_ CLK 18 AIN3I—5—3peq
D5 D5 4 | E DATA_IN = DAT_A_ N 17 170_ CLK AIN4 6 ADC5 u23 LM4040 C41
o6 06 5. AD_GS AD_GCS 15 |DATA_IN  AINS|=—pcg
WE{ = = CS ﬁ:g 8 ADCT U24 | LM7301 2 5 C11
- o AD_EOC 14 ReF+ ANg[- 9 {0E0 +5V VCCADC
%7—SER us:A% 13 |per Amgm I
D AD_CTL 1 D13 2 EOC -
SH/ALD < TLC2543 c1
V_Q5ER ] (C'JElé_INH 74HC123 | A (@ ohm) TonF = S0nF == SonF = 100F 10”F
+5V D A
J1 A 74HC165 M
A Acgg % Do SCLK SCLK
3 D1 D1 AD_CS AD_CS
o Jpram D2 AD_CTL AD_CTL STUFFING TABLE MODEL
< D3| <& s 0% +5V
8 B‘s' 7 gg gg CIRCUIT PART SR9300 SR9310 SR9320
8
DE| Sg— o7 07 Do be 2 —~ AD_CTL EE_CLK R1
- | S1e e A2 R 3|1 v 1oa 15 mcs 10.2k GAIN RESISTOR R32,39,40,47,48,55, 23.7k 1% | 12.1k 17 | 60.4k 1%
Ll 11 Al Al Al 4 14 AD_EOC 1% 7 7] 1 <) R56,63,64,71,77
T Ml S w o1 55 17025 ok EE_CLK | 74HC125 EE_CLK oo A2 z
5| 2| $53 o | PR Slis 10418 e R 8 =0 e . s B R34,37,42,45,50,53
/10RD 16 1705 C . = BIAS RESISTOR L T 39.2k 1% 8.06k 1% | 32.4k 1«
= | 1o | <3Ts a7 11088 o 19 usc b E R58,61,66,69,75
1o A7 iNHiB_out 8 707 %
E INHIBIT 18 - AD_LATCH 1 AD_ EOC (@)
O |/rkser Tg RESET 1|2 vz s vb| O JP2,JP4,JP6,JP8
Di +;§\\5 2 PALCE16V8 02 11 12 EE_I0 5 |[EXCITATION SELECT |JP1@,JP12,JP13
Lo 4y User gg % D AD_LATCH 74HC125 % OR 4—20mA SELECT|JP15,JP17,JP19 NOT INSTALLED | NOT INSTALLED |  INSTALLED
x| S28 RX = JP21 2-3
SC?K( 25 SCIK SCIK =)
DGND | <28 HSNP 2 JP1,JP3,JP5,JP7
o EXCITATION VOLTAGE|JpP9,JP11,JP14,
SELECT JP16,JP18,0P20 NOT INSTALLED | NOT INSTALLED | NOT INSTALLED
NOTES: UNLESS OTHERWISE SPECIFIED; JP22
1. ALL RESISTOR VALUES ARE IN OHMS, 1/1@W, 5%
2. ALL CAPACITORS ARE 50VDC OR HIGHER. APPEND THE FOLLOWING DRAWING CONTENT: TITLE
3. THE ORIGINATION SOURCE OF A VOLTAGE IS REPRESENTED DOCUMENTS WHEN CHANGING| prawn BY: (INITIAL RELEASE) SCH EMATIC D IAG RAM i
BY (vcc ), AND ALL REFERENCES TO THAT VOLTAGE THIS DOCUMENT:
$ ARE REPRESENTED BY ( vcc ). Rngsgl:\:é\vl__ 18JUN9S S Rg 3®® S ER I ES Z VVUKLD
_r N
A OUTLINED CIRCUIT MAY NOT BE STUFFED DEPENDING DM 20JUNe 12—BIT 11—CHANNEL 900 SPAFFORD ST.
ON MODEL, SEE STUFFING CHART FOR CLARIFICATION. APPROVALS: INITIAL RELEASE 330- 757 - 4616
( ) PROJECT ENGINEER: l A/ D CO NVE RTE R
5. COMPONENT VALUES SHOWN WITH AN ASTERISK (* D SIZE
arren Musgrove 7/20/01 DWG NO.
FOLLOWING THE VALUE, MAY HAVE DIFFERENT VALUES, SR I MANAGE% | 120/0 |
OR MAY NOT BE STUFFED DEPENDING ON MODEL. ' @9 @ — @@8 6
COPYRIGHT 2000 Z—WORLD. INC SEE STUFFING CHART FOR CLARIFICATION. R.Matthews 7/20/01
’ ’ : SIGNATURES | DATE | SCALE NONE | RELEASE DATE | SHEET 4 OF o




USER INTERFACE

(D e
<SHT1> \

ADCO ADCO ADCO ADCO
ADC1 ADC1 ADC1
ADC2 ADC2
VCCADC REF VeEADE gprg  RERF c32 VCCADC REF VCCADC REF sz
JP1 + 1 3 ADC1 + + A
1 3 Cz0 ADCO 41|n|F—; 1 JP16 3 C35 ADC2 1 JP3 3 C23 ADC3
R56 1nF 1nF
! R63 R39
23.7kx 1% L » e
23.7k¢ 1% 23.7kk 1%
R57 13
—20:D R62 9 R38 6
100k 1% S\y2e:c —~U20:B
LMC660 14 100k 1% 8 100k 17 ;
12 LMC66@ LMC660
ADREF > 1814 =D
R59 R58
R34 . A ADREF 60 R61 ADREF 36 R37
10.0k 1% 39.2k#* 1% AN AN
1% 39.2k¢ 1% c33 10.0k 1 39.2k¢ 1% 10.0k 1% 39.2kk 1%
c21 4 C34 c22
VCCADC REF+ [ 100nF .
- = 100nF VA 100nF 100nF
ANO VA VA VA
AIN1 AIN1
AIN2 AIN2 AIN2
AIN3 AIN3 AIN3 AIN3
J2 ADC4 ADC4 ADC4 ADC4
AING 1 AINO ADC5 ADC5 ADC5
AN 2 AIN1 ADC6 ADC6
3 AGND ADC7
GND [ &% VCCADC REF+ VCCADC REF+ VCCADC REF+ —
4 ANZ JP5
ANZ | S5 s C24 ADC4 VCCADC pyg  REF+ 36 1oP20 . c39 ADCE 1T cz7 ADC7
GND %— 1nF ! 3 — 1nF 1nF
AIN4 | So—7Rs R40 nF R71 R47
AINS | ¢5—%6ND ! ’ R64 . . )
GND W« 23.7k* 1% [ 23.7k* 1% 23.7k* 1%
AINB 11 AGND 23.7k* 1%
GND W‘ 2 R70 9 R46 6
AN7 | <35 Ng SN\U21:A R65 13 SN21:C —\U21:B
AIN8 14 AGND 1 - 21:D 100k 1« 8 100k 1% 7
OND [ <32—aig LMC66@ 1eek 1z 14 LMC66@ LMC660
AIN9 | 32— KTa 3 LMC660 10 5
ANTe | <353 + 12 + +
GND | <—a—vccanc® + ADREF ADREF
15y | ¢18 YEEEE R42 ADREF <6 R68 R69 R44 R45
GND | {12255 o
rosy | ¢20 REF+ 1% 39.2k¢ 1% 10.0k 1% 39.2kx 1% 10.0k 1% 39.2kx 1%
c25 10.0k 1% 39.2kx 1% c38 c26
VA e c37 [ .
100nF e 100nF 100nF
ﬁ:g VA AINS 1ot Vi VA VA
A
AIN6 AIN6 AIN6
AIN7 AIN7 AIN7 AIN7
ADC8 ADC8 ADC8 ADC8
ADC9 ADC9 ADC9
ADC10 ADC10
VCCADC REF+ VCCADC REF+ VCCADC REF+
P9 C28 ADC8 1 Jp22 3 Ca3 ADC9 1 JP11 3 C31 ADC10
e | E—— — A e
1nF 1nF 1nF
R48 R77 R55
> L L
23.7k¢ 1% 23.7kk 1% 23.7kk 1%
R76 R54
2 I>Ny22:A 9 I™~w22:c LIV 6 [™y22:8
: 100k 1% 8 100k 1 ;
LMC66@ LMC660 LMC660
3|, 1|, 50,
ADREF ADREF
R50 R74 R75 R52 R53
39.2kx 1% 10.0k 1% 39.2kx 1% 10.0k 1% 39.2kx 1%
€29 ca2 c30
|—0 |—|— |—|
100nF 100nF 100nF
ANS VA VA VA
AIN9 AIN9
AIN1@ AIN10 AIN14¢
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PIOO™ REVISION HISTORY REVISION APPROVAL
+V_ USER
4 +5v ol 1 PROJECT | APPROVAL | DOCUMENT | APPROVAL
74VHC125 EE_CLK g we U 4o 2 PROPRIETARY INFORMATION REV| ECO DESCRIPTION ENGINEER DATE CONTROL DATE
+2V R5 = scL Al ;
| AN E_oo 5 |35, ol 3 Z—World, Inc. Davis, CA.
TLsm 8 ek 116w 24c04 This information constitutes a A |E11276| INITIAL RELEASE TO PRODUCTION J. FENG [4/18/01) KIS |4/18/01
u7z.c ™5 P4 —
(aw v o 0 v Trade Secret of Z=World. B |E11564| CHANGED PE7 TO OUTPUT INHIBIT, J1, J2 FORMAT DM  |28JUN@1| KIS [7/17/01
J2:A
42:8¢3 2 Spe U5 a0l 33 R6 c15
J2:C< o a0 g a1 .
J2:0¢3 o 5192 3 9% 165K 1/96W 1z 33pF
J2:E<SE b 6107 = qal 15 )
JZ:F 7 5 7105 N Q5|14 =
j%ﬁ 8 06 8 |ng g Q813 u2 g
92:1¢2 b7 9157 & q7H2 Lo outal* o
s — g 1] @ N s NOTES: UNLESS OTHERWISE
; 1 = :
AR 2 2| " 3 r«% = 3des  outslZ 5 Cc16 SPECIFIED:
N pAT I 1A TAHCToTA SR R7 S R20 I 1. ALL RESISTOR VALUES
NP ST TLV5618 137K (165K~ ‘ ’ ,
)2:pe 16 ssorcs +5V Rg 825K (8.2535 ARE IN OHMS, 1/1@W, 5%
J2:4 el & 768Kk W 1z - 2. ALL CAPACITORS ARE
j%ngEsn R3 R8 50VDC OR HIGHER.
J2:7¢28 o 5 3. THE ORIGINATION SOURCE OF
21 sav 137K (165k)¥ 1
one2z W 1ok 1710w R19 A VOLTAGE IS REPRESENTED
J2W ST ) R46 . (825K« YV 6W 17 BY (vcc), AND ALL
U2X$25  sux S avHC1 25 1 s, R57 825K (8.259Q3 =
427 20— = | 22, o™ 165K 4V¥6W" 1 5 REFERENCES TO THAT
6 5 s R37
; 5 ; < R oM VOLTAGE ARE
13 U7:D u7:8 gjcs_ outs R56 10 T 17 REPRESENTED BY ( Y€©)
S REF YV t S 1716W T
12 11 137K (165Kk)* 1% s ‘ c23
4VHC125 fooete (825K T 6w 1% R43 SIC’ij pasoe 1508
R65 1 ) oy N
AN . R54 825K (8.215:? %\ D/A_ouTe 2 J1:B
o 3.40K (@ OHM)* 165K YYiew 1z g R34 D/A_SEN1 3501:C
+5V Re2 1% >
390 ™ R63 75 R55 % 1109 OHM D/A_OUT1 4 J1:D
S ? 137K (165K 1% S 1716W oa_soz 55 y1.¢
1% 7.87k %
© g RE6 C1|7| (825K)* /16W 1% & GND 6 J1:F
c27 S @ c28 1% c29 R27  33pF O/A_SENS 7501:6
108nF — 1 32 1eenf 1/16Ws  100nF—= ) o .
R © X 2.00K N R10 823 s LR - J1:H
o< R I
233 @ (20.0K) Z |9 OoUTA 165K A/T6W 17 o 2 M1 * st 9501
3 s | 116w 825K < 10
- D/A_OUT3
: Sdos  outsl’ R11 5 = R13 6 S| rss - J1:d
+5V €7A +12v REF 1 137K (165k)¥ o =< 100 OHM AGND 11y 4.
> TLV5618 ® 165K Y/M6W 1z s> 1z
© (8.25K)* 1716W 1z g 1/16W D/A_OUT4 12 J1L
N R12 g
cs co cle Q= c20 c19 ‘ o/aSENS 13y 440
100nF —100nF = 100nF ng 10@nF = 10@nF 137K (165K0Y 1% (825K YVi6wW 1% o 1e
] —12V CZI(IS = J1:N
l Valcis |z 33pF  R52 ‘ oasme 15y 51,0
T1BB”F T1BB”F R41 €25 D/A_OUTE 16
+V USER * +12v us R61 100 OHM H| = J1:P
_ A ToN - oural-* s5k N ew® 1z @ 33pF R49 | w17y
. SCLK 1716W 5 B
D/A_0OUT7
Tt U1 Fa[-4 Q 2 cs  outs 7 | R60 10 <58 z - J1:R
8 .o 137K (165k)¥ e 38 AGND 195 4.
.l c7 VOUT_SW MmM— TLV5618 ( 165K 17¥6W 1 LM324 s 160 OHM I8
== 47uF gl | L1 1@0uH (B.25K) (V6w 17 I 12w s | 20y 41
A 5 = | c6 1onF 0 o1 R59 R50 ®
GND ON/+OFF| = LI 5V A : . .
1267515 13 1N5819 330uF 137K (165kIY 17 (8.25K) Y/ ¥6W 1z n
o
x AL
x c3 c2 ca cs APPEND THE FOLLOWING DRAWING CONTENT: e
f‘g ? 3 100nF 100nF 100nF 100nF DOCUMENTS WHEN CHANGING prawnN BY: (INITIAL RELEASE) S C H E MATI C D IAG RAM
n lA . lA . THIS DOCUMENT: J. FENG 3/1/2001 SR9400 ORLD
REVISED BY:
7 U9 4 . .
VIN FB D.MUSGROVE 06/28/01 D|g ital to Anolog 2900 SPAFFORD ST.
8 e M . . DAVIS, CA 95616
. 814 VouT_sw c12 T APPROVALS: INITIAL RELEASE C t 530- 757 - 4616
—_ u
T AL cBl- {f 1onF L2 1@euH A 2 OHMS PROJECT ENGINEER: onverter
6 5 " D3 ci1 | C21 LD . /18/2001[z= WG M.
Mmze75- 156 IN5819 == 336uF —10@nF & IN5819 Ties Analog Gnd J. FENG 4
. AEV —12V | to Digital Gnd ENGINEERING MANAGER: B @9 @ — @ 1 2 1
A R.Matthews 2/15/02
- " - SIGNATURES DATE SCALE NONE | RELEASE DATE | SHEET 4 OF o




STUFFING TABLE

POWER TABLE

REF DEVICE VOLTAGE INFORMATION DEVICE: FILTER CAP
DES| DEVICE 1 ND GND|+5v [+12v-12V|NO CONNECTS|  REF DES(s)

ug 24C0o4 4 8 Cl1o

u1e LM324A 4 11 C19, C21

ue

74VHC574

10

c8

u2

TLV5618

Cc2

u7

74VHC125

Cc9

u3

TLV5618

C3

u4

TLV5618

C4

(VA

LM324A

C20, C22

us

TLV5618

Cc5

SR9400 SR9410 SR9420 SR9400 SR9410 SR9420
PART 0 — +10.24V —10.24 — +10.24V 4 — 20mA PART 0 — +10.24v —10.24 — +10.24V 4 — 20mA
D/A CONVERTER D/A CONVERTER | D/A CONVERTER D/A CONVERTER D/A CONVERTER | D/A CONVERTER
R63 | 7.87K 17 0603 7.87K 1% 0603 15.8K 1% 0603 R15 | NOT INSTALLED NOT INSTALLED @ ohm 0603
R64 | 2.62K 17 0603 7.87K 1% 0603 10.7K 1% 0603 R22 | NOT INSTALLED NOT INSTALLED @ ohm 0603
R65 | 2.80K 17 0603 2.80K 1% 0603 @ ohm 0603 R25 | NOT INSTALLED NOT INSTALLED @ ohm 0603
R66 | 2.00K 17 0603 2.00K 1% 0603 NOT INSTALLED R31 | NOT INSTALLED NOT INSTALLED @ ohm 0603
R7 137K 1% 0603 137K 1% 0603 165K 1% 0603 R42 | NOT INSTALLED NOT INSTALLED @ ohm 0603
R8 137K 1% 0603 137K 1% 0603 165K 1% 0603 R47 | NOT INSTALLED NOT INSTALLED @ ohm 0603
R11 | 137K 17 0603 137K 1% 0603 165K 1% 0603 R48 | NOT INSTALLED NOT INSTALLED @ ohm 0603
R12 | 137K 17 0603 137K 1% 0603 165K 1% 0603 R53 | NOT INSTALLED NOT INSTALLED @ ohm 0603
R55 | 137K 17 0603 137K 1% 0603 165K 1% 0603 R16 | @ ohm 0603 @ ohm 0603 NOT INSTALLED
R56 | 137K 17 0603 137K 1% 0603 165K 1% 0603 R21 | @ ohm 0603 @ ohm 0603 NOT INSTALLED
R59 | 137K 17 0603 137K 1% 0603 165K 1% 0603 R26 | @ ohm 0603 @ ohm 0603 NOT INSTALLED
R6@ | 137K 17 0603 137K 1% 0603 165K 1% 0603 R32 | @ ohm 0603 @ ohm 0603 NOT INSTALLED
R17 | 825K 17 @603 825K 17 0603 8.25K 17% 0603 R35 | @ ohm 0603 @ ohm 0603 NOT INSTALLED
R18 | NOT INSTALLED NOT INSTALLED 8.25K 1% 0603 R36 | @ ohm 0603 @ ohm 0603 NOT INSTALLED
R19 | NOT INSTALLED NOT INSTALLED 8.25K 17% 0603 R39 | @ ohm 0603 @ ohm 0603 NOT INSTALLED
R20 | 825K 17 0603 825K 17 0603 8.25K 17 0603 R4@ | @ ohm 0603 @ ohm 0603 NOT INSTALLED
R27 | 825K 17 @603 825K 17 0603 8.25K 17% 0603 C13 | @ ohm 0805 100nF 0805 @ ohm 0805
R28 | NOT INSTALLED NOT INSTALLED 8.25K 17% 0603 C21 | @ ohm 0805 100nF 0805 @ ohm 0805
R29 | NOT INSTALLED NOT INSTALLED 8.25K 1% 0603 C22 | @ ohm 0805 100nF 0805 @ ohm 0805
R3@ | 825K 17 0603 825K 17 0603 8.25K 17% 0603 U9 NOT INSTALLED LM2675—-12, IC NOT INSTALLED
R43 | 825K 17 0603 825K 17 0603 8.25K 17 0603 D1 NOT INSTALLED 1N5819, DIODE NOT INSTALLED
R44 | NOT INSTALLED NOT INSTALLED 8.25K 17% 0603 D3 NOT INSTALLED 1N5819, DIODE NOT INSTALLED
R45 | NOT INSTALLED NOT INSTALLED 8.25K 17% 0603 D4 NOT INSTALLED 1N5819, DIODE NOT INSTALLED
R46 | 825K 17 0603 825K 17 0603 8.25K 1% 0603 C11 | NOT INSTALLED 330 uF 16V CAP NOT INSTALLED
R49 | 825K 17 0603 825K 17 0603 8.25K 17% 0603 C12 | NOT INSTALLED 10nF 0805 NOT INSTALLED
R5@ | NOT INSTALLED NOT INSTALLED 8.25K 17 0603 C14 | NOT INSTALLED 47uF 50V CAP NOT INSTALLED
R51 | NOT INSTALLED NOT INSTALLED 8.25K 17% 0603 L2 NOT INSTALLED 100uH, IND NOT INSTALLED
R52 | 825K 17 0603 825K 17 0603 8.25K 17 0603 R14 | 100 ohm 0603 100 ohm 0603 10.0 ohm 0603
R23 | 100 ohm 0603 100 ohm 0603 10.0 ohm 0603
R24 | 100 ohm 0603 100 ohm 0603 10.0 ohm 0603
R33 | 100 ohm 0603 100 ohm 0603 10.0 ohm 0603
R34 | 100 ohm 0603 100 ohm 0603 10.0 ohm 0603
R37 | 100 ohm 0603 100 ohm 0603 10.0 ohm 0603
R38 | 100 ohm 0603 100 ohm 0603 10.0 ohm 0603
R41 | 100 ohm 0603 100 ohm 0603 10.0 ohm 0603
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FROM MOTHERBOARD

REVISION HISTORY REVISION APPROVAL
PROJECT APPROVAL | DOCUMENT | APPROVAL
+V USER Y +V USER +V USER REV| ECO DESCRIPTION ENGINEER DATE | CONTROL DATE
T T A |E11217] INITIAL RELEASE DM  [11/20/01 KIS  |7/17/01
- 3 B |E11564| CHANGED PE7 TO OUTPUT INHIBIT DM  [28JuNe1| KIS  [7/17/01
2
3,40k o 13906 C |E11715| CORRECTED REL2COM TO REL2NO ON J1 PIN 14. XT ]|2/15/02 | KIS |2/15/02
R14 3
2
‘ 63 4i + TABLE A
%
R | & REF DEVICE DEVICE VOLTAGE INFORMATION DEVICE: FILTER CAP
1 230 _ DES AGND | GND | +5V |+V_USER|NO CONNECTS  REF DES(s)
RELDRVO
. U1 7812
+V_USER RELD Q6 u2 LM311 4 8 c1oe
: VIN78120UT 5 vour D MMBT4401 us | 74aHC32 3 5 ¢
cs GND IN5819 | co o1s U4 74HC259 8 16 C12
220nF 2 } g\@/uF RELDRVI
TANT
REL1 Q5
MMBT44021
P9
e RELDRV2
+iv REL2 +5v +V_USER
+V_USER 4,32k Q4 H I
- 1% C12 Cc11 c10
Acﬂf 1 GND A MMBT4401 100nF T 1@@nF l1@@nF
< Do 7
B? é T& RELDRV3 g
D21 S5 —
D3| <
04| ¢&—
ol S8
el o —
07| < ) A0 RELO
ﬁ? 1? Al Al ; g? v 8? g RELT
12 A2 A2 3 6 REL2
A2 13 S2 Q2 7 RELS 3
A3| 13— Q34 REL4 RELDRV4
;Ilgv'tg <15 /IOWR D@ 13 D gg 10 RELS v
/SELECT| <18 /CS AR 144 6|1 NOTES: UNLESS OTHERWISE SPECIFIED;
17 JRESET 15 Q67 REL4
NI\ g OR S 1. ALL RESISTOR VALUES ARE IN OHMS, 1/1@W, 5%
/RESET | <19 /RESET MMET340T 2. ALL CAPACITORS ARE 5@VDC OR HIGHER.
| & 3. THE ORIGINATION SOURCE OF A VOLTAGE IS REPRESENTED
+V_UsER | ¢22 H-USER T o BY (VEC ), AND ALL REFERENCES TO THAT VOLTAGE
| $2a Us ARE REPRESENTED BY ( V‘Crc ).
TP13
S&hg <§2 oND | /IOWR 1 . AR
< ? )
\% Q1
74AHC32 1% MMBT4401
<25 =—BEDRVRS /
COPYRIGHT 20@1, Z—WORLD, INC.
APPEND THE FOLLOWING DRAWING CONTENT: TITLE

DOCUMENTS WHEN CHANGING [ orawn 8Y: (INTIAL RELEASE)

e s6moe | SCHEMATIC DIAGRAM

, Z-WORLD
K.SCHALLER NOV1, 2001 SR9500 SERIES 2900 SPAFFORD ST.
APPROVALS: INITIAL RELEASE RELAY BOARD D5’§X'_S7'5C7A_ 32%6

PROJECT ENGINEER:

DARREN MUSGROVE 11/20/00|°* DWe No.

s BT 060 0098

SIGNATURES DATE SCALE NONE | RELEASE DATE 11/20/00 | SHEET 1 OF 2




USER INTERFACE

<15 emmmRELDRYOZS

J1

GND
RELONO
REL@ONO
RELOCOM
RELOCOM
GND
REL1NO
REL1NO
REL1COM
REL1COM
REL2NO
GND
REL2COM
REL2NO
REL3NO
REL2COM
GND
REL3NO
REL3COM
REL3COM
REL4NO
REL4NO
REL4COM
REL4COM
GND
RELSNO
RELS5NO
RELSCOM
REL5COM
RELSNC

RELSNC
GND

K2 +V
REL@COM RELOCOM 8 1 Dy
1
pa c2 R2 +
22 RCO RELONO 7 3
<3 RO 1BIBInF Jd\y — A D7
g RELOCOM 250V 1/4W — 9 —(0 1] 914
6 [ RELBNO 3 - 10 RELDRV@
$7
<8 REL1NO 41 4 5
9
T REL1COM 2 _(0
11 6
12 TQ2SA-12V
$13 1
14 REL2NO
15 K1 v
16 REL2COM REL1COM REL1COM 8 1
A7 o R1 +
18 REL3NO (H RC1 A REL1NO 7 3}{ 06
19
%j REL3COM 10@nF 47
o 250V 1/4W el g 1] 914
$22 REL4NO RELINO 3 - 10 RELDRV1
23
$2a 1 REL4COM 4] 5 5
25
SO
26 2
T‘l RELSNO 7_1';1{2;; 12v °
$29 REL5COM
30 +V
$31 [ K4 i
$37 RELSNC REL2COM REL2COM 8 1
33 o R4 +
¢4 (f‘]' RC2 AR REL2NO 7 3
108nF 47 A D5
250V 174W el 1] 914
v REL2NO 3 - 10 RELDRVZ2
a4l 5
72_(0 -
TQ2SA-12V
K3 +V
REL3COM REL3COM 8 1 T
(T‘? RC3 ‘/%-\,’/\ REL3NO 7 + 3
108nF 47 A D4
250V 1748 —sls 1] 914
REL3NO 3 - 10 RELDRV3
a4l 5
72_(0 s
TQ2SA-12V
K6 +V
REL4COM REL4COM 8 1 T
(77 RC4 ‘EZ, REL4NO 7 + 3
108nF 47 A D3
250V 174w sl 6™ 1| 914
REL4NO 3 - 10 RELDRV4
4| 4 5
2 _{0 s
TQ2SA—12V
K5 +V
REL5COM REL5COM 8 1 T
(T‘? RC5 ‘/3/6\5/‘ RELSNO 7 + 3
108nF 47 4 D2
ac " RELSNG 9 11 914
RELSNO 3 - 10 RELDRVS
c6 R5 4] o 5
a0 - W 2l 6
n I
6
RELSNG 25ev 174W TQ2SA—12V

COPYRIGHT 2001, Z—WORLD, INC. NOV1, 2001
B| 090-0098
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TP921 REVISION HISTORY REVISION APPROVAL
RELDRV@®

PROJECT | APPROVAL | DOCUMENT | APPROVAL
DESCRIPTION

REV| ECO ENGINEER DATE CONTROL DATE

TP22
+V_USER +5V +V_USER +V_USER REL® (5

4.32k

32 MMBTA?Zm A E11266| INITIAL RELEASE A/W @ REV—A XT 11721700 KIS |11/21/0

B |E1177§ CORRECTED REFERENCE DESIGNATORS. XT 2/15/02 KIS 2/15/02

ki
o

Q9
MMBT3906

+0

RELDRV1

TP16

REL1

+V 4.32k Q6
™19 1% MMBT4401

K
w

4.3M

+0

RELDRV2

TABLE A

7812 D 7 MMBT2407 REF DEVICE VOLTAGE INFORMATION DEVICE: FILTER CAP

vin YT ourl-3 |
o . neste | ca DES| DEVICE FAGND [ GND [ +5v [+V_USER|NO CONNECTS  REF DES(s)

220nF 5 100uF RELDRVS ut 7812
TP10
TANT ez ©Q u2 LM311 4 8 cle

4.32k Q4 u3 74AHC32 3 5 cn
1% MMBT4401
U4 74HC259 8 16 c12

REL2

+V_USER

—
0
©

—
0
~

RELDRV4

+5V 1 MMBT4401

—
0
w

J2 +V_USER +5V +V_USER

FROM MOTHERBOARD

A RELDRVS I
GND
Da 104 Lecs c3
100nF T 100nF 10@nF
Q2
1% MMBT4401

RELDRV6E

)
4
o
NT

=

o))
o=

-

O

A

:

NN =

AQ
Al
A2

RELO

RELT

REL2

RELS o
14 RELA

/I0RD [ €52 jjonR e 13 Q415 RE5 MMBT4401

sseLect| <18 /Cs %ET};FELR §§ n RELE TF’923 RELDRV? NOTES: UNLESS OTHERWISE SPECIFIED; .
x| S8 R cosa 1. ALL RESISTOR VALUES ARE IN OHMS, 1/1@W, 5
19 R 2. ALL CAPACITORS ARE 5@VDC OR HIGHER.
3. THE ORIGINATION SOURCE OF A VOLTAGE IS REPRESENTED
BY (VCC ), AND ALL REFERENCES TO THAT VOLTAGE
A " ARE REPRESENTED BY ( \/_ch )-

[w]
[o)]
—‘—-—-OTEXJ\IO')UI

Rz3
[SINIE

>

[&]

I's)

[&]
OO

I
b4
<

+
w
(]}
<
T:

22 +V_USER

23
TX 24

Q8
MMBT4401

.32k
1%

}

U3 117
4 /WR

[%]
(@]
—
X
N
[&]

GND | /IOWR 1
/CS 2

41\

74AHC32

%
i
\
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ENGINEERING MANAGER: B —_—
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USER INTERFACE

C} RELDRVO—7
K1 +V
Ji1 RELGCOM 8 1 T
1
GND | <5 RELENO RELONO 7 p 3
RELONO| <3 RELOCOM A D8
RELGCOM | <3 RELONC RELGNC 9 914
RELGNC| <z RECING 1
REL1NO 5 3 —| 19 RELDRV@ RELDRV@
GND| <5 ? ReLiCOM
REL1COM| <£ RELING 4 5
RELINC| <g RELZNG —1° -
REL2NO
REL2COM| <12 RELICOM 2| &° s
REL2NC
12 | TQ2SA—-12V
GND| <33 ?  REL3NO K4 +v
REL3NO| <77 REL3COM REL1COM REL1COM 8 1
REL3COM| <72 RELING
+
REL3NC| <3¢ RELANO REL1NO REL1NO 7 3
REL4NO 17 D7
REL4COM| <18 [ REL4COM RELINC RELINC 9 L oa
19 REL4NC
REL4NC| <o RELENG 3 - 10 RELDRV1
RELSNO| <27 RELSCOM K3 +V
RELSCOM| <75 REL5NC REL2COM 8 1 Dy 4 5
RELSNC| <5% RELGND —o
+
REL6NO| <57 REL6COM REL2NO 7 3 2| &°
REL6COM| <52 A D6 3
GND| €95 %  ReLeNC REL2NC 9 914 TQ2SA-12V
RELENC| <29 RECING 1
REL7NO| <7g REL7COM 3 - 10 RELDRV2 RELDRV2
REL7COM| <59 RELING
REL7NC| <55 4 5
$31 — 1 7
GND| ¢2—
:gg 72_0/0 s
%34 TQ2SA—-12V
ot K6 +V
REL3COM REL3COM 8 1
v +H
REL3NO REL3NO 7 3
D5
REL3NC REL3NC 9 1] 914
3 - 10 RELDRV3
K5 v
REL4COM 8 1 41 5 1S
+
REL4NO 7 3 _ 2| g A
A D4 6
REL4NC 9 1| 914 TQ2SA—12V
3 - 10 RELDRV4 RELDRV4
Y 5
72_(0 s
TQ2SA—-12V )
K8
REL5COM REL5COM 8 1
RELSNO RELSNO 7 p 3
D3
RELSNC RELSNG 9 1] 914
3 - 10 RELDRVS
K7 v 4 5
—_ )
REL6COM 8 1
4 2l g R
RELGNO 7 3 3
A D2 TQ2SA—-12V
RELGNC 9 1| 914
3 - 10 RELDRV6 RELDRV6
4l 5
72_(0 s
TQ2SA—-12V )
K2
REL7COM REL7COM 8 1 T
REL7NO REL7TNO 7 p 3
A D9
REL7NC RELINC O 1| 914
3 - 10 RELDRV7
4l 5
72_{0 s

TQ2SA—12V

COPYRIGHT 2001, Z—WORLD, INC. 18DECQ1
SIZE DWG NO.
SCALE NONE REV LTR B | SHEET 2 O 9




APPROVALS: INITIAL RELEASE

PROJECT ENGINEER:

FIELD WIRING TERMINAL

REVISION HISTORY REVISION APPROVAL
PROJECT APPROVAL | DOCUMENT | APPROVAL
REV | ECO DESCRIPTION ENGINEER DATE CONTROL DATE
A [E11217] INITIAL RELEASE XT 2/15/02 KIS 2/15/02
B |E11450| CONNECTED P2 PIN1 TO J3 PIN1, REMOVED GND DM 15MAR@1 KIS 3/20/00
P2 J3 W
1 1
0 2 2 %
(1% 2 . 0 =
< 5 5 <—(l (©)
= = R
9% 9 9 P Z
< 10 10 o (@)
o G — T wxo
© 13 13 — O w
N 14 14 -
15 15 =
s 16 16 (] g(J
$17 17
o 18 f \ 18 2:) &)
19
& & n %
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