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1. INTRODUCTION

The BL2000 is a high-performance, C-programmable single-
board computer that offers built-in digital and analog 1/0 com-
bined with Ethernet connectivity in a compact form factor. A
Rabbit 2000™ microprocessor operating at 22.1 MHz provides
fast data processing. An optional plastic enclosure is available,
and may be wall-mounted or panel-mounted.

1.1 BL2000 Description

The BL2000 is an advanced single-board computer that incorporates the powerful Rabbit
2000 microprocessor, flash memory, static RAM, digital 1/0 ports, A/D converter inputs,
D/A converter outputs, an SPDT relay output, and a 10Base-T Ethernet port.

1.2 BL2000 Features

Rabbit 2000™ microprocessor operating at 22.1 MHz.
128K static RAM and 256K flash memory.

Upto 28 digital 1/0:
11 protected digital inputs (plus up to 7 dual-purpose unbuffered anal og inputs that

may be software-configured for use as digital inputs) and 10 high-current digital
sinking outputs that may be factory-configured as sourcing outputs.

11 analog channels: nine 12-bit A/D converter inputs, two 12-bit D/A converter outputs.
Onboard SPDT relay.

One RJ-45 Ethernet port compliant with IEEE 802.3 standard for 10Base-T Ethernet
protocol.

Eight status LEDs.

4 seria ports (2 RS-232 or 1 RS-232 with RTS/ICTS, 1 RS-485, and 1 CMOS-compati-
ble programming port).

Real-time clock.
Watchdog supervisor.
Voltage regulator.
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Backup battery.

Ability to send e-mail and serve Web pages containing embedded data from single-
board computer.

Remote program downloading and debugging capability via RabbitLink.

Optional plastic enclosure (can be wall-mounted or panel-mounted) and LED light
pipes (enclosure and light pipes are included with the Tool Kit, and are also sold sepa-
rately).

Appendix A provides detailed specifications.

Four models of the BL2000 are available. Their standard features are summarized in
Table 1.

Table 1. BL2000 Series Features

Model Features

BL 2000 Full-featured single-board computer.

BL 2000 with eleven 10-bit A/D converter inputs (no D/A

BL2010 converter outputs).

BL2020 BL 2000 without Ethernet interface, only 6 LEDs.

BL2030 BL 2010 without Ethernet interface, only 6 LEDs.

1.3 Development and Evaluation Tools
1.3.1 Tool Kit

A Tool Kit contains the hardware essentials you will need to create and use your own
BL 2000 single-board computer.

Theitemsin the Tool Kit and their use are as follows:

BL 2000 User’s Manual with schematics (this document).
Programming cable, used to connect your PC serial port to the BL2000.

AC adapter, used to power the BL2000. An AC adapter is supplied with tool kitssold in
the North American market. If you are using another power supply, it must provide 9 to
40V DC.

Demonstration Board with pushbutton switches and LEDs. The Demonstration Board
can be hooked up to the BL2000 to demonstrate the |/O and the TCP/IP capabilities of
the BL2000.

Wire assembly to connect Demonstration Board to BL 2000.
Plastic enclosure with four screws and eight customer-installable light pipes.

Screwdriver.
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Programming
DIAG Cable ~,| AC Adapter
& (North American
kits only)
(
Screwdriver it
RO
Demo Board ﬁﬁﬁﬁﬁﬁﬁﬁ
Wiring Harness LED Light Pipes
Demo Board
User's Manual Plastic Enclosure

Figure 1. BL2000 Tool Kit

1.3.2 Software

The BL2000 is programmed using version 7.04 or later of Z-World’'s Dynamic C Premier,

an integrated development environment that includes an editor, a C compiler, and a debug-
ger. Library functions provide an easy-to-use interface for the BL2000. Software drivers

for TCP/IPR, 1/0, and serial communication are included with Dynamic C Premier.

The programming cable has alevel converter board in the middle of the cable since the
BL 2000 programming port supports CMOS logic levels, and not the higher voltage
RS-232 levelsthat are used by PC serial ports. When the programming cable is connected,
Dynamic C running on the PC can hard-reset the BL 2000 and cold-boot it. The cold boot
includes compiling and downloading a BIOS program that stays resident while you work.
If 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.

You have a choice of doing your software development in the flash memory or in the static
RAM included on the BL2000. 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.
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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, a watch expression
canview any expression using local or external variables. If aperiodic call tor unwat ch()
Isincluded in your program, you will be able to evaluate watch expressions by hitting
<Ctrl-U> without stopping the program.
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2. GETTING STARTED

Chapter 2 explains how to connect the programming cable and
power supply to the BL2000. Basic Ethernet network connec-
tions are shown, and instructions for configuring the network
parameters on the BL 2000 are included.

2.1 BL2000 Connections

1. Attach the BL2000 to the plastic enclosure base.

Position the BL 2000 over the plastic enclosure base as shown below in Figure 2. Attach
the BL2000 to the base at the top left and bottom right positions using the two 4-40 x ¥4
screws supplied with the enclosure.

Figure 2. Attach BL2000 to Plastic Enclosure Base

The plastic enclosure base facilitates handling the BL 2000 during development, and pro-
vides an attractive mounting alternative. Alternatively, you may wish to use standoffs to
protect the components on the other side of the board. The plastic enclosureis offered asa
separate option when individual BL 2000 boards are purchased.

NOTE: Appendix B, “Plastic Enclosure,” provides additional information and specifica-
tions for the plastic enclosure.
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2. Connect the programming cable to download programs from your PC and to debug the

BL2000.

Connect the 10-pin PROG connector of the programming cable to header J5 on the BL 2000.

Ensure that the colored edge lines up with pin

1 as shown. (Do not use the DIAG connector,

which isused for monitoring only, as explained in Appendix E, “Programming Cable.”)
Connect the other end of the programming cable to a COM port on your PC. Make a note of

the port to which you connect the cable, as Dy

namic C will need to have this parameter con-

figured. Note that COM 1 on the PC is the default COM port used by Dynamic C Premier.

To
PC COM port
Programming Cable
PROG
<— Colored edge
DIAG
) E——
SENEININISS I EEENOSSS
© - f 4 J5 R13c1 28
00000 J5 o m;;ﬂmé%ﬁmmm m‘_’mm:mcs C"“:.ﬂif
c2§m RIS " Ris3 Ris g (D R(‘jjz
c16 [T oo m%w:%] =y
ncw EE
E U4
J6 czSIEEHlDUE=Q2
[T R30

Figure 3. Programming Cable Connections

3. Connect the power supply.

Plug the DC end of the power sup-
ply into jack J7, which is labeled
POWER IN, as shown in Figure 4.

4. Apply power.

Plug in the AC adapter. If you are
using your own power supply, it
must provide 9V to 40V DC—
voltages outside this range could
damage the BL 2000.

RESET

The green PWR LED and the red
BAD LED should come on, indicat-

Figure 4. Power Supply Connection

ing that the BL2000 is now ready to be used.

NOTE: A hardware RESET isdone by unplugging the AC adapter, then plugging it back in, or
by momentarily grounding the board reset input at pin 9 on screw terminal header J2.
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2.2 Installing Dynamic C Premier

If you have not yet installed Dynamic C version 7.04 (or a later version), do so now 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 the Dynamic C Premier set up. exe fileon your CD drive. Click OK to begin
the installation 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.

2.3 Starting Dynamic C

Once the BL2000 is connected to your PC and to a power source, start Dynamic C by dou-
ble-clicking on the Dynamic Cicon or by double-clicking onthe . exe file associated with
DcRab in the Dynamic C directory.

Dynamic C assumes, by default, that you are using serial port COM1 on your PC. If you
areusing COM1, then Dynamic C should detect the BL 2000 board and go through a sequence
of steps to cold-boot the BL 2000 and to compile the BIOS. If the error message “ Rabbit
Processor Not Detected” appears, you have probably connected to a different PC serial
port such as COM2, COM3, or COM4. You can change the serial port used by Dynamic C
with the OPTIONS menu, then try to get Dynamic C to recognize the BL 2000 by selecting
Reset Target/Compile BIOS on the Compile menu. Try the different COM portsin the
OPTIONS menu until you find the one you are connected to. If you still can’t get Dynamic
C to recognize the target on any port, then the hookup may be wrong or the COM port
might 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.

If you are using Dynamic C version 7.04 or earlier, modify the BIOS source code as fol-

lows. Skip these three stepsif you are using Dynamic C version 7.05 or |ater.

1. Open the BIOS source code file named RABBI TBI OS. C, which can be found in the
BI CS directory.

2. Changetheline
#define USEL15KBAUD 1 // set to O to use 57600 baud
to read asfollows.
#defi ne USE115KBAUD 0O [/l set to O to use 57600 baud
3. Save the changes using File > Save.

Now press <Ctrl-Y>. You should receive the “BIOS successfully compiled ...” message
indicating that the target is now ready to compile a program.
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2.4 PONG.C
You are nhow 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, the 1/0, or the TCP/IP part of the board, but
does ensure that the board is basically functional. The sample program described in
Section 5.8, “Run the PINGME.C Demo,” tests the TCP/IP portion of the board.

2.5 WhereDo | Go From Here?
If there are any problems at this point, call Z-World Technical Support at (530)757-3737.

If the sample program ran fine, you are now ready to go on to explore other BL 2000 fea-
tures and develop your own applications.

Chapter 3, “Subsystems,” provides a description of the BL2000's features, Chapter 4,
“Software,” describes the Dynamic C software libraries and introduces some sample pro-
grams, and Chapter 5, “Using the TCP/IP Features,” explains the TCP/IP features.
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3. SUBSYSTEMS

Chapter 3 describes the principal subsystems for the BL2000.

» Switching Between Program Mode and Run Mode
» BL2000 Subsystems

 Digita I/O

* Relay Outputs

» Serial Communication

» A/D Converter Inputs

» D/A Converter Outputs

* Memory

» External Interrupts
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3.1 Switching Between Program Mode and Run Mode

The BL2000 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 5.

Program Mode Run Mode

To
PC COM port

Programming Cable
e onD "ESET

Az <— Colored edge \ /

sjecece

m@@@ﬂ@@@@e@@@@@@@@ slscecesesooos]
] L

e e e o 7
[ ‘

Power Power |i[ ]

i

RESET BL2000 when changing mode:

Short out RESET pin on header J2 to ground, OR
Remove, then reapply power

after removing or attaching programming cable.

X =
SRy
(]
T HETE

i i) [T (T (T [Eﬁ 2}
SeEEae s o [
paliadil slaalis ey [0

GND I

#l00606600006

| SENEN NSV

elis
| SEREN NN #

Figure 5. BL2000 Program Mode and Run Mode Set-Up

3.1.1 Detailed Instructions: Changing from Program Mode to Run Mode
1. Disconnect the programming cable from header J5 of the BL2000.

2. Reset the BL2000 by unplugging the AC adapter, then plugging it back in, or by
momentarily connecting the reset pin on screw terminal header J2 to ground.

The BL2000 is now ready to operate in the Run Mode.
3.1.2 Detailed Instructions: Changing from Run Mode to Program Mode
1. Attach the programming cable to header J5 of the BL 2000.

2. Reset the BL 2000 by unplugging the AC adapter, then plugging it back in, or by
momentarily connecting the reset pin on screw terminal header J2 to ground. Alterna-
tively, you may press <Ctrl-Y> on your PC if Dynamic C isrunning.

The BL2000 is now ready to operate in the Program Mode.
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3.2 BL2000 Subsystems
Figure 6 shows the Rabbit-based subsystems designed into the BL 2000.

PDO
PBO PB6 PD2 A
- PD4—
PAO-PA7 PlBs PIB7 T Fi
Port A Port B Port D
(OUTO-0OUT7) (IN6—-IN10, CTRL) || (ADC, DAC, Eth)
Serial Ports RABBIT Port E PE2-PE7
PCO-PC54umm) (Port C) 2000™ (INO=IN5
OouT8-0UT9) PEO, PE1
- Programming Real-Time Clock . .
PC6-PC7 Port Watchdog Address Lines A0-A18
7 Timers /O Control IORD
DAO-DA7 4mmmp|  Data Lines Slave Port IOWR
Clock Doubler || _Misc. Input | g RESET
RAM Backup Battery Flash
Support

Figure 6. BL2000 Rabbit-Based Subsystems

Table 2 lists the Rabbit 2000 parallel ports and their use in the BL2000.

Table 2. Use of Rabbit 2000 Parallel Ports

Port I/0 Signal Outpuétlzijgction
PAO Output OUTO/RELAY/LED _D$4 Off
PAL Output OUTVLED DS5 Off
PA2 Output OUT2/LED_DS6 Off
PA3 Output OUT3/LED_DS7 Off
PA4 Output OouUT4 Off
PAS Output OuUT5 Off
PAG6 Output ouT6 Off
PA7 Output ouT7 Off
PBO Input ING N/A
PB1 Input CLKA N/A
PB2 I nput IN7 N/A
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Table 2. Use of Rabbit 2000 Parallel Ports (continued)

Port I/0 Signal Outpuétz?gction

PB3 Input IN8 N/A

PB4 I nput IN9 N/A

PB5 I nput IN10 N/A

PB6 Output RS485 EN Off

PB7 Output UPGOOD Off

PCO Output TXD RS-485 Inactive high
Serial Port D

PC1 Input RXD RS$-485 N/A

PC2 Output RTS'TXC RS-232 Inactive high
Serid Port C

PC3 Input CTS/RXC RS-232 N/A

PC4 Output TXB RS-232 Inactive high
Seria Port B

PC5 Input RXB RS-232 N/A

PC6 Output TXA Programming Port Inactive high
Serial Port A

PC7 Input RXA Programming Port N/A

PDO Output DAC-ADC_SK On

PD1 Output DAC-ADC_SDI On

PD2 Input RTL-ADC_SDO N/A

PD3 Input RTL_SK N/A"

PD4 Output RTL_SDI On

PD5 Output /DACO_CS Inactive high

PD6 Output /DAC1 CS Inactive high

PD7 Output /ADC_CS Inactive high

PEO Output ouT8 Off

PE1 Output ouT9 Off

PE2 Input INO N/A

PE3 I nput IN1 N/A

PE4 I nput IN2 N/A

PES Input IN3 N/A

PE6 I nput IN4 N/A

PE7 I nput IN5 N/A

* PD3isan output (and is on) for the BL 2020 and the BL2030.

12
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The BL2000 pinouts are shown in Figure 7.

IN2 % 0 1J8 E ’ﬁ J2 12 % Ol +RAW
IN3 H2 ” oo
IN4 @ 03 J7 ]| |H
ws|l|@|H 4 J6 9|| @D | Hreser
INZILE 8|| @D Nt
w|[|@D|H e 71| @ |Hmo
e[| S [H 7 6|| & [H4es-
IN9 @ hs Serial Port Nomenclature 5 @ H 485+
o[l |H o HeaderJ2 Rabbit 2000 || | Hrroz
0 TXD1 TxB H
oure| | D1 @ RXD1 RxB || D (g
ours| || D |4 TXD2  TXCIRTS 2| | |greot
onofl | @D |H 12 RXD2  RxCICTS || [Hro1
ouTo @ n1J9 J4 12 @ HlAGND
ouT1 @ q 2 1||@ | Hloact
ouT2 @ H3 10 @ Hloaco
ouT3 @ o4 9 @ Hl Aocs
ouT4 @ H s 8 @ Hlanc?
outs|| [ | H & 7||@ | Hlaocs
outs|[|&]H 7 Battery s [[&[Hrocs
out7 ||| | 8 5 @ Hlaocs
no|[| | ¢ 41| | Hapcs
com|| @ |H 10 || @ oc2
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Figure 7. BL2000 Pinouts

3.2.1 Headers and Screw Terminals

All BL2000 models are equipped with 1 x 12 screw terminal strips (J2, J4, J3, and J9) and
a 2-pin power jack (J7). The BL2000 and BL 2010 also have the RJ-45 Ethernet jack (J6).

Thereisprovision on the circuit board to accommodate 2 x 17 male headersinstead of the
1 x 12 screw terminal strips supplied, and 2 x 17 male headers can be factory-installed by
special request for volume orders. Please contact your Z-World Sales Representative at
+1(530)757-3737 for more information.

3.2.2 Power Supply Pins

Instead of connecting an AC adapter to the power supply jack, J7, the input power supply
(9V to 40V DC) may be connected to pins 12 and 11 on header J2 (see Figure 7).

Pin 12 on header J9 is normally GND by factory default, but may be changed to Vcc by
removing resistor R160 and installing resistor R161. See Appendix C, “Power Supply,”
for more information on this configuration and for information on backup-battery options.
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3.3 Digital I/0

3.3.1 Digital Inputs

The BL2000 has 11 digital inputs, INO-IN10, each of which is protected over arange of
—36 V to +36 V. The inputs are factory-configured to be pulled up to +5 V, but they can
aso be pulled down by moving the surface-mounted jumper at JP6 as shown in Figure 8.

JP6 Factory
M S15L vea Default

§27 kQ

(VN I=B Microprocessor

i Rabblt 2000™

SISISIZINIOSISINISINGG

GND

.||_

Figure 8(a). BL2000 Digital Inputs [Pulled Up—JP6(1-2) connected]

o
T
~|m| &

Vce

I

27 kQ

A%

+5v40/o— S|H
% I i Rabblt 2000™
@ I10 LIz Microprocessor
Q|H =
21k
Sl
DA
(N
2|4
(Ol
GND 21k 1

Figure 8(b). BL2000 Digital Inputs [Pulled Down—JP6(2—-3) connected]
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§27 kQ
DO %: 22 kQ i =
@A 10 nF Mﬁzz?r;trggggsor
@ "
o 1
21k
Sl
21
(N
2|4
(Ol
D\n

Figure 8(c). Example of Logic Gate Driving BL2000 Digital Input

The actual switching threshold is approximately 2.40 V for channels INO-IN10. Anything
below thisvalueisalogic 0, and anything aboveisalogic 1.

The A/D converter inputs can be used as additional digital inputs using the parameters
specified for the di gl n software function call. The default threshold for channels IN11—
IN21 isalso set to 2.40 V, but may be changed by adding two linesto your program asdis-
cussed for the di gl n software function call.
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3.3.2 Digital Outputs

The BL2000 has 10 digital outputs, OUT0-OUT?Y, each of which can either sink or source
up to 200 mA, depending on how the outputs are configured.

Each output can be configured individually as either asinking or a sourcing output as shown
in Figure 9. The outputs can be pulled as agroup to Vcc, +K, or GND through 27 kQ resis-
tors. Tiethe outputs high to either Vcc or +K when using the outputs as sinking outputs (via
0 Q resistors at R32 or R35 respectively), or tie the outputs to GND via R34 when using the
outputs as sourcing outputs. +K is an externally supplied voltage of upto40V DC, andis
used primarily in combination with current sourcing outputs, and must aso be connected to
an externa supply when an inductive load is conncted to a sinking output.

NOTE: Remove the 27 kQ resistors (R143-R150) from the output circuitsif no pull-
up/down is required to avoid |eakage between the outputs. These resistors are located
on the bottom side of the BL 2000 board above the solder points for screw terminal
header JO.

SINKING OUTPUT—Factory Default
K

Vce R32 0 R35 O Q@
0Q
— R34 O——¢ 1
A
27 kQ
ouT LOAD
+ External
K 1 Power
INAC I = Supply
GND

L

SOURCING OUTPUT—Special Order

Vce
é
0Q o
R34 {1 R35 O K
= %,
27kQ A&
+ External
ouT LOAD Power
%, = Supply
A ——
GND

.||—<

Figure 9. BL2000 Digital Outputs
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The locations of the output pull-up/pull-down select resistors R32, R34, and R35 are
shown in Figure 10.

R32
R34 [ ]

4

:I%f o B -‘ ® =

TR ) O [LIE

SN0 g: ik 43 Ca4 Ca: : ; Ci8 Cdo C50 C31 Ch2 Eljg

it SISISISISIN ZISIORISTS) B SISISISISIS SISIOISISIY)

Figure 10. Locations of Resistors R32, R34, and R35

All BL2000 models are factory-configured with sinking outputs and pull-up resistorstied
toVccviaa0 Q resistor at R32. Large-volume orders can be factory-configured to your
individual needs. Contact your Z-World Sales Representative at +1(530)757-3737 for
more information.

3.4 Relay Outputs

Figure 11 showsthe BL 2000 relay contact connections. A diode across the coil provides a
return path for inductive spikes, and snubbers across the relay contacts protect the relay
contacts from inductive spikes.

9 10 N1
Vee SIOISISINEE

1 8 COM

o - NO 47 ¢ 100 nF
A 9 NC

' E 10 3 CoMm

= 4 NO
Rabbit 2000 ™ l; w100 0F

Microprocessor 2 NC AAA

Figure 11. BL2000 Relay Output Contact Connections

Therelay isdriven by PAO, which is the same Rabbit 2000 parallel port that drives OUTO
and LED D$4. OUTO therefore works in parallel with the relay outpuit.
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3.5 Serial Communication

The BL2000 has one RS-232 serial channel (with RTS/CTS) or two RS-232 (3-wire)
channels, one RS-485 serial channel, and one CMOS serial channel. The RS-232 chan-
nel(s) are configured with the ser Mode software function call. Table 3 summarizes the
options.

Table 3. Serial Communication Configurations

Serial Port
Mode
B C D
0 RS-232, 3-wire RS-232, 3-wire RS-485
1 RS-232, 5-wire CTSRTS RS-485

All four serial ports operate in an asynchronous mode. An asynchronous port can handle 7
or 8 data bits. A 9th bit address scheme, where an additional bit is sent to mark the first
byte of a message, is also supported. Serial Port A can be operated alternately in the
clocked serial mode. In this mode, a clock line synchronously clocks the datain or out.
Either of the two communicating devices can supply the clock. The BL2000 series boards
typically use al four ports in the asynchronous serial mode. Serial Ports B and C are used
for RS-232 communication, and Seria Port D is used for RS-485 communication. The
BL 2000 uses an 11.0592 MHz crystal, which is doubled to 22.1184 MHz. At thisfre-
guency, the BL 2000 supports standard baud rates up to a maximum of 230,400 bps.

3.5.1 RS-232

The BL2000 RS-232 serial communication is supported by an RS-232 transceiver, Ul. Ul
provides the voltage output, slew rate, and input voltage immunity required to meet the
RS-232 serial communication protocol. Basically, the chip translates the Rabbit 2000's
CMOS/TTL signasto RS-232 signal levels. Note that the polarity isreversed in an
RS-232 circuit so that a+5 V output becomes approximately -10 V and O V is output as
+10 V. U1 aso provides the proper line loading for reliable communication.

RS-232 can be used effectively at this baud rate for distances up to 15 m.
3.5.2 RS-485

The BL2000 has one RS-485 seria channel, which is connected to the Rabbit 2000 Serial
Port D through U8, an RS-485 transceiver. U8 supports the RS-485 serial communication
protocol. The chip’s slew rate limiters provide for a maximum baud rate of 230,400 bps,
which allows for a network of up to 300 m (or 1000 ft). The half-duplex communication
uses the Rabbit 2000’s PB6 pin to control the transmit enable on the communication line.

The BL2000 can be used in an RS-485 multidrop network. Connect the 485+ to 485+ and
485 to 485— using single twisted-pair wires (nonstranded, tinned) as shown in Figure 12.
Note that a common ground is recommended.
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Ground recommended
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Figure 12. Multidrop BL2000 Network
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The BL2000 comeswith a220 Q termination resistor and two 681 Q biasresistorsinstalled
and enabled with jJumpers across pins 1-2 and 3—4 on header JP1, as shown in Figure 13.

! Factory

3
@@ Default
JP1
4 2

\C1_DACU _ADCE ADI D D \DC4_ADC3_AD \DC1_ADL
S S ®@®@®@®®®E
R ﬁﬁﬁﬁ@@-CS C7- J12

El@@gg = U3O [EE R14
L JU;UO C12

us

485—

Figure 13. RS-485 Termination and Bias Resistors

The bias and termination resistors in a multidrop network should only be enabled on both
end nodes of the network. Disable the termination and bias resistors on the intervening
BL 2000 units in the network by removing both jumpers from header JP1.

3.5.3 Programming Port

The BL 2000 has a 10-pin programming header labeled J5. The programming port usesthe
Rabbit 2000's Serial Port A for communication. The Rabbit 2000 startup-mode pins
(SMODEOQO, SMODEL) are presented to the programming port so that an externally con-
nected device can force the BL2000 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 is used to start the BL2000 in a mode where the BL 2000 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 BL2000 can be reset from the programming port viathe /EXT_RSTIN line.

The Rabbit 2000 status pin is also presented to the programming port. The status pinisan
output that can be used to send a general digital signal.
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3.5.4 Ethernet Port

Figure 14 shows the pinout for the Ethernet port (J6). 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 14) are aways
absolute, and the RJ45 connector will work properly with off-the-shelf Ethernet cables.

ETHERNET
J6
1. E_Tx+
2. E_Tx-
3. E_Rx+
6. E_Rx—
RJ-45 Plug RJ-45 Jack

Figure 14. RJ-45 Ethernet Port Pinout

RJ-45 pinouts are sometimes numbered opposite to the way shown in Figure 14.

The transformer/connector assembly ground is connected to the BL 2000 printed circuit
board digital ground viaa 0 Q resistor “jumper,” R1, as shown in Figure 15.

RJ-45 Ethernet Plug

I

R1
Board Chassis

Ground = = Ground

Figure 15. Isolation Resistor R1

The factory default isfor the 0 Q resistor “jumper” at R1 to be installed. In high-noise
environments, it may be useful to ground the transformer/connector assembly directly
through the chassis ground. Thiswill be especially helpful to minimize ESD and/or EMI
problems. Once you have removed the 0 Q resistor “jumper,” R1, use aring lug to attach
the BL2000 to the chassis ground, thereby grounding the transformer/connector assembly.
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A convenient position for the ring lug has been provided at the top-left mounting screw
hole near the R}-45 jack as shown in Figure 16.

Remove R1 J2

i SISISISISIS ZISIOISISIY

R4 J5 R13C1
[ 555 om|HRe LU

I |50000/a

Il =
TRl
R20 = [Tl ¢80 RAZOLI
c20 H[ITRris R

Add solder lug to
connect ground
wire to chassis

T 1D o
cig L
Y3 vo U5
—-=F
IWlG17 g8

= 024@. ge
U4 =
D1

o —
2T o g

Figure 16. Recommended Location for Ring Lug
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3.6 A/D Converter Inputs

The single 14-channel A/D converter used in the BL 2000 has aresolution of 12 bits (models
BL 2000 and BL2020) or 10 bits (models BL2010 and BL2030). Eleven of the 14 channels
are available externally, and three are used internally for the reference voltages: 4.096 V

(Vyef), 2.048 V (V,/2), and Analog Ground. Theseinternal voltages can be used to check

the functioning of the A/D converter.

The A/D converter only measures voltages between 0V and the applied reference voltage.
Therefore, each external input has circuitry that provides scaling and buffering. The first
four external inputs are scaled and buffered to provide the user with an input impedance of
1 MQ and arange of -10.24 V to +10.24 V. The remaining five or seven inputs are not
buffered, but are scaled to provide inputs that can range from 0V to +49 V.

Figure 17 shows the buffered A/D converter inputs.

100 pF II s
+V - 200 kQ
— MA—o
Rin
ADCO -
oo To ADC
1MQ — &[>

AGND

SISSIZISIGSISISISISIY)

Figure 17. Buffered A/D Converter Inputs

The op-amp is powered from the +V supply. The 1 MQ and 200 kQ resistors set the gain
(scalefactor), which is5inthis case. Thisresultsin adynamic input range of 5 x 4.096 V
or 20.48 V. The center point of thisrange is set by the 1.707 V reference voltage. With the
reference set to 1.707 V, the center point isat 0 V and the input voltage can range from
-10.24 'V to +10.24 V. To maintain the best accuracy, the input range should be limited to
-10.0V to +10.0 V.

The five or seven unbuffered inputs have an impedance of 12 kQ and a scale factor of
0.0833, which provides for an input voltage range of 0 V to 49.15 V. Accuracy is main-
tained over the specified voltage range from 0V to 48V DC.

The analog inputs can also be used as digital inputs when required. In this case alower
quality 10-bit D/A converter can be used, and the software would assign a1 or 0 to avolt-
age based on whether it is above or below a particular threshold. Seethe di gl n function
description for more information.
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3.7 D/A Converter Outputs

Figure 18 shows the analog voltage reference circuit.

1000 DAC_PWR

4.096_VREF

3) +V
JP33 2

F—e—"W\—2

4.096 V

453 Q

ref diode
nl
Pr

14 kO 100 nF

1.707_VREF
[ — =

1
l

Figure 18. Analog Reference Voltages

10 kQ 100 nF

This circuit generates the 4.096 V reference voltage, which is used by the A/D converter
and optionally by the two D/A converters. This sets the operating range of the A/D con-
verter and the D/A converters (04.096 V). To use the full accuracy of the A/D converter
and the D/A converters, this voltage must be accurate to the same degree.

Under normal operation, the 453 Q resistor is not installed. The reference zener diode in
combination with the 100 Q resistor form a shunt regulator. The 4.096 V reference voltage
then feeds the A/D converter, the D/A converters, and the voltage divider composed of the
10kQ and the 14 kQ resistors. The voltage divider generates a second reference voltage of
1.707 V to feed the four op-amps for the buffered A/D converter inputs.

The reference voltage can be ratiometric rather than absolute. This is done by removing
the zener diode and installing the 453 Q resistor. With this arrangement, the reference
voltages follow changes in the power supply voltages Vcc and V+, which isafiltered ver-
sion of Vcc. Thistype of measurement circuit is preferred by some customers whose sen-
sors are powered from the V cc supply and hence the outputs track Vcc.

A jumper on header JP3 allowsthe D/A converters to be powered either from the 4.096 V
reference (factory default) or from the analog supply +V. The D/A converters use their
power source also as the reference input, so normally powering the D/A converters from
the more accurate 4.096 V reference is best. However, should a customer desire more
dynamic range (0-5 V rather than 0—4.096 V), the jumper across JP3 can be set to power
the D/A converters from +V. When powered from the +V supply, the outputs of the D/A
converters will always be ratiometric, independent of whether the zener diode isinstalled.
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Only the BL2000 and the BL 2020 models are stuffed with D/A converters. The D/A con-
verters provide only avoltage output. This means that in order to maintain the maximum

accuracy of the D/A converters, only asmall amount of current should be drawn from the
D/A converter output (of the order of pA).

With D/A convertersinstalled, the user has the option of using an unbuffered A/D con-
verter input to read the output of aD/A converter or one of the two fixed voltages +V or
Vcc. The standard BL2000 configuration isfor A/D converter channels 9 and 10 to moni-
tor D/A converter channels 0 and 1 respectively.

Figure 19 shows the D/A converter outputs with buffer amplifiers, which may be used to
increase the D/A converter output voltage rangeto OV to +10 V.

ADC

DACO

DACO

DAC1

SISINIZISIOISISISISISIZ) S

AGND

Figure 19. D/A Converter Outputs
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3.8 Memory

Section A.3, “Jumper Configurations,” showswherethe 0 Q surface-mounted “jumpers”
described in this section are found.

3.8.1 SRAM
The BL2000 is designed to accept 128K to 512K of SRAM packaged in an SOIC case.

The standard models come with 128K of SRAM. Table 4 lists the jumper settings for the
jumpers used to set the SRAM size. The “jumpers’ are0 Q surface-mounted resistors.

Table 4. Memory Jumper Selections

SRAM (JP5) Flash Memory (JP4)
1-2 128K 1-2 128K /256K
2-3 512K 2-3 512K

3.8.2 Flash Memory

The BL2000 is also designed to accept 128K to 512K of flash memory packaged in a
TSOP case.

The BL2000 comes with one 256K flash memory. Table 4 lists the jJumper settings for the
jumpers used to set the SRAM size. The “jumpers’ are 0 Q surface-mounted resistors.

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
sizein the future.

A Flash Memory Bank Select jumper configuration option exists at JP2 with 0 Q surface-
mounted resistors. This provision allows the code space in the flash memory to be split in
half so that one flash memory chip can emulate the two flash memory chips found on
some Z-World single-board computers.

NOTE: Only the Norma Mode (pins 1-2 connected at JP2), which correspondsto using
the full code space, is supported at the present time.
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3.9 External Interrupts

The BL2000 does not normally come configured to support external interrupts. However,
should this functionality be required, it is possible to modify the board to support one
external interrupt. To gain the external interrupt requires giving up the use of two of the 11
digital input lines, IN2 and IN3, and adding a 1 kQ resistor at position R155 as shown in
Figure 20. The external interrupt is then available on pin 2 of header J8.

] ‘5 External Interrupt |
Request INT1IB 23, 1
g % ' : L | ) \\ Interrupt Request #1
29 1
1 [ 1_/
R155 2 1kQ |
Edge
: Detectors
INTOB 24 1
1 . Interrupt Request #0
0l ™ ) /
[ —
Single-Interrupt Request

Figure 20. Use of Rabbit 2000 External Interrupt

Figure 21 shows the location of R155.

R155

M—

108 R107 [ ]

ol RIS JP6

ﬂpD
I i @ GND
(O[]
Bottom % 1

Side

Figure 21. Location of R155 (Add for External Interrupt)

NOTE: Refer to Technical Note TN301, Rabbit 2000 Microprocessor | nterrupt Prob-
lem, for more information. The modification given here for the BL2000 takes into
account the workaround fix recommended in TN301.
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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 single-board computers
and other devices based on the Rabbit microprocessor.

Chapter 4 provides the libraries, function calls, and sample pro-
grams related to the BL2000.
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4.1 BL2000 Libraries

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

Open  HH|

Lookin: |3 Lib :

I Eiosit: 03 Pop COFUNC fib RTCLOCK
[Z1 BlI2000 (O SLAVEPORT COSTATE lib SLICE.lib
2 Crypt 0 Smtstar FFT.lib STDIO.Ib
|Z 1 FileSystem A Tepip MATH.lib STRING.f
Z 1 lcom [ Ucas2 PROGRAM lib 575 lib

[ Jrablib ([ zcansale R5232.lb YDRIVER.
1| | |

File name: I Open I
Filez of type: ISu:uun:e Files [*.c;%lib] j Cancel |

Two library directories are used to devel op applications for the BL 2000.

e BL2000- —libraries associated with features specific to the BL 2000.
* TCPI P—libraries specific to using TCP/IP functions on the BL 2000.

Other generic functions applicableto al devices based on the Rabbit 2000 microprocessor
are described in the Dynamic C Premier User’s Manual.
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4.1.1 Library Directories
The BL2000 directory contains the libraries required to operate the BL 2000.

open _____________HEH|
Look i |aa|2nnn =] 5k =

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

e BL20xx. LI B—Thislibrary supports all BL2000 series boards. The functionsin this
library are described in this chapter.
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The TCPI P directory contains libraries with generic TCP/IP functions.

open HE|
Lockin: | ‘3 Tepip ENa =

=] ARP.lib FTP_SERVER.LIE || PKTDRV.Ib VSERI

%] EOOTP.lib HTTP.lib POP3.lib Z5ERY
=] BSDMNAME.lib ICMP.lib REALTEK.lib

%] DCRTCR.Ib IP.lib SMTP.lib
=] DNS.lib MD5.lib TCP.lib
FTP_CLIENT.LIE MET.lib UDP.lib

L4 | |
File name: || Open I
Filez of type: ISu:uun:e Files [*.c;%lib] j Cancel |

* ARP. LI B—address resolution protocol functions.

e BOOTP. LI B—bootstrap protocol functions.

* BSDNAME. LI B—BSD-style socket routines.

e DCRTCP. LI B—TCP/IP functions.

* DNS. LI B—handles host name resolution.

e FTP_CLI ENT. LI B—FTPclient functions.

e FTP_SERVER. LI B—FTP server functions.

e HTTP. LI B—HTTP handler.

e | CWP. LI B—ICMP handler.

e | P. LI B—handles the network layer (just above the link layer and the device driver).
e MD5. LI B—implements the MD5 algorithm defined in TCP/IP RFC 1321.

e NET. LI B—genera networking API. Thisisthe "top-level” library for the networking
library suite. It includes the packet-driver interface.

e PKTDRV. LI B—packet driver functions.

e POP3. LI B—POP3 functions.

e REALTEK. LI B—packet driver functions for the Real Tek RTL8019AS.

e SMIP. LI B—SMTP handler.

e TCP. LI B—transmission control protocol.

e UDP. LI B—user datagram protocol.

e VSERI AL. | i b—virtual Telnet functions.

e ZSERVER. | i b—miscellaneous TCP/IP server data structures and routines.

The functions in these libraries are described in the Dynamic C TCP/IP User’s Manual
included in the manual set with the Dynamic C Premier User’s Manual.
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4.2 BL2000 Function APIs

4.2.1 Board Initialization
void brdinit (void);

Call this function at the beginning of your program. This function initializes the system 1/O ports and
loads all the A/D and DAC calibration constants from flash memory into SRAM for use by your pro-
gram.

The ports are initialized as follows:

Port 1/O =UREien Output Function
State

PAD Output OUTO/RELAY/LED_DS4 High'C“gfefm Driver

PAL Output OUTY/LED_DS5 H'gh'Cugfefnt Driver

PA2 Output OUT2/LED_DS6 ngh-Cugfefnt Driver

PA3 Output OUT3/LED DS7 High-Cu(r)rfefnt Driver

PA4 Output OouUT4 High-Current Driver
Off

PAS Output OouUT5 High-Current Driver
Off

PAG Output ouUT6 High-Current Driver
Off

PA7 Output OUT7 High-Current Driver
Off

PBO Input IN6 N/A

PB1 Input CLKA N/A

PB2 Input IN7 N/A

PB3 Input IN8 N/A

PB4 Input IN9 N/A

PBS Input IN10 N/A

PB6 Output RS485_EN off

PB7 Output UPGOOD Bad Indicator Off

PCO Output TXD RS-485 Inactive high

PC1 Input RXD RS-485 N/A

PC2 Output RTSITXC RS-232 Inactive high
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Port I/O Function Output Function
State

PC3 Input CTS/RXC RS-232 N/A

PC4 Output TXB RS-232 Inactive high

PC5 Input RXB RS-232 N/A

PC6 Output TXA Programming Port Inactive high

PC7 Input RXA Programming Port N/A

PDO Output DAC-ADC_SK On

PD1 Output DAC-ADC_SDI On

PD2 Input RTL-ADC_SDO N/A

PD3 Input RTL_SK N/A®

PD4 Output RTL_SDI On

PD5 Output DACO_CSs Inactive high

PD6 Output DAC1 Cs Inactive high

PD7 Output ADC_CSs Inactive high

PEO Output ouT8 High'C“gfefm Driver

PE1 Output ouT9 ighCien priver

PE2 Input INO N/A

PE3 Input IN1 N/A

PE4 Input IN2 N/A

PE5 Input IN3 N/A

PE6 Input IN4 N/A

PE7 Input INS N/A

* PD3isan output (and is on) for the BL2020 and the BL2030.

SEE ALSO
di gQut, digln, serMde
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4.2.2 Digital /0
i nt digln(int channel);

Reads the state of an input channel:
INO-IN10—standard digital inputs, £ 36 V DC
IN11-IN14—pseudo digital inputs using A/D converter inputs ADCO-ADCS3, + 10V DC
IN15-IN19—pseudo digital inputsusing A/D converter inputs ADC4-ADCS8,0V to 48V DC

IN20-IN21—pseudo digital inputs using A/D converter inputs DACO-DAC1, 0V to 48V DC
(BL2010 and BL2030)

The threshold isfixed at 2.40 V for channels INO-IN10. Anything below 2.40 V isalogic 0, and any-
thing higher than or equal to 2.40 V isalogic 1.

The default threshold for channels IN11-IN21 isalso set to 2.40 V. The threshold for these channels may
be changed by adding the following two lines to your program.

#undef THRESHOLD
#define THRESHOLD xXx. XX

where xx. xx isthe desired threshold voltage. Anything below the threshold valueis alogic 0, and any-
thing higher than or equal to the threshold valueisalogic 1.

PARAMETER
channel istheinput channel number (0-21)

RETURN VALUE
The state of the input (0 or 1).

SEE ALSO
brdinit, digQut
void digQut(int channel, int val ue);

Sets the state of adigital output (OUTO-OUT9).
The default setting for the functionis for current-sinking outputs. To change from sinking to sourcing
outputs, add the following two lines at the beginning of your program.

#undef CQUTPUT_DRI VE
#define COUTPUT_DRI VE SOURCI NG

Therelay isdriven by PAO, which is the same Rabbit 2000 parallel port that drives OUTO and LED D$4.
OUTO therefore worksin parallel with the relay output. Z-World therefore recommends that you do not
use OUTO for adigital output when you are using the relay.

PARAMETERS
channel isthe output channel humber (0-9).

val ue isthe output value (0 or 1).

SEE ALSO
brdlinit, digln
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4.2.3 Serial Communication

Library filesincluded with Dynamic C provide afull range of serial communications sup-
port. The RS232. LI B library provides a set of circular-buffer-based serial functions. The
PACKET. LI B library provides packet-based serial functions where packets can be delim-
ited by the 9th bit, by transmission gaps, or with user-defined special characters. Both
libraries provide blocking functions, which do not return until they are finished transmit-
ting or receiving, and nonblocking functions, which must be called repeatedly until they
are finished. For more information, see the Dynamic C Premier User’s Manual and Tech-
nical Note 213, Rabbit 2000 Serial Port Software.

The following function calls are specific to the BL 2000.

I nt ser Mode(int node);

User interface to set up BL2000 serial communication lines. Call thisfunction after ser XQpen() .

If Mode 1 isselected, CTS/RTS flow control is exercised using theser Cf | owcont r ol On and
ser Cf | owcont rol O f functionsfrom the RS232. LI B library.

PARAMETER
node isthe defined serial port configuration.

Serial Port
Mode
B C D
0 RS-232, 3-wire RS-232, 3-wire RS-485
1 RS-232, 5-wire CTSRTS RS-485

RETURN VALUE
0if valid mode, 1 if not.

SEE ALSO
ser485Tx, ser 485Rx

voi d ser485Tx(void);

Sets (high) pin 3 (DE) to enable Tx.

SEE ALSO
ser Mode, ser485Rx

voi d ser485Rx(void);

Resets (low) pin 3 (DE) to disable Tx.

SEE ALSO
ser Mode, ser485Tx, ser Cfl owcontrol On, serCfl owcontrol O f
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4.2.4 Relay and LED Outputs
void relayQut(int relay, int val ue);

Setsthe state of arelay.

Therelay isdriven by PAO, which is the same Rabbit 2000 parallel port that drives OUTO and LED D$4.
OUTO therefore worksin parallel with the relay output. Z-World therefore recommends that you do not
use OUTO for adigital output when you are using the relay.

PARAMETERS
r el ay istherelay to control, 0 = Relay 0.
val ue isthe value used to connect the relay common contact to one of the following contacts:
0 =relay common connected to relay normally closed contact

1 =relay common connected to relay normally open contact

SEE ALSO
brdl nit

void |ledQut(int led, int value);

LED ON/OFF control.

Therelay isdriven by PAO, which is the same Rabbit 2000 parallel port that drives OUTO and LEDO.
OUTO therefore works in parallel with the relay output. Z-World therefore recommends that you do not
use OUTO for adigital output when you are using the relay. The relay and OUTO are also turned on when
LEDO isturned on.

PARAMETERS
| ed isthe LED to control:
0 =OUTOLED
1 =OUT1LED
2 =OUT2LED
3 =OUT3LED

4 =BAD indicator

value is the value used to control the LED:
0=OFF
1=0ON

SEE ALSO
brdl nit
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4.2.5 A/D Converter Inputs

voi d anal nCali b(int channel, int val uel,
float voltsl, int value2, float volts2);

Calibrates the response of the A/D converter channel as alinear function using the two conversion points
provided. Gain and offset constants are calculated and placed into global table _adcl nCal i b.

PARAMETERS
channel isthe A/D converter input channel (0-10).

val uel isthefirst A/D converter channel value.
vol t s1 isthe voltage corresponding to the first A/D converter channel value.
val ue2 isthe second A/D converter channel value.

vol t s2 isthe voltage corresponding to the second A/D converter channel value.

RETURN VALUE
0if successful.

-1if not able to make calibration constants.

SEE ALSO
analn, analnVolts, brdlinit
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i nt _anal n(unsi gned char cnd, char |en);

Reads the voltage of an analog input channel by serially clocking out an 8-bit command to the A/D con-
verter device of the following formats:

TLC2543 commands
D7-D4
Channel 0- 10
Channel 11 = (V g+ - Vyer.)/2
Channel 12 = V.
Channel 13 =V g,
Channel 14 = software powerdown
D3-D2
Output data length:
01—S8 bits
00—12 bits (normally used as default)
11—16 hits (not supported by driver)
D1

Output data format

0—MSB first

1—L SB first (not supported by driver)
DO

Mode of operation
0—Unipolar (normally used as default)
1—Bipolar
TL C1543 commands (the TLC1543 isa 10-bit A/D converter)
D7-D4
Channel 0- 10
Channel 11 = (Vref+ - Vref-)/2
Channel 12 = Vref-
Channel 13 = Vref+
(No software power-down mode available)

D3-DO
No specific values assigned.
PARAMETERS
cnd isthe A/D converter input channel (0-10) to read.
| en isthe output data length:

0 = 12-bit mode (BL2000/BL 2020 only)
1= 8-hit mode (BL2000/BL 2020 only)
2 = 10-bit mode (BL 2010/BL 2030 only)

RETURN VALUE
A value corresponding to the voltage on the A/D converter input channel, which will be:
04095 for 12-hit A/D conversions
0-1023 for 10-hit A/D conversions
0-255for 8-hit A/D conversions

SEE ALSO
anal n, analnVolts, brdlnit, sanples/bl 2000/ adc/AD3.C
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I nt anal n(unsi gned int channel);
Reads the state of an A/D converter input channel.

PARAMETER
channel isthe A/D converter input channel (0-10) to read.

RETURN VALUE
A value corresponding to the voltage on the analog input channel, which will be:

04095 for 12-hit A/D conversions (BL2000,BL 2020)
0-1023 for 10-bit A/D conversions (BL2010,BL 2030).

SEE ALSO
analnVolts, analnCalib, _analn, brdinit

fl oat anal nVol t s(unsi gned i nt channel);

Reads the state of an A/D converter input channel and uses the previously set calibration constants to
convert it to volts.

PARAMETER
channel isthe A/D converter input channel (0-10).

RETURN VALUE
A voltage value corresponding to the voltage on the analog input channel.

SEE ALSO
analn, analnCalib, brdlinit

I nt anal nEERd( unsi gned i nt channel);

Reads the calibration constants, gain, and offset from the simulated EEPROM in flash memory.

PARAMETER
channel isthe A/D converter input channel (0-10).

RETURN VALUE
0 if successful.

-1if address or rangeisinvalid.

SEE ALSO
anal nEEW, brdlinit
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i nt anal nEEW (unsi gned i nt channel);
Writes the calibration constants, gain, and offset to the simulated EEPROM in flash memory.

PARAMETER
channel isthe A/D converter input channel (0-10).

RETURN VALUE
0 if successful.
-1if address or rangeisinvalid.

SEE ALSO
anal nEERd, brdlnit
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4.2.6 DI/A Converter Outputs
The functions in this section apply only to the BL2000 and the BL 2020 models.

I nt anaQut Cal i b(int channel, int val uel,
float voltsl, int value2, float volts2);

Calibrates the response of the D/A converter channel desired as alinear function using the two conver-
sion points provided. Gain and offset constants are cal culated and placed into global table _dacCal i b.

PARAMETERS
channel isthe D/A converter output channel (O or 1).
val uel isthefirst D/A converter value.
vol t s1 isthe voltage corresponding to the first D/A converter value.
val ue?2 isthe second D/A converter value.

vol t s2 isthe voltage corresponding to the second D/A converter value.

RETURN VALUE
0 if sucessful.

-1if not able to make calibration constants.

SEE ALSO
anaQut, anaCQutVolts, brdlnit
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voi d anaQut (unsi gned i nt channel,
unsi gned i nt nodecount);
Sets the voltage of a D/A converter output channel by serially clocking in 16 bitsto a D/A converter
using the following format:
D15-D14
Doesn’t matter.
D13-D12

Mode of operation

00—Normal Operation

01—Software Powerdown, 1 kQ to GND
10—Software Powerdown, 100 kQ to GND
11—Software Powerdown, three-state

D11-D0O
Data hits, MSB-L SB (0-4095)
PARAMETERS
channel isthe D/A converter output channel to write (O or 1).

nodecount isavalue corresponding to the voltage on the D/A converter output and/or setting the
mode of operation:

CPEEIEN Description nodecount Value
Mode
0 Normal Mode 0-4095
1 Software Powerdown, 1 kQ to GND 0x1000
2 Software Powerdown, 100 kQ to GND 0x2000
3 Software Powerdown, three-state 0x3000

RETURN VALUE
None

SEE ALSO
anaQut Vol ts, anaQutCalib, brdinit
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voi d anaQut Vol t s(unsi gned i nt channel,
fl oat vol tage);

Sets the voltage of a D/A converter output channel by using the previously set calibration constants to
calculate the correct data values.

PARAMETERS
channel istheD/A converter output channel (O or 1).

vol t age isthe voltage desired on the output channel.

SEE ALSO
anaQut, anaQutCalib, brdlnit

I nt anaQut EERd(unsi gned i nt channel);

Reads the calibration constants, gain, and offset from the simulated EEPROM in flash memory.

PARAMETER
channel istheD/A converter output channel (O or 1).

RETURN VALUE
0if successful.

-1if address or rangeisinvalid.

SEE ALSO
anaQut EEW, brdlnit

I nt anaQut EEW (unsi gned i nt channel);

Writes the calibration constants, gain, and offset to the simulated EEPROM in flash memory.

PARAMETER
channel istheD/A converter output channel (O or 1).

RETURN VALUE
0if successful.

-1if address or rangeisinvalid.

SEE ALSO
anaQut EERd, brdlnit
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4.3 Sample Programs
Sample programs are provided in the Dynamic C Sanpl es folder, which is shown below.

open HH|

Look jr: I {3 Samples j £ i

_1BI2000; (1 FileSystem 1 Rem2100 @
|1 Cafunc [ lcom [ Remz200 5|
_ 1 COREMODULE 0 Intrupts (O Rtclock @
|1 Castate [ Jackrab [ Rtdk 5|
1 Crypt [ Miniweb [ Serial 5|
1 Ff 5| Fpp [ SlavePort 5|
1] | i
File name: I Open I

Filez of type: ISu:uun:e 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 BL2000 folder provides sample programs specific to the BL 2000, and the TCPI P
folder provides sample programsto illustrate the TCP/IP aspects of programming the
BL2000. Each sample program has comments that describe the purpose and function of
the program. Follow the instructions at the beginning of the sample program.

Let'stake alook at the BL2000 folder.

Open  HH|
Lookin | = BI2000 = & ek B
adc Q3 terie
dac [*]B0ARD_ID.c
i [*] COUMTLEDS.C
pages B LEDS_4d.c
re232
rzd85

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

* BOARD_I D. GC—This program is used to identify the model of BL 2000 being used, and
display that information in the STDIO window.
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e COUNTLEDS. C—This program will count from 0 to 31 in binary, using the four gen-
era-purpose LEDs, DSA-DS7, and the Processor Bad LED, DS8. The LEDs are used
inreverselogical order to minimizethe cycling of therelay, which is slaved to the same
output as DHA4.

* LEDS 4. C—Thisprogram creates four “devices’ (lights), and four buttons to toggle
them. Users can view the devices with their Web browser, and change the status of the
lights. If the Demonstration Board is connected to the BL 2000, the lights on the Dem-
onstration Board will match the ones on the Web page. See Appendix D for hookup
instructions for the Demonstration Board.

4.3.1 Digital I/O
The following sample programs are found in the | O subdirectory in SAMPLES/ BL2000.

* ANADI G N. G—Demonstrates using the A/D converter channels as digital inputs. You
will be able to see an input channel toggle HIGH and LOW when pressing the pushbut-
tons on the Demonstration Board. See Appendix D for hookup instructions for the
Demonstration Board.

* DI @ N. C—Demonstratesthe use of the digital inputs. Using the Demonstration Board,
you can see an input channel toggle from HIGH to LOW when pressing a pushbutton
on the Demonstration Board. See Appendix D for hookup instructions for the Demon-
stration Board.

» DI GOUT. C—Demonstrates the use of the high-current outputs. Using the Demonstra-
tion Board, you can see an LED toggle on/off via a high-current output. See Appendix
D for hookup instructions for the Demonstration Board.

* LED. C—Demonstrates how to toggle the output LEDs on the BL 2000 on/off.

* PWM C—Demonstrates the use of Timer B to generate a PWM signal on digital output
OUTS8. The program generates a42 Hz PWM signal with the duty cycle adjustable
from 1 to 99%.

e RELAY. C—Demonstrates how to control the relay on the BL2000.
4.3.2 Serial Communication
The following sample programs are found in the RS232 subdirectory in SAMPLES/ BL2000.

e PUTS. C—Transmits and then recelves an ASCII string on Serial Ports B and C. It also
displays the serial data received from both portsin the STDIO window.

* RELAYCHR. C—This program echoes characters over Serial Port B to Serial Port C. It
must be run with aseria utility such as Hyperterminal.

The following sample programs are found in the RS485 subdirectory in SAMPLES/ BL2000.

e MASTER. C—This program demonstrates a simple RS-485 transmission of lower case
lettersto aslave BL2000. The slave will send back converted upper case |etters back to
the master BL 2000 and display them in the STDIO window. Use SLAVE. Cto program
the slave BL 2000.
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* SLAVE. G—This program demonstrates a simple RS-485 transmission of lower case
letters to aslave BL2000. The slave will send back converted upper case letters back to
the master BL 2000 and display them in the STDIO window. Use MASTER. Cto program
the master BL 2000.

4.3.3 A/D Converter Inputs
The following sample programs are found in the ADC subdirectory in SAMPLES/ BL2000.

e AD_CALI B. C—Demonstrates how to recalibrate an A/D converter channel using two
knownvoltages to generate two coefficients, gain and offset, which are rewritten into
the user block data area. The voltage that is being monitored is displayed continuously.
Note that this sample program will overwrite the calibration constants set at the factory.

* AD1. GC—Demonstrates how to access the A/D internal test voltages in both the
TLC2543 and TLC1543 A/D converter chips. The program readsthe A/D internal volt-
ages and then uses the STDIO window to display the RAW data.

* AD2. GC—Demonstrates how to access the A/D channels using the anal nVol t func-
tion. The program uses the STDIO window to display the voltage that is being moni-
tored.

» AD3. G—Demonstrates how to access the A/D converter channels with the low-level
A/D driver. The program uses the STDIO window to display the voltage that is being
monitored on all the A/D channels using the low-level A/D driver.

* AD4. G—Demonstrates how how to use the A/D converter channels with the low-level
A/D driver. The program usesthe STDIO window to display the voltage (average of 10
samples) that is being monitored on all the A/D converter channels using the low-level
A/D driver.

4.3.4 DI/A Converter Outputs
The following sample programs are found in the DAC subdirectory in SAMPLES/ BL2000.

* DACAL. G—This program demonstrates how to recalibrate an D/A converter channel
using two known voltages, and defines the two coefficients, gain and offset, that will be
rewritten into the D/A converter's EEPROM simulated in flash memory. Note that this
sample program will overwrite the calibration constants set at the factory.

» DAQUT1. C—This program outputs a voltage that can be read with a voltmeter. The out-
put voltage is computed using the calibration constants that are read from the EEPROM
simulated in flash memory.

» DAQUT2. G—This program demonstrates the use of both the D/A and the A/D convert-
ers. The user selects both the D/A converter and A/D channel to be used, then sets the
D/A converter output voltage to be read by the A/D channel. All activity will be dis-
played in the STDIO window.

4.3.5 TCP/IP Sample Programs
TCP/1P sample programs are described in Chapter 5.
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4.4 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 inthe Run menu. The BL2000
must be in Program mode (see Section 3.1, “ Switching Between Program Mode and Run
Mode,”) and must be connected to a PC using the programming cable as described in
Section 2.1, “BL2000 Connections.”.

More complete information on Dynamic C is provided in the Dynamic C Premier User’s
Manual. TCP/IP specific functions are described in the Dynamic C TCP/IP User’s Man-
ual. Information on using the TCP/IP features and sample programs s provided in
Section 5, “Using the TCP/IP Features.”
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5. USING THE TCP/IP FEATURES

Chapter 5 provides an introduction to using the TCP/IP features
on your BL2000 board.

5.1 TCP/IP Connections

Before proceeding you will need to have the following items.

 If you don’'t have Ethernet access, you will need at least a 10Base-T Ethernet card
(available from your favorite computer supplier) installed in a PC.

* Two RJ}45 straight through Ethernet cables and a hub, or an RJ-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. Connect the AC adapter and the programming cable as shown in Chapter 2, “ Get-
ting Sarted.”

2. Ethernet Connections

If you do not have access to an Ethernet network, use a crossover Ethernet cable to con-
nect the BL2000 to a PC that at |least has a 10Base-T Ethernet card.

If you have Ethernet access, use a straight through Ethernet cable to establish an Ethernet
connection to the BL2000 from an Ethernet hub. These connections are shown in Figure 22.

BL 2000
BL 2000
Board o
H |1
User's PC
Ethernet — >

Ethernet cables
crossover M ﬂ I To additional
cable Hub \/ network

Direct Connection _ _ glements

(Network of 2 computers) Direct Connection Using a Hub

Figure 22. Ethernet Connections
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The PC running Dynamic C through the serial programming port on the BL 2000 does not
need to be the PC with the Ethernet card.

3. Apply Power
Plug in the AC adapter. The BL2000 is now ready to be used.

NOTE: A hardware RESET is accomplished by unplugging the AC adapter, then plug-
ging it back in, or by momentarily grounding the board reset input at pin 9 on screw ter-
minal header J2.

When working with the BL2000, the green LNK light is on when aprogram is running and
the board 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.

5.2 Running TCP/IP Sample Programs

We have provided anumber of sample programs demonstrating various uses of TCP/IPfor
networking embedded systems. These programs require that the user connect his PC and
the BL 2000 together on the same network. This network can be alocal private network
(preferred for initial experimentation and debugging), or a connection viathe Internet.

Obtaining IP addresses to interact over an existing, operating, network can involve a num-
ber of complications, and must usually be done with cooperation from your |SP and/or
network systems administrator (if your company has one). For this reason, it is suggested
that the user begin instead by using a direct connection between a PC and the BL2000
using an Ethernet crossover cable or a simple arrangement with a hub. (A crossover cable
should not be confused with regular straight through cables.) The hub and awide variety
of cables can also be purchased from alocal computer store.

In order to set up this direct connection, the user will have to use avirgin PC (right out of
the box), or disconnect a PC from the corporate network, or as yet another approach install
a second Ethernet adapter and set up a separate private network attached to the second
Ethernet adapter. Disconnecting your PC from the corporate network may be easy or
nearly impossible, depending on how it is set up. Mobile PCs, such as laptops, are
designed to be connected and disconnected, and will present the least problem. If your PC
boots from the network or is dependent on the network for some or all of its disks, then it
probably should not be disconnected. If a second Ethernet adapter is used, be aware that
Windows TCP/IP will send messages to one adapter or the other, depending on the IP
address and the binding order in Microsoft products. Thus you should have different
ranges of | P addresses on your private network from those used on the corporate network.
If both networks service the same I P address, then Windows may send a packet intended
for your private network to the corporate network. A similar situation will take place if
you use adial-up line to send a packet to the Internet. Windows may try to send it viathe
local Ethernet network if it isalso valid for that network.

The following I P addresses are set aside for local networks, and are not allowed on the
Internet: 10.0.0.0 to 10.255.255.255, 172.16.0.0 to 172.31.255.255, and 192.168.0.0 to
192.168.255.255.
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The BL2000 uses a 10Base-T type of Ethernet connection, which is the most common
scheme. The RJ-45 connectors are similar to U.S. style telephone connectors, are larger
and have 8 contacts.

An aternative to the direct connection using a crossover cable isadirect connection using
ahub. The hub relays packets received on any port to all of the ports on the hub. Hubs are
low in cost and are readily available. The BL 2000 uses 10 Mbps Ethernet, so the hub or
Ethernet adapter must be either a 10 Mbps unit or a 10/100 unit that adapts to either 10 or
100 Mbps.

In a corporate setting where the Internet is brought in via a high-speed line, there are typi-
cally machines between the outside Internet and the internal network. These machines
include a combination of proxy servers and firewalls that filter and multiplex Internet traf-
fic. In the configuration below, the BL 2000 could be given afixed address so any of the
computers on the local network would be able to contact it. It may be possible to configure
the firewall or proxy server to alow hosts on the Internet to contact the BL 2000 directly,
but it would probably be easier to place the BL2000 directly on the external network out-
side the firewall. This avoids some of the configuration complications by sacrificing some
security.

Hub(s)
Tlin Firewall I |
.
—Adapter Proxy
Server y Network
d —
Ethernet Ethernet

1 |BL2000

Typical Corporate Network

If your system administrator can give you an Ethernet cable along with its IP address, the
netmask and the gateway address, then you may be able to run the sample programs with-
out having to setup a direct connection between your computer and the BL2000. You will
also need the | P address of the nameserver, the name or | P address of your mail server, and
your domain name for some of the sample programs.

5.3 IP Addresses Explained

IP (Internet Protocol) addresses are expressed as 4 decimal numbers separated by periods,
for example:

216.103.126.155
10.1.1.6
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Each decimal number must be between 0 and 255. Thetotal IP addressis a 32-bit number
consisting of the 4 bytes expressed as shown above. A local network uses a group of adja-

cent | P addresses. There are always 2N |P addressesin alocal network. The netmask (adso
called subnet mask) determines how many | P addresses belong to the local network. The
netmask is also a 32-bit address expressed in the same form as the | P address. An example
netmask is

255.255.255.0

This netmask has 8 zero bitsin the least significant portion, and this means that 28
addresses are a part of the local network. Applied to the | P address above
(216.103.126.155), this netmask would indicate that the following I P addresses belong to
the local network:

216.103.126.0
216.103.126.1
216.103.126.2
etc.
216.103.126.254
216.103.126.255

The lowest and highest address are reserved for special purposes. The lowest address
(216.102.126.0) is used to identify the local network. The highest address
(216.102.126.255) is used as a broadcast address. Usually one other addressis used for the
address of the gateway out of the network. Thisleaves 256 - 3 = 253 available IP
addresses for the example given.

5.4 How IP Addresses are Used

The actual hardware connection via an Ethernet uses Ethernet adapter addresses (also
called MAC addresses). These are 48-bit addresses and are unique for every Ethernet
adapter manufactured. In order to send a packet to another computer, given the IP address
of the other computer, it isfirst determined if the packet needs to be sent directly to the
other computer or to the gateway. In either case, thereis an | P address on the local net-
work to which the packet must be sent. A table is maintained to allow the protocol driver
to determine the MAC address corresponding to a particular |P address. If the tableis
empty, the MAC address is determined by sending an Ethernet broadcast packet to all
devices on the local network asking the device with the desired | P address to answer with
its MAC address. In this way, the table entry can befilled in. If no device answers, then
the device is honexistent or inoperative, and the packet cannot be sent.

IP addresses are arbitrary and can be allocated as desired provided that they don’t conflict
with other | P addresses. However, if they are to be used with the Internet, then they must
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be numbers that are assigned to your connection by proper authorities, generally by dele-
gation viayour service provider.

5.5 Dynamically Assigned Internet Addresses

In many instances, | P addresses are assigned temporarily. Thisis the normal procedure
when you use adia-up Internet service provider (ISP). Your system will be provided with
an |P addressthat it can use to send and receive packets. This P addresswill only be valid
for the duration of the call, and further may not actually be areal |P address. Such an
address works for browsing the Web, but cannot be used for transactions originating el se-
where since no other system has any way to know the Internet address except by first
receiving a packet from you. (If you want to find the IP address assigned by a dial-up ISP,
run the program wi ni pcf g while connected and look at the address for the ppp adapter
under Windows 98.)

In atypical corporate network that isisolated from the Internet by afirewall and/or proxy
server using address tranglation, the I P addresses are not usually actual Internet addresses
and may be assigned statically or dynamically. If they are assigned statically, you only
have to get an unused | P address and assign it to the BL2000. If the IP addresses are
assigned dynamically, then you will have to get an IP address that is valid but outside of
the range of I1P addresses that are assigned dynamically. Thiswill enable you to communi-
cate from a PC on the network to the BL2000. If you want to communicate to the BL 2000
from the external Internet, then an actual |P address must be assigned to the BL2000. It
may be possible to setup the firewall to passareal |P address, or it may be necessary to
connect the BL2000 in front of the firewall to accomplish this.

5.6 How to Set IP Addresses in the Sample Programs

Most of the sample programs use macros to define the 1P address assigned to the board
and the | P address of the gateway, if there is a gateway.

#define MY_| P_ADDRESS "216.112. 116. 155"
#define MY_NETMASK " 255. 255. 255. 248"
#define MY_GATEWAY "216.112. 116. 153"

In order to do adirect connection, the following I P addresses can be used for the BL 2000:
#define My_| P_ADDRESS "10.1.1.2"

#defi ne MY_NETMASK "255. 255. 255. 248"
Il #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.
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5.7 How to Set Up your Computer’s IP Address for a Direct Con-
nection

When your computer is connected directly to the BL2000 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.

Click on Start > Settings > Control Panel to bring up the Control Panel, and then dou-
ble-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 | P address directly and the subnet mask. (Disable “obtain an IP 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 or 2000.

BL 2000
IP10.1.1.1 Board
Subnet mask
255.255.255.248
—
User's PC
/#defi ne MY_IP_ADDRESS "10.1.1.2"
Ethernet
C;(k))lssover #define MY_NETMASK "255. 255. 255. 248"
canie

Direct Connection PC to BL 2000

5.8 Run the PI NGVE. CDemo

In order to run this program, edit the IP 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 BL2000's RJ45 Ethernet connector.
When the program starts running, the green LNK light on the BL 2000 should be on to indi-
cate 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
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and typing the command

ping 10.1.1.2
Notice that the orange ACT light flashes on the BL 2000 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.

5.9 Running More Demo Programs With a Direct Connection

The program SSI . C (SAMPLES\ BL2000\ TCPI P\ ) demonstrates how to make the

BL 2000 a Web server. This program allows you to turn the LEDs on an attached Demon-
stration Board from the Tool Kit on and off from a remote \Web browser. In order to run
these sample programs, edit the IP address as for the pingme program, compile the pro-
gram 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.

The sample program SMTP. C (SAMPLES\ BL2000\ TCPI P\ ) allowsyou to send an E-mail
when a switch on the Demonstartion Board is pressed. Follow the instructions included
with the sample program.

The sample program TELNET. C (SAMPLES\ BL2000\ TCPI P\ ) allows you to communi-
cate with the BL2000 using the Telnet protocol. To run this program, edit the IP address,
compile the program, and start it running. Run the Telnet program on your PC (Start >
Runtel net 10. 1. 1. 2). Each character you typewill be printed in Dynamic C's STDIO
window, indicating that the board is receiving the characters typed via TCP/IP.

5.10 Where Do | Go From Here?

If there are any problems at this point, call Z-World Technical Support at +1(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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APPENDIX A. SPECIFICATIONS

Appendix A provides the specifications for the BL2000 and
describes the conformal coating.
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A.1 Electrical and Mechanical Specifications
Figure A-1 shows the mechanical dimensions for the BL 2000.

ERERER RIS 5

066060000606

J12

[T RAET) (555 [&]
v EE e
I} = = -
O percsrumifl1mmil] g 5 (LT r14
R20 > 7 [ T]c12
R21 [

Jacks extend Ry I
0.16" (4.0 mm) L =2
past edge of
board
E T i
—— © o
it SISISISEIN SN N SINSINSINY e
| e v v
2.85 0.65 _|
(72) (16.5)
4.15
(105)

] I

HOHHHE [FHN0HO000ED .i. @

i

4.15 ‘
(105)

Figure A-1. BL2000 Dimensions

NOTE: All measurements are in inches followed by millimeters enclosed in parentheses.
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Table A-1 lists the electrical, mechanical, and environmental specifications for the BL2000.

Table A-1. BL2000 Specifications

Parameter Specification

3.43" x 415" x 0.82"

Board Size (87 mm x 105 mm x 21 mm)

one RJ-45 (Ethernet)

one 2 x 5, 2 mm pitch (serial programming port)
Connectors one power jack for AC adpater

four 12-terminal screw connectors (18 to 26 AWG wire) for
analog and digital 1/0, relay

Direct connection to 10Base-T Ethernet networks via R}45
Ethernet Interface

connection
Temperature —40°Cto +70°C
Humidity 5% to 95%, noncondensing
External Input Voltage 9Vtod0V DCor22Vto26V AC
Power Consumption 1.5 W maximum

Onboard Voltage Regulator Surface-mount switching regulator sources5V at upto 1 A

Upto 28 digita 1/0:

11 inputs. hardware-configurable pull-up or pull-down,
+ 36 V DC, switching threshold 2.4 V typical

up to 7 dual-purpose unbuffered analog inputs that may be
software-configured for use as digital inputs, 0V to 48 V
DC, switch threhold may be set in software

10 outputs: sinking or sourcing, +40 V DC, 200 mA maximum
per channel

Digital 1/0

Four 12-bit A/D converter inputs, £ 10 V DC, 1 MQ input impedance

Five 12-bit dual-purposeA/D converter inputs, 0V to 48V DC,
Analog Inputs 12 kQ input impedance

Two additional 12-bit dual-purpose A/D converter inputs, 0V to
48V DC, 12 kQ input impedance (BL2010 and BL2030)

Anaog Outputs

(BL2000 and BL 2020) Two 12-bit D/A converter outputs, 0V t04.000 V DC, 1 mA max.

SPDT (N.O., N.C., COM) with snubbers:
Relay Output 1A @30V DC,300mA @120V AC
max. contact settling time 4 ms

Microprocessor Rabbit 2000™

Clock 22.1 MHz

SRAM 128K, surface mount
Flash EPROM 256K, surface mount
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Table A-1. BL2000 Specifications (continued)

Parameter Specification
Timers Five 8-bit timers, one 10-hit timer with two match registers,
five timers are cascadable
4 seria ports:
* two RS-232 or one RS-232 (with CTS/RTS)
Serial Ports . . .
¢ one RS-485, onboard network termination and bias resistors
¢ one5V CMOS-compatible programming port
Serial Rate Maximum standard asynchronous 230,400 bps
Watchdog/Supervisor Yes
Time/Date Clock Yes
Yes: Panasonic CR2330 or equivalent 3V lithium coin type,
Backup Batter 265 mA -h standard using onboard battery holder; optional
P y 3V, 950 mA -h solder-in battery available; external battery
connector
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A.2 Conformal Coating

The areas around the crystal oscillator and the battery backup circuit on the BL2000 have
had the Dow Corning silicone-based 1-2620 conformal coating applied. The conformally
coated areas are shown in Figure A-2. The conformal coating protects these high-imped-
ance circuits from the effects of moisture and contaiminants over time.
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o
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Figure A-2. BL2000 Areas Receiving Conformal Coating

Any components in the conformally coated area may be replaced using standard soldering
procedures for surface-mounted components. A new 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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A.3 Jumper Configurations

Figure A-3 showsthe header locations used to configure the various BL 2000 options viajumpers.
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Figure A-3. Location of BL2000 Configurable Positions
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Table A-2 lists the configuration options.

Table A-2. BL2000 Jumper Configurations

Header Description Pins Connected eeltely
Default
Pin12isVcc R160 installed X
Jo
Pin12isGND R161 installed
1-2 | Bias and termination resistors X
jpy | RS-485 Biasand Termination 3-4 | connected
Resistors Bias and termination resistors not
None
connected
1-2 | Normal Mode X
JP2 | Flash Memory Bank Select
2-3 | Bank Mode
1-2 |+V X
JP3 | D/A Converter Power Supply
2-3 |+REF
1-2 | 128K/256K X
JP4 | Flash Memory Size
2-3 | 512K
1-2 | 128K X
JP5 SRAM Size
2-3 | 512K
Digital Input Pull-Up/Pull-Down | 1-2 |Pulledup X
JP6 .
Resistors
2-3 | Pulled down

NOTE: Only header JP1 uses actual jumpers. The other connections are made using 0 Q
surface-mounted resistors.
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APPENDIX B. PLASTIC ENCLOSURE

The plastic enclosure provides a secure way to protect your
BL2000. The enclosure itself may be mounted on any flat sur-
face.

Appendix B describes how to mount the BL 2000 inside the plas-
tic enclosure, how to install the optional light pipes, and pro-
vides details on mounting the assembly.
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B.1 Assembly

1. Attach the BL 2000 to the plastic enclosure base.

Position the BL 2000 over the plastic enclosure base as shown below in Figure B-1. Attach
the BL 2000 to the base using the two 4-40 x ¥, screws supplied.

Figure B-1. Attach BL2000 to Plastic Enclosure Base

2. Ingtall light pipes (optional).

Light pipes are included in the Tool Kit to facilitate seeing the LEDs on the BL 2000 board
once the enclosure is assembl ed.

With the enclosure top posi-
tioned as shown in Figure B-2,
insert the eight light pipesinto
theslotsidentified in Figure B-2. Notched
Position the light pipes snugly side
against the enclosure top since
thereislittle clearance between
the light pipes and the LEDs on
the BL2000. The light pipes
“snap” in place. Verify that the
light pipes are aligned over the
LEDs, then apply a drop of
cyanoacrylate or contact cement
to the inside of the enclosure

around each light pipe to hold it Figure B-2. Install Light Pipes in Enclosure Top
in place.

) )
RN

i Light pipe

flange is firmly
against
enclosure

NOTE: Oncetheglueisapplied, it will not be possible to change the aignment of the
light pipes without damaging the plastic enclosure.
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3. Attach the enclosure top to the base.

Position the enclosure top over the plastic enclosure base as shown below in Figure B-3.
Attach the enclosure top to the base using the two 4-40 x Y2 screws supplied. 1f you
installed the light pipes, be sure they are aligned over the LEDs as shown.

f '

Notched
side

Figure B-3. Attach Enclosure Top

4. Mount plastic enclosure (optional).

Use four #10 screws to attach the assembled plastic enclosure to the surface on which it

will be mounted. This step applies to production versions of BL 2000 boards once devel op-
ment has been completed.
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B.2 Dimensions

Figure B-4 shows the dimensions for the plastic enclosure.

0.375" (9.5 mm)
‘ is cut off each corner

o
<«—>{0.25 ‘
2.85 1.375
(6.4) [ (72) 1 (35) ﬁ
5.60

(142)

Figure B-4. Plastic Enclosure Dimensions

When fully assembled with the BL2000 installed, the total height of the plastic enclosure
will be 1.1" (28 mm).
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APPENDIX C. POWER SUPPLY

Appendix C describes the power circuitry distributed on the
BL 2000.

C.1 Power Supplies

Power is supplied to the BL2000 viaamini phone jack located at J7 or through the screw
terminal strip, header J2. The BL2000 itself is protected against reverse polarity by a
diode at D1 as shown in Figure C-1.

+RAW SWITCHING POWER REGULATOR Vcc
J2 ord7

u12 *
] Loas

8 2 4
TVS1 I47 uF 1 18 ¢ 3s0un - 1330 uF
] w2575 jio D2 U ik

1 T 1N5819

POWER
IN

Figure C-1. BL2000 Power Supply

Capacitor C28 provides surge current protection for the voltage regulator, and allows the
external power supply to be located some distance away from the BL2000. A switching
power regulator is used. The input voltage rangeisfrom9V to 40 V.

The BL2000 can alternatively be powered by 24V AC. Inthiscase D1 and C28 act asa
half-wave rectifier to produce approximately 40 V DC at the input of the switching regula-
tor, U12. Although a significant drop will be measured at DCIN, the voltage will never
drop below +9 V DC. Aslong as the minimum input level is maintained at the input to the
regulator, Vcc will be held at +5V DC.

Pin 12 on header J9 can be configured to either supply Vcc (0 Q surface-mounted resistor
installed at R160) or GND (0 Q surface-mounted resistor installed at R161). When using
pin 12 on header J9 to supply Vcc, take care not to draw more than 25 mA current from
thispin, especialy if you areusing 24V AC asyour +RAW input power supply. The R160
and R161 locations are shown in Figure A-3.
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C.1.1 Power for Analog Circuits

Power to the analog circuits is provided by way of a two-stage low-pass filter, which iso-
lates the anal og section from digital noise generated by the other components. The analog
power voltage +V powers the op-amp for the buffered A/D converter inputs, the A/D con-
verter, and the 4.096 V reference circuit. The two D/A converters can be powered either
from the reference, which is the standard, or from +V when ratiometric measurements are
desired. The maximum current draw on +V islessthan 10 mA.

There are three digital grounds, one on each of the screw-terminal headers associated with
the digital functions (J2, J8, and J9). The digital ground and the analog ground share asin-
gle split ground plane on the board, with the analog ground connected at a single point to
the digital ground by a0 Q resistor (R87). Thisis done to minimize digital noisein the
analog circuits and to eliminate the possibility of ground loops. External connections to
analog ground are made on screw-terminal header J4.

C.2 Batteries and External Battery Connections

The SRAM and the real-time clock have battery backup. Power to the SRAM and the real-
time clock (VRAM) is provided by two different sources, depending on whether the main
part of the BL2000 is powered or not. When the BL2000 is powered normally, and Vccis
within operating limits, the SRAM and the real-time clock are powered from Vcc. If power
to the board islost or falls below 4.63 V, the VRAM power will come from the battery. The
reset generator circuit controls the source of power by way of its/RESET output signal.

A replaceable 265 mA -h lithium battery provides power to the real-time clock and SRAM
when external power isremoved from the circuit board. The drain on the battery istypicaly
less than 10 pA when there is no external power applied, and so the expected in-service life
of the battery is

265 mA-h
10 pA

Thedrain on the battery istypically lessthan 4 A when external power isapplied, and so
the expected BL 2000 shelf lifeis

= 3.0 years.

265 mA-h
4 UA
A long-life 950 mA -h solder-in battery is also provided for in the board layout. Alterna-

tively, an external battery may be connected to the BL2000 via header J12. The existing
battery does not have to be removed when an external battery is used.

= 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-
alent 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 BL2000. Excercise careif you replace the battery
while external power is applied to the BL2000.

CAUTION: Thereisan explosion danger if the battery is short-circuited, recharged,
or replaced incorrectly. Replace the battery only with the same type or an equiva ent
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-2 shows the battery-backup circuit.

Internal Battery

BT1 D14
R162 R164
| vBATINT ) : VRAM

1
l ! 1kQ 1kQ
R26

thermistor

J121 22 kQ

D16 R163 R165
—\AN——9
47 kQ

VOSC

Figure C-2. BL2000 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.

» It ensuresthat 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 BL2000.
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C.2.3 Power to VRAM Switch

The VRAM switch, shown in Figure C-3, allows the battery backup to provide power
when the external power goes off. The switch provides an isolation between Vcc and the
battery when Vcc goes low. This prevents the Vcc line from draining the battery.

VCC VRAM
A R99 A
— A\ \N—e

Q9
FDV302P

R93
11 kQ

Q8
/RESET MMBT3904

Figure C-3. VRAM Switch

Field-effect transistor Q9 is needed to provide avery small voltage drop between Vcc and
VRAM (<100 mV, typically 10 mV) so that the board components powered by Vcc will
not have a significantly different voltage than VRAM.

When the BL2000 isnot in reset, the/RESET line will be high. This turns on Q8, causing
its collector to go low. Thisturns on Q9, alowing VRAM to nearly equal Vcc.

When the BL2000 isin reset, the /RESET linewill go low. Thisturns off Q8 and Q9, pro-
viding an isolation between Vcc and VRAM.

C.2.4 Reset Generator

The BL2000 uses areset generator, U4, to reset the Rabbit 2000 microprocessor when the
voltage drops bel ow the voltage necessary for reliable operation. The reset occurs between
450V and 4.75 V, typically 4.63 V.
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C.3 Chip Select Circuit

Figure C-4 shows a schematic of the chip select circuit.

VRAM

R101§

100 kQ

/CSRAM

/CS1 3
Q4 &—

R104
/IRESET NV

(" Nas
22 kQ \\i

Cc81_L
1nF T

Figure C-4. Chip Select Circuit

The current drain on the battery in a battery-backed circuit must be kept at a minimum.
When the BL2000 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 Vcc 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 control circuit accomplishes this task for the SRAM’s chip select 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, /CSRAM
must be the same signal as/CS1, and with power removed, /CSRAM must be held high
(but only needs to be battery voltage high). Q3 and Q4 are MOSFET transistors with com-
plementary 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 is removed 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 (R101). This pullup resistor keeps /CSRAM at the VRAM volt-
age level (which under no power condition is the backup battery’s regulated voltage at a
little more than 2 V).
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Transistors Q3 and Q4 are of opposite polarity so that arail-to-rail voltage can be passed.

When the /CSL1 voltage islow, Q4 will conduct. When the /CS1 voltage is high, Q3 con-

ducts. It takes time for the transistors to turn on, creating a propagation delay. This propa-
gation 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, /RESET.
When the BL2000 is not in reset, the reset line will be high, turning on n-channel Q4
directly and p-channel FET Q3 by way of Q8. When the board isin reset both Q3 and Q4
are off, isolating /CSRAM and allowing it to be pulled to VRAM.

74 Wildcat (BL2000)



APPENDIX D.
DEMONSTRATION BOARD

Appendix D shows how to connect the Demonstration Board to
the BL 2000.

D.1 Connecting Demonstration Board

Before running sample programs based on the Demonstration Board, you will have to con-
nect the Demonstration Board from the BL2000 Tool Kit to the BL2000 board. Proceed as
follows.

1. Use the wiresincluded in the BL2000 Tool Kit to connect header J1 on the Demonstra-
tion Board to header J8 and J9 on the BL2000. The connections are shown in Figure D-1
for sample programsDI G N. C, DI GOUT. C, and SMIP. C, and in Figure D-2 for sample
program ANADI G/ N. C.

2. Make sure that your BL2000 is connected to your PC and that the power supply is con-
nected to the BL 2000 and plugged in as described in Chapter 2, “ Getting Started.”
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Figure D-1. General Digital Connections Between BL2000 and Demonstration Board
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BL2000

Jumpers:

H1: None
H2: As shown
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Figure D-2. Analog Connections Between BL2000 and Demonstration Board
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APPENDIX E. PROGRAMMING CABLE

Appendix E provides additional information for the Rabbit
2000™ microprocessor when using the DIAG and PROG con-
nectors on the programming cable. The PROG connector is used
only when the programming cable is attached to the program-
ming connector (header J5) 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 serial communication, which is
appropriate for monitoring or debugging a BL2000 system
whileit is running.
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The programming port, which is shown in Figure E-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 issimply 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)

~50 kQ

i|m e 1. RXA(51) — — — — — A+
3o @4 2. GND ~50 ko
45 V/+ 8

e @8 5. JRESET— — — — — — A+ =3
oJe @ 6. TXA (54)

7. n.c.

Programming Port 8. STATUS (output) (38) ;g

Pin Numbers 9. SMODEQO (36) ***MGND

10. SMODE1 (35) — — — —AAA~ GND

Figure E-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
SMODE1 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 serial port function.

Alternatively, the DIAG connector can be used to connect the programming port. The
/RESET line and the SMODE21 and SMODEDO pins are not connected to this connector.
The programming port is then enabled as adiagnostic port by polling the port periodically
to see if communication needs to begin or to enable the port and wait for interrupts. The
pull-up resistorson 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. Thisalows 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 (also called PC6) is zero after reset if the cold-boot modeis not enabled. A
possible way to detect the presence of a cable on the programming port is for the cable to
connect TXA to one of the SMODE pins and then test for the connection by raising PC6
(by configuring it asa general output bit) and reading the SMODE pin after the cold-boot
mode has been disabled.
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Once you establish that the programming port will never again be needed for program-

ming, it is possible to use the programming port for additional 1/0 lines. Table E-1 liststhe
pins available for this alternate configuration.

Table E-1. BL2000 Programming Port Pinout Configurations

Pin Pin Name Default Use Alternate Use Notes
1 |RXA Seria Port A PC6—I nput
2 |GND
3 |cLka PBl—B|tW|sepr parallel
programmable input
4 |VCC
Connected to reset
5 |RESET generator U4
6 |TXA Serial Port A PC7—Output
8 |STATUS Output
Must be low when
9 |SVMODEO Input BL 2000 boots up
Must be low when
10 | SMODEL Input BL 2000 boots up
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STUFFING TABLE

STUFFING TABLE

BL20XX OPTION TABLE

CIRCUIT PART | OPTION INSTALLED OPTION NOT INSTALLED
ADC INPUTS R5 NOT INSTALLED
AIN_9 & AIN_ 10| R78 NOT INSTALLED
R99 NOT INSTALLED
oo CS CONTROL | 102 NOT INSTALLED
LZ| ETHER-NET | R154 NOT INSTALLED
,?_:' Z| RT8@19 SDI PU | R158 NOT INSTALLED
2| Vecon J9-12 | R160 NOT INSTALLED
Z 3| Battery R164 NOT INSTALLED
Ext Interrupt R155 NOT INSTALLED
SRAM DENSITY | U6 128K SRAM 256K/512K SRAM
=
& ZERO ohm ZERO ohm
G | SRAM SELECT | JPS ACROSS PINS 1—2 | ACROSS PINS 2—3
_ FLASH DENSITY | U11 | 128K/256K FLASH 512K FLASH
[72]
ZERO ohm ZERO ohm
é FLASH SELECT | JP4 |\ -roSS PINS 1-2 | ACROSS PINS 2—3
FLASH DENSITY | U5 256K SRAM 128K/512K SRAM
X, DISABLED
é 8 ZERO ohm
-z ACROSS PINS 1-2 DISABLED
g | BANK SELECT | JP2 ZERO ohm
2 ENABLED ACROSS PINS 1-2
ZERO ohm
ACROSS PINS 2—3
U7 AD5320 NOT INSTALLED
DAC_0@ C53 INSTALLED NOT INSTALLED
U2 AD5320 NOT INSTALLED
DAC_1 C75 INSTALLED NOT INSTALLED
S
a DAC 4.096V 5.0V
POWER JP3 ZERO ohm ZERO ohm
ACROSS PINS 2—3 ACROSS PINS 1-2
U10 | LM404@BIM3—4.1 NOT INSTALLED
4096V REF g, NOT INSTALLED 453 ohms 1%
o 10 BIT ADC U9 TLC1543 NOT INSTALLED
2 12 BIT ADC U9 TLC2543 NOT INSTALLED
U13 RTL8@19AS NOT INSTALLED
Q2 2N7002 NOT INSTALLED
J6 RJ45 NOT INSTALLED
Y3 20MHz XTAL NOT INSTALLED
R30 22K NOT INSTALLED
R82 11K NOT INSTALLED
R88 1.02M NOT INSTALLED
R89 ZERO ohm NOT INSTALLED
R85 200 ohms NOT INSTALLED
R94 330 ohms NOT INSTALLED
& R97 330 ohms NOT INSTALLED
zZ R80 4.7 ohms NOT INSTALLED
£ ETHERNET R95 4.7 ohms NOT INSTALLED
& R153 27K NOT INSTALLED
c67 10pf NOT INSTALLED
C65 10pf NOT INSTALLED
c17 10nf NOT INSTALLED
C20 10nf NOT INSTALLED
C25 10nf 1KV NOT INSTALLED
C23 10nf 1KV NOT INSTALLED
C63 56nf NOT INSTALLED
C68 56nf NOT INSTALLED
DS2 GRN LED NOT INSTALLED
DS3 ORG LED NOT INSTALLED

CIRCUIT PART | OPTION INSTALLED |  OPTION NOT INSTALLED CIRCUIT OPTION BL200@ BL2010 BL2020 BL2030@ BL2040
RELAY K1 TQ2SA—4.5V NOT INSTALLED
Q11 2N7002 NOT INSTALLED FLASH DENSITY 256K 256K 256K 256K 256K
= D13 MMBD7000 NOT INSTALLED FLASH BANK SELECT|  DISABLED DISABLED DISABLED DISABLED DISABLED
o | oot LR117] 47 ohms 1/4W NOT INSTALLED
x R106 | 47 ohms 1/4W NOT INSTALLED SRAM DENSITY 128K 128K 128K 128K 128K
c42 100nf 250V NOT INSTALLED
c37 100nf 250V NOT INSTALLED DAC_© INSTALLED NOT INSTALLED INSTALLED NOT INSTALLED | NOT INSTALLED
z | ouTpuTs R35 ZERO ohm DAC_ 1 INSTALLED NOT INSTALLED INSTALLED NOT INSTALLED | NOT INSTALLED
§ PULLED UP R32 NOT INSTALLED DAC POWER 4,096V 4.096V 4.096V 4,096V NOT INSTALLED
S LTO+K R34 NOT INSTALLED 4.996V REF INSTALLED NOT INSTALLED INSTALLED NOT INSTALLED | NOT INSTALLED
:IJ OUTPUTS R35 NOT INSTALLED
3 | PULLED UP R32 ZERO ohm 10 BIT ADC NOT INSTALLED INSTALLED NOT INSTALLED INSTALLED | NOT INSTALLED
£ | TO+5v R34 NOT INSTALLED 12 BIT ADC INSTALLED NOT INSTALLED INSTALLED NOT INSTALLED | NOT INSTALLED
E OUTPUTS R34 NOT INSTALLED
E | PULLED DOWN | R32 NOT INSTALLED ETHER—NET INSTALLED INSTALLED NOT INSTALLED | NOT INSTALLED [NOT INSTALLED
O TO GROUND R34 ZERO ohm
CURRENT SINK CURRENT SOURCE OUTPUT CURRENT @ SINKING SINKING SINKING SINKING SINKING
Q26 | NOT INSTALLED MMBT4403 OUTPUT CURRENT 1 SINKING SINKING SINKING SINKING SINKING
DRIVER @ R122 ZERO ohm 1K OUTPUT CURRENT 2 SINKING SINKING SINKING SINKING SINKING
R133 ZERO ohm NOT INSTALLED OUTPUT CURRENT 3 SINKING SINKING SINKING SINKING SINKING
R42 | NOT INSTALLED 100K OUTPUT CURRENT 4 SINKING SINKING SINKING SINKING SINKING
Q27 | NOT INSTALLED MMBT4403 OUTPUT CURRENT 5 SINKING SINKING SINKING SINKING SINKING
DRIVER 1 R123 ZERO ohm 1K OUTPUT CURRENT 6 SINKING SINKING SINKING SINKING SINKING
R134 ZERO ohm NOT INSTALLED OUTPUT CURRENT 7 SINKING SINKING SINKING SINKING SINKING
R43 | NOT INSTALLED 100K OUTPUT CURRENT 8 SINKING SINKING SINKING SINKING SINKING
Q28 | NOT INSTALLED MMBT4403 OUTPUT CURRENT 9 SINKING SINKING SINKING SINKING SINKING
DRIVER 2 R124 ZERO ohm 1K OUTPUT PULL PULLED TO PULLED TO PULLED TO PULLED TO PULLED TO
R135 ZERO ohm NOT INSTALLED UP/DOWN +5V +5V +5V +5V +5V
R44 | NOT INSTALLED 100K
Q29 | NOT INSTALLED MMBT4403 INPUT PULL PULLED TO PULLED TO PULLED TO PULLED TO PULLED TO
R125 ZERO ohm 1K UP/DOWN +5V +5V +5V +5V +5V
DRIVER 3 R136 ZERO ohm NOT INSTALLED
R45 | NOT INSTALLED 100K
@ Q30 | NOT INSTALLED MMBT4403
® R126 ZERO ohm 1K
@ DRIVER 4 R137 ZERO ohm NOT INSTALLED
% R46 | NOT INSTALLED 100K
& Q31 NOT INSTALLED MMBT4403
5 R127 ZERO ohm 1K
% DRIVER 5 R138 ZERO ohm NOT INSTALLED
S R47 | NOT INSTALLED 100K
Q32 | NOT INSTALLED MMBT4403
R128 ZERO ohm 1K
DRIVER € R139 ZERO ohm NOT INSTALLED
R48 | NOT INSTALLED 100K
Q33 | NOT INSTALLED MMBT4403
R129 ZERO ohm 1K
DRIVER 7 R140 ZERO ohm NOT INSTALLED
R49 | NOT INSTALLED 100K
Q24 | NOT INSTALLED MMBT4403
R120 ZERO ohm 1K
DRIVER 8 R131 ZERO ohm NOT INSTALLED
R40 | NOT INSTALLED 100K
Q25 | NOT INSTALLED MMBT4403
R121 ZERO ohm 1K
DRIVER 9 R132 ZERO ohm NOT INSTALLED
R41 NOT INSTALLED 100K
g INPUTS ZERO ohm
Q | PULLED UP JP6
,és 0 +5v ACROSS PINS 1-2
zZ7 INPUTS
T ZERO ohm
é ?g%sgu[r)q%w JPE | ACROSS PINS 2—3
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