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Introduction 1

The RabbitCore RCM 2100 seriesis afamily of microprocessor modules
designed to be the heart of embedded control systems. In addition to the array
of 1/0 and addressing available on other Z-World products, the RCM 2100
series offers an optional integrated Ethernet port. These modules permit LAN
and Internet-enabled systems to be built as easily as serial communications-

only systems.

Data processing is done by a Rabbit 2000 micropro-
cessor operating a 22 MHz.

The RabbitCore RCM 2100 series has a Rabbit 2000
microprocessor, a static RAM, up to two flash mem-
ory chips, two quartz crystals (main oscillator and
timekeeping), and the circuitry necessary for reset
and management of battery backup of the Rabbit
2000'sinternal real-time clock and the static RAM.
Two 40-pin headers bring out the Rabbit 2000 1/0
bus, addresslines, datalines, parallel ports, and
seria ports.

The RabbitCore RCM 2100 seriesreceivesits +5 V
power from the user board on which it is mounted.
The RabbitCore RCM 2100 series can interface with

all kinds of CMOS-compatible digital devices
through the user board.

1.1

RabbitCore RCM2100
Series Features

Small size: 2.0" x 3.5" x 0.80"
(51 mm x 89 mm x 20 mm)

Microprocessor: Rabbit 2000 running at
22.1 MHz

34 CMOS-compatible paralld 1/0 lines
grouped in five 8-bit ports (shared with
serial ports)

8 datalines (BDO-BD7)
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1.2

13 address lines (BAO-BA12)
[/0 read, write, buffer enable
Status, watchdog and clock outputs

Two startup mode inputs for booting and
master/slave configuration

External reset input
Reset output

Five 8-bit timers, two 10-bit timers; five
timers are cascadable in pairs

2 x 256K flash memory, 512K SRAM
Real-time clock

» Provision for customer-supplied backup
battery via connections on header J2

»  Four CMOS-compatible seria ports:. maxi-
mum asynchronous baud rate of
690,625 bps, maximum synchronous baud
rate of 5.52 Mbps. Two ports are config-
urable as clocked ports.

Appendix A, “RabbitCore RCM2100 Specificar
tions,” provides detailed specifications for the Rab-
bitCore RCM 2100 series.

Five versions of the RabhitCore RCM 2100 series
are available. Their standard features are summa-
rized in Table 1.

Watchdog supervisor
Table 1. RabbitCore RCM2100 Series Features
Model Features
RCM2100 | Full-featured module
RCM2110 | RCM2100 with 128K SRAM, 256K flash memory
RCM2115 | RCM2110 without RJ-45 plug/transformer
RCM2120 | RCM2100 without Ethernet
RCM2130 | RCM2110 without Ethernet

Advantages of the Rabbit-
Core RCM2100 Series

Fast time to market using afully engi-
neered, “ready to run” microprocessor
core.

Competitive pricing when compared with
the alternative of purchasing and assem-
bling individual components.

Easy C-language program devel opment
and debugging, including rapid produc-
tion loading of programs.

Generous memory size allows large pro-
grams with tens of thousands of lines of
code, and substantial data storage.

Integrated Ethernet port (on selected mod-
els) for network connectivity, royalty-free
TCP/IP software.

* Modelswith and without Ethernet for flex-
ible production options.

» Small size and identical footprint and
pinout for all models.

1.3 Development and Evalua-
tion Tools

A complete Development Kit, including a Prototyp-
ing Board, accessory components and Dynamic C
development software, is available to accompany
the RCM 2100 module. The Development Kit puts
together the essential's you need to design an embed-
ded microprocessor-based system rapidly and effi-
ciently.

See the RabbitCore RCM 2100 Series Getting
Sarted Manual for complete information on the
Deve opment Kit.

1-2
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1.4 How to Use This Manual

Thisuser’s manua isintended to give users detailed
information on the RCM 2100 series modules. It
does not contain detailed information on the Dyna
mic C development environment or the TCP/IP soft-
ware support for the integrated Ethernet port. Most
users will want more detailed information on some
or al of these topicsin order to put the RCM2100
module to effective use.

1.4.1 Additional Product Information

Introductory information about the RabbitCore
RCM 2100 series and its associated Development
Kit and Prototyping Board will be found in the
printed RabbitCore RCM 2100 Series Getting
Sarted Manual, which is aso provided on the
accompanying CD-ROM in both HTML and Adobe
PDF format.

We recommend that any users unfamiliar with
Z-World products, or those who will be using the
prototyping board for initial evaluation and develop-
ment, begin with at least aread-through of the Get-
ting Started manual .

1.4.2 Additional Reference Information

In addition to the product-specific information con-
tained in the RabbitCore RCM 2100 Series Getting
Sarted and User’s Manual, severa higher level
reference manuals are provided in HTML and PDF
form on the accompanying CD-ROM. Advanced
users will find these references valuable in develop-
ing systems based on the RCM 2100 series modules.

e Dynamic C Premier User’s Manual
e Introduction to TCP/IP
« TCP/IP Function Reference

» Rabbit 2000 Microprocessor User’s Man-
ual

1.4.3 Using Online Documentation

We provide the bulk of our user and reference docu-
mentation in two e ectronic formats, HTML and
Adobe PDF. We do thisfor severa reasons.

We bdlieve that providing all users with our com-
plete library of product and reference manualsisa
useful convenience. However, printed manuals are
expensive to print, stock, and ship. Rather than
include and charge for manuals that every user may
not want, or provide only product-specific manuals,
we choose to provide our complete documentation
and reference library in e ectronic form with every
Deveopment Kit and with our Dynamic C develop-
ment environment.

NOTE: The most current version of
Adobe Acrobat Reader can always
be downloaded from Adobe’s web
site at http://www.adobe.com.
We recommend that you use ver-
sion 4.0 or later.

Providing this documentation in electronic form
saves an enormous amount of paper by not printing
copies of manuals that users don’t need. It reduces
the number of outdated manuals we have to discard
from stock aswell, and it makes providing a com-
plete library of manuals an amost cost-free option.
For one-time or infrequent reference, electronic doc-
uments are more convenient than printed ones—
after al, they aren't taking up shelf or desk space!

Finding Online Documents

The online documentation isinstalled along with
Dynamic C, and an icon for the documentation
menu is placed on the workstation’s desktop. Dou-
ble-click thisicon to reach the menu. If theiconis
missing, use your browser to find and load
default.htm inthedocs folder, found in the
Dynamic C installation folder.

The latest versions of al documents are dways
availablefor free, unregistered download from our
Web sites aswell.
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Printing Electronic Manuals

We recognize that many users prefer printed manu-
alsfor some uses. Users can easily print al or parts
of those manuals provided in electronic form. The
following guidelines may be helpful:

Print from the Adobe PDF versions of the
files, not the HTML versions.

Print only the sections you will need to
refer to more than once.

Print manuals overnight, when appropri-
ate, to keep from tying up shared resources
during the work day.

If your printer supports duplex printing,
print pages double-sided to save paper and
increase convenience.

If you do not have a suitable printer or do
not want to print the manual yourself, most
retail copy shops (e.g., Kinkos, Alpha-
Graphics, CopyMax) will print the manual
from the PDF file and bind it for a reason-
able charge—about what we would haveto
charge for a printed and bound manual.

1-4
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Hardware Reference 2

Chapter 2 describes the hardware components and principal hardware sub-
systems of the RabbitCore RCM 2100 series. Appendix A, “RabbitCore
RCM2100 Specifications,” provides complete physical and electrical specifi-
cations.

2.1 RabbitCore RCM2100 Series Digital Inputs and Outputs
Figure 2—1 shows the subsystems designed into the RabbitCore RCM 2100 series.

PAO-PA7 o EEe PDO-PD7 Efernet
PD4-PD7
PE2, PE6
Port A Port B Port D
Serial Ports Port E ﬁPEO—PE?
synchronoos/ qum| (POt C) RABBIT
ynchronous/ 2000
asynchronous .
Y Programming Address Lines H BAO-BA12
Port IORD
-Ti 1/0 Control IOWR
Real-Time Clock ontro! BUFEN
PCLK Watchdog
Misc. Outputs 7 Timers
RI\:_I\?EI)% Slave Port Data Lines H BDO-BD7
Clock Doubler
RAM Backup Battery Flash
Support

Figure 2—1: Rabbit Subsystems
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The RabbitCore RCM 2100 series has 40 parallé€
1/0O lines grouped in five 8-bit ports available on
headers J1 and J2. The 24 bidirectional 1/0 lines are

located on pins PAO—PA7, PDO-PD7, and PEO-PE?.
The pinouts for headers J1 and J2 are shown in
Figure2-2.

J1 J2
VCC (m o| GND PBO [m o | PB1-CLKA
PCLK | o o|PA7 PB2 [0 o|PB3
PAG |o o|PA5 PB4 o o|PB5
PA4|o o|PA3 PB6 o o|PB7
PA2 |0 o| PA1 GND [= ©|BD7
PAO |o o|BA12 BD6 |o ©|BD5
BA11|o o|BA10 BD4 |o ©|BD3
BA9 |0 o |BAS8 BD2 |o o BD1
BA7 |o o | BA6 BDO |o o PE7
BA5 | o o | BA4 PE6 | o|PE5
BA3|o o|BA2 PE4 |0 o|PE3
BA1|c o|BAO PE2 [0 o|PE1
PCO|= =|PC1 PEO [ ©| GND
PC2|o o|PC3 VCC |2 o |VBAT
PC4|c o|PC5 VRAM |5 o | /WDO
PC6-TXA | o o | PC7-RXA SMODE1 |® © | SMODEQ
PDO |2 =|PD1 /RESET |[® ©|/RES_IN
PD2|o o|PD3 STATUS | T © | /BIOWR
PD4 |o o|PD5 /BIORD | & © | /BBUFEN
PD6 | o ©|PD7 GND | o o] VvCC
Note: These pinouts are as seen on
the Bottom Side of the module.

Figure 2—2: RabbitCore RCM2100 Series I/O Pinouts

The ports on the Rabbit 2000 microprocessor used
in the RabbitCore RCM 2100 series are config-
urable, and so the factory defaults can be reconfig-
ured. Table 1 lists the Rabbit 2000 factory defaults
and the dternate configurations.

Asshown in Table 1, pins PAO-PA7 can be used to
alow the Rabbit 2000 to be a dave to another pro-
cessor. PEO, PE1, PE4, and PE5 can be used as
externa interrupts INTOA, INT1A, INTOB, and
INT1B. Pins PBO and PB1 can be used to accessthe

clock on Serial Port B and Seria Port A of the Rab-
bit microprocessor. Pins PD4 and PD6 can be pro-
grammed to be optiona serial outputs for Seria
Ports B and A. PD5 and PD7 can be used as alter-
nate serial inputs by Serial PortsB and A.

The Ethernet-enabled versions of the RCM 2100 do
not have 0 Q resistors (jumpers) installed at R21,
R24, and R35-R38, which allows PE6, PE2, and
PD4-PD7 to connect to the Real Tek Ethernet chip
that is stuffed on those versions.

2-2 Hardware Reference
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Table 1: RabbitCore RCM2100 Series Pinout Configurations

Pin Pin Name Default Use Alternate Use Notes
1 VCC
2 GND
Disable by removing R20;

can also be disabled in
software (Dynamic C
7.03 and later versions)

3 PCLK Output (Internal Clock) | Output

4-11 | PA70] | Parallel IO Slave port data bus

SD0-SD7
12-24 | BA[12:0] Output Buffered Rabbit 2000
address bus
25 PCO Output TXD
26 PC1 Input RXD
27 PC2 Output TXC
—
Law)
5 | 28 PC3 Input RXC
©
o
T | 29 PC4 Output TXB
30 PC5 Input RXB
31 PC6 Output TXA
Connected to
rogramming port
32 PC7 Input RXA prog gp

16 mA sourcing and
33-36 | PD[0:3] sinking current at full AC
switching speed

37 PD4 Bitwise or para||e| pro- ATXB Output Ethernet Chlp RSTDRV
grammable I/O, can be

38 PD5 driven or open-drain ARXB input Ethernet chip BD5
output

39 PD6 ATXA output Ethernet chip BD6

40 PD7 ARXA input Ethernet chip BD7
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Table 1:

RabbitCore RCM2100 Series Pinout Configurations (continued)

Pin Pin Name Default Use Alternate Use Notes
1 PBO Input Serial port clock CLKB
CLKA is connected to
2 PB1 Input Serial port clock CLKA | programming port
(header J5, pin 3)
3 PB2 Input Slave port write /SWR
4 PB3 Input Slave port read /SRD
5 PB4 Input SAO0
Slave port address lines
6 PB5 Input SA1
7 PB6 Output
Slave port attention line
8 PB7 Output ISLAVEATTN
9, 26,
39 GND
10-17 | BD[7:0] | Input/Output Buffered Rabbit 2000
N data bus
N
@ I7 output or slave port
% 18 PEY chip select /SCS
T
19 PE6 16 output Ethernet chip IOWB
20 PES I5 output or INT1B input
21 PE4 Bitwise or parallel 14 output or INTOB input
programmable /O
22 PE3 I3 output
23 PE2 12 output Ethernet chip IORB
24 PE1 11 output or INT1A input
25 PEO 10 output or INTOA input
27,40 | VCC
28 VBAT 3V battery input
29 VRAM 2.1V output 100 pA maximum current
draw
Outputs a pulse when the
30 AWDO Output (Watchdog May also be used to internal watchdog times
output) output a 30 ps pulse out

2-4
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Table 1:

RabbitCore RCM2100 Series Pinout Configurations (continued)

Pin Pin Name Default Use Alternate Use Notes
(0,0)—start executing No programming cable
at address zero attached

31-32 | SMODEL | g\opE0=1, SMODEL

SMODEO | -4 (0,1)—cold boot from
Cold boot from asyn- slave port With programming cable
chronous serial port A | (1,0)—cold boot from attached
at 2400 bps (program- | clocked serial port A
~ ming cable connected)
N
% 33 /RESET Reset output
T |34 /RES_IN | Resetinput

35 STATUS Output (Status) Output

36 BIOWR Output (1/O buffer write
strobe)

37 /BIORD Output (I/O buffered
strobe)

38 IBUEEN Output (I/O buffer
enable)

User’s Manual
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2.1.1 Dedicated Inputs

PBO0 and PB1 are designated as inputs because the
Rabbit 2000 is operating in an asynchronous mode.
Four of theinput-only pins are located on PB2-PB5.
These pins are used for the dave port. PB2 and PB3
are dave write and slave read strobes, while PB4
and PB5 serve as slave address lines SAO and SA1,
and are used to access the dave registers (SDO—
SD7), which isthe aternate assignment for paralel
port A. When Port C isused asa pardlé port, PCL,
PC3, PC5, and PC7 are inputs only. These pins can
aternately be selectively enabled to serve asthe
serial datainputs for Seria PortsD, C, B, and A.

2.1.2 Dedicated Outputs

Two of the output-only pins are located on PB6—
PB7. PB7 can also be used with the dave port asthe
/SLAVEATTN output. This configuration signifies
that the dave is requesting attention from the mas-
ter. When Port C is used as a parallel port, PCO,
PC2, PC4 and PC6 are outputs only. These pins can
dternately serve asthe serial data outputs for Serial
PortsD, C, B, and A.

2.1.3 Memory I/O Interface

Thirteen of the Rabbit 2000 buffered address lines
(A0-A12) and all the buffered datalines (D0-D7)
are available as outputs. 1/0 write (/IOWR), 1/0 read
(/IORD), buffer enable (/BUFEN), and Watchdog
Output (/WDO) are also available for interfacing to
external devices.

The STATUS output has three different programma-
ble functions:

1. It can be driven low on the first op code
fetch cycle.

2. It can be driven low during an interrupt
acknowledge cycle.

3. It can dso serve as a general-purpose out-
put.

The output clock is available on the PCLK pin. The
primary function of PCLK is as a peripheral clock
or aperiphera clock + 2, but PCLK can instead be
used asadigital output. PCLK can aso be disabled
by removing R20 if there is aneed to reduce radi-
ated emissions. Removing R20 will disable the
PCLK output on pin 3 of header J1. Alternatively,
PCLK can be disabled in software using Dynamic C
version 7.03 or later.

2.1.4 Additional 1/0

Two status mode pins, SMODEO and SMODEL, are
available asinputs. The logic state of these two pins
determines the startup procedure after a reset.
/RES IN isan external input used to reset the Rab-
bit 2000 microprocessor and the RabbitCore

RCM 2100 memory. /RES_OUT is an output from
the reset circuitry that can be used to reset other
peripheral devices.

2.2 Serial Communication

The RabbitCore RCM 2100 board does not have an
RS-232 or an RS-485 transceiver directly on the
board. However, an RS-232 or RS-485 interface
may be incorporated on the board the RCM2100 is
mounted on. For example, the Prototyping Board
supports a standard RS-232 transceiver chip.

2.2.1 Serial Ports

There are four serial ports designated as Serial Ports
A, B, C,and D. All four seria ports can operatein
an asynchronous mode up to the baud rate of the
system clock divided by 32. 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
Ports A and B can be operated alternately in the
clocked seria mode. In this mode, a clock line syn-
chronously clocksthe datain or out. Either of the
two communicating devices can supply the clock.
When the Rabbit 2000 provides the clock, the baud
rate can be up to 1/4 of the system clock frequency,
or 5.52 Mbpsfor a22.1 MHz clock speed.
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2.2.2 Ethernet Port

Figure 2—3 shows the pinout for the RJ-45 Ethernet
port (J4). Note that there are two standards for num-
bering the pins on this connector—the convention
used here, and numbering in reverse to that used
here.

ETHERNET

RJ-45 Plug

-

RJ-45 Jack

Figure 2-3: RJ-45 Ethernet Port Pinout

The transformer/connector assembly ground is con-
nected to the RabbitCore RCM 2100 printed circuit
board digital ground viaa 0 Q resistor “jumper,”
R5, as shown in Figure 2—4.

RJ-45 Ethernet Plug

I

R5
Board Chassis

Ground = = Ground

Figure 2—4: Isolation Resistor R5

The factory default isfor the 0 Q resistor “jumper”
at R5to beinstaled. In high-noise environments, it
may be useful to ground the transformer/connector
assembly directly through the chassis ground. This
will be especidly helpful to minimize EMI prob-
lems. Once you have removed the 0 Q resistor
“jumper,” R5, use a screw in the position indicated
in Figure 2-5 to attach the RabbitCore board to the
chassis ground, thereby grounding the transformer/
connector assembly.

n

LF1S022

Figure 2-5: R5 and Chassis Ground Locations

The RCM 2115 version of the RabbitCore has Ether-
net capabilities, but the transformer/connector
assembly and the ACT and LNK LEDSs (shown to
the right of the transformer/connector assembly in
Figure 2—-5 above) are not ingtalled. The Ethernet
signals and the LED control signals are located on
header J3 on the bottom side of thisversion of the
RabhbitCore, which may then be plugged in to the
rest of the system. An Ethernet transformer and
LEDs should be present on the board that the Rab-
bitCore RCM 2115 version is plugged into.

User’s Manual
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2.2.3 Programming Port

Serid Port A has specia featuresthat allow it to
cold-boot the system after reset. Serial Port A isalso
the port that is used for software devel opment under
Dynamic C.

The RabbitCore RCM 2100 has a 10-pin program
header labeled J5. The Rabbit 2000 startup-mode
pins (SMODEO, SMODEL) are presented to the
programming port so that an externally connected
device can force the RabbitCore RCM 2100 to start
up in an externa bootstrap mode. The Rabbit 2000
Microprocessor User’s Manual provides more
information related to the bootstrap mode.

The programming port is used to start the Rabbit-
Core RCM 2100 in amode whereit will download a
program from the port and then execute the program.
The programming port transmits information to and
from a PC while aprogram is being debugged.

The RabbitCore RCM 2100 can be reset from the
programming port viathe /RESET _IN line.

The Rabbit 2000 status pin is also presented to the
programming port. The status pin is an output that
can be used to send a genera digital signd.

The clock line for Seria Port A is presented to the
programming port, which makes fast serial commu-
nication possible.

2.3 Memory

2.3.1 SRAM

The RabhitCore RCM 2100 seriesis designed to
accept 32K to 512K of SRAM packagedinan SOIC
case.

The existing standard models of the RabbitCore
RCM 2100 come with 128K or 512K of SRAM.
Figure 2—6 shows the locations and the jumper set-
tings for the jJumpers at JP1 used to set the SRAM
size. The"jumpers’ are 0 Q surface-mounted resis-
tors.

No “jumpers’ are used at JP1 for 32K SRAM.

2.3.2 Flash Memory

The RabhitCore RCM 2100 is also designed to
accept 128K to 512K of flash memory packaged in
aTSOP case.

The existing standard models of the RabbitCore
RCM 2100 come with either one or two 256K flash
memory chipsinstalled. Figure 2—6 shows the loca
tions and the jJumper settings for the jumpers at JP2
used to set the flash memory size. The “jumpers’
are0 Q surface-mounted resistors.

Z-World recommends that any customer applice-
tions should not be constrained by the sector size of
the flash EPROM since it may be necessary to
change the sector sizein the future.

2.3.3 Dynamic C BIOS Source Files

The Dynamic C BIOS source files handle different
SRAM and flash EPROM sizes automatically.

2-8 Hardware Reference
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RCM2100

Factory Default
Flash Memory

128K/256K

JP1

3 21

C T )p,

512K

oo
oo
oo
o0

L

Q0000000000000

ooonm
Q0O

Q0000000000000 0O0

J3

Bottom Side

Figure 2—6: RabbitCore RCM2100 SRAM and Flash Memory Sizes—Jumper Settings
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2.4 Other Hardware

2.4.1 Clock Doubler

The RabbitCore RCM 2100 series takes advantage
of the Rabbit 2000 microprocessor’sinterna clock
doubler. A built-in clock doubler alows half-fre-
guency crystalsto be used to reduce radiated emis-
sions. The 22.1 MHz frequency is generated using
an 11.05 MHz crystal. The clock doubler is disabled

automatically in the BIOS for crystals with afre-
guency above 12.9 MHz.

The clock doubler may be disabled if 22.1 MHz
clock speeds are not required. Disabling the Rabbit
2000 microprocessor’sinternal clock will reduce
power consumption and further reduce radiated
emissions. The clock doubler is disabled with asim-
ple change to the BIOS as described below.

1. Openthe BIOS source codefile, RABBI TBI CS. Cinthe Bl OS directory.

2. Changetheline

#define CLOCK DOUBLED 1 // set to 1 to double the clock if XTAL<=12.9MVHz,

to read as follows.

#define CLOCK DOUBLED O // set to 1 to double the clock i f XTAL<=12. 9VHz,
3. Change the serial baud rate to 57,600 bps when the RabbitCore RCM 2100 series is operated at

11.05 MHz.

4. Savethechangeusing File > Save.

2.4.2 Backup Battery Circuit

The RabbitCore RCM 2100 does hot have a battery,
but thereis provision for a customer-supplied bat-
tery to back up SRAM and keep the internal Rabbit
2000 real-time clock running.

Header 32, shown in Figure 2—7, allows access to
the external battery. This header makesit possibleto
connect an external 3 V power supply. Thisallows
the SRAM and the internal Rabbit 2000 real-time
clock to retain data with the RabbitCore RCM 2100
powered down.

A lithium battery with anominal voltage of 3V and
aminimum capacity of 165 mA -h is recommended.
A lithium battery is strongly recommended because
of its nearly constant nominal voltage over most of
itslife.

The drain on the battery by the RabbitCore RCM 2100
istypically 16 HA when no other power is supplied.
If a 950 mA -h battery is used, the battery can last
more than 6 years:

VCC 27 26  GND

VRAM 29

O O |2 VBAT 1 J

_

External
Battery

Figure 2—7: External Battery Connections
at Header J2

950 mA h
16 pA

The actual lifein your application will depend on
the current drawn by components not on the Rabbit-
Core RCM 2100 and the storage capacity of the bat-
tery. Notethat the shelf life of alithium battery is
ultimately 10 years.

= 6.8 years.

2-10 Hardware Reference

RabbitCore RCM2100 Series



The battery-backup circuit serves two purposes:

It reduces the battery voltage to the real-time
clock, thereby reducing the current consumed
by the real-time clock and lengthening the bat-
tery life.

« It ensures that current can flow only out of the
battery to prevent charging the battery.

Figure 2—8 shows the RabbitCore 2000 battery
backup circuit.

VRAM

MMBTS5088LT1

VBAT 100 nF
R7 R9 1
A% d =
1.3kQ 220 ko
R8
2M0

Figure 2—8: RabbhitCore RCM2100
Battery Backup Circuit

Resistor R7, shown in Figure 2—8, prevents any cat-
astrophic failure of Q1 by limiting current from the
customer-supplied battery. VRAM and Vcc are
nearly equal (<100 mV, typicaly 10 mV) when
power is supplied to the RabbitCore RCM2100.

Resistors R8 and R9 make up a voltage divider that
biases the base of Q1 to about 0.9 x VBAT. Vgg on
Qlisabout 0.55V. Therefore, VRAM isabout 0.9 x
VBAT - 0.55V, or about 2.15V for a3V battery.

VRAM isalso available on pin 29 of header J2
to facilitate battery backup of the external cir-
cuit. Note that the recommended maximum
external current draw from VRAM is 100 PA,
and new battery-life calculations should be
done to take external loading into account.

2.4.2.1 Power to VRAM Switch

The VRAM switch, shown in Figure 2-9, alowsa
customer-supplied external battery to provide power

when the external power goes off. The switch pro-
vides an isolation between V cc and the battery when
Vcc goeslow. This preventsthe Ve line from
draining the battery.

VCC VRAM
A R12 A
*— @

Q2
FDV302P

R14
10kQ

Q3
/RESET MMBT3904

Figure 2-9: VRAM Switch

Transistor Q2 is needed to provide avery small volt-
age drop between Vcc and VRAM (<100 mV, typi-
cally 10 mV) so that the processor lines powered by
Vcc will not have asignificantly different voltage
than VRAM.

When the RabbitCore RCM 2100 is not resetting
(pin 2 on U3 ishigh), the /RESET line will be high.
Thisturns on Q3, causing its collector to go low.
Thisturnson Q2, alowing VRAM to nearly equal
Vcc.

When the RabbitCore RCM 2100 is resetting, the
/RESET linewill go low. Thisturns off Q2 and Q3,
providing an isolation between Vcc and VRAM.

The battery backup circuit keeps VRAM from drop-
ping below 2 V.

2.4.2.2 Reset Generator

The RabhitCore RCM 2100 uses areset generator,
U2, to reset the Rabbit 2000 microprocessor when
the voltage drops below the voltage necessary for
reliable operation. The reset occurs between 4.50 V
and 4.75 V, typicdly 4.63 V. The RabbitCore
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RCM 2100 has a reset output, pin 33 on header J2.
The reset generator has areset input, pin 34 on

header J2, that can be used to force the RabbitCore
RCM 2100 to reset.

Program Mode

\To PC COM port

Run Mode

RESET RabbitCore when changing mode:

Short out pins 36 and 39 on header J2, OR

Press RESET button (if using Prototyping Board), OR
Remove, then reapply power

after removing or attaching programming cable.

Figure 2—-10: Switching Between Program Mode and Run Mode

2.5 Programming Cable

The RabbitCore RCM 2100 is automatically in pro-
gram mode when the PROG connector on the pro-
gramming cable is attached, and is automatically in
run mode when no programming cable is attached.

The DIAG connector of the programming cable
may be used on header J5 of the RabbitCore

RCM 2100 with the board operating in the run
mode. This allows the programming port to be used
as an gpplication port. See Appendix C, “Program-
ming Cable,” for moreinformation.

2.5.1 Changing from Program Mode to
Run Mode

1. Disconnect the programming cable from
header J5 of the RabbitCore RCM2100.

2. Reset the RabbitCore RCM2100. You may
do this as explained in Figure 2—10.

The RabhitCore RCM 2100 seriesis now ready to
operate in the run mode.

2.5.2 Changing from Run Mode to
Program Mode

1. Attach the programming cable to header J3
on the RabbitCore RCM 2100 series.

2. Reset the RabbitCore RCM 2100 series. You
may do this as explained in Figure 2—10.
shows the location of the RESET button on
the Prototyping Board.

The RabbitCore RCM 2100 series is now ready to
operate in the program mode.
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Software Reference 3

Dynamic C Premier is an integrated devel opment system for writing embed-
ded software. It runs on an IBM-compatible PC and is designed for use with
Z-World controllers and other controllers based on the Rabbit microprocessor.
Chapter 3 provides the libraries, function calls, and sample programs related

to the RabbitCore RCM 2100.

3.1 More About Dynamic C

Dynamic C has been in use worldwide since 1989.
It is specidly designed for programming embedded
systems, and features quick compile and interactive
debugging in the real environment. A complete ref-
erence guide to Dynamic C is contained in the
Dynamic C Premier User’'sManual.

Dynamic C for Rabbit 2000™ processors uses the
standard Rabbit programming interface. Thisisa
10-pin connector that connects to the Rabbit 2000
seria port A. It is possible to reset and cold-boot a
Rabbit processor viathe programming port. No soft-
ware needs to be present in the target system. More
details are available in the Rabbit 2000 Micropro-
cessor User’sManual.

Dynamic C cold-boots the target system and com-
pilesthe BIOS. The BIOSisabasic program of a
few thousand bytesin length that providesthe
debugging and communication facilities that
Dynamic C needs. Once the BIOS has been com-
piled, the user can compile hisown program and test
it. If the user program stops running, a new cold
boot and BIOS compile can be done at any time.

Dynamic C doesnot usei ncl ude files, rather it
has libraries that are used for the same purpose, that
is, to supply functions and function prototypes to
programs before they are compiled.

Dynamic C supports assembly language, either as
separate functions or as fragments embedded in C
programs. Interrupt routines may be writtenin
Dynamic C or in assembly language.

User’s Manual
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3.1.1 Operating System Framework

Dynamic C does not include an operating systemin
the usual sense of acomplex software system that is
resident in memory. The user has compl ete control
of what isloaded asapart of hisprogram, other than
those routines that support loading and debugging
(which are inactive at embedded run time). How-
ever, certain routines are very basic and normally
should always be present and active.

e Periodic interrupt routine. This interrupt
routine is driven by the Rabbit periodic
interrupt facility, and when enabled creates
an interrupt every 16 ticks of the 32.768
kHz oscillator, or every 488 us. This rou-
tine drives three long global variables that
keep track of thetime: SEC Tl MER,
M5_TI MER, and TI CK_TI MERthat
respectively count seconds, milliseconds,
and 488 usticks. These variables are
needed by some functions that measure
time. The SEC_TI MER s set to seconds
elapsed since 1 Jan 1980, and thus also
keeps track of the time and date. The peri-
odic interrupt routine must be disabled
when the microprocessor enters sleepy
mode and the processor clock is operating
a 32.768 kHz. The interrupt routine can-
not complete at this slow speed before the
next tick of the periodic interrupt. In this
situation, the hardware real-time clock can
be read directly to provide the time.

The periodic interrupt function also hits
the hardware watchdog timer. Software or
“virtual” watchdog timers are availablein

Dynamic C. See the Dynamic C Premier
User’s Manual for more information.

3.1.2 Using Dynamic C

You have a choice of doing your software devel op-
ment in the flash memory or in the static RAM.
Thereare 512K or 256K bytes of flash memory and
512K or 128K bytes of SRAM. The advantage of
working in RAM isto save wear on the flash, which
is limited to about 100,000 writes.

NOTE: Note that an application can
be developed in RAM, but cannot
run standalone from RAM after the
programming cable is discon-
nected. All applications can only run
from flash memory.

NOTE: Do not depend on the flash
memory sector size or type. Due to
the volatility of the flash memory
market, the RabbitCore RCM2100
and Dynamic C were designed to
accommodate flash devices with
various sector sizes.

The disadvantage of using flash memory when
debugging a program is that interrupts must be dis-
abled for approximately 5 msto 20 ms whenever a
break point is set in the program. This can crash fast
interrupt routines that are running while you stop at
abreak point or single-step the program.

Flash memory or RAM is selected with the
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3.2 Dynamic C Libraries

With Dynamic C running, click File > Open, and
select Lib. Thefollowing list of Dynamic C librar-
ieswill be displayed.

Open H
Look in: I A Lib j il e
(Bioslib: COSTATE lb SLICE.lib
FileSpstem FFTlib STDIO i
Icom MATH. b STRING.lib
Tepip FROGRAM.Iib 55l
Ucos2 R5232 lib YDRIVER lib
COFUMC. I RTCLOCK. i WMEM .l
File name: I Open I
Filez of type: ISource Files [* 2 lib) j Cancel |

Thereisno unique library that is specific to the Rab-
bitCore RCM2100. The functionsin the above
libraries are described in the Dynamic C Premier
User’'sManual.

3.21 I/O0

The RabbitCore RCM 2100 was designed to inter-
face with other systems, and so there are no drivers
written specificaly for the 1/0. The general
Dynamic C read and write functions allow you to
customize the parallel 1/0 to meet your specific
needs. For example, use

W Por t | ( PEDDR, &PEDDRShadow,
0x00) ;

to set dl the port E bits asinputs, or use

W Por t | ( PEDDR, &PEDDRShadow,
OXFF) ;

to set all the port E bits as outpults.

The sample programs in the Dynamic C SAM
PLES/ RCM2100 directory provide further exam-
ples.

3.2.2 Serial Communication Drivers

The Prototyping Board hasroom for an RS-232 chip
for which the Rabbit seria library, RS232. LI B,
provides a set of functionsthat send and receive
entire blocks of datawithout yielding to other tasks,
aset of single-user cofunctionsthat send and receive
data but yield to other tasks, and a set of circular
buffer functions.

The naming conventionisser Xf n:
ser—serial

X—the port being used: A, B, C,
or D

fn - the function being imple-
mented

For example, ser Bget ¢() istheserial port B
function get ¢ () , which returns a character.

The Rabbit serial functions are listed in the follow-
ing groups.

Open and Close Functions

Non-Cofunction Blocking Input
Functions

Non-Cofunction Blocking Output
Functions

Single-User Cofunction Input
Functions

Single-User Cofunction Output
Functions

Circular Buffer Functions
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3.2.3 TCP/IP Drivers

The TCP/IP drivers arelocated in the TCPI P direc-
tory.

Open HE
Lookin |3 Terip ENEEN =
S ARP i HTTP.fib SMTP.ib
BOOLF.b LCMF b YSERIAL lib
] ESDNAME.lib MDIS b ZSERVER.Ib
] DCRTCRR PKTDRY it

FTP_CLIENT LI FOP3.ib
FTP_SERVERLE [S] REALTEK b

File name: I Open I
Filez of bype: ISource Files [*.c:*lib) j Cancel |

Complete information on these libraries and the
TCP/IP functionsis provided in the Dynamic C Pre-
mier TCP/IP Function Reference Manual.

3.3 Sample Programs

Sample programs are provided in the Dynamic C
Sanpl es folder, which is shown below.

Open H

Laok jri I {24 Samples j |‘=_‘f€| i
| Cofunci () Miniweb (0 Sysclock 2]
|_1 Costate A Rem2100 tepip B
2 Fit [ Ritclock A Timerb B
| FileSystem IRtk [ vdriver B
|7 1com (3 Serial (I %mem
20 Intrupts (22 Slice [F]FP_BEMCHMARKD  [2]

1] | |
File name: I Open I
Files of lype: ISource Files [*.c:* lib) j Cancel |

The various folders contain specific sample pro-
grams that illustrate the use of the corresponding
Dynamic C libraries. For example, the sample pro-
gram PONG. C demonstrates the output to the
Dynamic C STDIO window.

Two folders contain sample programs that illustrate
features unique to the RabbitCore RCM 2100.

» RCM2100—Demonstrates the basic operation
and the Ethernet functionality of the RabbitCore
RCM2100.

 TCPI P—Demonstrates more advanced TCP/IP
programming for Z-World's Ethernet-enabled
Rabbit-based boards.

Follow the instructions included with the sample
program to connect the RabbitCore RCM 2100 and
the other hardware identified in the instructions.

To run asample program, open it with the File
menu (if it is not ill open), compile it using the
Compile menu, and then run it by selecting Run in
the Run menu. The RabbitCore RCM 2100 must be
in Program Mode (see Section 2.5, “Programming
Cable’) and must be connected to a PC using the
programming cable.

More compl ete information on Dynamic C is pro-
vided in the Dynamic C Premier User’'s Manual.
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3.4 Upgrading Dynamic C

Dynamic C patches that focus on bug fixes are
available from timeto time. Check the Web sites

e www.zworld.com/support/support-
center.html

or

e www.rabbitsemiconductor.com/sup-
port.html

for the latest patches, workarounds, and bug fixes.

The default ingtalation of a patch or bug fix isto
install thefilein adirectory (folder) different from
that of the original Dynamic C installation. Z-World
recommends using a different directory so that you
can verify the operation of the patch without over-
writing the existing Dynamic C installation. If you
have made any changesto the BIOS or to libraries,
or if you have programsin the old directory (folder),
make these same changes to the BIOS or librariesin
the new directory containing the patch. Do not sim-

ply copy over an entirefile since you may overwrite
abug fix; of course, you may copy over any pro-
grams you have written. Once you are sure the new
patch works entirely to your satisfaction, you may
retire the exigting ingtallation, but keep it available
to handle legacy applications.

3.4.1 Upgrades

A special edition of Dynamic C, Dynamic C SE, is
included on the CD that comes with the RabbitCore
RCM 2100 Development Kit, and has been custom-
ized with all the libraries and features needed to
develop and run an application on the RabbitCore
RCM2100.

More advanced users who may need upgrades and
additiona capabilitiesfor other Z-World productsin
the future are encouraged to consider the standard
edition of Dynamic C Premier, which Z-World plans
to fully supported with upgrades now and into the
future.

User’s Manual

Software Reference 3-5


http://www.zworld.com/support/supportcenter.html
http://www.rabbitsemiconductor.com/support.html

3-6 Software Reference RabbitCore RCM2100 Series



RabbitCore RCM2100 Specifications A

Appendix A provides the specifications for the RabbitCore RCM 2100, and
describes the conformal coating.
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A.1 Electrical and Mechanical Characteristics
Figure A—1 shows the mechanical dimensions for the RabbitCore RCM2100.
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(0,0) for Pin 1 \— 0-1((5£3)d|a
coordinates
4
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T T |
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Figure A—1: RabbitCore RCM2100 Dimensions

Table A—1 providesthe pin 1 locations for the RabbitCore RCM 2100 headers viewed from thetop side (asin
Figure A—1). See Section A.1.1, “Headers,” for a“footprint” diagram.

Table A—1: RabbitCore RCM2100 Header Pin 1 Locations

Pin 1 (x,y)
Header Description Coordinates
(Inches)
Ji RabbitCore RCM2100 subsystems (3.350, 1.730)
J2 RabbitCore RCM2100 subsystems (2.000, 1.730)
J3 Unisolated Ethernet signals (RCM2115 only) (0.225, 0.860)
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Table A-2 lists the dectrical, mechanical, and environmental specifications for the RabbitCore RCM 2100.

Table A-2: RabbitCore RCM2100 Specifications

Parameter

Specification

Board Size

2.00" x 3.50" x 0.80"
(51 mm x 89 mm x 20 mm)

Operating Temperature

—40°Cto +70°C

Humidity 5% to 95%, noncondensing
Input Voltage 4.75Vt05.25V DC
Current 140 mA at 22.1 MHz, 5V DC; 82 mA at 11.05 MHz, 5V DC

General-Purpose I/O

34 parallel I/0 lines grouped in five 8-bit ports (shared with serial
ports): 20 configurable for 1/O, 8 fixed inputs, 6 fixed outputs

Memory, I/O Interface

13 address lines, 8 data lines, I/O read/write, buffer enable

Additional Digital Inputs

Startup mode (2 for master/slave), reset in

Additional Digital Outputs

Status, clock, watchdog out, reset out

Ethernet Interface 10baseT

Microprocessor Rabbit 2000

Clock 22.1 MHz

SRAM 512K x 8, surface mount

Flash Memory Two 256K x 8, surface mount

. Five 8-bit timers cascadable in pairs, one 10-bit timer with 2

Timers . ;
match registers that each have an interrupt

Serial Ports Four CMOS-compatible ports. Two ports are configurable as
clocked ports, one is configurable as RS-232 programming port.
CMOS:

Serial Rate maximum asynchronous 690,625 bps

maximum synchronous 5.52 Mbps

Slave Interface

A slave port allows the RabbitCore RCM2100 to be used as an
intelligent peripheral device slaved to a master processor, which
may either be another Rabbit 2000 or any other type of processor

Watchdog/Supervisor

Yes

Time/Date Clock

Yes

Socket Strip (for connection
to headers J1 and J2)

Pinrex 2x20, 2 mm pitch (PS2S-2X20G0OB)

Backup Battery

Provision for user-supplied backup battery (2.85 V to 3.15 V) via
connections on header J2
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A.1.1 Headers

The RabbitCore 2000 uses headers at J1, J2, and J3
for physical connection to other boards. J1 and J2
are2 x 20 SMT headers with a2 mm pin spacing.
J3isa2 x 5 header with a2 mm pin spacing.

Figure A—2 shows the layout of another board for
the RabbitCore RCM 2100 to be plugged in to.
These vdues are relative to the header connectors.

Hole diameters of 0.035 inches are recommended
for the user board that the RabbitCore RCM 2100
will be plugged into.

; 2.375 J
J2 | 1.125 s, 6039 | J1
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Figure A—2: User Board Footprint for RabbitCore RCM2100

A.1.2 Physical Mounting

A 9/32” (7 mm) standoff with a4-40 screw isrec-
ommended to attach RabbitCore RCM2100 to a
user board at the hole position shown in Figure A-2.
A standoff with a screw may also be used at the hole
position close to the RJ45 Ethernet connector for a
second anchor, or you may opt to have anut and bolt
with awire at this hole position if you removed resis-
tor R5 and dected to ground the RJ-45 Ethernet con-
nector to the chassis.

A.2 Bus Loading

You must pay careful attention to bus loading when
designing an interface to the RabbitCore RCM 2100.
This section provides bus loading information for
external devices.

Table A-3 lists the capacitance for the various Rab-
bitCore 2000 1/O ports.

Table A—3: Capacitance of Rabbit 2000 I/O Ports

Input Output
I/O Ports Capacitance Capacitance
(PF) (PF)
Parallel Ports A to E 12 14
Data Lines BDO-BD7 10 12
Address Lines BAO-BA12 4 8
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Figure A—3 shows atypical timing diagram for the Rabbit 2000 microprocessor memory read and write

cycles.

Memory Read (no wait states)

| T1 | T2 |
CLK — ! !
A[19:0] X' v:alid 'X
_’: :*Tadr : :
1 1 Tsetup—>: l<—
D[7:0] : 4 X valid p——
I I ~ 7 Thoid
/CSx X valid X
JOEx —7 \ s
Memory Write (no extra wait states)
| Tt | Tw——] T2 ——
CLK J. , , ;
A[19:0] X i
_’: :4_ Tadr : : :
D[7:0] — 4 | valid ;
/CSx X valid
! ! ' Thold E‘—:—"
/WEX ~7 7/ \ : YA

Figure A—3: Memory Read and Write Cycles

Togr isthe time required for the address output to reach 0.8 V. This time depends on the bus [oading. Tegp is

the data setup time relative to the clock. Tsetup is specified from 30%/70% of the Vo voltage level.
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A.3 Rabbit 2000 DC Characteris-
tics

Table A—4 outlines the DC characteristics for the
Rabbit 2000 at 5.0 V over the recommended operat-

Table A—4: 5.0 Volt DC Characteristics

ing temperature range from T, = —40°C to +85°C,
Vpp=45Vto55V.

Symbol Parameter Test Conditions Min Typ Max Units
|y Input Leakage High x”\' = Voo Vop =55 10 HA
Input Leakage Low
e (nl?) pull-up) ’ Vin=Vss: Vop =55V | 10 WA
Output Leakage (no pull- | V|y = Vpp Or Vsg, i
loz up) Vpp = 5.5 V 10 10 WA
Vi CMOS Input Low Voltage 0.3xVpp \Y
ViH CMOS Input High Voltage 0.7 X Vpp \Y
CMOS Switchin o
Vy Toerod O Vpp = 5.0 V, 25°C 2.4 Vv
loL = See Table A-5
VoL ngtgseompm Low (sinking) 02 |04 v
g Vpp = 4.5 V
CMOS Output High lon = See Table A-5
V (sourcing) 0.7xV 4.2 \%
OH Voltage Db
VDD =45V
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A.4 1/0O Buffer Sourcing and

Sinking Limit
Unless otherwise specified, the Rabbit 1/0 buffers
are capable of sourcing and sinking 8 mA of current
per pin at full AC switching speed. Full AC switch-
ing assumes a 25.8 MHz CPU clock and capacitive
loading on address and data lines of lessthan 100 pF

per pin. Address pin AQ and data pin DO arerated at
16 mA each. PinsA1-A12 and D1-D7 are each
rated at 8 mA. The absolute maximum operating
voltageonall 1/0isVpp + 0.5V, or 5.5 V.

Table A-5 showsthe AC and DC output drive lim-
its of the paralld /O buffers when the Rabbit 2000
is used in the RabbitCore RCM 2100.

Table A-5: 1/O Buffer Sourcing and Sinking Capability

Output Drive

Pin Name Sourcing*/SinkingJr Limits

(mA)
I Maximum* DC
Output Port Name Eglc'?SCNSKWItChmg Output Drive
SRC/SNK

PA [7:0] 8/8 12/12
PB 7,1, 0] 8/8 12/12
PC[6, 4, 2, 0] 8/8 12/12
PD [7:4] 8/8 12/12
PD [3:0]™ 16/16 25/25
PE [7:0] 8/8 12/12

* The maximum DC sourcing current for 1/O buffers between Vpp

pinsis112 mA.

t Themaximum DC sinking current for 1/0 buffers between V g5 pins

is150 mA.

¥ Themaximum DC output drive on I/O buffers must be adjusted to
take into consideration the current demands made my AC switching
outputs, capacitive loading on switching outputs, and switching volt-

age.

The current drawn by all switching and nonswitching I/0O must not
exceed the limits specified in the first two footnotes.

** The combined sourcing from Port D [7:0] may need to be adjusted so
as not to exceed the 112 mA sourcing limit requirement specified in

the first footnote.
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A.5 Conformal Coatin g shown in Figure A—4. The conformal coating pro-
tects these high-impedance circuits from the effects

The areas around the crystal oscillator has had the . . :
of moisture and contaminants over time.

Dow Corning silicone-based 1-2620 conformal
coating applied. The conformally coated areais

Figure A—4: RabbitCore RCM2100 Areas Receiving Conformal Coating

Any components in the conformally coated area NOTE: For more information on con-
may be replaced using standard soldering proce- formal coatings, refer to Rabbit
dures for surface-mounted components. A new con- Semiconductor Technical Note 303,
formal coating should then be applied to offer Conformal Coatings.

continuing protection against the effects of mois-
ture and contaminants.
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Power Supply B

Appendix B provides information on the current requirements of the RabbitCore
RCM 2100, and some background on the chip select circuit used in power mange-

ment.

B.1 Power Supplies

The RabbitCore RCM 2100 requires aregulated 5 V
+ 0.25V DC power source. The RabbitCore design
presumes that the voltage regulator is on the user
board, and that the power is made available to the
RabbitCore board through headers J1 and J2.

A RabbitCore RCM 2100 with no loading at the out-
puts operating at 22.1 MHz typically draws 140 mA.

The RabbitCore RCM 2100 will consume 13 mA to

15 mA of additional current when the programming
cableis used to connect J5 to a PC.

B.2 Chip Select Circuit

Asexplained in Section 2.4.2, the RabbitCore
RCM 2100 has provision for battery backup, which
kicksin to keep VRAM from dropping below 2 V.

The current drain on the battery in a battery-backed
circuit must be kept to aminimum. When the Rab-
bitCore RCM 2100 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 pow-
erdown mode is activated by raising the chip select
(C9) signal line. Normally the SRAM requires Vcc
to operate. However, only 2 V isrequired for data
retention in powerdown mode. Thus, when power is
removed from the circuit, the battery voltage needs
to be provided to both the SRAM power pin and to
the CSsignal line. The CS control circuit accom-
plishesthistask for the CSsignal line.
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Figure B—1 shows a schematic of the chip select cir-
Cuit.

VRAM

R16£ 100 kQ

/CSRAM
Q5
/CS1 Kij *
Q4
\ VRAM
R14
10 kQ
/RESET .

Figure B—1: Chip Select Circuit

In a powered-up condition, the CS contral circuit
must allow the processor’s chip select signal /CS1to
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 needsto be as high asthe battery
voltage). Q4 and Q5 are MOSFET transistors with
opposing polarity. They are both turned on when
power is applied to the circuit. They alow the CS
signal to pass from the processor to the SRAM so
that the processor can periodically accessthe
SRAM. When power is removed from the circuit,
the transistors will turn off and isolate /CSRAM

from the processor. Theisolated /CSRAM linehasa
100 kQ pullup resistor to VRAM (R16). Thispullup
resistor keeps/CSRAM at the VRAM voltage level

(which under no power condition is the backup bat-

tery’s regulated voltage at alittle more than 2 V).

Transistors Q4 and Q5 are of opposite polarity so
that arail-to-rail voltages can be passed. When the
/CS1 voltageislow, Q4 will conduct. When the
/CS1 voltage is high, Q5 will conduct. It takestime
for the transistors to turn on, creating a propagation
delay. Thisdelay istypically very small, about 10 ns
to 15ns.

B-2 Power Supply
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Programming Cable C

Appendix C provides additional theoretical information for the Rabbit 2000™
microprocessor when using the DIAG and PROG connectors on the program-
ming cable. The PROG connector is used only when the programming cableis
attached to the programming connector (header J5) while anew 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 con-
verter for serial communication, which is appropriate for monitoring or
debugging a RabhitCore system whileit is running.
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The programming port, which isshownin Figure C-1,
can serve as a convenient communications port for
field setup or other occasional communication need
(for example, asadiagnostic port). There are sev-
eral waysthat the port can be automatically inte-
grated 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 per-
formed to start execution of a specia program dedi-
cated to thisfunctionality.

PROGRAMMING PORT PIN ASSIGNMENTS
(Rabbit PQFP pins are shown in parenthesis)
|m e 1. RXA(51) — — — — — ANA- +
3 @ @ |4 2. GND s
e ols 3. CKLKA (94) — — — — —AAA- +
4. +5V/+3V . s&g
e @ s 5. JRESET— — — — — — AN~ +
ol @ @0 6. TXA (54)
7. n.c.
Programming Port 8. STATUS (output) (38) .,
Pin Numbers 9. SMODEO (36) — — — 4\/\/\r GND
10. SMODE1 (35) — — — J\A/\r GND

Figure C-1: Programming Port Pin Assignments

When the PROG connector is used, the /RESET
line can be asserted by manipulating DTR and the
STATUS ine can be read as DSR on the serid port.
Thetarget can berestarted by pulsing reset and then,
after ashort delay, sending aspecia character string
a 2400 bps. To ssimply restart the BIOS, the string
80h, 24h, 80h can be sent. When the BIOSis
started, it can tell whether the programming cableis
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 seria
port function.

Alternatively, the DIAG connector can be used to
connect the programming port. The/RESET line
and the SMODE1 and SMODEQ pins are hot con-
nected to this connector. The programming port is
then enabled as a diagnostic port by polling the port
periodically to seeif communication needs to begin

or to enable the port and wait for interrupts. The
pull-up resistors on RXA and CLKA prevent spuri-
ous data reception that might take place if the pins
floated.

If the clocked serial modeisused, the seria port can
be driven by having two toggling lines that can be
driven and one line that can be sensed. Thisallows
a conversation with a device that does not have an
asynchronous seria port but that has two output sig-
na lines and oneinput signd line.

Theline TXA (also caled PC6) is zero after reset if
the cold-boot modeis not enabled. A possible way
to detect the presence of a cable on the program-
ming port isfor the cable to connect TXA to one of
the SMODE pins and then test for the connection by
raising PC6 and reading the SMODE pin after the
cold-boot mode has been disabled.

C-2 Programming Cable
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Sample Circuits D

This appendix details several basic sample circuits that can be used with the
RabbitCore RCM 2100 series modules.

*  RS-232/RS-485 Serial Communication
» Keypad and LCD Connections

» Keypad and LCD Connections

» DJ/A Converter
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D.1 RS-232/RS-485 Serial Communication

RS-232 Vee
J‘100 nF
1 2
p C1+ v+——,
RabbitCore 100 nF v_le
RCM2100 n
I I100 nF
— L—“ C2+ 1
I 100 nF
—I__502_
P PC4 11 T1IN> T10UT |14 TXB
o e PC2 10 T2IN> T20UT |7 TXC
5 o |30 PC5 12 R1OUT<R1IN 13__RXB
L o l28 PC3 9 R20UT< R2IN |8 RXC
—
RabbitCore
RCM2100
J[ ] RS-485
o o l2s PCO 4]p
o o l2s PCA1 1R
o o3 PO sipe
47 kQ
_,_—Zo RE
= = SP483EN

Figure D-1: Sample RS-232 and RS-485 Circuits

Sample Program: PUTS. Cin SAMPLES/ SERI AL.
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D.2

Keypad and LCD Connections

RCM2100

J2

J1

RabbitCore

o o o o g

o o o

o o o o g

o o o

10 kQ
resistors

PBO

VCC

sizzizs

PB2

PB3

PB4

o |o [s [ [=

PB5

26

PC1

34

PD1

35

PD2

Keypad

Row 0
Row 2
Row 3
Row 4
Row 5

Row 1
Col 0
Col 1
NC
NC

Sample Program: KEYLCD2. Cin SAMPLES/ RCM2100.

Figure D-2: Sample Keypad Connections

RabbitCore

RCM2100

J1

o o o o o o o

o o o o o o o

10 PA1

3vLe

20kQ
VWA

100 nF

I

470 Q
WA
680 Q

PA2

PA3

PA4

PA5

PAG

& [on o [N [o [©

PA7

2x20 LCD

VCC

/ICS
C/D
/WR
D4
D5
D6
D7
DO
D1
D2
D3

Sample Program: KEYLCD2. Cin SAMPLES/ RCM2100.

Figure D—3: Sample LCD Connections
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D.3 External Memory

The sample circuit can be used with an external 64K memory device. Larger SRAMSs can be written to using
this scheme by using other available Rabbit 2000 ports (parallel ports A to E) as addresslines.

8K x 8
SRAM [ RabbitCore
| RCM2100
AO—-A12 ] BAO-BA12
DO-D7 ﬂ- BD0-BD7
JWE | <€ /IOW
JOE | € /IOR
ICE | PE7
% 10 kQ
Vcc

Figure D—4: Sample External Memory Connections

Sample Program: EXTSRAM2. Cin SAMPLES/ RCM2100.

D-4 Sample Circuits RabbitCore RCM2100 Series



D.4 DJ/A Converter

The output will initially be 0V to -10.05 V after the first inverting op-amp, and 0V to +10.05 V after the sec-
ond inverting op-amp. All lows produce 0 V out, FF produces 10 V out. The output can be scaled by chang-
ing the feedback resistors on the op-amps. For example, changing 5.11 kQ to 2.5 kQ will produce an output
from 0V to-5V. Op-ampswith avery low input offset voltage are recommended.

HC374 st

10 kQ

CT0-CT7 80.6 kQ

1.19kQ V+>12V
V—-<-12V

PAO-PA7 E

+5V

+
§ 47 kQ 47 kQ
PE3

LLLL]

40.2 kQ
4.99 kQ

Figure D-5: Sample D/A Converter Connections
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External Interrupts E

Appendix E provides information about using the RabbitCore RCM 2100

externa interrupts.

The Rabbit 2000 microprocessor has four external
interrupt inputs on Parallel Port E, which is accessed
through pins PEO—PE7 on header J2.

Table E-1 liststhe general-purpose Parallel Port E
I/O pinsthat can be used for external interrupts. As
shown in Table E-1, the default use for PEO and
PE1 iswith high-power outputs HV0 and HV 1.
This leaves PE4 and PES available for use as exter-
nal interrupt inputs.

Table E—1: Rabbit 2000 Parallel Port E Interrupts

Pin Default Use Alternate Use

PEO INTOA input

PE1 General- INT1A input
Purpose

PE4 /O INTOB input

PE5 INT1B input

Figure E-1illustrates these pins.

1/0 or INTOA

I/0 or INT1A

I/0 or INTOB

/0 or INT1B

Figure E-1: Rabbit 2000 Interrupt Pins
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E.1 Use of External Interrupts

Figure E—2 shows a block diagram of how the Rab-
bit 2000 external interrupt logic is used in generd.

29
INT1A | Interrupt Request #1
INT1B—22
| Edge
| Detectors
30 |
INTOA Interrupt Request #0
INTOB 24:

Figure E-2: Rabbit 2000 External Interrupt Logic

Interrupts on the Rabbit 2000 can take place at three
priority levels from low to high priority, and are
numbered 1, 2 and 3. Each on-chip device, includ-
ing the two external interrupts, can be assigned a
priority at which interrupts will take place. For inter-
rupts that have been assigned the same pro-
grammed priority, there isan implicit priority with
external interrupt #1 having the highest priority,
external interrupt #0 the second highest, and the
remaining on-chip devices having lower prioritiesin
the order specified in Section 7.8, “ Rabbit | nterrupt
Structure,” in the Rabbit 2000 User’s Manual.

Thetwo independent interrupts are generated by
inputs to the four pins shown in Figure E—2. Each
pin is connected to an edge detector that can be con-
figured under program control to detect rising
edges, falling edges, or both. These same pins, a
part of parallel port E, support alternate functional-
ity asreflected in Table E-1.

When the edge detector detectstherising or falling
edge that it is programmed to detect, it sets aflip-
flop that drivesthe output of the edge detector. The

flip-flop should be cleared automatically when the
interrupt takes place.

Instead, the flip-flop may be cleared spuriously
because a different, lower priority, interrupt occurs
nearly simultaneoudy (during an 8-clock window)
with the occurrence of the edge that setsthe flip-
flop. Thisresultsin alost interrupt.

Or the flip-flop might not be cleared when the inter-
rupt takes place if a different, higher priority, inter-
rupt is being requested nearly simultaneously
(during an 8-clock window) with the occurrence of
the external interrupt. Thisresultsin a spurious
interrupt after thefirst interrupt because the interrupt
request was not cleared.

In either case, precautions need to be taken if an
interrupt request transitions during a short time
period 8 clockslong. These sequences are shown
schematically in Figure E-3.

Ext Interrupt Req ff -~ -~-~""~""~"""""""""""-

8-clock window Spurious clear of interrupt request ff

L 2

\ Different lower priority interrupt
(e.g., serial port) takes place

LOST INTERRUPT

Different higher priority interrupt is
requested during 8-clock window

-

Request ff fails to be cleared
Ext Interrupt Req ff /

| L_____. L

LT [ S

Spurious interrupt
results

External Interrupt
takes place

SPURIOUS INTERRUPT

Figure E-3: Interrupt Sequences with
Lost or Spurious Interrupts
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E.2 Single-Interrupt Request

Remove R26 and tie the inputs for external interrupt #1 and #0 together by adding a 1 kQ resistor at R59.

Figure E—4 shows the locations of the resistors.

Top Side

Bottom Side

23823282
GGGGGG

HEdARd

cs51

OOO0OO0OO0OOOOOOM|
00000000000(—

Figure E-4: Locations of SMT Resistors to Change for External Interrupts

Under this configuration, shown in Figure E-5,
both interrupt #1 and #0 will be requested when an
edgeis detected. The #1 interrupt will take place
first sinceit is of ahigher priority.

Interrupt Request #1
INT1A
Edge
Detectors

Interrupt Request

R592 1kQ
Interrupt Request #0

Figure E-5: RabbitCore RCM2100 Configuration
for Single-Interrupt Request

Theinterrupt service routine for interrupt #1 should
ignore the interrupt. The actual service routine will

be the service routine for interrupt #0. If an interrupt
islogt, it will always be #1 and never #0. The 1 kQ
resistor delays the edge dightly so that interrupt #1

is guaranteed to be latched earlier or simultaneoudy
with interrupt #0. It isimportant that the programmed
priority of interrupt #1 be higher than or equal to the

programmed priority of interrupt #0. Normally they
should be equal.

Spurious interrupts, which occur because of afail-
ureto clear the request latch, are apossibility only if
there are other interrupts of higher priority than
externa interrupt #1 and #0. These can only bethe
result of programming one of the on-chip periph-
era interrupts to have a higher interrupt priority.
This could be the case, for example, if the external
interrupts are programmed to have priority 1, and
one of the serial port interruptsis programmed to
have priority 2. Spurious interrupts can aways be
eliminated by programming both external interrupts
to have a priority equal to the highest priority used
for another device. The priority can be reduced on
entry to the service routine to avoid blocking the
true high-priority interrupts. External interrupt #1
cannot cause interrupt #0 to have a spurious inter-
rupt or vice versa. In some cases, spuriousinterrupts
may not disturb function, but the fix is so simple
that it isnot usually worth the trouble to analyze this
possibility.
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E.3 OR’ed Interrupt Request

Remove R22 and R26, and tie the inputs for exter-
nal interrupt #1 and #0 together by adding a1 kQ
resistor at R58 and R59. Figure E—4 shows the loca
tions of the resistors.

This configuration is shown in Figure E—6.

E.4 Generating Interrupt With
the RealTek Chip
Although Dynamic C Premier does not support this

option, an externa interrupt may be generated using
the Real Tek RTL8019AS chip, U3. Remove R22

OR'ed Interrupt
Request INT1A

Interrupt Request #1
INT1B

S R59 Edge
1kQ Detectors
INTOA
OR'ed Interrupt Interrupt Request #0
Request Bff INTOB
%

1kQ

Figure E-6: RabbitCore RCM2100 Configuration
for OR’ed Interrupt Request

and R23, and install 1 kQ resistors at R25 and R58.
Figure E—4 shows the locations of the resistors.
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Schematics

The following schematics are included for user reference:

090-0114 RabbitCore RCM2100
090-0116 RCM2100 Prototyping Board
090-0085 Programming Cable
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