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GLOSSARY

[X:y] ---mmmmmmmmmmm e Nomenclature designating a bit-range, where “Xx” is the
left-most bit and “y” is the right-most bit. (e.g. Data bus
[7:0] refers to the least-significant eight bits).

Byte--------mmmmmm e 8 bits.

byte-lane---------------=eomeuo-- 8 bits of a data bus on octal boundaries.

CAE Computer Aided Engineering.

Doublewide An IP Module that is twice the size of the singlewide
board.

EPLD Erasable Programmable Logic Device.

ID PROM -- The circuitry that presents the proper data patterns to the

low 8 bits of the IPDbus, with upper-byte zero fills
during the ID (READ) transfers.

@ Input/Output.
| PDbus------ IP Module Data Bus.
IP Module---------===nnmnmemmm- Business-card size mezzanine-type subsystems designed

with a common digital interface known as the IP bus.
These field-installable plug-and-play modules are
automatically recognized by system software. An open
industry standard (ANSI/VITA 4-1995) defines the
mechanical and electrical interface to the carrier board.

IP Modulelogic bus------------- A synchonous, 4 MTransfers/sec, 16- or 32-bit-wide
bus that includes I/O, memory, ID PROM, and
interrupts. The address bus is 6 bits wide, except in
memory mode. Then the data bus is multiplexed for the
upper portion of the address bus, resulting in 22 bits of
address. This results in up to 4 Mwords of memory
space per IP Module.

ISR - - Interrupt Service Routine.

LSB Least Significant Bit.

MTBF Mean Time Between Failures.

NS, US, MS----=-=-mnmnmmmmmmmmeoeee Nanoseconds, microseconds, and milliseconds,
respectively.

PC ----mmmmm- Personal Computer.

QSOP Quarter-sized Small Outline Packages.

singlewide ----------------------—- A standard IndustryPack printed circuit board (3.9" by
1.8") with two 50-pin connectors.

VHDL Very high-speed integrated circuit Hardwaresbription
Language.
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1.0 INTRODUCTION

1.1 Purpose

This is a reference manual for SYSTRAN's four-channel, full hardware handshaking
support, serial communication IP Module referred to in this document as the COMM232
(part number BHAS-COMM232).
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Figure1l-1 COMM 232 Board

1.2 Scope

This reference manual covers the physical and operational description of the COMM232,
both from hardware and software perspectives. This manual also contains detailed
technical information about the COMM232’s performance characteristics, and some
typical applications. The reader should have a general understanding of computer
processing, software and/or hardware applications experience, and a working knowledge
of using IP Modules on their carrier(s) of choice. Citing equipment from other vendors
within this document does not constitute an endorsement of their product(s).
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1.3 Overview

The COMM232 is asinglewide IP Module board, containing a quad Asynchronous
Communications Element (ACE) and Receiver and Driver circuits that conform to the
EIA/TIA-232-E standard. This board was developed using guidelinesin the ANSI/VITA
4-1995 |0 Module Interface Specification.

For specific information regarding this specification, a copy can be obtained by
contacting the VMEbus International Trade Association (VITA) at the following address:

1.4 Features

VMEDbus International Trade Association
7825 E. Gelding Dr., Suite 104
Scottsdale, AZ 85260

Telephone: (602) 951-8866

Provides the ideal low-cost solution for applications requiring multiple RS232 COM
Ports. The COMM 232 IP Module has the following features:

Full modem handshaking on all four ports.

User prioritization of interrupts (by port) via software using single-interrupt-
vector register and port-steering register.

Greatly reduced or eliminated current drawn from the IP Bus 12 Volt suppliesvia
low power CMOS receivers and drivers, and automatic external power supply
selection.

Flexible operation with programmable baud rates, FIFO trigger level and
programmable interface characteristics.

1.5 Specifications

MECHANICAL: SINGLEWIDE IP MODULE (TYPE 1)
e Measurements:  1.800 x 3.900 x 0.303 inches (above board)

4.572 x 9.906 x 0.770 cm (above board)

Weight: 1.104 oz. - 31.30 grams
e Boardthickness: 0.062 inches, 0.157 cm, nominally (4 layers)

ELECTRICAL: SINGLEWIDE IP MODULE TRANSFERS

8 MHz clock rate

One wait cycle on al transfers

Hold cycles supported on all valid transfer types

Complete address decoding

I/O transfers. 8- and 16-bit writes (upper byte ignored for 16) and 8- and 16-bit
reads (upper byteis zero-filled for non-UART transactions only)
32 address locations in the Quad UART (48 registers total)

One 8-hit vector register

One 4-bit R/O status register

Maximum read/write rate: 2.67M Transfers/sec

ID transfers: 8-bit read (lower byte only)

Upper byte zero-filled

Twelve bytes, including the Cyclic Redundancy Check (CRC)
SYSTRAN'’s manufacturer’'s ID = 4Bex = E ASCII
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COMM232’s model number = 7x
CRC value = 5mkex
Maximum read rate: 2.67 M Transfers/sec
e Memory Transfers: - not supported
« Interrupt Vector Transfers:
8-bit read on lower byte only
Upper byte zero-filled
Maximum read rate: 2.67 M Transfers/sec
* Interrupt requests:
INTREQO driven upon UART interrupt
INTREQ1 is not used
« DMA activity: none supported
e Non-supported transfer types (no acknowledgment):
Memory read and write
I/O reads and writes beyond IP Module address 21
ID write

e Supports RS-232 data rates up to 128 Kbps
POWER REQUIREMENTS

. +5 Volt supply - 93 mA
e +12 Volt supply (from carrier) - 13 mA
e -12 Volt supply (from carrier) - 8 mA

PERFORMANCE CHARACTERISTICS
+ Electrical Characteristics: Refer to Section 5.0 on PERFORMANCE
ABSOLUTE MAXIMUM RATINGS

e Supply Voltage (+5 Volt IP bus): -0.5 V (min) to +7.0 V (max)

e Supply Voltage (+12 Volt IP bus): +4.5 V (min) to +15 V (max)

e Supply Voltage (-12 Volt IP bus): -15 V (min) to -4.5 V (max)

» Positive external supply (+VEXT): +12 V (min) to +15.5 V (max)
* Negative external supply (-VEXT): -12 V (max) to -15.5 V (min)
e 1/0O port signals (RS232 inputs): -30 V (min) to +30 V (max)

RECOMMENDED OPERATING CONDITIONS

e Main supply voltage (IP bus 5V supply): +4.75 to +5.25 V

e Signals on all serial inputs must have max slew rate <= ge¢/

e Signals on all serial inputs should be from -25 V (min) to +25 V (max)

e Baud rates > 120 Kbps are not recommended when using cables > 45 feet

ENVIRONMENTAL SPECIFICATIONS

e Temperature (Operating):°0 - +70°C

e Temperature (No bias, storage): *@0- +85°C

e Humidity (Noncondensing): 5% 95%

e Vibration (Operating): 10 G's RMS, 20 2000 Hz, random
e Shock (Operating): 50 G’s (maximum)

e Altitude (Operating): 10,000 feet

MEAN TIME BETWEEN FAILURES (MTBF)
e 841,751 hours.
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1.6 Related Product

e 0OS-9 SCF device-driver routines and documentation.

1.7 Related Publications

e American Nationa Standard for IP Modules (ANSI/VITA 4 - 1995) published by
the VMEbus International Trade Association 7825 Gelding Dr., Suite 104,
Scottsdale, AZ 85260

* EIA/TIA-232-E - Interface Between Data Terminal Equipment and Data Circuit
Terminating Equipment Employing Serial Binary Data Interchange published by
Electronic Industries Association Engineering Department 2001 Pennsylvania
Ave. NW, Washington DC 20006

e STI6C554D Quad Asynchronous Receiver/Transmitter With FIFO’s data
document by Startech Division of EXAR. This document is included as appendix
B in this manual and has been reproduced with permission of EXAR.

1.8 Technical Support

Technical documentation provided with the product discusses the technology, its
performance characteristics, and some typical applications. It includes tutorial material,
with comprehensive support information, designed to answer any technical questions that
might arise concerning the use of this product. SYSTRAN also publishes and distributes
technical briefs and application notes that cover a wide assortment of topics. The
applications selected are derived from real scenarios, but do not cover all possible
circumstances.

Direct questions not satisfactorily answered by this document, or concerns about the
functional-fit of this product for your particular application, or programming questions, to
the factory a{937)252-5601, or send an e-mail messagestipport@systran.com for
additional assistance. Our goal is to help solve your problem.

1.9 Reliability

SYSTRAN Corporate policy is to provide the highest quality products in support of a
customer’s needs. In addition to the physical product, the company provides
documentation, sales and marketing support, hardware and software technical support,
and timely product delivery. The SYSTRAN commitment to quality begins with product
concept, and continues after receipt of the purchased product.

SYSTRAN has developed a Quality System which conforms to the 1ISO 9001
international standard fauality systems. ISO 9001 is the model for quality assurance in
design, development, production, installation and servicing. The ISO 9001 standard is the
most comprehensive of the conformance standards, in that it addresses all 20 clauses of
the ISO quality system requirements.

SYSTRAN's Quality System addresses the following basic quality objectives:

e Achieve, maintain and continually improve the quality of SYSTRAN products.

* Improve the quality of its own operations to meet the needs of SYSTRAN
customers and stakeholders.

» Provide confidence internally that quality is being fulfilled, maintained and
improved.
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»  Provide confidence to the customer and other stakeholders that requirements for
quality will be achieved in the delivered product.

SYSTRAN'’s Quality System was assessed by BSI QA, which is the certification division
of British Standards Institution, the largest and most respected standardization authority
in the world. SYSTRAN'’s Quality System was found to meet or exceed the international
standards in all areas, and Certificate of Registration number FM 31468 was issued to
SYSTRAN on May 16, 1995.

The scope of SYSTRAN's registration is: “Design, manufacture and service of high
technology hardware and software computer communications products.” The registration
is maintained under BSI QA's program of continuing assessment, under which an audit of
the quality system is performed by BSI QA every six months.

An integral part of meeting SYSTRAN quality and reliability goals is customer feedback.
Customers are encouraged to contact the factory with any questions or suggestions
regarding unigue quality requirements, or to obtain additional information about our
programs. SYSTRAN’s commitment to customers includes, but is not limited to:

» Professional and quick response to customer problems using SYSTRAN's
extensive resources.

* Incorporation of established procedures for product design, test, and production
operations, with documented milestones. Procedures are constantly reviewed and
improved, ensuring the highest-possible quality.

1.10 Ordering Process

If you wish to learn more about SYSTRAN products or to place an order, the following
contacts are available:

* Phone(937) 252-5601
e E-mail addressanfo@systran.com
e World Wide Web addressttp://www.systran.com
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2.0 DESCRIPTION

@ NOTE: The IP Module signal references, transfer and cycle types discussed in this
document are explained in detail in the ANSI/VITA 4-1995 IP Modul e specification.

2.1 Block Diagram Description

I
P
- | <«p| Quad UART[™™ 2§§§2er il |
i 1V
L _|P WItI’}fFlFO <> nd .
o P I_Ioglchus > Bl;n%rs o -
g nterface rive
i [ Circuitry Selectable ™| Circuits |
c Baud Rates | (4 Ports) /o
B
u
s

Figure2-1 COMM 232 Block Diagram

Figure 2-1 isasimplified block diagram of the COMM 232 representing the signal flow
between the IPModule Logic Bus and 1/0O connectors.

On the left side of the diagram is the IP Module’s Logic Bus connector through which all
transfers between the IP Module carrier and the COMM232’s registers and data sources
are conducted.

The block labeled “IP Logic Bus Interface Circuitry” contains one 8-bit READ/WRITE
register (interrupt vector register) and a four-bit, READ-only register (port steering
register) as well. This block also contains the ID ROM emulator, an interrupt request
driver and all necessary logic for providing an interface between the quad UART circuit
and the IP Module bus.

The block labeled “Quad UART With FIFO Buffers and Selectable Baud Rates” consists
of an industry-standard 16C554 Asynchronous Communication Element (ACE) in a 68-
pin PLCC package. This circuit is the operational equivalent to four 16C550 UARTs
(Universal Asynchronous Receiver Transmitters) and has a 16C450-compatible mode
where the internal-data FIFOs are not used. All necessary serial-to-parallel and parallel-
to-serial conversions are performed inside this unit as well as baud rate generation and
temporary storage of data received or data to be transmitted.
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The block labeled “RS232 Receiver and Driver Circuits” contains the necessary level-
shifter/drivers to convert the TTL levels from the UART to that necessary to conform to
the EIA/TIA-232-E standard approved in July 1991. The receiver circuits must level-shift
the RS232 voltage translations back to TTL levels for inputs to the UART.

Figure 2-2 presents a detailed block diagram of the COMM232, which, when used with
the schematics, provides a good view of the signal flow between the functional areas on
the board.

The IP Module logic bus connector is at the left side of the diagram and supports all
necessary signals between the COMM232 IP Module and the host carrier to allow all
supported transfer types to take place. A line buffer provides clock isolation as well as
buffering for the address bits.

Three major interfacing functions all reside in the same programmable part, namely, the
IP bus interface, the ID ROM emulator and the interrupt controller. The IP bus interface
provides address decoding and READ/WRITE control between the host via the carrier
and the quad UART. Address decoding and READ/WRITE control are also provided for
the registers inside the programmable part. The ID ROM emulator is a fixed circuit that
presents the low byte of the IP Module 16-bit data bus with pertinent information about
the COMM232 board during ID transfers for the first 12 address locations. The upper
byte is zero-filled during ID READ transfers.

The interrupt-controller section consists of three functional areas: the interrupt driver, the
4-bit Port Interrupt Steering Register, and the 8-bit Interrupt Vector Register. The

interrupt driver drives the INTREQO* line active-low if any of the four communication
channels of the UART generate an interrupt. The 4-bit Port Interrupt Steering Register
can be read to determine which of the four serial ports are generating an interrupt request.
The 8-bit Interrupt Vector Register returns a byte-wide vector value to the host during an
interrupt-acknowledge transfer.

The block at the center of the detailed block diagram is the 16C554 standard quad UART,
which, when accessed by the address decode circuits in the IP bus controller, has four
separate serial ports that can be configured and monitored by system software. The
following control and status registers are accessible for each port:

e transmit and receive holding registers

e interrupt-enable and status registers

e FIFO control register

» line-control and status registers

 modem-control and status registers

e scratchpad register

« MSB and LSB registers for the divisor used to select the baud rate

As with any standard UART integrated circuit., the 16C554 contains a parallel data
interface on one end, and necessary serial-to-parallel and parallel-to-serial conversion
circuits on the other.

Each receiver/driver block contains three RS232 driver circuits and five RS232 receiver
circuits connected directly to the port end connector at the right end of the detailed block
diagram.

The automatic power switch consists of two switching diodes connected to each of the
two analog power supplies such that a voltage in the range of 12.5 to 15.5 volts applied to
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the VEXT pins on the 1/O connector will automatically be selected and used in place of
IP Module bus power.

The interrupt-mode-sel ect jumper shown in the bottom-center of Figure 2-2 allows
selection between two interrupt driver modesin the UART.

2.2 Theory of Operation

@ NOTE: Refer tothe COMM232 schematics located in Appendix A while reading this
material since individual components are referred to by function name, schematic
reference designator, or industry-standard device part number.

The COMM 232 was developed using VHDL and synthesis, targeted to an AlteraEPLD,
schematic-captured and integrated to standard logic devices, connectors and discrete
components using ViewDraw by Viewlogic and associated tools. This top-down design
approach is evident in the schematicsin Appendix A.

Refer to Figures 2-2 and 2-3 and the schematics in Appendix A when reading the
following two sections.

2.2.1 ID Reads

When the carrier performs an ID READ of the COMM232 IP Module card, the pertinent
control signalsused are IDSEL*, R/W*, BSO* and ACK*. When the twelve supported ID
address locations (1P address 00 hex to OB hex ) are accessed (IDSEL* = 0 while all other
select signals are inactive), the IP bus interface address decoder enables the
READ/WRITE state machine which, in turn, enables the selected location in the ID space
lookup table to drive the lower byte of the IP data bus while the high byte isfilled with
zeros. If aWRITE attempt is made (R/W* = Q) during an ID access, or an address beyond
0B hex isdecoded, or if ahigh-byte-only transaction is attempted (BSO* = 1), the
address decoder and READ/WRITE state machine will not become active and the
attempted transaction will be ignored (the data bus will be tri-stated and ACK* will
remain in the inactive state).

2.2.2 1/0 Reads and Writes

Reads and WRITEs to the /O space can be broken into two addressable areas. the UART
space and the CSR (control and status register) space.

The /O space of the COMM422 consists of the addressable registers within the 16C554
UART and two control/status registers (CSRs). Since the register space of the UART is

seen as thirty-two addressabl e registers, this device requires one-half of the 64 address
locations in the defined 1/O space in the ANSI/VITA 4-1995 |10 Module Interface
Specification. This device resides in the “lower half” of the I1/O space, namely from IP
address 0B@ex to 1Fhex . The two CSRs, namely the Port Steering Register and the
Interrupt Vector Register, reside in addresei0and 21hex, respectively. For more
address related information, see Section 4.4 and Table 4-2.

During an I/O transaction, the address decoder determines whether the access is to the
UART or the registers in the IP bus interface area, and it enables the appropriate
functional area. If the address is for the UART space, the address decoder will then
determine which of the four ports are to be accessed. This is done by decoding the upper
three address bits with the lower three bits connected directly to the 16C554 UART. With
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avalid access to the UART detected, the READ/WRITE control state machine will
produce a READ or WRITE cycle to the UART and produce ACK* at the appropriate
time aswell asIOR* or IOW* and one of the four port-chip selects at the appropriate
time. A complete listing of the UART registers that can be accessed in the IP Module 1/0
space can be found in chapter four.

Accessesto the two internal CSRsis performed in similar manner but only the IOR*,
IOW* and chip-select outputs are inactive.

The Port Interrupt Steering Register at IP Module address 20 hex is a4-bit, READ-only
register that presents the status of the four UART interrupts as ports A through D on bits 0
through 3, respectively. A ‘1’ on these pins denotes an active interrupt while a ‘0’ shows
that it has been cleared. The Port Interrupt Steering Register is only accessed during a
valid I/O cycle to address 2@x .

The Interrupt Vector Register at IP Module address locatid2tan be accessed in
three ways. This register can be written to and READ from in the I/O space at address
21hex during a valid I/O access as determined by the address decoder and IP bus
interface section. This register is also read during a valid interrupt-acknowledge cycle
when the following occur:

e INTSEL* = 0 while all other IP bus cycle selects are inactive

s RW*=1

« BSO*=0

e address bit A1 =0, indicating a READ of vector register 0
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2.3 Schematics

Thefollowing is a short travel-map through the schematics of the COMM232 which
emphasi zes the top-down design methodol ogy used. Three pages comprise the schematic
setin Appendix A.

SCHEMATIC #1

Thefirst page of the schematic, labeled Schematic #1, consists of the buffer circuit U2
and the IP Module interface controller (IPCOMIF) in slot U1. The buffer provides
isolation for the IP Module clock, the six dedicated address lines and the lower-byte
strobe. The IPCOMIF part is an Altera EPM 7064QC100 part programmed to provide all
of the following:

e Address decoding and byte-lane control for the 16C554 UART registers.

* Determination of, and acknowledgment for valid IP Module bus cycles.

»  Zero-fill for the upper byte on all valid 16-bit non-UART cycles.

e INTREQO* driver to the host viathe carrier on UART interrupts.

e Indication of which UART port(s) have active interrupts via a Port Steering
Register.

e Interrupt Vector Register.

* |ID PROM emulator active only during ID READs.

SCHEMATIC #2

The page labeled Schematic #2 contains the 16C554 quad UART IC in slot U3, a4-pin

jumper (J3) that is factory set to the “ALL-EN” position, and the supply-switching diodes
D1-D4 that are used to automatically select an external voltage source for the analog
supplies to the RS232 drivers.

SCHEMATIC #3

The page labeled Schematic #3 contains the RS232 receivers and drivers and the standard
I/O connector. U4, U5 and U6 are 75C188 driver circuits for translating the TTL input
voltage to levels of approximately -10 Volts (low level) to +10 Volts (high level) to
conform to EIA/TIA-232-E. U7 through U11 are 75C189A receiver circuits to translate

the RS232 levels back to TTL levels for driving inputs to the UART circuit. J2 is the
standard 50-pin IP Module I/O connector containing the necessary signals for full modem
support for ports A, B, C and D. This connector also allows external power supplies to be
connected to run the RS232 drivers. Extra grounds placed between these supply
connections and other signal pins provide greater isolation and allow for easy twisted-pair
supply lines to be made for greater noise rejection. (See section 6.0 for typical external
supply use.)

2.4 Cleaning

If, for some reason, this product requires cleaning after delivery, most solvents are safe to
use that are based on: Fluorine, Chlorine, Aqueous, and Alcohol. Do NOT use gasoline or
thinner solvents on this product.
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3.0 INSTALLATION

3.1 Unpack the COMM232

The contents of the COMM 232 shipping packages are listed in Table 3-1.
Table3-1 Contentsof COMM 232 Shipping Packages

QTY DESCRIPTION
1 COMM232 Printed Circuit Assembly
1 COMM232 User Manual *
* One manual is shipped for each board ordered. Extra manuals may be purchased

by calling SYSTRAN or by mail. Use the prefix “BTMR-" followed by the product order
part number (e.g. BTMR-COMM232).

The Printed Circuit Assembly is enclosed in an anti-static box. The box and the manual
are packaged together in a larger box. Save the shipping material in case the board needs
to be returned.

3.2 Inspect the COMM232

Examine the COMMZ232 to determine if any damage occurred during shipping.

3.3 Install the COMM232

@ NOTE: Since the COMM232 is an Electrostatic Sensitive Device (ESD), instgll the
COMM232 hardware using a good anti-static workbench to protect the IP Module
and carrier boards. The IP Module carrier board must be removed from the host
system using good ESD practices and moved to an ESD-controlled area where the
COMM232 can be installed.
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Thetools required for the COMM232 installation are listed in Table 3-2.

Table3-2 COMM232 Installation Tools

Qty

Description

1
1

ESD Static Control Kit/Ground Strap/Etc.
Standard Flat-Head Screwdriver (Optional)

N

IP Module Board

; IP Module Logic

Bus Connector

Carrier IP Module Carrier IP Module
Logic Bus Connector 1/0 Connector

VME Carrier Board

; IP Module
1/0 Connector

[

Figure3-1 COMM232 Installed on aVME IP Module Carrier

IP Module Board

Carrier IP Module

Logic Bus Connector

IP Module Logic
Bus Connector

Carrier IP Module
I/0 Bus Connector

* IP Module
I/0 Connector

Top of ISA

ISA IP Module Carrier Board

Carrier Board

Figure3-2 COMM232 Installed on an I SA IP Module Carrier
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Figures 3-1 and 3-2 show the COMM232 installed on aVME IP Module carrier and on
an |SA carrier, respectively.

The pin assignments for the IP Module Logic Bus connector are shown in Table 3-3. The
signalsin the left column are the original IP Module signal nomenclature, and the signals
in the right column are those used by SY STRAN Corp.

Table 3-4 shows the pin assignments for the I/O connector. Refer to the IP Module carrier
board User Manual for more information.

Referring to the appropriate figures and table described above, perform the following
stepsto install the COMM232. The asterisk (*) denotes optional items.

1
2.

Turn OFF all power to the host system.

Remove the target |P Module carrier and move it to the ESD-controlled area
where the COMM232 can beinstalled

Remove the COMM 232 from the shipping package and place it on the ESD
bench.

Install the COMM 232 onto the carrier board by applying adequate and equal
pressure to the COMM 232 board at both ends.

Install four M2x5 mm flat-head machine screws onto the IP Module carrier’s IP
Module connectors.

Check to ensure that the jumper near the edge of the board is in the “ALL-EN" position
which is the factory default. The board can also be used with the jumper in the “MCR-
EN” position; however, due to tri-state settling times for the UART, the interrupts may
not operate properly at higher baud rates.

This completes the installation of the COMM232 to the carrier board.
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Table 3-3 IP Module Logic Bus Pin Assignments

Original IP Module Signal IP Module Logic Bus | SYSTRAN Signal Names
Names Pin #
GND 50 GND
reserved 49 RESERVED1
Ack* 48 N_ACK
A6 47 IPAG
Strobe* 46 N_STROBE
A5 45 IPA5
IntReq1* 44 N_INTREQ1
A4 43 IPA4
IntReq0* 42 N_INTREQO
A3 41 IPA3
Error* 40 N_ERROR
A2 39 IPA2
DMAEnd* 38 N_DMAEND
Al 37 IPAL
reserved 36 RESERVED2
I0Sel* 35 N_IOSEL
DMACckO* 34 N_DMACKO
IntSel* 33 N_INTSEL
DMAReq1* 32 N_DMAREQ1
MemSel* 31 N_MEMSEL
DMAReq0* 30 N_DMAREQO
IDSel* 29 N_IDSEL
R/W* 28 IPR_N_W
+5V 27 +5VDC
GND 26 GND
GND 25 GND
+5V 24 +5VDC
+12V 23 +12VDC
-12v 22 -12vDC
BS1* 21 N_BS1
BSO* 20 N_BSO
D15 19 IPD15
D14 18 IPD14
D13 17 IPD13
D12 16 IPD12
D11 15 IPD11
D10 14 IPD10
D9 13 IPD9
D8 12 IPD8
D7 11 IPD7
D6 10 IPD6
D5 9 IPD5
D4 8 IPD4
D3 7 IPD3
D2 6 IPD2
D1 5 IPD1
DO 4 IPDO
Reset* 3 N_RESET
CLK 2 ICLK
GND 1 GND
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Table3-4 |IP Modulel/O Connector Pin Assignments

IP Mndiile I/0 Pin #

Sinnal Names

5N Nint | leed
49 Not Used
48 Not Used
47 Not Used
46 Not Used
45 Not Used
44 Not Used
43 Port D DCD
42 Port D DSR
a1 Port D RxD
40 Port D RTS
39 Port D TxD
38 Port D CTS
37 Port D DTR
36 Port D RI
35 Port D COMMON
34 Port C DCD
33 Port C DSR
32 Port C RxD
31 Port C RTS
30 Port C TxD
29 Port C CTS
28 Port C DTR
27 Port C RI
26 Port C COMMON
25 GND

24 GND

23 Ext. Pwr. (-)
22 GND

21 Ext. Pwr.(+)
20 GND

19 GND

18 Port B DCD
17 Port B DSR
16 Port B RxD
15 Port B RTS
14 Port B TxD
13 Port B CTS
12 Port B DTR
11 Port B RI
10 Port B COMMON
9 Port A DCD
8 Port A DSR
7 Port A RxD
6 Port A RTS
5 Port A TxD
4 Port A CTS
3 Port A DTR
2 Port A RI

1 Port A COMMONI
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4.0 PROGRAMMING GUIDE

4.1 Overview

This section of the manual describes the operation of the COMM 232 from the software
perspective, detailing the COMM 232 registers and providing programming examples. A
more detailed description of the hardware can be found in Sections 2.0: DESCRIPTION
and 6.0: TYPICAL APPLICATIONS.

4.2 Description

The COMM232 isaquad serial communications card featuring full handshake support
for each serial port. The four seria ports are contained inside the 16C554 device which is
mapped directly into the IP Module /O space from |P Module addresses 00 hex to 1F hex
. The 1/O space consists of the following:

e Port A (00 hex - 07 hex)

e Port B (08 hex - OF hex)

* Port C (10 hex - 17 hex)

* Port D (18 hex - 1F hex)

e Interrupt steering register (20 hex)
e Interrupt vector register (21 hex)

Each of the four serial ports consists of twelve registers mapped into eight address
locations. Thisis possible since some are read-only, some are WRITE-only, and two (the
divisor-latch registers for the baud-rate generator) can only be accessed when the divisor-
latch-enable bit in the Line Control Register is set high. This gives atotal of forty-eight
registersthat can be accessed in the quad-UART circuit, and two external CSR registers,
for atotal of fifty in the COMM232 1/O space. The interrupt-vector register is the only
register accessed during an interrupt acknowledge cycle and a READ-only ID ROM
function is enabled during ID accesses to the COMM232.

4.3 IP Module ID PROM Listing

Emulating the ID ROM function is possible due to the never-changing information
presented by this function. This emulation saves space, lowers costs, improves reliability,
and enables this IP Module to provide “hard-coded” READ accesses of this information.

@ NOTE: The ID address space is fully decoded. Therefore, attempted accesses to
IPA addresses at and above IPA =&, or any attempt to WRITE to ID space

results in no acknowledgment and its subsequent bus time-out error on the carrier

upon which this IP Module resides.

The IP Module ID data is presented only on byte-lane 0 (IPD[7:0]). The upper byte-lane
1 (IPD[15:8]) READs as all zeros during valid ID READ-only accesses.
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Table 4-1 isthe COMM232 emulated ID Address Space PROM listing.

Table4-1 COMM232 |ID Address Space Listing

IP Module Description Data Read

Address
IPA =00 hex ASCII T’ 49 hex
IPA = 01 hex |ASCII‘P’ 50 hex
IPA = 02 hex |ASCII'‘A’ 41 hex
IPA = 03 hex |ASCII‘C 43 hex
IPA = 04 hex |SYSTRAN's ID 45 hex
IPA = 05 hex |COMM232's Model Number 70 hex
IPA = 06 hex Revision Level 30 hex
IPA = 07 hex Reserved 00 hex
IPA = 08 hex |Low Byte Driver ID 00 hex
IPA = 09 hex |High Byte Driver ID 00 hex
IPA = OA hex | Number of Bytes Used 0C hex
IPA = 0B hex |CRC 5F hex

4.4 IP Module I/0 Address Map

The COMM232 |/0O Address Map was designed to have efficiently located data, control
and interrupt registersin the IP Module 1/0O address space. The method for locating most
of these registersis unique since they are contained in the 16C554 Quad UART whichis
mapped directly onto the IPModule 1/0O address space. The 16C554 UART islocated in
addresses IPA=00 through IPA=1F while the Interrupt Steering Register is at IPA=20 and
the Interrupt Vector Register isat IPA=21.

Interfacing to the UART is simplified since twelve registers necessary for data, status

and control purposes are condensed into eight address locations which, in turn, are

redundant since there are four identical serial ports. This address structure is possible

because there are some READ-only and WRITE-only registers at the same address; and

since two registers, the divisor latch both high and low byte, are only accessible when bit

7inthe LCR register is set to a ‘1. Since there are four serial ports, these twelve registers
are repeated four times for a total of 48 registers in the UART circuitry, so that, along

with the vector and steering register, there are a total of 50 registers that can be accessed
on the COMM232. Below is a brief description of the COMM232 registers. A more
detailed description follows in section 4.8.

The UART registers are address mapped as follows:

» Port Aregisters - IPA0O through IPAO7
« Port B registers - IPA08 through IPAOF
e Port C registers - IPA10 through IPA17
e Port D registers - IPA18 through IPALF
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The twelve registers are listed below with the base address of each register being defined
by IPModule bus address bits 4 and 5 as follows:

* Port A -1PA5=0, IPA4=0
* Port B - IPA5=0, IPA4=1
* Port C-IPA5=1, IPA4=0
* Port D -1PA5=1, IPA4=1

Read Holding Register (RHR):

Transmit Holding Register (THR):

Interrupt Enable Register (IER):

FIFO Control Register (FCR):

Interrupt Status Register (ISR):

Line Control Register (LCR):

Modem Control Register (MCR):

Line Status Register (LSR):

This 8-bit, READ-only register at IPA=
base+000b is used to temporarily hold incoming
data arriving from the serial port.

This 8-bit, WRITE-only register at IPA=
base+000b is used to temporarily hold data to be
written out to the RS232 drivers.

This 4-bit, WRITE-only register at IPA=
base+001b allows the masking of incoming
interrupts from receiver ready, transmitter
empty, line status and modem status. The upper
four bits of thisregister are not used and are set
to zero.

This 6-bit, WRITE-only register at IPA=
base+010b is used to enable the on-board 16-
byte FIFOs, clear them, set the FIFO interrupt
trigger level and select the type of DMA
signaling.

Bits4 and 5 are not used in this register and are
set to zero.

This 6-bit, READ-only register at IPA=
base+010b gives information on UART mode
(450 mode vs. 550 mode) and provides
information on the source of an interrupt in
prioritized manner. Bits4 and 5 are not used and
will be read as zero.

This 8-bit READ/WRITE register at IPA=
base+011b allows for control of common
modem settings such as word length, stop bits,
parity and break control. All bits are used in this
register and can be read as well as written.

This 5-bit READ/WRITE register at IPA=
base+100b is use to change the status of the
hardware control lines between the modem or
peripheral and the IP Module bus aswell as
enable/disable the local loopback mode for
testing. Bits 5 through 7 of thisregister are not
used and are set to zero.

This 8-bit READ-only register at IPA=
base+101b provides the status of datatransfer to
the host via the IP Module bus. Functions such
asreceive holding register, overrun status, parity
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Modem Status Register (MSR):

ScratchPad Register (SPR):

Divisor Latch LSB (DLL):

Divisor Latch MSB (DLM):

Port Interrupt Steering Register:

Interrupt Vector Register:

error status, break condition, etc. are monitored
from thisregister.

This 8-bit READ-only register at IPA=
base+110b provides the current status of the
control lines between the serial port and the IP
Module bus side of the UART. A change of state
of the CTS*, DSR*, RI* or DCD* lines can be
detected by a READ of thisregister.

This 8-bit READ/WRITE register at IPA=

base+111b can be used as a genera -purpose

register.

This 8-bit WRITE-only register at IPA=

base+000b (with LCR7 = “1") represents the
lower 8 bits of the 16-bit divisor value for the
programmable baud rate generator. This register
is used with the DLM register to form a whole
divisor.

This 8-bit WRITE-only register at IPA=
base+001b (with LCR7 = “1") represents the
upper bits of the 16-bit divisor value for the
programmable baud rate generator. This register
is used with the DLL register to form a whole
divisor.

(not in UART) This 4-bit READ-only register at
IP Module address 2éx can be read at any
time to determine which, if any, of the four serial
ports is generating an interrupt for any reason.
The upper 4 bits of this register is not used and
will be read as zeroes.

(not in UART) This 8-bit READ/WRITE
register at IP Module address &k can be
written to in the IP Module I/O space and read
from in the I/O space as well as read during an
interrupt acknowledge cycle.
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Table 4-2 isthe COMM232 1/0O Address Map and contains the data ports, control
registers, and interrupt registers. (Note: [ X] means not used.)

Table4-2 COMM232 |/O AddressMap

IP Module Byte-Lane 1 Byte-Lane O Description
Address

IPA = 00 hex [XXXX,XXXX] Recv. data Receive Holding Register - Port A 8 bits, READ-only,
LCR7=0

IPA = 00 hex [XXXX,XXXX] Tran. data Transmit Holding Register - Port A 8 bits, WRITE-only,
LCR7=0

IPA = 00 hex [XXXX,XXXX] control data Divisor Latch Low Byte - Port A 8 bits, WRITE only,
LCR7=1

IPA =01 hex [XXXX,XXXX] control data Interrupt Enable Register - Port A 8 bits (4 active),
WRITE-only, LCR7 =0

IPA = 01 hex [XXXX,XXXX] control data Divisor Latch High Byte - Port A 8 bits, WRITE-only,
LCR7=1

IPA = 02 hex [XXXX,XXXX] control data FIFO Control Register - Port A 8 bits (6 active),
WRITE-only, LCR7 = X

IPA = 02 hex [XXXX,XXXX] status data Interrupt Status Register - port A 8 bits (6 active),
READ-only, LCR7 = X

IPA = 03 hex [XXXX,XXXX] control data Line Control Register - Port A 8 bits, READ/WRITE,
LCR7 =X

IPA = 04 hex [XXXX,XXXX] control data Modem Control Register - Port A 8 bits (4 active),
READ/WRITE, LCR7 = X

IPA = 05 hex [XXXX,XXXX] status data Line Status Register - Port A 8 bits, READ-only,
LCR7 =X

IPA = 06 hex [XXXX,XXXX] status data Modem Status Register - Port A 8 bits, READ-only,
LCR7 =X

IPA = 07 hex [XXXX,XXXX] general data Scratchpad Register - Port A 8 bits, READ/WRITE,
LCR7 =X

IPA = 08 hex [XXXX,XXXX] Recv. data Receive Holding Register - Port B 8 bits, READ-only,
LCR7=0

IPA = 08 hex [XXXX,XXXX] Tran. data Transmit Holding Register - Port B 8 bits, WRITE-only,
LCR7=0

IPA = 08 hex [XXXX,XXXX] control data Divisor Latch Low Byte - Port B 8 bits, WRITE only,
LCR7=1

IPA = 09 hex [XXXX,XXXX] control data Interrupt Enable Register - Port B 8 bits (4 active),
WRITE-only, LCR7 =0

IPA =09 hex [XXXX,XXXX] control data Divisor Latch High Byte - Port B 8 bits, WRITE-only,
LCR7=1

IPA = 0A hex [XXXX,XXXX] control data FIFO Control Register - Port B 8 bits (6 active),
WRITE-only, LCR7 = X

IPA = 0A hex [XXXX,XXXX] status data Interrupt Status Register - port B 8 bits (6 active),
READ-only, LCR7 = X

IPA = 0B hex [XXXX,XXXX] control data Line Control Register - Port B 8 bits, READ/WRITE,
LCR7 =X

IPA = 0C hex [XXXX,XXXX] control data Modem Control Register - Port B 8 bits (4 active),
READ/WRITE, LCR7 = X

IPA = 0D hex [XXXX,XXXX] status data Line Status Register - Port B 8 bits, READ-only,
LCR7 =X

IPA = OE hex [XXXX,XXXX] status data Modem Status Register - Port B 8 bits, READ-only,
LCR7 =X

IPA = OF hex [XXXX,XXXX] general data Scratchpad Register - Port B 8 bits, READ/WRITE,

LCR7 =X
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IP Module Byte-Lane 1 Byte-Lane O Description
Address

IPA = 10 hex [XXXX,XXXX] Recv. data Receive Holding Register - Port C 8 bits, READ-only,
LCR7=0

IPA =10 hex [XXXX,XXXX] Tran. data Transmit Holding Register - Port C 8 bits, WRITE-only,
LCR7=0

IPA = 10 hex [XXXX,XXXX] control data Divisor Latch Low Byte - Port C 8 bits, WRITE only,
LCR7=1

IPA = 11 hex [XXXX,XXXX] control data Interrupt Enable Register - Port C 8 bits (4 active),
WRITE-only, LCR7 =0

IPA =11 hex [XXXX,XXXX] control data Divisor Latch High Byte - Port C 8 bits, WRITE-only,
LCR7=1

IPA = 12 hex [XXXX,XXXX] control data FIFO Control Register - Port C 8 bits (6 active),
WRITE-only, LCR7 = X

IPA = 12 hex [XXXX,XXXX] status data Interrupt Status Register - port C 8 bits (6 active),
READ-only, LCR7 = X

IPA =13 hex [XXXX,XXXX] control data Line Control Register - Port C 8 bits, READ/WRITE,
LCR7 =X

IPA = 14 hex [XXXX,XXXX] control data Modem Control Register - Port C 8 bits (4 active),
READ/WRITE, LCR7 = X

IPA = 15 hex [XXXX,XXXX] status data Line Status Register - Port C 8 bits, READ-only,
LCR7 =X

IPA =16 hex [XXXX,XXXX] status data Modem Status Register - Port C 8 bits, READ-only,
LCR7 =X

IPA =17 hex [XXXX,XXXX] general data Scratchpad Register - Port C 8 bits, READ/WRITE,
LCR7 =X

IPA = 18 hex [XXXX,XXXX] Recv. data Receive Holding Register - Port D 8 bits, READ-only,
LCR7=0

IPA = 18 hex [XXXX,XXXX] Tran. data Transmit Holding Register - Port D 8 bits, WRITE-only,
LCR7=0

IPA =18 hex [XXXX,XXXX] control data Divisor Latch Low Byte - Port D 8 bits, WRITE only,
LCR7=1

IPA = 19 hex [XXXX,XXXX] control data Interrupt Enable Register - Port D 8 bits (4 active),
WRITE-only, LCR7 =0

IPA = 19 hex [XXXX,XXXX] control data Divisor Latch High Byte - Port D 8 bits, WRITE-only,
LCR7=1

IPA = 1A hex [XXXX,XXXX] control data FIFO Control Register - Port D 8 bits (6 active),
WRITE-only, LCR7 = X

IPA = 1A hex [XXXX,XXXX] status data Interrupt Status Register - port D 8 bits (6 active),
READ-only, LCR7 = X

IPA = 1B hex [XXXX,XXXX] control data Line Control Register - Port D 8 bits, READ/WRITE,
LCR7 =X

IPA = 1C hex [XXXX,XXXX] control data Modem Control Register - Port D 8 bits (4 active),
READ/WRITE, LCR7 = X

IPA = 1D hex [XXXX,XXXX] status data Line Status Register - Port D 8 bits, READ-only,
LCR7 =X

IPA = 1E hex [XXXX,XXXX] status data Modem Status Register - Port D 8 bits, READ-only,
LCR7 =X

IPA = 1F hex [XXXX,XXXX] general data Scratchpad Register - Port D 8 bits, READ/WRITE,
LCR7 =X

IPA = 20 hex [0000,XXXX] status data Port Interrupt Steering Register, READ-only, 8 bits
- 0 to 3 active and 4 to 7 READ as zeros

IPA = 21 hex [XXXX,XXXX] interrupt vector | Interrupt Vector Register, READ/WRITE, 8 bits

4-6
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4.5 Power-Up and System Reset Defaults

All control registersin the COMM232 will be set to their inactive state during a power-
on reset from the host viathe IP Module carrier. All outputs will be disabled at thistime
including the interrupts. The transmitter output for each port aswell as the receiver inputs
will be disabled as well. The vector register will also be cleared to all zeroes and must be
programmed to the desired value before interrupts are enabled.

4.6 Word Access Address Translation

Table 4-3 shows the relationship between VME, ISA, and NuBus local bus addresses, and
the IP Module address for word accesses.

In the table, the word BASE represents the I/0 or ID base address. All addresses are in

hexadecimal.

Table 4-3 Word Access Address Trandation Table

VMEbus ISA Bus NuBus IP Module
Address Address Address Address
BASE + 0 BASE +0 BASE +2 | IPA =00 hex
BASE + 2 BASE + 2 BASE + 6 IPA =01 hex
BASE + 4 BASE + 4 BASE + A IPA = 02 hex
BASE + 6 BASE + 6 BASE +E | IPA =03 hex
BASE + 8 BASE + 8 BASE + 12 | IPA =04 hex
BASE + A BASE + A BASE + 16 | IPA =05 hex
BASE + C BASE + C | BASE + 1A | IPA =06 hex
BASE + E BASE + E BASE + 1E | IPA =07 hex
BASE + 10 BASE + 10 BASE + 22 | IPA =08 hex
BASE + 12 BASE + 12 BASE + 26 | IPA =09 hex
BASE + 14 BASE + 14 | BASE + 2A | IPA = 0A hex
BASE + 16 BASE + 16 | BASE + 2E | IPA = 0B hex
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4.7 Byte Access Address Translation

Table 4-4 shows the relationship between VME, ISA, and NuBus local bus addresses, and
the IP Module address for byte accesses.

In the table, the word BASE represents the I/O or ID base address. All addresses arein

hexadecimal.

NOTE: The addresses for Byte-lane 1 are not listed since this IP Module will not
respond to high-byte accesses.

Table 4-4 Byte Access Address Translation Table

VMEbus ISA Bus NuBus IP Module Byte-Lane
Address Address Address Address

BASE + 1 BASE + 0 BASE + 3 IPA = 00 hex 0
BASE + 3 BASE + 2 BASE + 7 IPA =01 hex 0
BASE +5 BASE + 4 BASE + B | IPA =02 hex 0
BASE + 7 BASE + 6 BASE + F | IPA =03 hex 0
BASE + 9 BASE + 8 BASE + 13 | IPA =04 hex 0
BASE + B BASE + A | BASE +17 | IPA =05 hex 0
BASE + D BASE + C BASE + 1B | IPA =06 hex 0
BASE + F BASE + E BASE + 1F | IPA =07 hex 0
BASE + 11 BASE + 10 BASE + 23 | IPA =08 hex 0
BASE + 13 BASE + 12 BASE + 27 IPA =09 hex 0
BASE + 15 BASE + 14 | BASE + 2B | IPA =0A hex 0
BASE + 17 BASE + 16 | BASE + 2F | IPA=0B hex 0
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4.8 Register Definitions

The COMM232 has a register-rich architecture with fifty accessible registers, forty-eight
of which are contained within the Startech 16C554 Quad UART. The other two registers
are contained within the logic interface part, IPCOMIF.

The forty-eight registersin the UART represent a4X replication of twelve basic registers

of which some are read/WRITE, WRITE-only or READ-only. Additionally, two of the

registers can only be accessed when bit 7 in the LCR register is set to a ‘1’. This allows
the addressing of all twelve registers to be performed with only the three lowest IP
Module address bits: IPA1 through IPA3. Bits IPA4 and 5 are used by the interface
controller to enable only one of the four UART ports at a time. The WRITE-only registers
are primarily used for control purposes while READ-only registers are used for status and
the READ/WRITE registers for READ-modify-WRITE operations.

The straightforward addressing mentioned above allows for one of each register type in
the Quad UART to be accessed for each of the four ports. In the register definitions
below, the IP Module address for each port will be listed as well as the register type using
“W” for WRITE-only, “R” for READ-only and “R/W” for READ/WRITE. The

necessary setting for bit 7 in the LCR register will also be listed. A ‘0’ will denote a bit in

a register that is hard-wired to a low state.

4.8.1 Receive Holding Register (RHR)

The primary function of this register is to allow a READ of the incoming data after being
converted to parallel form from the incoming serial bit stream. In “16C450” mode , this
register will be read for every incoming character. In “FIFO” mode, this register’s
contents will be transferred to the receive FIFO until the trigger level is reached.

Table 4-5 Receive Holding Register

IP Module addresses: Port A - 00\h Port B - 08\h Port C - 10\h Port D - 18\h
LCRbit 7: =0’

Bit # 7 6 5 4 3 2 1 0
Bit Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
R/W R R R R R R R R
Reset to: X X X X X X X X
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4.8.2 Transmit Holding Register (THR)

The primary function of the transmit holding register is to hold data to be converted to a

serial bit stream before leaving the card via the C188 drivers. Writing to this register will
transfer the contents of the low byte of the IP Module data bus into this register. Note that

the Transmit Holding Register empty bit in the LSR register will be set to a ‘1’ when the
transmitter is empty or data is transferred to the transmit shift register.

Table4-6 Transmit Holding Register

IP Module addresses. Port A - 00\h Port B - 08\n Port C - 10\h Port D - 18\h
LCR bit 7: =0’

Bit # 7 6 5 4 3 2 1 0
Bit Name Bit7 Bit7 Bit7 Bit7 Bit7 Bit7 Bit7 Bit7
R/IW W W W W W W W W
Reset to: X X X X X X X X

4.8.3 Interrupt Enable Register (IER)

The main function of the interrupt enable register isto alow enabling of the following
incoming interrupts: receiver ready, transmitter ready, line status and modem status. This
can be doneindividually or as a group where ‘0’ = disable and ‘1’ = enable.

Table4-7 Interrupt Enable Register

IP Module addresses. Port A - 01\h Port B - 09\h Port C - 11\h Port D - 19\h

LCR bit 7: =0’

Bit # 7 6 5 4 3 2 1 0

Bit Name ‘0’ Modem Receive | Transmit | Receive
Status Line Holding Holding
Interrupt Status Register | Register

Interrupt
R/W w W w w W W
Reset to: X X X X X X
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4.8.4 Divisor Latch Low Byte (DLL)

Thisregister is used to program the low byte of the 16-bit divisor for the baud rate
generator. This value will be used with the high byte to program the bit rate for serial port

operation.
Table4-8 Divisor Latch Low Byte

IP Module addresses: Port A - 00\h Port B - 08\n Port C - 10\h Port D - 18\h
LCRbit7: =1’
Bit # 7 6 5 4 3 2 1 0
Bit Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
R/W W W W W W W \\Y W
Reset to: X X X X X X X X

4.8.5 Divisor Latch High Byte (DLM)

Thisregister is used to program the high byte of the 16-bit divisor for the baud rate
generator. Thisvalue is used with the low byte to program the bit rate for serial port
operation.

Table4-9 Divisor Latch High Byte

IP Module addresses: Port A - 01\h Port B - 09\nh Port C - 11\h Port D - 19\h

LCRbit 7: =1’

Bit # 7 6 5 4 3 2 1 0

Bit Name Bit15 Bit14 Bit13 Bit12 Bit1l Bit10 Bit9 Bit8

R/W W W W W W W W W

Reset to: X X X X X X X X
@ NOTE: Possiblevaluesfor the DLL and DLM registers are given in Table 4-19.
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4.8.6 FIFO Control Register (FCR)
Thisregister is used to program al aspects of UART FIFO operation including: FIFO

enabling, FIFO resetting, DMA mode selection and receive FIFO trigger level as shown
in the chart below.

Table4-10 FIFO Control Register

IP Module addresses: Port A - 02\h Port B - OA\h Port C - 12\h Port D - 1A\h

LCR bit 7: =X

Bit # 7 6 3 2 1 0

Bit Name RCV RCV DMA Transmit | Receiver FIFO
Trigger | Trigger Mode FIFO FIFO Enable
(MSB) | (LSB) Select Reset Reset

R/W w w w w w w

Reset to: 0 0 0 0 0 0

Receive FIFO trigger level:

Bit7 Bit6 | Trigger Level
0 0 1 byte
0 1 4 bytes
1 0 8 bytes
1 1 14 bytes
=

may

occur.

NOTE: If the DMA-mode-select bit does not remain clear, unpredictable results
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4.8.7 Interrupt Status Register (ISR)

Thisregister is used to indicate the presence of an interrupt at the highest priority level
currently pending. The priority levels are as follows:
1- Receiver line status

2 - Receiver dataready or character time-out
3 - Transmitter holding register empty
4 - Modem status.

Table4-11 Interrupt Status Register

IP Module addresses: Port A - 02\h Port B - 0A\h Port C - 12\h Port D - 1A\h

LCR bit 7: =X

Bit # 7 6 5 4 3 2 1 0

Bit Name * * 0 0 Interrupt | Interrupt | Interrupt | Interrupt
Priority Priority Priority Status

bit 2 bit 1 bit 0
R/W R R R R R R R R
Reset to: 0 0 0 0 0 0 0 0

* Bits 7 and 6 are set when FCRO is set to ‘1’

Priority levels from bits 3 to O:

P D3 D2 D1 DO Interrupt Source
0 1 1 0 LSR (Receiver Line Status Register)
0 1 0 0 RXRDY (Receive Data Ready)
2* 1 1 0 0 RXRDY (Receive Data Time-out)
3 0 0 1 0 TXRDY (Transmitter Holding Register Empty)
4 0 0 0 0 MSR (Modem Status Register)

* A receive-data time-out will only occur when the Quad UART is operating in the FIFO
mode. Additionally, it will not occur if the receive FIFO is empty. See the Startech data sheet
in Appendix B for more information.
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4.8.8 Line Control Register (LCR)

Thisregister is used to program the characteristics of data to be transmitted and received
in the UART. Thisincludes standard settings such as word length, stop bits, parity enable
and sense aswell as setting a break and controlling access to the DLL and DLM registers.
A full description follows.

Table4-12 Line Control Register

IP Module addresses: Port A - 03\h Port B - OB\h Port C - 13\h Port D - 1B\h

LCR bit 7: =X

Bit # 7 6 5 4 3 2 1 0

Bit Name Divisor | Set Set Even Parity Stop Bits Word Word
Latch | Break | Parity | Parity Enable Length Length
Enable Bit 1 Bit O

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Reset to: 0 0 0 0 0 0 0 0

Bit explanations:

Bit 1 and O - These bits specify the length of the data word to be transmitted or received as described
below:

Bit 1 Bit0 | Word Length
0 0 5 bits
0 1 6 bits
1 0 7 bits
1 1 8 bits

Bit 2 specifies the number of stop bits as follows:

Bit2 | Word Length Stop Bit(s)
0 5,6,7,8 1
1 5 15
1 6,7,8 2

Bit 3- ‘0" = no parity, ‘1’ = parity used.

Bit 4 - If parity is enabled, ‘0’ = odd, ‘1’ = even.

Bit 5 - If parity is enabled, this bit selects the forced parity format. LCR5 = ‘1’ and LCR4 = ‘0’ will
force a ‘1’ in the parity bit while LCR5 = ‘1" and LCR4 = ‘1’ will force a ‘0’ into the data.

Bit 6 - Setting this bit to ‘1’ causes a break condition to be transmitted to the communication terminal.
Bit 7 - The internal baud rate counter latch enable which must be set to a “1” to access the DLL and

DLM registers.
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4.8.9 Modem Control Register (MCR)

Thisregister is used to contral the interface with a modem or peripheral deviceto the

RS232 circuitry. It will control the assertion of DTR* and RTS* , enable or disable the
interrupt outputs and specify normal vs. internal loopback mode. A detailed description

follows.

Table 4-13 Modem Control Register

IP Module addresses: Port A - 04\h Port B - 0C\h Port C - 14\h Port D - 1C\h
LCR bit 7: =X’
Bit # 6 5 4 3 2 1 0
Bit Name 0 0 | Loopback INTX Not used RTS* DTR*
Enable Enable

(MSB) | (LSB) Select Reset Reset
R/W R/W R/W | RIW R/W R/W R/W R/W R/W
Reset to: 0 0 0 0 0 0 0 0

Bit explanations:

Bit 0 - Setting this bit to ‘1’ forces DTR* output to go low.
Bit 1 - Setting this bit to ‘1’ forces RTS* output to go low.

Bit 2 - This bit is only used during the internal loopback mode.

Bit 3 - A ‘0’ setting of this bit will force the interrupt outputs from the UART to a high-impedance
state, while a ‘1’ enables the interrupt output when J3 is in the “MCR” position. When the
jumper is in the “always enabled” position, it will have no effect.

Bit 4 - Setting this bit to a ‘1’ will enable the wire loopback mode. In this mode, the transmitter output

is set high (mark) while the receiver inputs RX, CTS*, DSR*, CD* and RI* are all disabled.

Internally, the transmitter output is connected to the receiver input and DTR*, RTS*, MCR bit 2

and INT enable are connected to the modem control inputs. This allows an internal test that
excludes external receiver and driver circuits.

Bits 5-7 - Not used and set to ‘0’.
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4.8.10 Line Status Register (LSR)

Thisregister provides the current status such as receive data ready, errors, break interrupt
or empty transmit holding register. A detailed description follows.

Table4-14 Line Status Register

IP Module addresses: Port A - 05\h Port B - OD\h Port C - 15\h Port D - 1D\h

LCRbit 7: =X

Bit # 7 6 5 4 3 2 1 0

Bit Name FIFO Trans Trans Break | Framing | Parity | Overrun | Receive

Error Empty | Holding | Interrupt | Error Error Error Data

Empty Ready

R/W R R R R R R R R

Reset to: 0 0 0 0 0 0 0 0

Bit explanations:

Bit 0- A ‘1’ for this bit shows that data has been saved in the receive holding register or FIFO.

Bit 1 - A ‘1’ for this bit shows that another character arrived before the receive holding register or FIFO
could be emptied. Note that the “extra” character will be written into the shift register but not
written into the FIFO.

Bit 2 - A ‘1’ for this bit shows that the received data does not have correct parity. In FIFO mode, this
error will pertain to the character at the top of the FIFO.

Bit 3 - A ‘1’ for this bit shows that received data failed to contain a valid stop bit. In FIFO mode, this
error pertains to the character at the top of the FIFO.

Bit 4 - A ‘1’ for this bit shows that a break condition was received. In FIFO mode, one zero character
will be loaded into the FIFO.

Bit 5 - A ‘0’ for this bit denotes a full transmit holding register while a ‘1’ allows the host bus to load
another character.

Bit 6 - A ‘0’ for this bit denotes a full transmit holding register and shift register. A ‘1’ on this bit
denotes empty registers. In FIFO mode, a “1” will also denote an empty transmit FIFO.

Bit 7 - A ‘1’ on this bit shows that at least one parity error, framing error or break condition was found
in the FIFO. It is cleared to a “0” for normal operation when the LSR is read.
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4.8.11 Modem Status Register (MSR)

Thisregister will provide information to the host regarding the current state of the control
lines from the modem or peripheral. A detailed description of the bits follows the table.

Table 4-15 Modem Status Register (M SR)

IP Module addresses. Port A - 06\h Port B - OE\h Port C - 16\h Port D - 1E\h

LCR bit 7: =X’

Bit # 7 6 5 4 3 2 1 0

Bit Name CD RI DSR CTS Delta Delta Delta Delta
CD* RI* DSR* CTS*

R/W R R R R R R R R

Reset to: X X X X 0 0 0 0

Bit explanations:
Bits 3,2,1, and O - These bits, when read, show that the status of the associated receive lines has
changed since the register was last read.

Bits 7,6,5, and 4 - These bits when read, show the current status of the associated receive lines as the

complement of the actual input. In local loopback mode, bit 7 will show the

equivalent to the INT enable in the MCR while bit 6 will be the equivalent to MCR
bit 2, bit 5 will be equivalent to the DTR in the MCR and hit 4 will be equivalent to

the RTS in the MCR. When not in loopback mode, bits 7,6,5 and 4 represent CD*,

RI*, DSR* and CTS*, respectively.

4.8.12 Scratchpad Register (SPR)

This 8-bit register is a general-purpose storage element. It can be written to and read

from.
Table4-16 Scratchpad Register

IP Module addresses: Port A - 07\h Port B - OR\h Port C - 17\h Port D - 1R\h

LCRbit 7: =X’

Bit # 7 6 5 4 3 2 1 0
Bit Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
R/W R/W R/W R/W R/W R/IW R/W R/IW R/IW
Reset to: 0 0 0 0 0 0 0 0
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4.8.13 Port Interrupt Steering Register

This 4-bit register is used by the host to determine which of the four communication ports
is asserting an interrupt through the IP Module busto the carrier. The upper 4 bits of this
register are unused and are permanently set to ‘0’.

Table4-17 Port Interrupt Steering Register

IP Module addresses: All ports - IPA = 20\h

LCR bit 7: =X’

Bit # 7 6 5 4 3 2 1 0

Bit Name X X X X Port D Port C Port B Port A
Interrupt | Interrupt | Interrupt | Interrupt

R/W R R R R

Reset to: 0 0 0 0 0 0 0 0

Bit explanations:

Bits 0 through 3 - Each of these bits will be a ‘1’ when the associated port interrupt is active. Note that
it is possible for more than one bit to be active at a time.

Bits 4 through 7 - These bits are unused and are set to ‘0’.

4.8.14 Interrupt Vector Register
This register holds the 8-bit vector value that will be read during an interrupt

acknowledge cycle. This register can be written in the I/O space and read from in the I/O

space as well as during an interrupt acknowledge.

Table 4-18 Interrupt Vector Register

IP Module addresses: (All ports) IPA = 21hex

LCR bit 7: =X’

Bit # 7 6 5 4 3 2 1 0

Bit Name Vector Vector Vector Vector Vector Vector Vector Vector
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Reset to: 0 0 0 0 0 0 0 0
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4.9 Programming Examples

The following example illustrates how to program the COMM 232 device. It does not
include any platform or carrier-specific information, such as configuring the host
interrupt level. The example assumes that interrupts will be used as they are required for
reliable operation.

4.9.1 Open

In addition to using the hardware FIFOs present in the UART, many device drivers aso
utilize software buffers to provide additional levels of storage. To simplify the
explanation, only asingle serial port is used in this example. These concepts can be
readily extended to additional seria ports, although the implementation is dependent on
the software design. For example, the entire COMM 232 device can appear asasingle
device, or it may be a separate logical device for each serial port.

The following programming example is broken down into the separate entry points
typically used in adevice driver.

The purpose of thisroutineisto provide any initialization needed by the driver, configure
the hardware, and install the interrupt service routine.

Allocate any storage required by the software transmit and receive buffers.

Initialize any memory locations as required by the software.

Initialize the interrupt vector (IPA = 0x21) to the desired value.

Write a ‘80h’ to the Line Control Register (LCR) to set the divisor latch enable
bit.

Write the appropriate value to the DLL and DLM registers to set the baud rate to
the appropriate value. The following table lists the values to WRITE to these
registers for each baud rate:

Table4-19 DLL and DLM Register Baud Rate Values

Baud Rate DLM Value DLL Value
50 27h 10h
75 1Ah 0Bh
110 11h Cilh

134.5 OEh 85h
150 0Dh 05h
300 06 83h
600 03 73h
1200 01 Alh
1800 01 15h
2000 00 FAh
2400 00 DOh
3600 00 8Bh
4800 00 68h
7200 00 45h
9600 00 34h
19200 00 1Ah
38400 00 0Dh
56000 00 09
128000 00 04
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4.9.2 Write

Write the appropriate value to the Line Control Register based on desired data
size, stop size, and parity. The divisor latch bit should be cleared in order to re-
enable access to the transmit and receive registers.

Write avalue to the FIFO Control Register (FCR) to configure the FIFOs as the
application requires. The DMA-mode-select bit should remain clear in al
situations.

Write the appropriate value to the Modem Control Register (MCR) to set the
value of RTS* and DTR* asdesired. Typically, the INT enable bit in thisregister
will remain clear and interrupts will be enabled/disabled by the Interrupt Enable
Register (IER). The loopback bit will also typically remain clear asit is usually
used for hardware confidence tests, production testing by the factory, etc.

Install the interrupt service routine as appropriate for the platform.

Enable the interrupts via the Interrupt Enable Register (IER) as the application
requires. While the need for a modem status or line status interrupt may vary
according to the customer’s requirements (e.g. hardware handshaking), the
transmit holding register and receive holding register interrupts should be used to
minimize the CPU loading by fully utilizing interrupts.

This routine may be used to transfer an entire string of characters to the software’s
transmit buffer.

4.9.3 Read

If insufficient storage is available in the transmit buffer, take appropriate action
(i.e. return error, allocate additional storage, etc.).

Insert data to be transmitted into transmit buffer.

If transmit-holding-register interrupts are disabled, re-enable them via the
Interrupt Enable Register to allow this new data to be transmitted.

This routine may be used to retrieve any received data present in the software receive
buffers.

4.9.4 loctl

Check to see if any data is present in software receive buffers. If not, take
appropriate action (i.e. return error, put calling process to sleep, etc.)

Check to see if errors were logged by the interrupt service routine. If so, return
error.

Return next character(s) from the receive buffer to the calling process and update
receive buffer.

This routine may be used to query device status, reconfigure the hardware, etc. Itis
largely dependent on operating system and user requirements. Possible uses include:

Checking to see if any data is present in software receive buffers.

Reconfiguring the serial port to new parameters (data size, stop size, parity, baud
rate, etc.).

Returning the current status of the port’s configuration (data size, stop size,
parity, baud rate, etc.).

Specifying signal levels for RTS* and DTR*.

Returning the status of the port’'s handshaking lines (CD*, RI*, DSR*, CTS*).
Specifying type of flow control used by the driver (software, hardware, none).
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4.9.5 ISR

Specifying new charactersto be used for software flow control (XON/XOFF).

The interrupt service routine deals with any interrupts generated by the COMM232

device. It is not called directly by the user’s process, but is instead executed after an
interrupt acknowledge by the host CPU. Some of its primary functions include:
transmitting any data available in the software transmit buffer, emptying the UART’s
receive buffer or FIFO, and placing this data in the software’s receive buffer.

This ISR example only considers interaction with a single port. There are several
methods of extending this to multiple ports, including handling all four ports within a
single ISR or utilizing the operating system to chain multiple interrupt handlers (one per
port) off of a single interrupt source.

4.9.6 Close

Identify source of interrupt within port by reading Interrupt Source Register.

If interrupt source is receiver-line-status, READ Line Status Register (LSR) and
record the new line status if appropriate. The driver could then send a signal to
the user process via the operating system or indicate the change in status on a
subsequent call to the Read routine.

If interrupt source is received-data-available, READ the data in the Receive
Holding Register (RHR) and place the data in the software receive buffer. This
process could then be repeated until no received data is available, which can be
determined by examining bit 0 in the LSR. The same process should be used for
character-time-out interrupts.

If interrupt source is transmit-holding-register-empty, examine the status of the
transmit buffer. If this software buffer is empty, disable transmit-holding-
register-empty interrupts by clearing this bit in the Interrupt Enable Register. If
not, remove a character from the transmit buffer and WRITE it to the Transmit
Holding Register (THR). The line status could then be read to check the status of
the transmit holding bit (bit #5). As long as this bit is set, this process can be
repeated (assuming sufficient data exists in the transmit buffer).

If interrupt source is modem-status, READ the Modem Status Register (MSR)
and record the new modem status if appropriate. The driver could then send a
signal to the user process or use these inputs to implement hardware flow control.

The purpose of this routine is to provide any termination needed by the driver, configure
the hardware to a benign state, and uninstall the interrupt service routine.

Disable all interrupts except output-enable interrupts via the Interrupt Enable
Register

Wait until output buffer has been emptied by ISR

Wait until all data has been shifted out of the port (the “Trans Empty’ bit of Line
Status Register will be set by the UART when this occurs)

Write an appropriate value to the Modem Control Register (typically RTS* and
DTR* negated)

Disable all interrupt sources via the Interrupt Enable Register

Uninstall the Interrupt Service Routine as appropriate for the platform

Free any storage allocated to the driver during the Open entry point
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5.0 PERFORMANCE

5.1 Overview

The purpose of this section isto provide several sets of empirical datathat present typical
performance parameters beyond those provided in the specification. The important
feature is that these are typical responses for the configuration cited, and do not supplant
the maximum and minimum envelopes presented in Section 1.0;: INTRODUCTION. The
figuresin this section are a collection of typical rise/fall, and board response timesto
various system stimuli and IP Module cycles.

5.2 Timing Measurements

Timing measurements were conducted on the COMM 232 using an HP model 16500A
Logic Analyzer with a1 GHz sampling Master Module and a 400 MHz Digitizing
Oscilloscope Module. Two COMM 232 IP Modules were used, onein slot A of a
VMEBGU Carrier and the other in slot D. The 1/0 ends of the two boards were connected
together by 3 foot ribbon cables to a transition module consisting of two 50 pin ribbon
connectors and wire connections to provide a null modem for all four ports. An IP
Module breakout board and cable were used with the board in slot A to allow
interconnection of the logic analyzer to pertinent |P bus signals. The Probe from the
Digitizing Oscill oscope was used to monitor the TX (transmit data) signal for Port A on
pin 5 and the RX (receive data) signal for Port A on pin 7.

Multi-slot 6U VME Card Cage Systran VMESCS5 Carrier

COMM232 Boardsin slotsA and D
MVME 162 Processor Board

| P Bus Breakout Board & Cable

ToHP
Analyzer

1 Gbit
Sampling

2 T

| — —

H P Analyzer

400 MHz Oscilloscope Probe
/ / topins5and 7 of | P Module
inslot A

3 Ft. Ribbon Cables

Transition Board with Null Modem Inter connects
asfollows:

Card A Port A - null connect to - Card D Port A
Card A Port B - null connect to - Card D Port B
Card A Port C - null connect to- Card D Port C
Card A Port D - null connect to - Card D Port D

Figure5-1 Test Configuration for Oscilloscope and Analyzer M easur ements
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5.3 Oscilloscope Measurements

The measurements shown in Figures 5-2 through 5-5 were made with the 400 MHz
Digitizing Oscilloscope built into the HP Model 16500A Logic Analyzer. The probe was
attached to the Transmit-Data-Output pin for Port A, and the Receive-Data-Input pin for
port A. The signalsin figures 5-2 and 5-3 represent the driver outputs at the edge of the
COMM 232 card while the signals in figures 5-4 and 5-5 represent the same signals being
driven back from the other board through a total of six feet of ribbon cable and through
the Transition Module configured as a quad-null modem.

Figure 5-2 shows atypical rise of the data signal from the negative to the positive voltage
state while figure 5-3 shows the signal falling from the positive to the negative state.
Using the marks around the edge of the plot and the V/Div and §/Div designations, the
voltage level excursion and slew rate can be easily estimated from these diagrams.

Figures 5-4 and 5-5 give the same information as figures 5-2 and 5-3, respectively, except
that the measurements were taken at the Receive-Data pin being driven.

@ NOTE: Two necessary characteristics of drivers used in any RS232 serial

communications interface according to the EIA/TIA-232-E specification are: The
rate of change of output voltage shall not exceed 30V/usec, and the minimum
voltage excursion from a marking condition to a spacing condition shall be -5 volts
to +5 volts (10 volts peak-to-peak).

For more information on the RS232 standard, a copy of the EIA/TIA-232-E Specification
can be obtained from Global Engineering Documents at the address bel ow:

Global Engineering Documents
15 Iverness Way East
Englewood, CO 80112

Ph. (303)-792-2181
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Figure5-2 Rise-Time Slew Rate and Amplitudefor Port A TX at Driver Out
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Figure5-3 Fall-Time Slew Rate and Amplitudefor Port A TX at Driver Out
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Figure5-5 Fall-Time Slew Rate and Amplitude for Port A RX at Receiver Input
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5.4 State Timing Diagrams

The state waveforms shown in Figures 5-6 through 5-12 were made using the HP 1 GHz
Timing Master Module and the SY STRAN IP Module Logic Bus Extender (IPLBE) with

the IP Module Logic Bus Breakout Board (IPLBB). Several of the signals on the logic
analyzer's screen are active low, and are represented by a '/’ as the first character as
opposed to the ‘N_’ used elsewhere, due to the limited amount of character spacing.

5.4.1 ID Read Cycle

Figure 5-6 is a complete COMM232 ID READ cycle of IP address=00The signals of
interest are /IDSEL, N_ACK, and the four IPD signals (3,2,1 and 0). The data being
driven to the host carrier is the lower four bits of the ASCIl charactéexlor a “9”

hex . The data is typically driven within about 22 to 25 ns from the rising edge of the IP
bus clock which is well within the limit of 40 ns specified in the ANSI/VITA 4-1995
specification. This specification is available from:

VMEDbus International Trade Association
7825 Gelding Dr. Suite 104

Scottsdale, AZ 85260

Ph. (602)-951-8866

@ NOTE: All COMM232 transactions with the host carrier, one wait state wi|l be
asserted by the COMM232 to allow for extra hold time for WRITE data to the quad
UART and ample time for data to be read from the UART, given maximum gccess
times. Therefore, N_ACK will be held off for one clock cycle following |the
initialization of the select cycle. On carriers that assert one or more hold states, the
wait cycle will occur simultaneously with the first hold cycle.

5.4.2 1/0 Write and Read Cycle

Figure 5-7 is a complete I/O WRITE cycle of IP addresbe®7Awhich is the Scratchpad
register for UART Port A. The signals of interest are /IOSEL, N_ACK, R/NW and the
four IPD bits 3,2,1 and 0.

Figure 5-8 is a complete I/O READ cycle at the same address as the WRITE above. The
same signals of interest are active with R/NW now being high and the data being read
back to the host carrier (a READ of the reset value ¢ occurring within about 18

ns.

5.4.3 Interrupt Request

Figure 5-9 shows an I/O WRITE to IP addres$ & (the quad-UART Interrupt-Enable
Register - Port A)) producing an interrupt within about 89 ns. Figure 5-10 shows the
processor returning via the carrier with an IP interrupt-select cycle in alpgut 2

5.4.4 Interrupt Select Cycle

Figure 5-11 shows the details of an interrupt select cycle. The signals of interest for this
cycle are /INTSL, N_ACK, R/NW, IPA1 and the four IPD bits 3,2,1 and 0. Note that
since the COMM232 only supports INTREQO, IPA1 will be ‘0’ during the access. Also,
the vector value is returned to the carrier within about 19 ns of the IP CLK; 24 ns is
typical.

Figure 5-12 shows the details of a READ of IP addrede0Zquad-UART Interrupt-
Information Register - Port A) which clears the interrupt request from the UART and
therefore removes the interrupt request from the COMM232 board.
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6.0 TYPICAL APPLICATIONS

6.1 Overview

SY STRAN extends an open invitation to all usersto freely submit their applications that
might, or do, use the COMM 232 IP Module to solve a problem. This section of the
manual will be revised periodically to include new application ideas for all usersto
consider. Help advance the level of technology by participating with the SY STRAN
team, while simultaneously publishing your ideas.

Submission constitutes permission to publish without additional consent or
compensation, and SY STRAN reserves the right to modify submissionsto provide for
more generic appeal, when necessary.

6.2 Interfacing the COMM232 IP Module

The RS-232 standard for serial-data interfacing between Data Terminal Equipment (DTE)
and Data Circuit-terminating Equipment (DCE) has been in existence since the 1960s.
Since then, computer manufacturers have adapted to slight changes in the standard.
Perhaps the most important of these changesis the type of connector used on equipment
for the RS-232 interface. For some systems, this may be a nine-pin connector often
referred to as a DB-9 type connector or a twenty-five-pin connector referred to as a DB-
25. Serial-interface equipment used today may have either of these two connectors.

The following two sections discuss sampl e techniques for building an interface cableto
connect from an IP Module carrier to a seria port. The methods presented represent only
afew of many possibilities since some systems will have serial ports with a DB-25
connector and others may have a DB-9 and many applications may require a Null Modem
which is a connection arrangement that allows an interconnect of two DTE devices.

6.3 COMMZ232 Interface Cable Example

Figure 6-1 shows an example of an interface cable built to alow a direct interconnect
between the 50-pin connector header on an IP Module host carrier and a DB-9 connector,
with femal e pins on a modem device. A desired length of standard 50-conductor, flat-
ribbon cable can be used along with a 50-pin ribbon-cable connector with .100 spaced
female pins and a polarizing key. The 50-pin connector can be crimped easily onto one
end of the cable and then the opposite end (the port end) prepared for crimping of up to
four DB-9 ribbon connectors. Using a sharp knife, the sections of the cable for the
different ports can be separated and stripped back as follows:

e Port A - Strip back conductors 1 through 9 a desired distance (conductor 1 is
usually marked with a colored stripe on the cable)

e Port B - Strip back conductors 10 through 18 a desired distance.

e Center Section - This strip width will be only 7 conductors wide and can be used
for external power connections (see section 6.4). This section will be conductors
19 through 25.
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Standard 50-pin Ribbon Connector
with .100 spaced female pins and Pin 5 for each “D”
polarizing key Standard 50-conductor flat Cable pin #1 on thisend connector at this end
ribbon cable with .050
conductor spacing
Port A
Port B
Conductor s from pins44 through
50 can be cut short Port C
Center section of cable between Ports B & C 7 extra conductors for . Port b
external supply connections
\ and isolating grounds (See below)
) From pin 20 (gnd)
E{ E From pin 21 (+Vexternal)
rom pin 23 (-V external)
From pin 24 (gnd)
Figure 6-1 Interface Cable Examplefor COM M 232
Table 6-1 DB9 Connector and Comm Port Relationships
Port A Connector Ribbon Connector Port B Connector Ribbon Connector
(DB9) (DB9)
Pin 5 Pin 1 Pin 5 Pin 10
Pin9 Pin 2 Pin 9 Pin 11
Pin 4 Pin 3 Pin 4 Pin 12
Pin 8 Pin 4 Pin 8 Pin 13
Pin 3 Pin5 Pin 3 Pin 14
Pin7 Pin 6 Pin7 Pin 15
Pin 2 Pin 7 Pin 2 Pin 16
Pin 6 Pin 8 Pin 6 Pin 17
Pin1 Pin 9 Pin 1 Pin 18
Port C Connector Ribbon Connector Port D Connector Ribbon Connector
(DB9) (DB9)
Pin 5 Pin 26 Pin 5 Pin 35
Pin 9 Pin 27 Pin 9 Pin 36
Pin 4 Pin 28 Pin 4 Pin 37
Pin 8 Pin 29 Pin 8 Pin 38
Pin 3 Pin 30 Pin 3 Pin 39
Pin7 Pin 31 Pin7 Pin 40
Pin 2 Pin 32 Pin 2 Pin 41
Pin 6 Pin 33 Pin 6 Pin 42
Pin1 Pin 34 Pin 1 Pin 43
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e Port C - Strip back conductors 26 through 34 a desired distance.
e Port D - Strip back conductors 35 through 43 a desired distance.

A DB-9 ribbon connector can be crimped to each of the four DB-9-conductor sections, .

Table 6-1 shows the relationship between each of four DB-9 connectors The last seven
conductors on the 50-conductor cable (44 through 50) can be cut short since there will be
no use for them.

Another method for building an interconnect from a 50-pin-connector header on an IP
Module host carrier to a DB-9 connector on atermina or modem makes use of a Phoenix
Contact 50-pin DIN-rail Terminal Block. An inexpensive AT modem cable can be
purchased and used aong with the Phoenix Contact Block as follows:

1. Cut theundesired end off the AT modem cable and discard.

2. Using asharp knife or diagonal cutters, carefully remove the outer jacket of the
cable.

3. Using an ohmmeter, locate the necessary conductors (see Figure 6-3) and tag
them.

4. Strip back the conductor about ¥4” and insert into the numbered slot on the
Phoenix Contact Block and tighten the securing screw. See Table 3-4 for
conductor positions on the COMM232 1/O connector. If a null-modem
connection is desired, see Figure 6-3 for reference.

6.4 Typical System Interconnects

6.4.1 Serial Port Interconnects

Figure 6-2 shows how the COMM232 can have one of its serial ports connected to a data
terminal. For the case shown, the data terminal is a typical DTE device as is the
COMM232 such that an in-line null modem will be necessary at some point in the
interconnect. In Figure 6-2 , the null modem is a DB-25 to DB-25 unit and is therefore
placed on the end that will connect to the data terminal.

Another common arrangement makes use of a PC. Many personal computers will have
serial ports using a DB-9 connector with male pins. With this arrangement, a female DB-
9-null modem would be ideal for use with the cable in Figure 6-1. An alternative would
be an arrangement using an AT-modem cable (female DB-9 to male DB-25) with a
female DB-25-null modem and adapter to go from a female DB-25 to male DB-9. Some
cables are available that provide a null-modem connection internally so that an external
adapter is not necessary.

Figure 6-3 shows a typical DB-9 connector, a typical DB-25 connector and typical
connections for a Null Modem.

In any situation, the key is to know whether a device to be connected to the COMM232 is
a DTE or DCE and to note which type of connector is used on that device.
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6.4.2 External Power Supply Interconnects

If external power isdesired for use with the COMM232 in order to reduce the loading on
the analog supplies, pins 20, 21, 23 and 24 can be stripped away from the interface cable
(see Figure 6-1) and connected to a power supply by twisting together the insulated
lengths of conductors 20 with 21 and 23 with 24 to make twisted pairs. Then the bare
ends of pins 20 and 24 can be connected together before attaching all wiresto the
terminals of the external supply. Connect pins 20 and 24 to power ground, pin 21 to
+12V to +15V, and pin 23t0-12 V to -15 V. To eliminate loading of the analog
supplies through the carrier, the minimum external voltage should be about 12.5V.

Data Terminal with female DB-25
serial port connector

From Host

Carrier

|  Toterminal —I<7
<] [ [P

Null Modem Adapter AT Modem Cable Interface Cable from Figure 6-1
DB-25 femaleto DB-25 DB-9 with female pins
L 1

male to DB-25 with male pins

Figure6-2 Typical System Interconnects (null modem)

DB-9 Connector Pinout (male shown)

1 Pin 1- Data Carrier Detect (DCD)
6 Pin 2 - Receive Data (RX)
Pin 3 - Transmit Data (T X)
Pin 4 - Data Terminal Ready (DTR)
Pin 5 - Signal Ground
Pin 6 - Data Set Ready (DSR) DTE DTE
Pin 7 - Request to Send (RTS)

P?n 8- C!ear to _Sent (CTY) TXD TXD
Pin 9 - Ring Indicator (RI)
RXD 8><2 RXD
DB-25 Connector Pinout (male shown) RTS RTS
1
% cTs 2><2 TS

Typical Null Modem Connections (AT cable)

O O 0 O
/O O O O O

©

g © Pin 2- Transmit Data (TX) DTR DTR
| Pin 3 - Receive Data (RX)
[ Pin 4 - Request to Send (RTS) DSR
I Pin 5- Clear to Send (CTS) DSR
I Pin 6 - Data Set Ready (DSR)
Pin 7 - Signal Ground
L Pin 8- Data Carrier Detect (DCD) senaLeno O O sienaL eND
I Pin 20 - Data Terminal Ready (DTR) )
[ Pin 22 - Ring Indicator (RI) DCD
L
I RI O O ~wi
o ! PROTECTIVEGND O O
5 © (OPTIONAL) *
Y
25
13
Note: The female connector pinoutswill bea mirror image Note: The protective (shield) ground is only used on 25 pin
of the ones shown above. connectors.

Figure 6-3 Connector Pinout Information

ﬁ/ﬁ‘/ﬁ” Copyright 1998 6-4 COMM232 USER MANUAL



APPENDIX A
SCHEMATICS






SSSSSSSSSS

i —




SCHEMATICS

QOO OLD DDOODROD 000000 DEOO0OO0IMQ

[ goo OoOmd& 0O

O ooao u)

Figure A-2 Schematic #2

7 L

o
g

4.}/‘5[/2’/7 Copyright 1998 A-2

COMM232 USER MANUAL



L L

Il

4%5[/2’/7 Copyright 1998



SCHEMATICS

T
N
HH —
S |
T T
o
b
7T
L]
’
[
T

Figure A-4 Schematic #4

ﬂi/ﬁ[/’ﬁ” Copyright 1998 A4 COMM232 USER MANUAL



APPENDIX B
STARTECH ST16C554D DATA SHEET






STARTECH ST16C554D

An Z2° EXARCompany Printed Awust 9, 1996
QUAD ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs

DESCRIPTION ] PLCC Package

The ST16C554 is a universal asynchronous receiver

and transmitter with 16 byte transmit and receive 5 c5 % 588588 3s Z’ gg2 8
FIFO. A programmable baud rate generator is FEEE FLFE F R A B E R E R EEE
provided to select transmit and receive clock rates a5 51 osvor
from 50Hz to 1.5 MHz. J— @) =1 creos
The ST16C554 is an improved version of the oTRA* [I2 5] oTRO*
NS16C550 UART with higher operating speed and vee [18 57] ono
lower access time. The ST16C554 on board status Rrsw L4 [5o] rreo:
registers  provides the error conditions, type and gj% ?gj
status of the transfer operation being performed. A (o =1 o
Included is complete MODEM control capability, and iow [18 ST16C554DCJ68 52] 10r*
a processor interrupt system that may be software ™e [19] s1] e
tailored to the user’s requirements. The ST16C554 cse [20] %l ese
provides internal loop-back capability for on board R;N;% %':;
diagnostic testing. oo [F] 1 vee
The ST16C554 is fabricated in an advanced 1.2u oTRe* [24] 4] orrc
CMOS process to achieve low drain power and high crse [ %] crsct
speed requirements. osre [z6] 4] osre:
pegggvzeIdge ey
FEATURES ]
. . _ _ QFP Package
* Pin to pin and functional compatible to ST16C454
* 16 byte transmit FIFO ) .
* 16 byte receive FIFO with error flags 858588338 ag8 8858
* Modem control signals (CTS*, RTS*, DSR*, DTR*, [2][2][2][=][ 2] [][ ][] [ =] [ 8] [2] [ o] [ o] [ o] [ ][ ¢]
Rl*, CD*) DSRA* |I 48 | DSRD*
* Programmable character lengths (5, 6, 7, 8) cron [2] O 7] crsor
* Even, odd, or no parity bit generation and detection orrar [ ] 6] orro-
* Status report register vee [4] 5] oo
* Independent transmit and receive control RTSA LS 4] rrsor
 TTL compatible inputs, outputs - =
* Software compatible with INS8250, NS16C550 e sTrscssic08 % o
* 460.8 kHz transmit/receive operation with 7.372 o [o] o 1ore
MHz crystal or external clock source e [10] [59] mc
csB* E El CscC*
INTB [ 12 E INTC
RTSB* 13 El RTSC*
ORDERING INFORMATION _| o E ] o
CTse* E E crsc
Partnumber Package Operating temperature =TTl Tall &l T Tl <TellsT=T=lls[T=lTs
ST16C554CQ64 QFP 0°C to+70°C gggegeggggeggggg
ST16C554DCQ64 QFP 0°C to+70°C go=e> EEger=0g
ST16C554DCJ68 PLCC 0°C to+70°C
ST16C554D1J68 PLCC -40°C to+85°C
Rev. 2.2

3-185



ST16C554D

ST16C554D

BLOCK DIAGRAM
| - ! Transmit Transmit
of | 3 FIFO Shift
chc))gz g §’ | | Registers Register
|IOW* <:> _,g ) (_8 <::1'>l| : I
RESET o=
S | |
I I
| | I
I I
| 4 | Receive Receive
| .S i
5 KA FIFo Shift
lo | Registers Register
3 c .
12 ol
TR 89
AD-A2 B35 | £
e H
g
c
| = I
I I
| I
| K
| I
| | Modem
INTSEL || 5 = | | Clock Control
5 2.9 Logic
Eco l<:‘: &
039 Baud Rate
INTX 20 - |
RXRDY* |[<| = | Generator
TXRDY* - - —

XTAL1
XTAL2
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SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description

DO-D7 5-66 /0 Bi-directional data bus. Eight bit, three state data bus to
transfer information to or from the CPU. DO is the least
significant bit of the data bus and the first serial data bit to
be received or transmitted.

RX A-B 7,29

RX C-D 41,63 I Serial data input. The serial information (data) received
from serial port to ST16C554 receive input circuit. A mark
(high) is logic one and a space (low) is logic zero. During the
local loopback mode the RX input is disabled from external
connection and connected to the TX output internally.

TX A-B 17,19

TX C-D 51,53 0] Serial data output. The serial data is transmitted via this pin
with additional start, stop and parity bits. The TX will be held
in mark (high) state during reset, local loopback mode or
when the transmitter is disabled.

CS* A-B 16,20

CS*C-D 50,54 I Chip select. (active low) A low at this pin enables the
ST16C554 / CPU data transfer operation. Each UART
sections of the ST16C554 can be accessed independently.

XTAL1 35 I Crystal input 1 or external clock input. A crystal can be
connected to this pin and XTAL2 pin to utilize the internal
oscillator circuit. An external clock can be used to clock
internal circuitand baud rate generator for custom transmis-
sion rates.

XTAL2 36 @) Crystal input 2 or buffered clock output. See XTAL1.

IOW* 18 I Write strobe. (active low) A low on this pin will transfer the
contents of the CPU data bus to the addressed register.

GND 6,23

GND 40,57 @) Signal and power ground.

IOR* 52 I Read strobe. (active low) A low level on this pin transfers

the contents of the ST16C554 data bus to the CPU.
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SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description

TXRDY* 39 (0] Transmit ready. (active low) This pin goes high when the
transmit FIFO of the ST16C554 is full. It can be used as a
single or multi-transfer.

A2 32 I Address select line 2. To select internal registers.

Al 33 I Address select line 1. To select internal registers.

A0 34 I Address select line 0. To select internal registers.

RXRDY* 38 @] Receive ready. (active low) This pin goes low when the
receive FIFO is full. It can be used as a single or multi-
transfer.

INTSEL 65® I Interrupt type select. Enable /disable the interrupt three
state function. Normal interrupt output can be selected by
connecting this pin to VCC ( MCR bit-3 does not have any
effect on the interrupt output ). The three state interrupt
output is selected when this pin is left open or connected to
GND and MCR bit-3 is set to “1".Since this pin is not
available in 64 pin QFP package, two versions of 64 pin
QFP packages are offered. ST16C554DCQ64 with this
pin bonded to VCC and ST16C554CQ64 with this pin
bonded to GND.

INT A-B 15,21

INT C-D 49,55 (0] Interrupt output. (active high) This pin goes high (when
enabled by the interrupt enable register) whenever a re-
ceiver error, receiver data available, transmitter empty, or
modem status condition flag is detected.

RTS* A-B 14,22

RTS* C-D 48,56 0] Request to send. (active low) To indicate that the transmit-

ter has data ready to send. Writing a “1” in the modem
control register (MCR bit-1 ) will set this pin to a low state.
After the reset this pin will be set to high. Note that this pin
does not have any effect on the transmit or receive opera-
tion.
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SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description

DTR* A-B 12,24

DTR* C-D 46,58 (0] Data terminal ready. (active low) To indicate that
ST16C554 is ready to receive data. This pin can be
controlled via the modem control register (MCR bit-0).
Writing a“1” atthe MCR bit-0 will set the DTR* output to low.
This pin will be set to high state after writing a “0” to that
register or after the reset . Note that this pin does not have
any effect on the transmit or receive operation.

RESET 37 I Master reset. (active high) A high on this pin will reset all the
outputs and internal registers. The transmitter output and
the receiver input will be disabled during reset time.

CTS* A-B 11,25

CTS*C-D 45,59 I Clear to send. (active low) The CTS* signal is a MODEM
control function input whose conditions can be tested by
reading the MSR BIT-4. CTS* has no effect on the transmit
or receive operation.

DSR* A-B 10,26

DSR* C-D 44,60 I Data set ready. (active low) A low on this pin indicates the
MODEM is ready to exchange data with UART. This pin
does not have any effect on the transmit or receive opera-
tion.

CD* A-B 9,27

CD*C-D 43,61 I Carrier detect. (active low) A low on this pin indicates the
carrier has been detected by the modem.

RI* A-B 8,28

RI* C-D 42,62 I Ring detectindicator. (active low) A low on this pin indicates
the modem has received a ringing signal from telephone
line.

VCC 13,30

VCC 47,64 I Power supply input.

® Has internal pull-down resistor.
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ST16C554 ACCESSIBLE REGISTERS

A2 A1 A0 |Register |[BIT-7 |BIT-6 ([BIT-5 |[BIT-4 [BIT-3 ([BIT-2 [BIT-1 BIT-0
0 0O RHR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 0O THR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 01 IER 0 0 0 0 modem | receive |transmit | receive
status line holding | holding
interrupt| status | register | register
interrupt
010 FCR RCVR | RCVR 0 0 DMA XMIT | RCVR | FIFO
trigger | trigger mode FIFO FIFO | enable
(MSB) | (LSB) select reset reset
010 ISR o/ o/ 0 0 int int int int
FIFOs | FIFOs priority | priority | priority | status
enabled | enabled bit-2 bit-1 bit-0
011 LCR divisor set set even parity stop word word
latch break | parity parity | enable bits length | length
enable bit-1 bit-0
100 MCR 0 0 0 loop INT Not RTS* | DTR*
back | enable | used
1 01 LSR o/ trans. trans. break |framing | parity [overrun | receive
FIFO | empty [ holding [interrupt | error error error data
error empty ready
110 MSR CD RI DSR CTS delta delta delta delta
CD* RI* DSR* | CTS*
111 SPR bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 0 0 DLL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0
0 0 1 DLM bit-15 | bit-14 | bit-13 |bit-12  |bit-11  |bit-10  |bit-9 bit-8

DLL and DLM are accessible only when LCR bit-7 is set to “1".
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PROGRAMMING TABLE

A2 Al A0 READ MODE WRITE MODE

0 0 0 Receive Holding Register Transmit Holding Register
0 0 1 Interrupt Enable Register
0 1 0 Interrupt Status Register FIFO Control Register

0 1 1 Line Control Register

1 0 0 Modem Control Register
1 0 1 Line Status Register

1 1 0 Modem Status Register

1 1 1 Scratchpad Register Scratchpad Register

0 0 0 LSB of Divisor Latch

0 0 1 MSB of Divisor Latch

REGISTER FUNCTIONAL DESCRIPTIONS
TRANSMIT AND RECEIVE HOLDING REGISTER

The serial transmitter section consists of a Transmit
Hold Register (THR) and Transmit Shift Register
(TSR). The status of the transmit hold register is
provided in the Line Status Register (LSR). Writing to
this register (THR) will transfer the contents of data
bus (D7-DO0) to the Transmit holding register when-
ever the transmitter holding register or transmitter
shift register is empty. The transmit holding register
empty flag will be set to “1” when the transmitter is
empty or data is transferred to the transmit shift
register. Note that a write operation should be per-
formed when the transmit holding register empty flag
is set.

On the falling edge of the start bit, the receiver internal
counter will start to count 7 1/2 clocks (16x clock)
which is the center of the start bit. The start bit is valid
if the RX is still low at the mid-bit sample of the start
bit. Verifying the start bit prevents the receiver from
assembling a false data character due to a low going
noise spike on the RX input. Receiver status codes will
be posted in the Line Status Register.

FIFO INTERRUPT MODE OPERATION

When the receive FIFO (FCR BIT-0=1) and receive
interrupts (IER BIT-0=1) are enabled, receiver inter-
rupt will occur as follows:

A) The receive data available interrupts will be issued
to the CPU when the FIFO has reached its pro-
grammed trigger level; it will be cleared as soon as the
FIFO drops below its programmed trigger level.

B) The ISR receive data available indication also
occurs whenthe FIFO trigger levelis reached, and like
the interrupt it is cleared when the FIFO drops below
the trigger level.

C) The data ready bit (LSR BIT-0) is set as soon as a
character is transferred from the shift register to the
receiver FIFO. It is reset when the FIFO is empty.

FIFO POLLED MODE OPERATION

When FCR BIT-0=1; resetting IER BIT 3-0to zero puts
the ST16C554 in the FIFO polled mode of operation.
Since the receiver and transmitter are controlled
separately either one or both can be in the polled mode
operation by utilizing the Line Status Register.
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A) LSR BIT-0 will be set as long as there is one byte
in the receive FIFO.

B) LSR BIT4-1 will specify which error(s) has oc-
curred.

C) LSR BIT-5 will indicate when the transmit FIFO is
empty.

D) LSR BIT-6 will indicate when both transmit FIFO
and transmit shift register are empty.

E) LSR BIT-7 will indicate when there are any errors
in the receive FIFO.

The ST16C554 requires to have two step FIFO enable
operation in order to enable receive trigger levels.

PROGRAMMABLE BAUD RATE GENERATOR

The ST16C554 contains a programmable Baud Rate
Generator that is capable of taking any clock input
from DC-24 MHz and dividing it by any divisor from 1
to 2% -1. The output frequency of the Baudout* is
equal to 16X of transmission baud rate (Baudout*=16
x Baud Rate). Customize Baud Rates can be
achieved by selecting proper divisor values for MSB
and LSB of baud rate generator.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) masks the incom-
ing interrupts from receiver ready, transmitter empty,
line status and modem status registers to the INT
output pin.

IER BIT-0:
O=disable the receiver ready interrupt.
1=enable the receiver ready interrupt.

IER BIT-1:
O=disable the transmitter empty interrupt.
1=enable the transmitter empty interrupt.

IER BIT-2:
O=disable the receiver line status interrupt.
1=enable the receiver line status interrupt.

IER BIT-3:
O=disable the modem status register interrupt.
1=enable the modem status register interrupt.

IER BIT 7-4:
All these bits are set to logic zero.

INTERRUPT STATUS REGISTER (ISR)

The ST16C554 provides four level prioritized inter-
rupt conditions to minimize software overhead during
data character transfers. The Interrupt Status Regis-
ter (ISR) provides the source of the interrupt in priori-
tized matter. During the read cycle the ST16C554
provides the highest interrupt level to be serviced by
CPU. No other interrupts are acknowledged until the
particular interrupt is serviced. The following are the
prioritized interrupt levels:

Priority level

P D3| D2| D1| DO | Source of the interrupt

11011 1|0 LSR (Receiver Line Sta-
tus Register)

RXRDY (Received Data
Ready)

RXRDY (Receive Data
time out)

TXRDY ( Transmitter
Holding Register Empty)
MSR (Modem Status
Register)

2111100

*RECEIVE TIME-OUT:

This mode is enabled when STARTECH UART is
operating in FIFO mode. Receive time out will not
occur if the receive FIFO is empty. The time out
counter will be reset at the center of each stop bit
received or each time receive holding register is read.
The actual time out value is T ( Time out length in
bits)= 4 X P ( Programmed word length) + 12. To
convert time out value to a character value, user has
to divide this number to its complete word length +
parity (if used) + number of stop bits and start bit.
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Example -A: If user programs the word length =7, and
no parity and one stop bit, Time out will be:

T =4 X 7( programmed word length) +12 = 40 bits
Character time =40/ 9 [ (programmed word length =
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters.

Example -B: If user programs the word length = 7, with
parity and one stop bit, the time out will be:

T =4 X 7(programmed word length) + 12 = 40 bits
Character time = 40/ 10 [ (programmed word length
=7) + (parity = 1) + (stop bit = 1) + (start bit=1) = 4
characters.

ISR BIT-0:

O=an interruptis pending and the ISR contents may be
used as a pointer to the appropriate interrupt service
routine.

1=no interrupt pending.

ISR BIT 1-3:
Logical combination of these bits, provides the high-
est priority interrupt pending.

ISR BIT 4-7:

These bits are not used and are set to zero in
ST16C450 mode.BIT 6-7: are setto “1”in ST16C554
mode.

FIFO CONTROL REGISTER (FCR)

This register is used to enable the FIFOs, clear the
FIFOs, set the receiver FIFO trigger level, and select
the type of DMA signaling.

FCR BIT-0:

O=Disable the transmit and receive FIFO.

1=Enable the transmit and receive FIFO.

This bit should be enabled before setting the FIFO
trigger levels.

FCR BIT-1:

0=No change.

1=Clears the contents of the receive FIFO and resets
its counter logic to O (the receive shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-2:

0=No change.

1=Clears the contents of the transmit FIFO and resets
its counter logic to O (the transmit shift register is not
cleared or altered). This bit will return to zero after
clearing the FIFOs.

FCR BIT-3:

0=No change.

1=Changes RXRDY and TXRDY pins from mode “0”
to mode “1".

Transmit operation in mode “0”:

When ST16C554 is in ST16C450 mode ( FCR bit-0=0
) or in the FIFO mode ( FCR bit-0=1, FCR bit-3=0 )
when there are no characters in the transmit FIFO or
transmit holding register, the TXRDY* pin will go low.
Once active the TXRDY* pin will go high (inactive)
after the first character is loaded into the transmit
holding register.

Receive operation in mode “0™:

When ST16C554 is in ST16C450 mode ( FCR bit-0=0
) orin the FIFO mode ( FCR bit-0=1, FCR bit-3=0) and
there is at least 1 character in the receive FIFO, the
RXRDY* pin will go low. Once active the RXRDY* pin
will go high (inactive) when there are no more charac-
ters in the receiver.

Transmit operation in mode “1”:

When ST16C554 is in ST16C550 mode ( FCR bit-
0=1, FCR bit-3=1) the TXRDY* pin will become high
(inactive) when the transmit FIFO is completely full. It
will be low if one or more FIFO locations are empty.

Receive operation in mode “1":

When ST16C554 is in ST16C550 mode ( FCR bit-
0=1, FCR bit-3=1) and the trigger level or the timeout
has been reached, the RXRDY* pin will go low. Once
it is activated it will go high (inactive) when there are
no more characters in the FIFO.

FCR BIT 4-5:
Not used.

FCR BIT 6-7:
These bits are used to set the trigger level for the
receiver FIFO interrupt.
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BIT-7 BIT-6 FIFO trigger level
0 0 01
0 1 04
1 0 08
1 1 14

LINE CONTROL REGISTER (LCR)

The Line Control Register is used to specify the
asynchronous data communication format. The num-
ber of the word length, stop bits, and parity can be
selected by writing appropriate bits in this register.

LCR BIT1-0:
These two bits specify the word length to be transmit-
ted or received.

BIT-1 | BIT-0 Word length

Pk OO
R ORFrOoO
o0 ~NOo Ol

LCR BIT-2:
The number of stop bits can be specified by this bit.

BIT-2 | Word length  |Stop bit(s)
0 5,6,7,8 1
1 5 1-1/2
1 6,7,8 2
LCR BIT-3:
Parity or no parity can be selected via this bit.
0=no parity

1=a parity bit is generated during the transmission,
receiver also checks for received parity.

LCR BIT-4:

If the parity bit is enabled, LCR BIT-4 selects the even
or odd parity format.

0=0DD parity is generated by forcing an odd number
of 1's in the transmitted data, receiver also checks for
same format.

1=EVEN parity bitis generated by forcing an even the
number of 1's in the transmitted data, receiver also
checks for same format.

LCR BIT-5:

If the parity bit is enabled, LCR BIT-5 selects the
forced parity format.

LCR BIT-5=1 and LCR BIT-4=0, parity bit is forced to
“1” in the transmitted and received data.

LCR BIT-5=1 and LCR BIT-4=1, parity bit is forced to
“0” in the transmitted and received data.

LCR BIT-6:

Break control bit. It causes a break condition to be
transmitted (the TX is forced to low state).

O=normal operating condition.

1=forces the transmitter output (TX) to go low to alert
the communication terminal.

LCR BIT-7:

The internal baud rate counter latch enable (DLAB).
O=normal operation.

1=select divisor latch register.

MODEM CONTROL REGISTER (MCR)

This register controls the interface with the MODEM
or a peripheral device (RS232).

MCR BIT-O0:
O=force DTR* output to high.
1=force DTR* output to low.

MCR BIT-1:
O=force RTS* output to high.
1=force RTS* output to low.

MCR BIT-2:
Not used, except in internal loop-back mode.

MCR BIT-3:
O=set the INT A-D output pin to three state mode..
1=Enable the INT A-D output pin.

3-194



ST16C554D

MCR BIT-4:

O=normal operating mode.

1=enable local loop-back mode (diagnostics). The
transmitter output (TX) is set high (Mark condition),
the receiverinput (RX), CTS*, DSR*, CD*, and RI* are
disabled. Internally the transmitter output is con-
nected to the receiver input and DTR*, RTS*, MCR
bit-2 and INT enable are connected to modem control
inputs.

In this mode , the receiver and transmitter interrupts
are fully operational. The Modem Control Interrupts
are also operational, but the interrupts sources are
now the lower four bits of the Modem Control Register
instead of the four Modem Control inputs. The inter-
rupts are still controlled by the IER .

MCR BIT 5-7:
Not used. Are setto zero permanently.

LINE STATUS REGISTER (LSR)

This register provides the status of data transfer to
CPU.

LSR BIT-0:

0=no data in receive holding register or FIFO.
1=data has been received and saved in the receive
holding register or FIFO.

LSR BIT-1:

0=no overrun error (normal).

1=overrun error, next character arrived before receive
holding register was emptied or if FIFOs are enabled,
an overrun error will occur only after the FIFO is full
and the next character has been completely received
in the shift register. Note that character in the shift
register is overwritten, but it is not transferred to the
FIFO.

LSR BIT-2:

0=no parity error (normal).

1=parity error, received data does not have correct
parity information. In the FIFO mode this error is
associated with the character at the top of the FIFO.

LSR BIT-3:
0=no framing error (normal).
1=framing error received, received data did not have

a valid stop bit. In the FIFO mode this error is
associated with the character at the top of the FIFO.

LSR BIT-4:

0=no break condition (normal).

1=receiver received a break signal (RX was low for
one character time frame). In FIFO mode, only one
zero character is loaded into the FIFO.

LSR BIT-5:

O=transmit holding register is full. ST16C554 will not
accept any data for transmission.

1=transmit holding register (or FIFO ) is empty. CPU
can load the next character.

LSR BIT-6:

O=transmitter holding and shift registers are full.
1=transmitter holding and shift registers are empty. In
FIFO mode this bit is set to one whenever the trans-
mitter FIFO and transmit shift register are empty.

LSR BIT-7:

O0=Normal.

1=At least one parity error, framing error or break
indication in the FIFO. This bitis cleared when LSR is
read.

MODEM STATUS REGISTER (MSR)

This register provides the current state of the control
lines from the modem or peripheral to the CPU. Four
bits of this register are used to indicate the changed
information. These bits are set to “1” whenever a
control input from the MODEM changes state. They
are set to “0” whenever the CPU reads this register

MSR BIT-0:
Indicates that the CTS* input to the ST16C554 has
changed state since the last time it was read.

MSR BIT-1:
Indicates that the DSR* input to the ST16C554 has
changed state since the last time it was read.

MSR BIT-2:
Indicates that the RI* input to the ST16C554 has
changed from a low to a high state.
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MSR BIT-3:
Indicates that the CD* input to the ST16C554 has
changed state since the last time it was read.

MSR BIT-4:

This bit is equivalent to RTS in the MCR during local
loop-back mode. It is the compliment of the CTS*
input.

MSR BIT-5:

This bit is equivalent to DTR in the MCR during local
loop-back mode. It is the compliment of the DSR*
input.

MSR BIT-6:
This bit is equivalent to MCR bit-2 during local loop-
back mode. It is the compliment of the RI* input.

MSR BIT-7:

This bitis equivalent to INT enable in the MCR during
local loop-back mode. It is the compliment to the CD*
input.

Note: Whenever MSR BIT3-0: is set to logic “1”, a
MODEM Status Interrupt is generated.

SCRATCHPAD REGISTER (SR)

ST16C554 provides atemporary data register to store
8 bits of information for variable use.

BAUD RATE GENERATOR PROGRAMMING
TABLE (1.8432 MHz CLOCK):

BAUD RATE 16 x CLOCK % ERROR
DIVISOR
50 2304
110 1047 0.026
150 768
300 384
600 192
1200 96
2400 48
4800 24
7200 16
9600 12
19.2K 6
38.4K 3
56K 2 2.77
115.2K 1

ST16C554 EXTERNAL RESET CONDITION

REGISTERS | RESET STATE
IER IER BITS 0-7=0
ISR ISR BIT-0=1, ISR BITS 1-7=0
LCR LCR BITS 0-7=0
MCR MCR BITS 0-7=0
LSR LSR BITS 0-4=0,
LSR BITS 5-6=1 LSR, BIT 7=0
MSR MSR BITS 0-3=0,
MSR BITS 4-7=input signals
FCR FCR BITS 0-7=0
SIGNALS RESET STATE
TX A-D High
RTS* A-D High
DTR* A-D High
RXRDY* High
TXRDY* Low
INT A-D Three state mode
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AC ELECTRICAL CHARACTERISTICS

T,=0°-70° C, Vcc=3.3-5.0V = 10% unless otherwise specified.

Symbol Parameter Limits Units Conditions

Min Typ Max

T, Clock high pulse duration 20 ns

T, Clock low pulse duration 20 ns

T, Clock rise/fall time 10 ns

T, Chip select setup time 0 ns

T, Chip select hold time 0 ns

T, Data setup time 15 ns

T, Data hold time 15 ns

T, IOW* delay from chip select 10 ns

T, IOW* strobe width 50 ns

T, Chip select hold time from IOW* 0 ns

T, Write cycle delay 55 ns

Tw Write cycle=T +T,, 105 ns

T, Data hold time 15 25 ns

T, IOR* delay from chip select 10 ns

T, IOR* strobe width 65 ns

T, Chip select hold time from IOR* 0 ns

T, Read cycle delay 55 ns

Tr Read cycle=T,+T, 115 ns

T, Delay from IOR* to data 35 ns 100 pF load

T, Delay from IOW* to output 50 ns 100 pF load

T, Delay to set interrupt from MODEM 70 ns 100 pF load

input

T, Delay to reset interrupt from IOR* 70 ns 100 pF load

T, Delay from stop to set interrupt 1o ns 100 pF load

T, Delay from IOR* to reset interrupt 200 ns 100 pF load

T, Delay from initial INT reset to transmit 8 24 *

start

T, Delay from stop to interrupt 100 ns

T, Delay from IOW* to reset interrupt 175 ns

T, Delay from stop to set RxRdy ook

Ty Delay from IOR* to reset RxRdy 100 ns

T Delay from IOW* to set TxRdy 195 ns

T, Delay from start to reset TxRdy 8 *

Tr Reset pulse width 10 ns

N Baud rate devisor 1 211

Note 1: * = Baudout* cycle
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ABSOLUTE MAXIMUM RATINGS

Supply range 7 Volts
Voltage at any pin GND-0.3V to VCC+0.3V
Operating temperature 0°C to +70°C
Storage temperature -40° C to +150° C
Package dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS

T,=0°-70°C, Vcc=3.3-5.0V £ 10% unless otherwise specified.

Symbol Parameter Limits Units Conditions
Min Typ  Max
Ve Clock input low level -0.5 0.6 \
Viex Clock input high level 3.0 VCC \
V, Input low level -0.5 0.8 \
vV, Input high level 2.2 VCC \
Vo, Output low level on all outputs 0.4 \ I,,= 6 MA
Vo Output high level 2.4 \ l,= -6 MA
lec Avg power supply current 10 14 mA
I Input leakage 110 uA
le, Clock leakage 10 uA
Ve Clock input low level -0.3 0.8 \ Vee=3.0 V
Viex Clock input high level 2.4 VCC \ Vce=3.0 V
V, Input low level -0.3 0.8 \ Vce=3.0 V
vV, Input high level 2.0 VCC \ Vce=3.0 V
Vo, Output low level on all outputs 0.4 \ Vee=3.0V, I, =
8.5 mA
Vo Output high level 2.0 \ Vee=3.0V, I, = -4
mA
lec Avg power supply current 8 12 mA Vce=3.0 V
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GENERAL READ TIMING
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GENERAL WRITE TIMING
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MODEM TIMING
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RECEIVE TIMING
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RXRDY TIMING FOR MODE "0"

START BIT
<P DATA BITS (5-8) STOP BIT
< > < >
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RXRDY TIMING FOR MODE "1"

START BIT
D | DATA BITS (5-8) STOP BIT
< 14 P
A\ A\
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TRANSMIT TIMING
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TXRDY TIMING FOR MODE "0"
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TXRDY TIMING FOR MODE "1"
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!
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