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RELATED DOCUMENTATION

The documentation described below provides
additional information related to the contents of
this manual. For a complete list of Convergent
Technologies documentation, see the "Guide to
Technical Documentation" in the Executive Manual
or similar command-line interpreter manual for
your operating system.

CONVERGENT TECHNOLOGIES DOCUMENTATION

Introductory
Installation Guide (NGEN)
Operator's Guide (NGEN)

Software
Debugger Manual
Voice/Data Services Manual

Hardware
Processor Manuals
Diagnostics Manual

The Installation Guide describes the procedure for
unpacking, assembling, cabling, and powering up a
workstation.

The Operator's Guide is a 1link between the
operator, the workstation, and the workstation's
documentation. The Operator's Guide describes the
operator controls and the use of the floppy disk
drives, as well as how to use software release
notices.

The Debugger Manual describes the Debugger, which
is designed for use at the symbolic instruction
level. It can be used in debugging C, FORTRAN,
Pascal, and assembly-language programs. (coBoL
and BASIC, in contrast, are mor: conveniently
debugged ~using special facilities described in
their respective manuals.)

The Voice/Data Services Manual describes the
Voice/Data Services, which consists of a device
driver that provides a request and procedural
interface between the software and Thardware
components in the Voice Processor Module.
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The Processor Manuals describe the respective
Processor Modules. Each manual (a two-volume set)
covers one processor model and details the
architecture and theory of operation of the
printed circuit boards, external interfaces, and
memory expansion, as well as abridged X-Bus
specifications.

The Diagnostics Manual describes the tests used to
verify proper operation of the modules in your
workstation. Individual tests for individual
modules are covered along with bootstrap
procedures and customization programs.

VENDOR DOCUMENTATION

The boards that make up the Telephone Manager
Module are heavily dependent upon programmable
large-scale integration (LSI) circuitry to perform
their functions. Since hardware functions and
software interfaces of the LSI circuitry are only
summarized in this manual, users can find
additional information in the following
manufacturers' literature:

Intel Corporation. Intel Component Data Catalog.
Santa Clara, Cal.: Intel Corporation, 1980.

Intel Corporation. Intel Microprocessor and
Peripheral Handbook. Santa Clara, Cal.: Intel
Corporation, 1980.

Mitel Corporation. Mitel Semiconductor. Micro-
electronic Products for Telecommunications. Issue
3. Kanata, Ontario, Canada: Mitel, 1982. 9161-
952-091-NA.

MT8804A 8 X 4 Analog Switch Array. April
1983.
MT8870A Integrated DTMF Receiver.

Preliminary. April 1983.

Mostek Corporation. Telecommunications Products
Data Book. Carrollton, Tex.: Mostek, 198l1.

MK5089
(N/P/J) Integrated Tone Dialer.
Preliminary.
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National Semiconductor Corporation. Linear

Databook. Santa Clara: National Semiconductor,
1982. .

LM3915 Dot/Bar Display Driver.

TP3040/

TP3040A PCM Monolithic Filter.
Oki Semiconductor, Inc. Santa Clara.

MSM5204RS 8 Bit Analog-to-Digital Converter.
Preliminary. October 1982.

MSM5218RS ADPCM Speech Analysis/Synthesis IC.
Preliminary. October 1982.
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CONVENTIONS

NUMBERS

Numbers used in this manual are written in decimal
unless suffixed with "h" for hexadecimal. For
example, 10h = 16 and @FFh = 255.

SIGNAL NAMES

Signal names used in this manual are suffixed with
plus (+) and minus (-) to distinguish active-high
from active-low, respectively. An example of a RD

(Read) signal is as follows:

Signal Name Logical State Voltage Level

RD- 2 (active) Low
1 (inactive) High
RD+ @ (inactive) Low
1 (active) High

In addition, signals can be asserted (activated)
or deasserted (deactivated) as follows:

Signal Name Logical State Voltage Level

RD- 9 (asserted) Low
1 (deasserted) High
RD+ g (deasserted) Low
1 (asserted) High
X-BUS

In this manual, the "X-Bus master" denotes any
device or module capable of controlling the X-Bus
command lines.

An explanation of the system capabilities and the
system bus, designated as the X-Bus, is found in
the Processor Manual for the system.
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DOWNSTREAM/UPSTREAM

In this manual, "downstream" signifies any X-Bus
module that 1is to the right of the referenced
module. For example, downstream from the Voice
Processor Module signifies any module to the right
of it.

In addition, "upstream" signifies any module to
the left of the referenced module.

SYSTEM CONTROLLER

The system controller consists of the leftmost
X~-Bus module that provides bus clocks, DMA mode
arbitration, and power-up signals.

xii Voice Processor Manual



1 OVERVIEW

INTRODUCTION TO THE MANUAL

This manual serves as a reference for the engineer
who tests or services the Voice Processor Module
electronics, or who writes or modifies applicable
software for use with the workstation. This
manual does not, however, support modifications to
existing hardware. The manual is divided into the
following sections:

o Overview

o Architecture

(] Theory of Operation

o External Interfaces

o Troubleshooting Quick Reference Card

This section, "Overview, " describes the
capabilities of the Voice Processor Module, as
well as its major components.

The second section, "Architecture," covers the
Voice Processor Module in terms of its applicable
software interfaces to  hardware components.
Applicable command and status registers for the
module are defined. In addition, +the X-Bus
identification scheme and X-Bus DMA mode 3
operation are summarized.

Section 3, "Theory of Operation," details the
component-level circuit descriptions of the Voice
Processor Module. In addition, an interconnect

wire list is provided.

The last section, "External Interfaces," provides
a collection of ©both hardware and software
interface information for cable requirements.

In addition, Appendix A contains the Voice
Processor Module specifications, Appendix B
contains the Modem board specifications, and
Appendix C contains the schematic diagram, wire
list and other drawings.
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A troubleshooting quick reference card points to
sections within the manual for troubleshooting the
Voice Processor Module.

A glossary of technical terms is located at the
end of the manual. ’

INTRODUCTION TO THE MODULE

GENERAL

The Voice Processor Module, shown in Figure 1l-1,
provides a fully integrated voice and data
interface between a workstation and the switched
telephone network or commonly used private
automatic branch exchange (PABX) system
(supporting Tip and Ring connection). When used
with a digital PABX system, all signals and
transmission between the Voice Processor Module
and the PABX occur via analog techniques.

The Voice Processor Module is an X-Bus module
containing two printed-circuit boards. The first
board contains a Bell 212A-compatible modem.

The second board contains the following:

o modular jacks for two telephone line
interfaces (FCC, part 68, registered)

o additional modular jack (FCC, part 68,
registered) that allows connection to any
standard voice unit (telephone set)

o analog crosspoint switch allowing any device
to connect to either 1line under software
control

o Dual-Tone Multifrequency (DTMF) touch-tone
auto-dialer

(o) DTMF touch-tone decoder that permits numeric
data entry via remote voice unit touch pad

o call progress tone detector

o voice amplifier
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Figure 1-1. Voice Processor Module.
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o Adaptive Pulse Code Modulation (ADPCM) CODEC
(Coder/Decoder) for support of digitized voice
communications at speeds far 1less than the
normal 64Kbps

o 8051 microprocessor to control all module
activities

MODEM BOARD

The Modem board can be used in both originate and
answer modes and supports full-duplex transmission
(asynchronous mode) over ordinary two-wire
telephone circuits. It is compatible with the
Western Electric 212A series at 1200 baud and the
Bell 1903/113 series at 300 baud. Dibit encoded
phase-shift keying (PSK) is used for high-speed
operation, and frequency-shift keying (FSK) is
used for low-speed operation.

CONTROLLER BOARD

Modular Jacks

Three modular jacks are provided at the rear panel
of the Voice Processor Module, under a removable
cover. The jack labeled "Phone" connects to a
standard telephone or speakerphone (voice unit).
The jacks labeled "Line 1" and "Line 2" connect to
the central office of a telephone company or PABX
switch line. When the workstation is powered down
or a power failure exists, a normally closed relay
connects the "Line 1" jack to the "Phone" jack,
permitting manual operation of the voice unit.

Analog Crosspoint Switch Array

All devices are connected to an analog crosspoint
switch array, which allows, under software
control, either telephone line to be connected to
the voice unit, the modem, the CODEC, or the DTMF
tone decoder.
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DTMF Tone Generator

The DTMF tone generator generates all 16 DTMF
digits (@ through 9, *, #, and ZAh through ©ODh)
under software control and is normally used in
auto-dial applications. The DTMF tone generator
can also be programmed to transmit various key
sequences to activate specific features of PABXs.

The DTMF tone generator can also generate single
tones.

DTMF Tone Receiver

The DTMF tone receiver decodes incoming DTMF tones
as digits for applications software. For example,
numeric information can be input via the telephone
touch pad to programs supporting voice mail or
voice response capabilities.

Call Progress Tone Detector

The call progress tone detector consists of analog
circuitry that, in conjunction with software,
detects busy tone, dial tone, reorder tone, and
answer (ringback) tone.

Voice Amplifier

The voice amplifier amplifies voice signals along
the voice unit-to-central office/PABX connection
through the analog crosspoint switch array.

CODEC

Using the CODEC and ADPCM (Adaptive Pulse Code
Modulation) technique, the Voice Processor Module
encodes or digitizes analog (voice) signals for
storage and decodes or converts digitized voice
information back from storage into an analog form
for transmission. The CODEC operates at either 6-
kHz or 8-kHz sampling rates, generating data at
either 24Kbps or 32Kbps, respectively. Therefore,
high quality voice can be transmitted at the 8-kHz
sampling rate, or the 6-kHz rate can be used for
applications where storage and transmission costs
are more important than voice quality.
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The digital output of the CODEC can be stored on
the local system hard disk or can be transmitted
via the 1.8Mbps RS-422 cluster communications line
to a disk at the master workstation.

Microprocessor

All devices within the Voice Processor Module are
controlled by an 8851 microprocessor.

SOFTWARE SUPPORT

Software support includes CT-MAIL, CT-Net, and
"Operator" software, which is specially tailored
for the Voice Processor Module as follows:

o Telephone directory management, which has the
ability to add, delete, modify, and look up
entries in a disk-based telephone directory,
and automatically establish calls using the
information in the directory. Menus provide
assistance in accessing special functions used
by PABXs.

o Voice digitization, which allows the operator
to use the CODEC to record and play back calls
or messages. This capability enhances
CT-MAIL, where it is used for voice annotation
of written documents, as well as the inclusion
of voice attachments to textual mail.

) Telephone answering, which allows an
unattended system to automatically answer the
telephone and perform a variety of user-
selectable operations ranging from simple
message playback/recording to input of numeric
data from a telephone touch-tone pad.

MAJOR COMPONENTS

All functions of the Voice Processor Module are

controlled by a dedicated 8051 microprocessor,

which includes 4K bytes of on-chip ROM and 128

bytes of on-chip RAM, a serial port used to
interface to the modem, and an 8-bit parallel port .
used for several input signals from the modem and

X-Bus interface.
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Most devices, however, are accessed as external
RAM locations to the 8851 microprocessor. These
include a stacker/destacker used to pass 4-bit
data to/from the CODEC, the DTMF tone detector,
the DTMF tone generator, crosspoint switch
control, and a series of address and data latches
used for communicating with the X-Bus as a DMA
mode 3 master. (See the "DMA Transfer Mode 3"
subsection in section 2, "Architecture.")

A socket for a 2732 EPROM provides instructions
for the 8031 ROM-less microprocessor rather than
the 8751 EPROM version.

The CODEC consists of an Oki 5218 ADPCM speech
analyzer/synthesizer. A data rate of 32Kbps is
standard (8 kHz ADPCM sampling frequency), while
24Kbps (6 kHz) 1is available as a programmable
option (for applications where voice quality is of
less importance than storage costs).

The major components of the Voice Processor Module
include the following:

o the enclosure, which houses the module
components

o the motherboard, which lies against the bottom
of the enclosure

o the Modem board, which is mounted vertically
along the left side of the enclosure

o the Controller board, which is mounted
vertically along the right side of the
enclosure

o one dc/dc converter that plugs into the
motherboard, supplying +5 Vdc and -5Vdc

Major components located on the Controller board
include the following:

o 8051 microprocessor
o 2732 EPROM

o MSM5204 8-bit analog-to-digital converter
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o MSM5218 ADPCM speech analysis/synthesis IC

o MK5089 integrated tone dialer

o MT8870 integrated DTMF receiver

o MT8804 8X4 analog switch array

o LM3915 dot/bar display driver

o TP3040/TP3040A PCM monolithic filter

Printed «circuit assemblies showing component
locations for the Controller board and Motherboard
are provided in Appendix C. In addition, the

Modem board specifications are provided in
Appendix B.
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2 ARCHITECTURE

INTRODUCTION

This section provides information for the systems
programmer who needs to understand the Voice
Processor Module hardware at a functional block
level. It includes information for programming
the large-scale integration (LSI) devices within
the Voice Processor Module.

A functional block diagram of the Voice Processor
Module is shown in Figure 2-1. Each block 1is
described in this section in relation to the
programmable LSI device or devices performing the

applicable function 1in the workstation. Each
subsection describes the nature of the function
and how it is implemented. In addition, specific

status and command registers are examined.
The following subjects are detailed:

o X-Bus interface

o changing module base I/0 address

o X-Bus mode 3 DMA transfer interface
o 8051 microprocessor internal ports

o 8051 microprocessor external devices
o 8051 microprocessor firmware

o buffer management

o error reporting

(] call progress tone detection

o pause detection

o interrupt status

o external RAM address summary
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X-BUS INTERFACE

Upon either a power-up or manual reset, the
bootstrap ROM program in the Processor Module
assigns a unique base I/0 address to each module
that is physically attached to the X-Bus. The
operating system also has the ability to change
the base I/0 address of any module at any time. A
description for changing the module base address
through the operating system is included in the
"Changing Module Base I/0O Address" subsection, in
the "Bootstrap ROM and Debugger" section of the
Processor Manual for the system.

The Processor Module uses the base I/0 address to
initialize, identify, or interrupt the Voice
Processor Module. These are described in the
applicable subsections.

MODULE IDENTIFICATION

A power-up, manual reset, or a specific I/0
operation within the Processor Module, resets all
X-Bus modules, except the Processor Module. Only
the module immediately to the right of the
Processor Module is enabled. This module
identifies itself by placing a type/state word on
the data bus when port 0 is read by the Processor
Module.

The Processor Module writes to port @ a base I/0
address. Writing to port @ also causes the module
to reenable the X-Bus connection to the next
module and to ignore subsequent reads and writes
to and from port @. This allows the Processor
Module to repeat the process for each module,
beginning at the module adjacent to the Processor
Module and repeating the process for each module
to the right.

A ready timeout, signaled by a nonmaskable

interrupt (NMI) when accessing port @, signifies
that no additional modules are available.
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To Be Supplied

Figure 2-1. Voice Processor Module Functional
Block Diagram.
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IMPLEMENTATION

The module identification scheme is implemented by
hardware as follows:

o All modules on the X-Bus are assigned an input
signal 1line (XPIN) and are required to
generate an output signal line (XPOUT). The
input signal will always enter a module on the
module's left side, and the output signal will
always exit the module on the module's right
side.

o During power up, all modules reset an internal
flip-flop to drive XPOUT low.

o The XPIN line of the module closest to the
Processor Module is controlled by the
Processor Module; when XPIN is low, the I/0
register clears.

o When a module's XPIN is high and its XPOUT is
low, the base I/0 address of the module is
zero.

o The Processor Module reads port @ to identify
the peripheral (for example, the Voice
Processor Module). This write also enables
the XPOUT line in the module, which allows the
next module on the right to undergo the same
operation.

The Processor Module 1is always referred to as
module @, and the first module to the right of the
Processor Module is referred to as module 1, and
so on. The bootstrap ROM always writes this
module number to the low-order byte of port @ when
it performs the identification polling sequence.
The bootstrap ROM also builds an array of the
module type/state words returned by each module
and stores this table in memory for the system.

CHANGING MODULE BASE 1/0 ADDRESS

As described in the "X-Bus Interface" subsection,
during power-up or manual reset, the Processor
Module assigns a base I/0 address to each module
connected to it on the X-Bus. The first module to
the right of the Processor Module is assigned a
base I/0 address of @l1XXh, the second module
@2XXh, and so on.

Architecture 2-5



The base I/0 address of any module except the
Processor Module can be programmed to be any
number from ©@lXXh to FFXXh (in 1XXh address
increments) . Two facilities are available for
changing the base I/0 address of the modules: the
panel Debugger routine in the Processor Module's
bootstrap ROM program and the software Debugger.

Using either Debugger, each module on the X-Bus
must first be reset to clear the addresses
previously set by the Processor Module. Also,
each module on the X-Bus must be assigned a new
base I/0 address number.

See the Processor Manual or Debugger Manual for
the system for instructions wusing the panel
Debugger or software Debugger routine,
respectively.

DMA TRANSFER MODE 3

DIRECT MEMORY ACCESS

Direct memory access (DMA) transfer operations are
bus operations that access data differently than
the conventional master/slave I/0 or memory
operations. DMA transfer operations allow other
bus masters besides the system controller to
independently access the buses and support data
transfers without direct program control. Bus
masters can retain the bus for more than one cycle
at a time. The X-Bus has four DMA transfer modes,
mode @ through mode 3. The Voice Processor Module
uses mode 3; therefore, only mode 3 will be
described. For information about modes & through
2, see the Processor Manual for the system.

MODE 3

During a mode 3 transfer, the system controller
only provides the arbitration for bus acquisition
signals. The requesting module, which must be a
master, generates the control and addresses. Mode
3 is only valid on DMA channels 1 through 3 of the
system controller; however, more than one mode 3
master may share the same data transfer channel.
The Voice Processor uses DMA channel 1.
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Figure 2-2. Mode 3 DMA Transfer Flow Diagram.
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The data requests and the acknowledge is daisy
chained through priority arbitration logic. When
the system controller asserts XDACK-~ (X-Bus DMA
Acknowledge), each mode 3 module will determine if
it has a valid request. If the applicable mode 3
module has asserted XDRQ- (X-Bus DMA Request),
then it controls the channel and inhibits XDACK-
(X-Bus DMA Acknowledge) for the next X-Bus mode 3
master module, downstream. If no request is
pending for the applicable module, the mode 3
master module asserts XDACK- for the next module
on the X-Bus. A flow diagram for a mode 3 DMA
transfer is shown in Figure 1-2.

For a detailed description of X-Bus specifications
and DMA transfer mode information, see the
technical specification X-Bus: NGEN High Speed
Inter-Module Bus or the Processor Manual for the
system.

X-BUS INTERFACE REGISTERS

The X-Bus interface consists of five registers,
which appear at the following 8851 microprocessor
external RAM locations:

Address (h) Function Access
20 Data register R/W
40 High Byte Address 4
register

50 Middle Byte Address W
register

60 Low Byte Address W
register

79 Control register \

Each of these is described below.
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DATA REGISTER (ADDRESS 20h)

This read/write register holds a byte of Aata
during read or write operations. The 8051
microprocessor reads this register to receive data
from memory via the X-Bus and writes to this
register to transmit data to memory via the X-Bus.

Note that the local data byte is identical to the
X-Bus data byte. The register acts only as an
interface.

The Voice Processor Module performs byte
transfers, and therefore chooses whether to
transmit or receive data on the high byte or the
low byte of the data bus. Before each transfer,
the 8051 microprocessor latches in three separate
bytes of addresses as described for the following
registers.

HIGH BYTE ADDRESS REGISTER (ADDRESS 40h)

Since the X-Bus consists of a 24-bit address bus,
the 8051 microprocessor, which contains an 8-bit
data bus, latches each of the three X-Bus address
bytes separately.

This register generates the high-order address
byte (that is, XADR19- through XADR17-) during
write operations. Data bit functions are as
follows:

Data Bit Function

0 X-Bus address 1¢h
1 X-Bus address 1llh
2 X-Bus address 12h
3 X-Bus address 1l3h
4 X-Bus address 1l4h

X-Bus address 15h

o

X-Bus address 16h

~

X-Bus address 17h
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MIDDLE BYTE ADDRESS REGISTER (ADDRESS 50h)

Since the X-Bus consists of a 24-bit address bus,
the 8051 microprocessor, which contains an 8-bit
data bus, latches each of the three X-Bus address
bytes. separately.

This register generates the middle address byte
(that is, XADR8- through XADRF-) during write
operations. Data bit functions are as follows:

Data Bit Function

] X-Bus address 8h

1 X-Bus address 9h

2 X-Bus address @Ah
3 X~-Bus address @Bh
4 X-Bus address dCh
5 X-Bus address @Dh
6 X-Bus address @QEh
7 X-Bus address OFh
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LOW BYTE ADDRESS REGISTER (ADDRESS 60h)

Since the X-Bus consists of a 24-bit address bus,

the 8051 microprocessor,

which contains an 8-bit

data bus, latches each of the three X-Bus address
bytes separately.

This register generates the low-order address byte

during write operations.

as follows:

Data Bit Function
2 X-Bus address
1 X-Bus address
2 X-Bus address
3 X-Bus address
4 X-Bus address
5 X-Bus address
6 X-Bus address
7 X-Bus address

(o) ¥ R

Architecture

Data bit functions are
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CONTROL REGISTER (ADDRESS 70h)

The data-bit functions of this write-only register
are as follows:

Data Bit Function

1] X-Bus Memory Write: When set, a
mode 3 master DMA request (that is,
XDRQl-) is issued over the X-Bus to
the system controller; one DMA byte
is written.

1 X-Bus Memory Read: When set, a
mode 3 master DMA request (that is,
XDRQl-) is issued over the X-Bus to
the system controller; one DMA byte
is read.

2 X-Bus High Byte Disable: When
reset, disables the high data byte.

3 X-Bus Interrupt Request: When set,
an X-Bus level 4 interrupt request
(that is, XINTR4-) is issued to the
system controller.

The DMA request (that is, XDRQl-) deasserts upon
receipt of XACK- (Transfer Acknowledge). The
interrupt request (that is, XINTR4-) deasserts
when the Processor Module reads any I/0 port
within the Voice Processor Module's assigned
range. When the Processor Module writes to any
I/0 port within the Voice Processor Module's
assigned range, a Module Attention request is
generated to the 8651 microprocessor. (That 1is,
bit 4 of internal port 1 of the 8051
microprocessor 1is asserted.) The interrupt 1is
cleared whenever the 8051 microprocessor resets a
Clear Module Attention bit (that is, bit 6 of
internal port 1 of the 8051 microprocessor). Bit
6 must be set after the clear to allow the next
attention request.

See the "8@51 Microprocessor Internal Ports"
subsection, below, for port information.
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8851 MICROPROCESSOR INTERNAL PORTS

Ports @ and 2 of the 8051 microprocessor are used

for internal bus control,
used for control functions.

is described below.

PORT @

Port @ functions as follows:

Port Bit Function
2 Address/data
1 Address/data
2 Address/data
3 Address/data
4 Address/data
5 Address/data
6 Address/data
7 Address/data

while ports 1 and 3 are

Each of these ports

line
line
line
line
line
line
line

line

Architecture
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PORT 1

Port 1 is an 8-bit quasi-bidirectional I/O port.

Data Dbit

functions for port 1, which can

sink/source one TTL load, are as follows:

Port Bit

Function

a

Hold 1: When reset, this output
causes telephone line 1 to go on
hold

Hold 2: When reset, this output
causes telephone line 2 to go on
hold

X-Bus Memory Busy: Active-low
input that signifies that the X-Bus
memory is busy: in other words, the
Voice Processor Module has
generated a DMA request

X-Bus Interrupt Pending: Input
that signifies that an X-Bus
interrupt has been generated to the
system controller

Module Attention Pending: Input
that signifies an interrupt from
the Processor Module

Voice Unit Off-Hook: Active-low
input signifying that the voice
unit (telephone set) is off-hook

Clear Module Attention: Active-low
output that clears the X-Bus master
attention bit (that is, bit 4);
this bit must then be set to allow
the next Module Attention Pending
input

Modem ' Reset: Active-low output
that resets the modem
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PORT 2

Port 2 functions as follows:

Address line 8h
Address line 9h
Address line OAh

Address line @Bh

Port Bit Function
a
1
2
3
4 -7 Unused
PORT 3

Data bit functions of port 3 are as follows:

Port

Bit

Function

(]

1

Receive data from modem
Transmit data to modem

CODEC interrupt input signifying
that a byte of voice information
has been encoded by the CODEC and
is ready to be transferred to
memory, or a byte of voice
information has been transferred
from memory to the CODEC for
decoding

FSK carrier detect from 300-baud
modem (used to control data call
setup)

PSK carrier detect from 12@0@-baud
modem (used to control data call
setup)

Set by firmware to adjust the gain
for the call screening function of
the answering machine; normally
reset to zero

Write data to internal bus

Read data from internal bus

Architecture 2-15



8051 MICROPROCESSOR EXTERNAL DEVICES

The following registers appear at the following
8051 microprocessor external RAM locations:

Address (h)*

Function

20

10

30

80

87

90

AQ

BO

Tone Detector
register

CODEC stacker/
destacker

Loudness Level
register

Analog crosspoint
matrix control

DTMF Generator
register

Line Control
register

Modem Control
register

Access

R

R/W

TONE DETECTOR REGISTER (ADDRESS @gh)

Data bit functions of the read-only Tone Dectector
register,

20h,

Data Bit

are as follows:

Function

2-16

g - 3

4

which appears as external RAM location

Encoded DTMF Digit (see below)

Ring Detect 1:

detected for line 1

Ring Detect 2:

detected for line 2

When set, ring

When set, ring

Call Progress Tone Detected: When
set, call progress tone detected

DTMF Digit Detected: When reset,
signifies that a received pair-tone

has been detected
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DTMF Encoding

Data Bits

3 2 1 8  Digit
g 0 0 0 @Dh
g 9 0 1 1
g 8 1 @ 2
g 0 1 1 3
2 1 90 @ 4
2 1 0 1 5
g 1 1 @ 6
g 1 1 1 7
1 0 9 9 8
1 0 0 1 9
1 & 1 0 a
1 6 1 1 *
1 1 0 0 #
1 1 0 1 2Ah
1 1 1 @ @Bh
1 1 1 1 aCh
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CODEC_STACKER/DESTACKER (ADDRESS 16h)

The CODEC stacker/destacker appears as 8051

microprocessor external RAM location 10h
(read/write) and is used to pass data to/from the
CODEC in 4-bit increments. The stacker/destacker

generates an interrupt to bit 2 of internal port 3
of the 8051 microprocessor for every character
(that 1is, every byte). In other words, the
interrupt 1is generated when a byte of voice
information has been encoded by the CODEC and is
ready to be transferred to memory, or a byte of
voice information has been transferred from memory
to the CODEC for decoding.

LOUDNESS LEVEL REGISTER (ADDRESS 306h)

The read-only Loudness Level register, which
appears as external RAM location 30h, contains the
encoded loudness level reaching the CODEC. There
are only five discrete values that can be
generated. From lowest to highest volume, they
are as follows:

Digit (h) Volume

a1 Silence level

00 Volume detected

22 Next highest volume
26 Next highest volume
OE Highest volume
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CROSSPOINT SWITCH (ADDRESSES 8¢h THROUGH 87h)

An analog crosspoint switch array occupies
external RAM locations 80h through 87h,
corresponding to line numbers @ through 7,
respectively. Each data bit of the low-order
nibble corresponds to a junctor to which the line
is connected when the bit is set. Line numbers
are assigned as follows:

Line No. Address (h) Device

2 89 Voice unit interface
(no extra attenua-
tion)

1 81 Modem

2 82 DTMF generator

3 83 DTMF receiver/call
progress tone
detector

4 84 Voice amplifier

5 85 CODEC encoder

6 86 CODEC decoder

7 87 Voice unit interface
(path adding attenua-
tion)

Junctor numbers are assigned to the following
devices:

Junctor
No. Device

0 Telephone Line 1

1 Telephone Line 2

2 Indirect connection to analog
ground

3 Not connected (used for indirect
connections)
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Each line can be connected to any of the junctors
via the data bits. In other words, each of four
data bits (D@+ through D3+) corresponds to each of
four junctors (J@+ through J3+).

For example, when all data bits are 1low, no
junctors are connected to the addressed line.
When all data bits are high, all junctors are
connected to the addressed line. If D2+ and D3+
are high while D@+ and Dl+ are low, the addressed
line connects to junctors 2 and 3. These examples
are shown as follows:

Input Data Junctors Connected
D3+ D2+ D1+ D@+  J3+ J2+ Jl+ JO+

/] (%] 2 (%} - - - -
1 1 2 0 * * - -
1 1 1 1 * %* * %*
*Signifies connection between

junctor and addressed line
-Indicates no connection.
For instance, when line @ (address 80h) connects
to junctor 1 (data nibble equals 9018 binary), the

voice unit interface is connected to telephone
line 2.
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DTMF GENERATOR REGISTER (ADDRESS 90h)

The write-only DTMF Generator register appears as

external RAM location 96h.
disable rows 1 through 4,
7 disable columns 1 through 4,

Data bits @ through 3
and data bits 4 through
respectively.

The

16 possible DTMF digits are generated as follows:

Data Byte

Value (h)
D7 @
EE 1
DE 2
BE 3
ED 4
DD 5
BD 6
EB 7
DB 8
BB 9
E7 *
B7 #
7E A
7D B
78 c
77 D
FF None

4

1

2

1

b

F'S

Digit Row Column

Digits A through D do not appear on a standard

telephone set.

Architecture
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LINE CONTROL REGISTER (A%h)

The write-only Line Control register appears as
external RAM location AZh. Data bit functions are
as follows:

Data Bit Function

(%} Off Hook 1: When set, signifies
line 1 is off hook

1 Off Hook 2: When set, signifies
line 2 is off hook

2 Crossover Relay 1 Enable (see
below)

3 Originate/Answer: When set, places

modem in originate mode; when
reset, places modem in answer mode

4 Encode to CODEC: Set to encode
voice; reset to decode voice
5 Halt to CODEC: Set to halt CODEC;
reset to run CODEC
6 CODEC Sampling Rate Select: Set to
sample at 8 kHz; reset to sample at
6 kHz
7 Crossover Relay 2 Enable (see
below)
Crossover
Relay
2 7 Connection
g 0 Voice unit across line 1 (power-up
default)
g 1 Voice unit across line 2 (used to
save power)
1 @ Voice unit not across either line
1 1 Voice unit across line 2 (not used)
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MODEM CONTROL REGISTER (ADDRESS B@h)

The write-only Modem Control register appears as
external RAM location BOh. Data bit functions are

as follows:

Data Bit

Function

%]

Mode Select: When set, selects
V.22 mode; when reset, selects
103/212 mode

Digital Loopback: When set, sets
the local modem to digital loopback
mode so that data transmitted from
a remote modem to the local modem
will be looped back to the remote
modem for diagnostics

Remote Digital Loopback: When set,
causes the local modem to perform a
command sequence to place a remote
modem in digital 1loopback for
diagnostics

Remote Digital Loopback Enable:
When set, enables the local modem
to be placed into digital loopback
from a remote modem for diagnostics

Analog Loopback: When set, sets an
internal modem to analog loopback
mode so that data transmitted from
the 8651 microprocessor to the
modem will be transmitted back to

the 8051 microprocessor for
diagnostics

Unused

Enable PSK: WWhen set, enables

modem for PSK at 1200 baud

Enable FSK: When set, enables
modem for FSK at 3909 baud

8651 MICROPROCESSOR FIRMWARE

The 8651 microprocessor firmware controls all
operations of the Voice Processor Module through
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commands that are fetched from the Processor
Module main memory over the X-Bus. The root of
all data structures used to control the Voice
Processor Module 1is the Voice Processor Control
Block (TMCB). The TMCB address is obtained from
main memory 1locations 401 through 483 when the
first Module Attention request is issued. The
TMCB address is given in the form of a 24-bit
absolute address, instead of a selector:offset
pair. When fetching the TMCB address, the Voice
Processor Module ensures that the device code of
the Voice Processor Module (byte 400) is set to
32h, and that the signature word at offset 900 of
the TMCB is set to 8459h as a validity check. The
format of the TMCB is as follows:

Offset (h) Contents
g, 1 Signature word (must be 8459h)
2 Firmware version
3 Command byte
4 Voice unit status
5 Crosspoint line (device) number
6 Crosspoint junctor number
7 Parameter byte O
8 Parameter byte 1
9 Telephone line 1 status
A Telephone line 2 status
B - 12 Dialer character list
13 - 16 DTMF generator character list
17 - 1E DTMF Receiver data
1F - 26 Modem receive Character Queue

Control Block (CQCB)
27 - 2E Modem transmit CQCB

2F - 36 CODEC Character Queue Control Block
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Offset (h) Contents

37 - 38 CODEC status
39 - 3A Modem line status
3B Count call progress tone low
3C Count call progress tone high
3D Interrupt status
3E - 45 Map of crosspoint switch
COMMANDS

The Processor Module issues a command to the Voice
Processor Module by writing a nonzero command byte
to byte @ of the TMCB and then issuing an 1/0
write to any 1location in the Voice Processor
Module address space. The Voice Processor Module
examines and executes the command, zeros the
command byte, and raises a level 4 interrupt (that
is XINTR4-) to the Processor Module. The commands
performed by the Voice Processor Module are as
follows:

Value (h) Command
1 Crosspoint state (connect/
disconnect)
2 Off-hook

On-hook (hang up)

4 Unused
5 Hold
6 Start data transfer
7 Halt data transfer
8 Pulse dial
9 X-Bus DMA test
%)% Ringthrough mode
2B Modem parameter change
gc Mimic voice unit pulse dialing
OFF No operation
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The crosspoint line and junctor numbers, and the
two parameter bytes, are obtained from bytes 5, 6,
7, and 8 of the TMCB, as appropriate to each
command .

Command Notes

Each of the commands above is described in the
following subsections. Parameter bytes @ and 1
are also described.

Crosspoint State (Value 1). All devices (lines)
are connected as commanded. The devices are
placed into various stages of operation as
follows:

Device Parameter

Voice unit None required

Modem Paramd (parity), Paraml
(mode, test modes,

originate/answer, line speed
if originating, interrupt

mode)

DTMF generator Paramd (length of time
between digits), Paraml
(length of time in 10-
millisecond intervals to

generate digit)
DTMF receiver/ None required
call progress
tone detector

Voice amplifier None required

CODEC encoder Paramd (sampling rate)
CODEC decoder Paramd (sampling rate)
Voice unit None required
attenuator

Off-Hook, On-Hook, and Hold (Values 2, 3, and 5).
In regard to off-hook, on-hook, and hold commands,

junctor 1 equals line 1 and junctor 2 equals line
2.
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Start Data Transfer (Value 6). When using the
modem line (line 1), Paramd equals @ for both
transmit and receive; Paramd equals 1 for transmit
only; and Paramd equals 2 for receive only.

When using the DTMF receive and call progress tone
detector line (line 3), Paramd equals @ for DTMR
receive, and Paramd equals OFFh for call progress
tone detector.

Halt Data Transfer (Value 7). When using the
modem line (line 1), Paramd equals @ for both
transmit and receive; Paramd equals 1 for transmit
only: and Paramd equals 2 for receive only.

Pulse Dial (Value 8). If the junctor number is
OFFh during the pulse dial command, the pulse dial
action will stop and the telephone line will be
taken off hook.

X-Bus DMA Test (Value 9). Paramd consists of the
data to be used for the test. During the firmware
test, the data is read and written back to the
call progress tone detector low/high bytes in the
TMCB. Note that two writes are performed to the
TMCB to ensure both a low- and high-byte DMA
access.

Ringthrough (Value #Ah). The junctor equals @ for
ringthrough off; equals 1 for ringthrough via line
1l; and equals 2 for ringthrough via line 2.

Modem Parameter Change (Value #Bh). Paramd is as
follows: parity, interrupt mode.

Mimic Voice Unit Pulse Dialing (Value #Ch). When
using Jjunctor @, the mimic is off; when using
junctor 1, the mimic is on for line 1l: and when
using junctor 2, the mimic is on for line 2.
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Parameter Byte @ (Paramd)

This parameter byte is interpreted as follows:

Data Bit Function
g -2 Parity (see below)
3, 4 Unused

5, 6 Modem Data Notification (Interrupt)
Mode (see below)

7 CODEC Sampling Rate Select: Set to
sample at 8 kHz:; reset to sample at
6 kHz

Parameter Bits

2 1 @  Parity
(4] 6 o None
0 g 1 Zero
] 1 1 One

1 g 1 Even
1 1 1 odd

Modem Data Notification Bits

6 5 Function

4] 4] No special notification

7] 1 Notification (interrupt) on XON,
XOFF

1 [ Notification on each character

1 1 Unused

No parity implies eight data bits; all other
parity settings imply seven data bits.

Note the following for paramd during the
Crosspoint Connection command: When the DTMF
generator 1is the target during start of data
transfer, Paramd is the interdigit interval (that
is, the time between digits where the unit is
equal to l@-millisecond periods).
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An error (for example, overflow) notification will
take place as usual no matter which mode is used.
Both parity and modem data notification modes must
be correct when changing either.

When the command is 'SDT CODEC Encode', bit 6
above is set to 1 to suppress the firmware silence
detection.

Parameter Byte 1 (Paraml)

This parameter byte is interpreted as follows:

Data Bit Function

] Modem Mode: Set to use modes
V.21/V.22; reset to use modes
193/212

1 Digital Loopback: When set,
signifies digital loopback

2 Remote Digital Loopback: When set,
signifies remote digital loopback

3 Remote Digital Loopback Enable:
When set, enables remote digital
loopback

4 Analog Loopback: When set,
signifies analog loopback

5 Line Speed: Set to use 1200 baud;
reset to use 300 baud (line speed
is only interpreted when

originating a call)

6 Originate/Answer: When set, modem
is in originate mode; when reset,
modem is in answer mode

7 Unused

Note the following for Paraml when using the
Crosspoint Connection command: When the DTMF
generator is the target, Paraml 1is the digit
length (that is, the duration of digits where the
unit is equal to l@-millisecond periods).
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In addition, when connecting the call progress
tone detector, Paraml equals @FFh for the firmware
to look only for the first occurrence of a mark
(high) call progress signal. When the signal is
detected, the Interrupt Status equals 4 (for call
progress tone timing), the Count Call Progress
Tone low-order byte in the TMCB equals &, and the
Count Call Progress Tone high-order byte equals
OFFh.

TELEPHONE LINE STATES

A separate state byte is maintained in the TMCB
for each telephone line. A level 4 interrupt
(that is, XINTR4-) is issued to the Processor
Module whenever the Voice Processor Module detects
a change in state on either line. These state
codes are interpreted as follows:

Value Function
0 Idle (On Hook)
1 Ringing
2 Modem Not Ready (Data Call
Connected)
3 Modem Ready FSK (183)
4 Modem Ready PSK (212)
5 Off-Hook (No Modem Connected)

The voice unit status has the following values:

Value Function
] Voice unit on hook
1 Voice unit off hook

INTERRUPT STATUS

Whenever the Voice Processor Module firmware
interrupts the Telephone Server, it provides an
interrupt status byte to inform the Telephone
Server of the reason for 1nterrupt10n. The status
is defined as follows:
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Value (h) Function

] Acknowledge receipt of command (if
the command involved a
connect/disconnect from the

crosspoint switch, the map in the
TMCB is updated Jjust before this
interrupt)

1 Telephone line state change
(includes voice unit changes)

2 Unused

3 Finished DTMF digit generation

4 Have call progress tone timing

5 CODEC status change

6 Modem status change

7 Finished pulse dial

8 No action taken on last command

9 Acknowledge receipt of command and

telephone line state change
oA TMCB is valid

2B DTMF character received

BUFFER MANAGEMENT

Two general buffer management techniques are used
in the Voice Processor Module: character lists and
character queues. Character 1lists are used for
dialing and DTMF generation, and character queues
are used for data communications (modem) and voice
digitization (CODEC).

CHARACTER LISTS
A character list is a static list of characters

used to perform pulse dialing and DTMF generation.
Character lists have the following format:
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QOffset Contents

%] Buffer Size (bytes)
1 -3 Buffer Address

The firmware assumes that the list will be filled
(that is, the buffer size will be the actual
number of characters in the list).

The data format in the pulse dial list will be the
actual digit (8 through 9) to be dialed. The
format of the data in the DTMF generator list will
conform to the list of hexadecimal codes found in
the "DTMF Generator Register" part of the "8051
Microprocessor External Devices" subsection,
above.

CHARACTER QUEUES

A character queue is a unidirectional, circular
buffer used for character-oriented data transfer
between a producer and a consumer process. This
buffer is controlled by a data structure called a
Character Queue Control Block (CQCB). The format
of the CQCB is as follows:

Offset Contents
i} Buffer Size (256 bytes)
1 -3 Buffer Address
4 -5 Producer Offset
6 - 7 Consumer Offset

Byte 2 contains the size of the data buffer, in
units of 256 bytes. Bytes 1 through 3 contain the
24-bit absolute memory address of the data buffer.
The word at offset 4 of the CQCB contains the
offset of the next byte to be entered into the
buffer by the producer process. Offset 6 contains
the offset of the next byte to be removed from the
buffer by the consumer process.

For CODEC application of the character queue, the
firmware in the Voice Processor Module updates the
consumer/product offset (whichever is appropriate)
after each 256 characters transmitted. This saves
time during the firmware CODEC interrupt routine.
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DTMF RECEIVER CHARACTER DATA SLOT

The DTMF receiver reports each character as it is
received. The character is placed into its data
slot, and a level 4 interrupt (XINTR4-) is issued
to the Processor Module. (It is assumed that the
Processor Module has had time to read the previous
byte; therefore, no check is performed.)

ERROR REPORTING

Fatal errors such as buffer overruns or 1loss of
carriers are reported in the CODEC or Modem Line
Error Code fields in the TMCB. Parity errors from
the modem will be reported immediately to the
Telephone Server. The last character in the queue
is the errored character and is presented exactly
as received.

CALL: PROGRESS TONE DETECTION

The algorithms for decoding the various call
progress tones 1is executed by the Telephone
Server. After two signal transitions (low to
high, or high to low), the Voice Processor Module
firmware will report the number of 1@-millisecond
periods that the signal was low and then high.
The Telephone Server will use this on-off timing
to determine the call progress tone (for example,
500 milliseconds on, 500 milliseconds off equals
busy). See the Telephone Server Manual.

PAUSE DETECTION

When the CODEC is in encoding mode, the 8851
microprocessor monitors the volume level received
by the CODEC at every interrupt. When a volume
level of @ is detected, the corresponding ADPCM
code from the CODEC will be set to 8 Dbefore
generating to the Processor Module.
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EXTERNAL RAM ADDRESS SUMMARY

A summary of the 88051 microprocessor external RAM
locations defined for the Voice Processor Module
is provided in Table 2-1. Addresses, associated
logic, input information, and output information
are listed.

Table 2-1. External RAM Address Summary.
(Page 1 of 2)

Address Associated

(h) Logic Read Write
29 MT8879 Tone —-——
integrated Detector
DTMF register
receiver,
analog tone
detection
19 MSM5218 CODEC CODEC
ADPCM stacker/ stacker/
speech ana- destacker destacker
lysis/syn-
thesis IC
20 X-Bus Data Data
interface register register
30 LM3915 dot/ Loudness —
bar display Level
driver register
49 X-Bus ——— High Byte
interface Address
register
50 X-Bus -— Middle Byte
interface Address
register
69 X-Bus —-—— Low Byte
interface Address
register
79 X-Bus —— Control
interface register
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Table 2-1.

(Page 2 of 2)

External RAM Address Summary.

Address Associated

(h)

Logic

Read

80 -
87

90

AQ

B@

MT8804 ana-
log cross-
point switch
array

MT5889
integrated
tone dialer

Telephone
lines, modem,
CODEC encode/
decode

Modem
board

Write

Crosspoint
switch
matrix

DTMF
Generator
register

Line Control
register

Modem Control
register
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3 THEORY OF OPERATION

INTRODUCTION

This section provides detailed component-level
descriptions of the hardware incorporated on the
Controller board in the Voice Processor Module and
is directed to the engineer who needs to
understand the Voice Processor Module at the

component level. Each functional block shown in
Figure 3-1 is described in relation to the 1logic
that performs the function. In addition,

schematic drawings are provided in Appendix C
(Figure C-1), and schematic windows are provided
on each applicable page to supplement the text.

Each schematic window represents an applicable
portion of the schematic diagram. The page of the
schematic diagram and location (coordinate) within
that page 1is provided below each window. An
example is as follows:

W3 14+ /139
Nas 2l o bt . XPTWR -
AS 3 P 3 OLR'WR =
13 ~2 ;6 LCRWR -
S wes pl MCRWR -
e 14 12 ADRHWR -
\4S '3u g?" ACRHUR
8 zb aR\wR- &
Sloy  zabd XCTUWR -
sy &

(From Figure C-1, Page 4, Coordinate 3C)

This window comes from page 4 of the schematic
drawing in Figure C-1 (Appendix C). The exact
location of the window is at coordinate 3C.

Printed circuit board assembly drawings and Voice
Processor Module assembly drawings are provided in
Appendix C.

The Modem board specifications are given in
Appendix B.

As shown in Figure 3-1, the analog crosspoint
switch array logic, which is controlled by the
8051 microprocessor, allows switching among the
various functional blocks. Each functional block,
including the analog crosspoint switch array and
the 8051 microprocessor, is described in the
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following paragraphs. In addition, an example
call setup to line 1 is described at the end of
this subsection.

8051 MICROPROCESSOR

The 8051 microprocessor has access to all
functional blocks shown in Figure 3-1 via its
address and reads from or writes to applicable
functional blocks via its 8-bit data bus. The
8051 microprocessor also contains the necessary
command signals to control each functional block.

ANALOG CROSSPOINT SWITCH ARRAY

The analog crosspoint switch array, under control
of the 8851 microprocessor, switches and connects
the various functional blocks to their appropriate
states at the appropriate times. As shown in
Figure 3-1, J9 (Junctor @) connects the applicable
functional blocks to the line 1 interface, which
is used to communicate with the central office or
PABX station.

In addition, Jl (Junctor 1) connects the
applicable functional blocks to the 1line 2
interface, which communicates with the central
office or PABX station.

The following functional blocks can be connected
to JJd or Jl1 wvia the analog crosspoint switch
array:

o voice unit interface

o 212/103 modem board

o DTMF generator

) DTMF receiver/call progress tone detector

o voice amplifier

o ADPCM encoder

o ADPCM decoder

As shown, the 8651 microprocessor communicates

with the analog crosspoint switch array via its
address/data bus.

3-2 Voice Processor Manual



uot3zexadpo jo Axosyl

€-¢€

‘weibetrg ¥oold

1-¢ @anbrg

TeuoT3oung O5THoT paeog ISTTOIIUCD

i

Yo -2 fvore
TELRPUOWE /S PEAXERPUONE ur

bag——n SPKR.PH. ENADLE

AUDI0

JRANSMIT DATA

I e

212/103
ONJOFF HOOK DETECT Aupro (para) gw/ot.m /\
I T CHAMGE OVER
(3
RE LAY ConTROL LWJ ormr
GENERATOR :
T Ll
| D ANALOG
ks a UveB] o crosspomr  [ebE
CENTRAL OFFKE/PBY UNE INTERFACE DTmME
SwITCH 3 uc
ARRAY RECE\WVERS
L — Caii 104 B2 k=" 305
HOld ConiioL @ s one ke -
RING DETECT B [y B
I0FF Mook o [24]
ComteoL 9 ) 1V4M Mlﬁevp
<C
—
3
I3 N —
-2 | ENCODER
TO Rz LINED AUOIO
CENTARAL OFFIS/’.I LINE Py NTERFACE ‘_] -—_-"
HOWd CONTROL § ADPCM <
' L—,RIN6 PETECT ¢ DECODER
- POINT CONTR
| INT CONTROL To wc
OMfOFF HOOK Rfoara sus
ConTROL | SILENCE
DETECTOR X-8uUs

\/ INTERFACE

X-BUS




VOICE UNIT INTERFACE

The voice unit interface connects a voice unit
(telephone, speakerphone, etc.) to either 1line
interface 1 or 1line interface 2, or to neither
(for example, dictation), depending upon commands
from the 8051 microprocessor. The voice unit
interface, when enabled, sends its on/off hook
status back to the 8851 microprocessor.

Note that the change over relay control is enabled
by the 8651 microprocessor to connect the voice
unit to either line 1, line 2, or neither.

Also note that the 8851 microprocessor controls
the following:

o on/off hook control (line 1 and line 2)
o hold control (line 1 and line 2)

A ring detect from line 1 or line 2 informs the
8051 microprocessor of a ring for the respective
line.

212/193 MODEM BOARD

The Modem board connects to the Controller board
via the Motherboard and contains a Bell-compatible
300/1200 baud modem. The modem provides voice-
band data transmission, operates in both originate
and answer mode, and supports full-duplex
transmission.

The modem can be used for high-speed operation
using phase-shift keying (PSK) or low-speed
operation using frequency-shift keying (FSK).

DTMF GENERATOR

The DTMF generator allows for automatic dialing
across either line 1 or line 2. One of 16 tones
can be generated at any time, depending upon the
binary value set by the 8651 microprocessor.

DTMF RECEIVER/CALL PROGRESS TONE DETECTOR

The DTMF receiver detects touch tones and can be
connected across either line 1 or 1line 2, or

directly to the DTMF generator.
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Call progress tone detection, which consists of
analog circuits, detects dial tone, reorder tone,
busy tone, and answer (ringback) tone.

VOICE AMPLIFIER

The voice amplifier is wused to amplify voice
signals along the voice unit-to-central
office/PABX connection through the analog
crosspoint switch array.

ADPCM ENCODER

A speech analyzer/synthesizer, known as a CODEC
(Encoder/Decoder), uses the Adaptive Differential
Pulse Code Modulation (ADPCM) method of data
compression to compress 4-bit parallel voice data,
which is generated to a stacker/destacker.

The stacker/destacker, under 8051 microprocessor
control, converts two nibbles of encoded voice
information from the CODEC to a byte of data that
can be transferred to memory via the 8-bit data
bus.

Silence detection circuitry detects voice.

ADPCM DECODER

To decode voice information from memory, the data
is generated to the stacker/destacker via the
8-bit data bus. The stacker/destacker, under 8051
microprocessor control, generates 4-bit nibbles to
the CODEC for decoding.

X-BUS INTERFACE AND MODE 3 DMA TRANSFER

Data transfers are performed via mode 3 DMA
transfers over the X-Bus, which is controlled by
the X-Bus interface signals issued by the 8851
microprocessor and associated logic.

Note that the Voice Processor Module is a mode 3
DMA master, signifying that it requests use of the
X-Bus from the system controller and then performs
the DMA logic necessary for the transfer.
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CALL SETUP TO LINE 1 EXAMPLE

To perform an automatic call setup to line 1, the
line must first go off hook via the 1line 1
interface circuitry. The 1line 1 interface
circuitry makes a continuous path between Tl (Tip
1) and Rl (Ring 1). This indicates to the central
telephone office/PABX that the module is
requesting service. The central office/PABX then
detects loop current and sends a dial tone back to
signify that the module can begin dialing.

The Voice Processor Module goes off hook via the
on/off hook control logic, which is controlled by
the 8051 microprocessor, while connecting the call
progress tone detection circuitry via the analog
crosspoint switch array logic.

The call progress tone detection logic detects the
dial tone, and the dial tone is reported to the
system. In response, the system changes the
connection by taking the call progress tone
detection logic off of J@ and connecting the dual-
tone multifrequency (DTMF) generator to start
driving the applicable digits via an 8-bit write
register. At the same time, the digits are
generated in an attenuated form (that is, as a
pacifier tone) to the voice wunit interface
circuitry. 1In other words, since the transmission
level of the telephone line is much higher than
the transmission 1level at the telephone, the
digits need attenuation.

The DTMF receiver is used for remote control of
the Voice Processor Module. This allows the
module to be controlled by other Voice Processor
Modules or remote telephones via DTMF signaling.
The DTMF receiver detects DTMF digits, which are
received by the 8051 microprocessor, allowing the
system to respond to the digits. (In other words,
the system expects a certain sequence of digits to
operate properly.)

The ADPCM encoder logic allows voice storage. The
ADPCM encoder acts as an answering machine for the
telephone line. 1In other words, the ADPCM encoder
records the incoming messages to memory.

If the ADPCM encoder detects no voice, the silence
detector circuitry will report this to the system,
which will not store data at that time.
Therefore, the silence detector circuitry saves
disk space.
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The ADPCM decoder 1logic is used to decode the
digital data back to the line interface circuitry
via the analog crosspoint switch array. In other
words, a message from memory can be played back to
the telephone 1line or to the voice |unit
(telephone).

The change-over relay control allows connection of
the voice unit to either the voice unit interface,
line 1, or line 2.

If system power fails, the telephone will continue
to operate. The default 1line during a power
failure connects the voice unit through line 1,
allowing the connection to continue.

CIRCUIT DESCRIPTIONS

Detailed component-level circuit descriptions are
given for each of the following functions:

o clock generation logic

o processing unit logic

o X-Bus module initialization/identification
o X-Bus mode 3 master logic

o address bus interface logic

o data bus interface logic

o read-only memory

o device decoding

o crosspoint matrix control

o pulse code modulation filtering

o voice amplifier

o analog-to-digital conversion

o CODEC logic

o stacker/destacker logic

o silence detection and volume control
o tone dialing
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(From Figure C-1, Page 4, Coordinate 5C)
o tone detection

o call progress tone detection

o line and voice unit interface relays
o line interface circuitry

o voice unit interface circuitry

o line 1 or 2 in parallel with voice unit
interface

o DC-to-DC power conversion

CLOCK GENERATION LOGIC

An 8.7752-MHz crystal oscillator (Y1), shown
above, provides the 8051 microprocessor with the
necessary clock pulses at pins 18 and 19, which
connect to an internal oscillator.
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PROCESSING UNIT LOGIC

8651 MICROPROCESSOR

The 8051 microprocessor controls all functions of
the Voice Processor Module. The 8051
microprocessor contains the following:

o 4K bytes of nonvolatile ROM

o 128 bytes of volatile RAM

o 32 1/0 lines

o two 16~bit timers

o one five-source, two-priority level, nested
interrupt structure

o serial I/0 port used to interface to the modem

o 8-bit parallel port used for input signals
from the modem and X-Bus interface

o oscillator and clock circuitry

The pin assignments and functions for the 8051
microprocessor are listed in Table 3-1.

Table 3-1. 8851 Microprocessor 13A Pin
Assignments and Functions.
(Page 1 of 4)

Pin Function

1 -8 Port 1 (P1.# Through Pl.7). Eight-bit
quasi-bidirectional 1/0 port.
Individual pin functions are as follows:

1 Hold Line 1 (HOLD1l-). When low,
terminates line 1 for the hold function.

2 Hold Line 2 (HOLD2-). When 1low,

terminates line 2 for the hold function.
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Table 3-1. 8651 Microprocessor 13A Pin

Assignments and Functions.
(Page 2 of 4)

g
-
3

- |

186 - 17

10

Function

X-Bus Memory Busy (XMEMBSY-). Input
signifying that the Voice Processor
Module has generated a local DMA
request. After the cycle has completed,

XACK~- clears the command lines,
including this bit, signifying that the
cycle has completed. (Another DMA

request cannot be generated until this
bit becomes inactive.)

X-Bus Interrupt Pending (XINTPND+).
Input signifying that an interrupt
request (that is, XINTR4-) has been
generated to the system controller.

Module Attention Pending (NGATTN+).
Active-high input that signifies an
interrupt from the Processor Module to
the Voice Processor Module.

Voice Unit Off-Hook (VUOH-). Active-low
input that signifies that the voice unit
is off hook.

Clear Module Attention (CLRATTN-) .
Active-low output that clears the Module
Attention Pending bit (pin 5).

Modem Reset (MODEMRST-). Output that
resets the modem.

Reset/Standby Power (RST+). A low-to-
high transition resets 13A.

Port 3 (P3.4 Through P3.5). Eight-bit
quasi-bidirectional 1/0 port.
Individual pin functions are as follows:

Receiver Data (RXD+) . Receives
asynchronous data from the modem via the
telephone line.

Theory of Operation 3-11



Table 3-1. 8651 Microprocessor 13A Pin
Assignments and Functionms.
(Page 3 of 4)

Pin Function
11 Transmit Data (TXD+) . .Transmits

asynchronous data to the modem via the
telephone line.

12 CODEC Interrupt (CODECINT-). Interrupt
@ input from the CODEC signifying that a
bvte of voice information has been
encoded by the CODEC and -is ready to be
transferred to memory, or a byte of
voice information has been transferred
from memory to the CODEC for decoding.

13 Frequency Shift Keyimg Carrier Detect
(FSKCAR+). FSK carrier detect interrupt
from the 300 baud modem. (Used to
control the data call setup.)

14 Phase Shift Keyimng Carrier Detect
(PSKCAR+). PSK carrier detect interrupt
from the 12080 baud modem. (Used to
control the data call setup.)

15 Monitor (MONITOR-). Output set by
firmware to adjust the gain for the

call screening (monitoring) function of
the answering machine (that is, adjust
the gain of the receive part of the
TP3040 filter).

16 Write (WR-). Latches data byte from
port @ into the external data RAM.

17 Read (RD-). Enables external data RAM
to port .
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Table 3-1. 8651 Microprocessor 13A Pin

Assignments and Functions.
(Page 4 of 4)

Pin

18,

20

21

29

30

31

32

40

19

28

39

Function

Crystal Oscillator Input/Output. (x1
and X2). Input to and output from the
internal oscillator's high gain

amplifier:; connected to 8.7752~-MHz
crystal.

Negative Power Supply (VSS-). Tied to
ground.

Port 2 (P2.6 Through P2.7). Eight-bit
quasi-bidirectional 1/0 port that
generates the high-order address nibble
(that is, A8+ through  AB+) when
accessing external ROM.

Program Store Enable (PSEN-). Output
that enables external ROM.

Address Latch Enable (ALE+). Output
that clocks address latch.

Enable Address (EA-). Tied to ground so
13A fetches all instructions from
external program ROM.

Port & (P9.0 Through P#.7). Eight-bit
bidirectional I/0 port that multiplexes
the low-order address and data bus (that
is, AD@+ through AD7+).

Positive Power Supply (VCC+). Strapped
to +5 V.
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(From Figure C-1, Page 4, Coordinate 7D)

INITIALIZATION LOGIC

The 8051 microprocessor is initialized at pin 9
during a power up or manual reset or when the
Processor Module suspends all activity on the
X-Bus for the Voice Processor Module (during X-Bus
module initialization, described below).

As shown in the top window above, during a power-
up or manual reset, or during suspension of the
X-Bus, XRESET- (X-Bus Reset) or a low XPIN+ (X-Bus
Priority Input) is generated to the Voice
Processor Module via connector Jl, pin 59 or 87.
XRESET- or the low XPIN- is logically NORed at AND
gate 12D, and RESET- (Reset) is generated from pin
8 to 18A (shown in the bottom window).

As shown, RESET- is inverted at gate 18A (pin 12),
to reset the 8851 microprocessor at pin 9.

INTERRUPT LOGIC

An interrupt can be generated either by the Voice
Processor Module to the Processor Module, or by
the Processor Module to the Voice Processor
Module. Each is described below.
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Voice Processor Module Interrupt Generation

During a Voice Processor Module interrupt
generation, the 8051 microprocessor writes data
into memory and then sets bit 3 of X-Bus Interface
Control register 12B, shown in the top portion of
the split window above. This causes a high signal
at pin 5, which is inverted at NAND gate 20B (pin
11), as XINTR4- (X-Bus Interrupt, Priority 4). As
shown in the bottom portion of the split window
above, XINTR4- connects to the Processor Module
via connector J1l, pin 84. Note that the high
signal at pin 5 of 12B is also connected to the
8051 microprocessor as XINTPND+ (X-Bus Interrupt
Pending), signifying that an X-Bus request has
been generated to the Processor Module.

The Processor Module then reads the data that the
Voice Processor Module has written into memory,
and issues IOSELRD-.

IOSELRD- clears data bit 3 of X-Bus Interface
Control register 12B (pin 1), shown in the top
portion of the split window above. In other
words, the X-Bus interrupt is deasserted when the
Processor Module reads data bit 3 of address 70h.
Note that XINTPND+ is also deasserted.
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In addition, IOSELRD- is inverted at 13D (pin 6)
and 20B (pin 8), to generate XACK- back to the
Processor Module, as shown in the top window,
above.

Processor Module Interrupt Genmeration

During a Processor Module interrupt generation,
the Processor Module writes data into memory, and
then interrupts the Voice Processor Module. In
response, the Voice Processor Module reads the
data from memory.

During a Processor Module write, IOSELWR- clocks
12B (pin 11), shown in the top portion of the
bottom window, which forces NGATTN+ (Module
Attention) from pin 9, shown in the bottom window.
NGATTN+ connects to the 8051 microprocessor at pin
5, signifying an I/O write to the Voice Processor
Module from the Processor Module.
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Note that after the 8051 microprocessor has read
from memory, it issues CLRATTN- (Clear Attention)
from pin 7 (shown in the top window) to pin 13 of
12B (shown in the bottom window). CLRATTN- clears
the module attention bit that had signified the
I/0 write from the Processor Module. In other
words, NGATTN+ becomes low at pin 9 (bottom
window) .
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The Processor Module also interrupts the Voice
Processor Module when it reads or writes to port
@190h, ©200h, or whichever base I/0 address is
assigned to the Voice Processor Module during
module initialization/identification. (See the
"X-Bus Module Initialization/Identification Logic"
subsection, below.) Either IOSELRD- (I/O Select
Read) or IOSELWR- (I/O Select Write) is generated
at OR gate 13C (pin 6 or 3, respectively), shown

in the above window. IOSELRD- clears the X-Bus
interrupt, and IOSELWR- asserts the X-Bus
interrupt.

X-BUS MODULE INITIALIZATION/IDENTIFICATION LOGIC

INITIALIZATION

The Processor Module interrupts the Voice
Processor Module through the X-Bus interface, as
described in the following paragraphs and in
Figure 3-2, "X=-Bus Initialization/Interrupt
Timing." The interrupt address is assigned by the
Processor Module when a power-up oOr manual reset
occurs on the X-Bus as XRESET- (X-Bus Reset), or
when XPIN+ (X-Bus Priority Input) is reset 1low,
signifying that activity on the X-Bus for the
Voice Processor Module has been suspended.
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Figure 3-2. X-Bus Initialization/Interrupt
Timing.
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As shown in the top window above, XRESET-,
connecting from J1, pin 59, is driven to NAND gate
15E (pin 1), shown in the bottom window. A low
XPIN+ connecting from J1, pin 87, also connects to
15E (pin 2). 1In either case (that is, a reset or
a low X-Bus Priority Input), a high signal is
generated from 15E (pin 3), inverted at 14E (pin
i2), and driven to D flip-flop 12E (pin 13),
causing a high signal at pin 8 (bottom portion of
the window). This high signal inhibits the output
of Base I/O Address register 15F (pin 1).
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Since 12E is reset at pin 13, a low signal is
generated from pin 9, forcing XPOUT+ (X-Bus
Priority Output) low at pin 8 of 14D. (Note that
14D is always enabled since pin 10 is tied to
ground.) This suspends all X-Bus activity for
modules farther down the X-Bus (that is, to the
right.of the Voice Processor Module) via connector
J1l, pin 86.

XPIN+ then Dbecomes 1low to signify that the
Processor Module wishes to identify the Voice
Processor Module (that is, assign the module a
base I/0O address).
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(From Figure C-1, Page 5, Coordinate 8D)

The Processor Module reads I/0 address 99 from
lines XADR8- through XADRF- (X-Bus Address Lines 8
through @Fh) via connector Jl, pins 97, 98, and
198 through 113), shown above. This high-order
address Dbyte, which represents port @, is
generated to the A-side inputs of comparator 14F
(shown in the window below).
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(From Figure C-1, Page 7, Coordinate 6C)

Note that XPIN+ is NANDed with an inactive XDMAEN-
(X-Bus DMA Enable) at 15E (pins 4 and 5,
respectively), to generate a low signal at pin 6,
enabling comparator 14F at pin 1. XDMAEN-
indicates that a DMA cycle is in progress, causing
comparator 6E to become disabled at pin 1. During
a DMA cycle, the XADR8- through XADRF- lines can
contain memory address data not to be mistaken for
a module base I/0O address.

Since Base I/O Address register 15F was previously
disabled at pin 1, the B-side inputs of comparator
14F also connect to eight high bits (pulled high
by the 33-kohm resistors at RP8), and therefore
compare as equal with the A-side inputs, causing a
low signal to generate from pin 19 of 14F.
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(From Figure C-1, Page 7, Coordinate 3D)

This low signal is driven at OR gate 13C (pins 5
and 2), forcing pin 6 of NAND gate 13D high, which
causes NAND gate 20B to generate XACK- (Transfer
Acknowledge) back to the Processor Module via
connector J1, pin 61.
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(From Figure C-1, Page 7, Coordinate 7D and 4D)
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IDENTIFICATION

During XIORD- (X-Bus I/O Read) at connector J1,
pin 57 (shown in the above window), XIORD- is
inverted at 14E (pin 4) and NANDed at 13E (pin 1)
with the following at pins 5, 4, and 2,
respectively:

o the complement of the low signal generated
from 14F (pin 19), which signifies that the
two sides of the comparator inputs are equal

o the high signal fram pin 8 of 12E, which
disabled Base I1/0 Address register 15F

o the high signal from pin 12 of 14E, which
signifies that either a reset or low X-Bus
priority input has been issued

L A—. Y . WA ]
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112D,
ND3 1 N XOAT

Hsde \X04 15 5 XDAT4
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| BHczas oo (3=>2 i

6F xo  ul a1 XDATS

pA 74uc14 o e E X0ATA
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(From Figure C-1, Page 5, Coordinate 3A)
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(From Figure C-1, Page 7, Coordinate 7D)

Theory of Operation  3-25



LS00 g 74F38

s 3
M

(From Figure C-1, Page 7, Coordinate 3D)

laSY

This forces IDEN- (Identification) at pin 6 of
13E. IDEN- enables hard-wired buffers 14D and 6F,
shown in the top window above. In addition,
XIORD- forces a high signal at 13D (pin 6), which
is inverted and driven at 20B back to the
Processor Module as XACK-, shown in the bottom
window above.
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(From Figure C-1, Page 5, Coordinate 3A)
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(From Figure C-1, Page 5, Coordinates 8D and 6D)
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the module has been suspended and the Processor
Module issues an XIORD- command to port 0. These
conditions produce four high signals at the input
of NAND gate 13E. A low signal is, therefore,
generated, enabling hard-wired buffers 14D and 6F,
shown in the top window (signifying that an I/0
read of port 0 has occurred), which generates the
assigned identifier number.

Since 14D and 6F are hard-wired, low-order module
data lines XDO through XD7 (Module Data Lines O
through 7) are assigned identifying bits of 32h.
That is, 32h is the identifying code for the
Telephone Manager Module. Note that XDO, XD2,
XD3, XD6, and XD7 are tied to ground while the
remaining bits are strapped to +5 V via 3.3-kohm
resistors at RP7.

> e —

1 A 23 Nx02__ 13
| 741588 z <d NX03 14
2[er)> mroe Nxoa__15]
NXDS 16
1DEN- NX06 17
N7 s}

*SV

HHC a4
RPY !

XD, o [

(From Figure C-1, Page 5, Coordinate 3B)

Note also that IDEN- forces AND gate 12D low at
pin 3, to enable data transceiver 10F (pin 19) for
access to the X-Bus. Since XIORD- is active, a
low signal is generated from pin 3 of AND gate 8F
to pin 1 of 10F, and data is directed from XDO
through XD7 to XDATO~ through XDATF-.

In summary, during the I/O read of port 0, the
Telephone Manager Module identifier, 32h, is
generated to the Processor Module via the X-Bus
data lines.

Theory of Operation 3-27



wry
3.3k ;
L2 o o 9 o
T 1—9—&\_3 0 ; e ¢ t
=20 u:’lu ot T | e
Tl H
2jae 2 3'-57‘ - 34 apd :,
4 1 o)
Hdr ap=—nc
ISF
sy - 74LS374
3.3K 'l' -
o
22 2 e 4L P
:*:ﬁ:;tﬁi:‘: |'—‘
3 2 e ol8_x0aTo
J ) 7 XDAT |
4 s 4 _XDaT2
2 2 3 XOAT 3
3 19 ia_XDAT 4
s N i7_XDATS
7 [ 14 X0aT 6 22-
9 12 3 XDAT 7 ‘

(From Figure C-1, Page 7, Coordinate 4D)

Once the Processor Module receives the 32h Voice
Processor Module identifier code, it writes the
base I/0 address for the module into I/O Address
register 15F.

This I/0 address defines the interrupt (base I/0)
address reserved for the Voice Processor Module.
The Processor Module issues an I/O address via
low-order data lines XDAT@- through XDAT7-, and
that becomes the high-order eight bits of the
interrupt address, @1XXh, ©2XXh, etc., depending
upon the physical location of the Voice Processor
Module. During the identification polling
sequence, the module adjacent to the Processor
Module uses addresses @190h through @lFFh, the
next module uses @200h through @2FFh, and so on.
The module identifier is stored in a memory table
for use by the system. (See the "X-Bus Interface"
subsection in Section 2, "Architecture.")
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When the Processor Module writes the base I/0O
address to the Voice Processor Module, XIOWR-
(X-Bus I/0 Write), which connects at J1, pin 58,
is inverted at 14E, pin 2 (upper window), and
NANDed at 13E, pin 13 (lower window), with the
following at pins 14, 9, and 12, respectively:

o the high signal from pin 12 of 14E (upper
window), which signifies that either a reset
or low X~-Bus priority input has been issued:
note that this high signal connects to the pin
2 input of D flip-flop 12E (lower window),
causing the high to generate from pin 5 to 13E
(pin 14)
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o a high signal from pin 6 of 14E (upper
window), which represents the complement of
the low signal generated from comparator 14F
(pin 19) that signifies that the two sides of
the comparator inputs are equal

o the high signal from pin 8 of 12E, which
disabled Base I/0 Address register 15F (pin 1)

A low signal is, therefore, generated from 13E
(pin 8), clocking Base I/O Address register 15F
(pin 11), which 1is 1loaded with the base I/0
address sent by the Processor Module.
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(From C-1, Page 7, Coordinate 5C)

Since the inputs at 15F consist of the module base
I/0 address, the outputs of 15F do not compare
with the active XADR8- through XADRF- at compar-
ator 14F. Therefore, a high signal is generated
from 14F (pin 19), shown in the window. This high
signal is inverted at 14E (pin 6), forcing IDEN-
to its inactive state at pin 6 of 13E.
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Therefore, module identifier buffers 14D and 6F
are disabled at pin 1, shown above.
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(From Figure C-1, Page 7, Coordinate 7D)
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(From Figure C-1, Page 7, Coordinate 3D)

In addition, just as with XIORD-, XIOWR- asserts
XACK- at NAND gate 20B (pin 8) to the Processor
Module via connector J1, pin 61.
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Note that by this time, XRST- is at its inactive
state, and is NANDed with XPIN+, forcing a low
signal at 15E (pin 3), which is inverted at 1l4E
(pin 12) and driven to pin 12 of D flip-flop 1l2E.

The high signal that is generated from 13E (pin 8)
clocks 12E (pin 11), and XPOUT+ is therefore
generated from 14D (pin 8), which is always
enabled since pin 19 is tied to ground.

A low signal from pin 8 of 12E ensures that both
NAND gates at 13E are disabled at pins 4 and 12
(upper and lower window, respectively), and only
the address written into Base I/0 Address register
15F (bottam window) causes the module to respond
to the interrupt from the Processor Module.
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(From Figure C-1, Page 7, Coordinate 2D)
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In addition, a low signal from pin 8 of 12E is
driven at OR gate 18B through 22@-ohm resistor R73
as XLED@- (X-Bus LED @), signifying that the
module has been identified via connector J1, pin
54.

To summarize, I/O reads or writes from or to the
8051 microprocessor (that is, interrupts) within
the Voice Processor Module are performed when the
Processor Module places a base I/0 address for the
Voice Processor Module (such as @1XXh, ©@2XXh, and
so on) on the XADR8- through XADRF- address lines
and issues an XIORD- or XIOWR-.

X-BUS MODE 3 MASTER LOGIC

CONTROL ARBITRATION

The 8051 microprocessor operates asynchronously to
the system controller processor and performs reads
or writes at any time. The system controller
responds to the Voice Processor Module with an
acknowledge (XACK-) after each transfer. Timing
during mode 3 DMA transfers is shown in Figure
3-3.

When the 8051 microprocessor performs an X-Bus
read or write, it loads the contents of the X-Bus
Interface Control register with the following
information:

o X-Bus read or write control

o high byte or low byte transfer control
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41524
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e
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(From Figure C-1, Page 8, Coordinate 7D)
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As shown in the above window, the 8851 micro-
processor loads X-Bus Interface Control register
11C by writing to external RAM location 706h as
described in the "Device Decoding" subsection,
below. This causes XCTLWR- (X-Bus Interface
Control Write) to generate to 11C (pin 9),
clocking in data bits D@+ through D2+ as follows:

Data Bit Pin Function

DO+ 12 When set, X-Bus write
operation via mode 3 master
DMA

D1+ 5 When set, X-Bus read
operation via mode 3 master
DMA

® e 9
141532 114
3 _74\$7la s 6 "£+ %
4 +5V
RPS
033k 30

(From Figure C-1, Page 8, Coordinate 3C)

As shown in the above window, D2+ connects to
X-Bus Interface Control register 11E (pin 2),
which is clocked by XCTLWR- (pin 3). When D2+ is
set, the high data byte is enbaled: when D2+ is
reset, the high data byte is disabled.
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(From Figure C-1, Page 6, Coordinates 6A and 3A)

As shown in the above window, when D3+ is set at
X-Bus Interface Control register 12B, an X-Bus
level 4 interrupt request (that is, XINTR4-) is
issued to the system controller.

After a read or write is generated from the X-Bus
Interface Control register, shown in the top
window below as 11C, the Voice Processor Module
operates according to the X-Bus mode 3 master DMA
protocol.

During a read or write cycle, MEMRD+ or MEMWR+ is
generated at 11C (pin 7 or 19) and is synchronized
at 12C by XDCLK- (connector Jl1, pin 56), which is
generated from the DMA controller in the Processor
Module (that is, the system controller).

Note that MEMRD+ or MEMWR+ is synchronized to
avoid metastable states in which the XDCLK- edge
occurs simultaneously with MEMRD+ or MEMWR+.

Two XDCLK- pulses later, either SMEMRD+
(Synchronized Memory Read) or SMEMWR+
(Synchronized Memory Write) is generated. As

shown in the bottaom window below, SMEMRD+ or
SMEMWR+ is inverted at 15D (pin 2 or 4) before
connecting to AND gate 15C (pin 5 or 4). As a
result, LOCAL RQ+ (Local Request) is generated
from pin 6 of 15C.

LOCAL RQ+ 1is wused to generate the X-Bus DMA
request to the system controller if the X-Bus is
not busy. If the X-Bus 1is busy, the Voice
Processor Module must wait until the bus becomes
free before generating the X-Bus DMA request.
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If the X-Bus is not busy, LOCAL RQ+ is generated
to pin 9 of 15C, where it 1is NANDed with an
inactive BUS BUSY- (Bus Busy) at pin 10. This
causes a low signal to generate from pin 8 of 15C
to pin 2 of 15C, forcing a high signal at pin 3.
This high signal is inverted at 15D (pin 8) and
driven by OR gate 18B (pin 3) as XDRQlOUT- (X-Bus
DMA Request, Channel 1, Output) to connector JI1,
pin 116, where it generates to the system
controller.

Note that EXT RQ PEND- (External Request Pending)
at pin 1 of NAND gate 15C signifies that another
X-Bus mode 3 master module downstream on the X-Bus
has issued a DMA request via channel 1.
Therefore, it also causes XDRQ1lOUT-. In this
case, the mode 3 master module closest to the
system controller will gain access to the X-Bus.

1A XORG!IN

(From Figure C-1, Page 8, Coordinate 8B)
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In other words, when another X-Bus mode 3 master
module issues a DMA request, XDRQLIN- (X-Bus DMA
Request, Channel 1, Input) is generated to the
Voice Processor Module at connector J1l, pin 114.
XDRQ1IN- is then logically NANDed at pin 13 of OR
gate 18B (shown in the previous window) with a low
signal at pin 12, which signifies the absence of a
local DMA request. This causes EXTRQPEND- (pin
11), which is inverted at 15C (pin 3) and 15D (pin
8) before being driven as XDRQlOUT- at 18B (pin
3).

LOCAL RQ+ is also inverted at 15D (pin 6) to
generate XMEMBSY- (X~-Bus Memory Busy), which is
generated to the 8051 microprocessor at pin 3.
XMEMBSY- signifies to the 88651 microprocessor that
an X-Bus mode 3 master DMA cycle is in progress.
(See the "Bus Interface Logic" subsection below
for data read and write operations.)

XDACKHIN-

XOXCRYOTS T
- 18— J

%

(From Figure C-1, Page 8, Coordinate 8B)

In response, the system controller asserts
XDACKL1IN- (X-Bus DMA Acknowledge, Channel 1,
Input) to connector J1, pin 118, which signifies
that the Voice Processor Module has been granted
the request. Therefore, the Voice Processor
Module must ensure that the acknowledge is for it
and then disable the next modules downstream on
the X-Bus.
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(From Figure C-1, Page 8, Coordinate 3B)

In other words, LOCAL RQ+, which was generated
from pin 6 of NAND gate 15C in response to a read
or write, is latched at D flip-flop 19B (pin 2)
and will generate from pin 5 of 19B as RQGNT+
(Request Granted) when pin 3 of 19B is clocked by
a high signal generated from pin 9 of 19B.

This occurs when XDACK1IN- is inverted at NAND
gate 20B as XDACKIN+ (X-Bus DMA Acknowledge
Input). XDACKIN+ connects to pin 12 of 19B, where
it is synchronized by XDCLK- (pin 11), to generate
the high signal at pin 9.

Note that LOCAL DACK+ signifies that the Voice
Processor Module has access to the X-Bus. As
shown in the above window, RQGNT+ is clocked by
XDCLK- at 18C to generate LOCAL DACK+ (Local DMA
Acknowledge) from pin 2, signifying that the
arbitration is complete.

Theory of Operation 3-41



——e —eer
R 41500
+*5v
74 470 198 74F74 4
oo | xomkme [0 oo Roant. 5 188 ¢ :‘:“K'WT' oS-t
LOCALRA+ 2 ] JAF32 12| XBHE + 31-60
3 Lf" !»\} W7aLsizs i
d 'Y, ] g SORMOOEI, 4103
KT ap= 56 p.g:,
LOCAL RQ + IMODE3 + 74F38 +5vY
xackine | fip 7ASIF 15D 74104 [
e B I AN IMOOE 3+ 3
2ea

(From Figure C-1, Page 8, Coordinate 2B)

= XCRCRIOUT="
5

el

l» ‘cimﬂﬂ‘

(From Figure C-1, Page 8, Coordinate 8B)

Since all modules on the X-Bus receive RQGNT+, the
closest mode 3 master module to the system

controller deasserts the DMA acknowledge. In
other words, RQGNT+ forces XDACKlOUT- to its
inactive state at OR gate 18B (pin 6). In

addition, the other modules will never receive
LOCAL DACK+ at NAND gate 15C. As shown in the
bottom window, the inactive XDACK1lOUT- appears to
the next module as an inactive XDACK1lIN- at
connector Jl, pin 118. As shown in the previous
window, this inactive high signal is inverted at
NAND gate 20B (pin 3), to reset D flip-flop 19B at
pin 1. This causes RQGNT+ to become inactive at
pin 3 of 18C and, therefore, LOCAL DACK+ becomes
inactive.

In other words, RQGNT+ forces XDACKlOUT- high at
NAND gate 18B (pin 6). This disables the next
module on the X-Bus, and acknowledges the request
of the Voice Processor Module. Note that when
RQGNT+ is deasserted, signifying that the Voice
Processor Module had not requested a DMA cycle,
the inactive RQGNT+ is logically NANDed at 18B
with XDACK1IN-, enabling XDACK1lOUT- and the next
module on the X-Bus.

The Voice Processor Module then gains control of
the X-Bus. )
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In summary, the Voice Processor Module generates a
DMA request output to the system controller,
recieves a DMA acknowledge input from the system
controller, ensures that the request 1is for
itself, disables the next X-Bus module, and is
ready to perform a DMA transfer.

CONTROL SIGNALS
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(From Figure C-1, Page 8, Coordinate 1B)

The Voice Processor Module uses the following
control signals for the DMA transfer:

o ADDEN- (Address Enable), which enables the
address bus for accessing the 24-bit X-Bus
address of the location in memory that will be
read from or written to

o XBHE- (X-Bus Byte High Enable), which
signifies either a high byte enable (when set)
or high byte disable (when reset), depending
upon the data transfer

o IMODE3+ (Internal Mode 3 Control), which
signifies that a mode 3 master transfer is
occurring

o XDMAEN- (X-Bus DMA Enable), which enables the
X-Bus DMA transfer

o XMODE3- (X-Bus Mode 3), which signifies to the

system controller that an X-Bus mode 3 DMA
transfer is occurring
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jw [ oo ]B

when RQGNT+ is generated from 19B (pin 5), it is
synchronized at 18C (pin 3) by XDCLK- before
generating as LOCAL DACK+ (Local DMA Acknowledge)
at pin 2. LOCAL DACK+ is then NANDed at 15C with
XDACKIN+ (pins 13 and 12, respectively). XDACKIN+
was generated as XDACK1lIN- at connector Jl, pin
118, signifying that the Telephone Manager Module
DMA request had been granted.

o —— Py
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b LW oasias
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(From Figure C-1, Page 8, Coordinate 1B)

A .low signal is, therefore, generated from 15¢C
(pin 11) to 14D (pin 4), enabling XDMAEN-, which
qonnects to the X-Bus via connector J1, pin 80.
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In addition, the low signal from 15C (pin 11) is
inverted at 15D (pin 10) as IMODE3+ (Internal Mode
3), which is wused within the Voice Processor
Module for DMA transfer control. IMODE3+ is also
inverted at NAND gate 20B and driven as XMODE3- to
the system controller via the X-Bus (connector Jl,
pin 83).
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(From Figure C-1, Page 8, Coordinate 5D)

The correct setup time must be generated between
the address signals and the read or write command
signals at X-Bus Interface Control register 1llC.
In other words, a 4@-nanosecond address setup time
is required before the read or write command is
generated. The Voice Processor Module, therefore,
delays the command lines by a minimum of 250
nanoseconds and a maximum of 500 nanoseconds at
buffers at 11D.

rersrs— T
2z } L
' e 14F1748
13 " XOqLE- A
12 dx
741532
150
1o 2 3o 2 740504
4 5 SMEMRD + 4{>cz
q 12D 1 19 SMEMWR + 3{: 4 [
C u 15D
LOCAL DACK - 14| S 14504
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(From Figure C-1, Page 8, Coordinate 6C)
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Either LOCAL DACK- or a delayed LOCAL DACK-
enables the X-Bus memory read or write signal. As
shown, LOCAL DACK- is delayed at 12C by XDCLK-
before generating as DLOCAL DACK- (Delayed Local
DMA Acknowledge) at pin 15. As shown in the
previous window, DLOCAL DACK- is ORed at 13C and
driven as XCTLEN- (X-Bus Control Enable) at pin 8.
XCTLEN- enables the buffers at 11D (pin 19), which
generate either XMEMRD- (X-Bus Memory Read) or
XMEMWR- (X-Bus Memory Write) at pin 5 or 3 to the
system controller via connector Jl, pin 82 or 81,
respectively. (Note that LOCAL DACK- also
connects directly to pin 18 of 13C, enabling 11D.)
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(From Figure C-1, Page 8, Coordinate 6C)
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(From Figure C-1, Page 8, Coordinate 3A)

After the read or write is performed, the system
contoller issues XACK- (top window), which is
asynchronous to XDCLK-. Therefore, XACK- is
synchronized and delayed by 250 nanoseconds by
XDCLK- at 12C (pin 13) and again at 18C (pin 18)
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shown in the bottom window, to produce SXACK-
(Synchronized Transfer Acknowledge) at pin 19 of
18C.

SXACK- is then generated to OR gate 13C (pin 13)
as shown in the previous window, where it |is
logically NANDed with active-low LOCAL DACK- (pin

12). This causes a low signal at pin 11 that
clears the SMEMRD- or SMEMWR- signals, which
caused LOCAL RQ+. In addition, the 1low signal

clears the MEMRD+ or MEMWR+ signal that was
generated from X-Bus Interface Control register
11C. The data is then accessed via the X-Bus.

BLS273

0 SXACK - A-08-00171-00 [B
J=w 8 OF 8

From Figure C-1, Page 8, Coordinate 3A)

Since SMEMRD+ or SMEMWR+ is cleared and LOCAL RQ+
becomes inactive, a high signal is generated from
pin 8 of NAND gate 15C to pin 2 of 15C. Assuming
that another mode 3 master module has not asserted
EXTRQPEND- at pin 1 of 15C, a low signal is
generated from pin 3 of 15C and inverted at pin 8
of 15D, to deassert XDRQlOUT- at connector J1, pin
116.

559 i 0 33x |
. ot S
[74'.504

(From Figure C-1, Page 8, Coordinate 3C)

In addition, XMEMBSY- becomes inactive at 15D (pin
6), and generates to pin 3 of the 8051
microprocessor, signifiying the end of the mode 3
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master DMA transfer. (See the "Bus Interface
Logic" subsection, below, for data read and write
operations.)

After the mode 3 master DMA transfer has
completed, the Voice Processor Module prevents
itself and any other mode 3 master module from
accessing the X-Bus. This allows modules that
have lower X-Bus priorities to access the X-Bus.
This is accomplished by forcing XDRQlOUT- at
connector Jl, pin 116, to its inactive state for
five DMA clock cycles.
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RQGNT * [3
13
13 9 SXACK -

(From Figure C-1, Page 8, Coordinate 4A)

As shown, LOCAL DACK+ is generated to pin 4 of
18C, where it is delayed for five XDCLK- cycles
before generating to OR gate 18B. This forces
EXTRQPEND- to its inactive state at pin 1. This
inactive high signal is logically ORed at NAND
gate 15C (pin 1).

Note that the LOCAL DACK+ input at 18C causes
EXTRQPEND- to become inactive for six XDCLK-
cycles after XDACK1IN- becomes inactive since an
inactive RQGNT+ at 18C (pin 3) has to delay the
same amount of time as LOCAL DACK+ at 18C.

The Voice Processor Module must also be disabled
from the X-Bus for the same amount of time.
Therefore, a high signal must be generated to pin
2 of 15C at the same time EXTRQPEND- becomes
inactive at pin 1 of 15C.

In other words, BUSBSY- (X-Bus Busy) must be
asserted at 18C (pin 16), to force a high signal
at pin 8 of 15C and, therefore, pin 2 of 15C.
This is described in the following paragraphs.
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(From Figure C-1, Page 8, Coordinate 5B)

When XDACK1lIN- is active, a low signal |is
generated from pin 8 of D flip-flop 19B to reset
19A at pin 1. Therefore, DELAYEDSDACK- (Delayed
Synchronized DMA Acknowledge) is continuously
generated from pin 12 of 19A to 14E, where it is
inverted (pin 10) and driven to pins 4 and 10 of
19C. since it is a high signal, it does not
affect 19C. Therefore, XDCLK- causes a high
signal to generate from pin 6 of 19C, to clock the
pin 9 output of 19C (pin 11).
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Since pin 12 of 19C is tied to ground, a low
signal is generated from pin 9 to 18C (pin 17).
At the next XDCLK-, BUS BUSY- is generated from
pin 16 of 18C (shown in the window below). This
causes the high signal at pin 2 of 15C.

415273 % :1;7‘-
Yy

(From Figure C-1, Page 8, Coordinate 3A)

Therefore, a low signal is generated from 15C (pin
3), assuming that EXTRQPEND- is inactive as
descrbied in the above paragraphs. This 1low
signal is inverted at 15D (pin 8) and driven at OR
gate 18B as an inactive XDRQlOUT- via connector
J1l, pin 116.

Because XDRQlOUT- is inactive, no other X-Bus mode
3 master modules downstream and including the
Voice Processor Module can access the X-Bus,
allowing other modules with lower DMA priorities
access.

Note that when XDACKlIN- becomes inactive, a high
signal is generated from pin 8 of 19B (shown in
the previous window) to pin 3 of 19A. This high
signal is delayed for five XDCLK- cycles before
deasserting DELAYEDSACK- at pin 12. Therefore,
XDRQlOUT- remains inactive for five clock cycles.

At the next XDCLK-, a low signal is generated from
pin 10 of 14E to pins 4 and 18 of the D flip~flops
at 19cC. Therefore, a high signal is generated
from pin 9 of 19C to pin 17 of 18C. At the next
XDCLK-, BUS BUSY- becomes inactive at pin 16 and
the Voice Processor Module can again access the
X-Bus.
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ADDRESS BUS INTERFACE LOGIC
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(From Figure C-1, Page 8, Coordinate 2B)

X-BUS/LOCAL ADDRESS BUS

As shown above, LOCAL DACK+ is inverted at 15D
(pin 12) as ADDREN- (Address Enable). ADDREN-
enables the three X-Bus interface address
registers (11F, 13F, and 12F), at pin 1 (shown
below). The 8851 microprocessor then writes data
to each individual register as described in the
"Device Decoding" subsection, below.

See Figure 3-4 for X-Bus read/write timing.
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(From Figure C-1, Page 5, Coordinate 3C)

In other words, at the start of the DMA transfer,
the applicable 24-bit address must be present on
the address bus. Since the 8851 microprocessor
contains an 8-bit address bus, it latches each
byte separately using the respective external RAM
address.
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(From Figure C-1, Page 4, Coordinate 3C)
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As shown in the above window, l-of-4 decoder 14B
generates the appropriate signal to latch each
address byte as follows:

Port (h)Pin Signal Function

69 10 ADRLWR- Address Low Write:
Latches low-byte address
at 11F

59 11 ADRMWR- Address Middle Write:

Latches middle-byte ad-
dress at 13F

40 12 ADRHWR- Address High Write:
Latches high-byte ad-
dress at 12F

See the "Device Decoding" subsection, below, for
decoding logic.

The command lines are summarized as follows:

o ADRLWR- places the address on the XADRO-
through XADR7- 1lines via data 1lines D@+
through D7+

o ADRMWR- places the address on the XADR8-
through XADRF- 1lines via data 1lines D@+
through D7+

o ADRHWR- places the address on the XADR1O-
through XADR17- 1lines via data 1lines D@+
through D7+
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(From Figure C-1, Page 5, Coordinate 5D)
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After the three address bytes have been latched,
the data byte must be latched at either register
9E or register 10E, depending on whether the data
transfer is from memory or to memory,
respectively.

8051 MICROPROCESSOR ADDRESS BUS

2132 25 AC
bl 207 2l mipaas
16 \, ADGe 3lome 23 AA A
06 P22
15 N[A05 34lims  paili2 A2
051 204 H e A8
D4 PO.4 P2y
o33 AD3 36 Po.3
11 Nl a0z 37 G2 Yt
02 ) 201 38 . 19 | 8.7752MH2
o1 PO.1 Xt
ool Njapa 29} ca.0 cal
P I PSEN - 2 x2|® 3zp]
5V ALE + 301, ca l
o JALE 33°FT
RO=17{ 2 A r:"
_l WR=16] " . v
. veej
CE  GWo
ya 12 5,6

Coordinate 7C)

57

(From Figure C-1, Page 4, Coordinate 7A)

Eight address 1lines (ADO+ through AD7+) are
multiplexed with data lines by the 8051
microprocessor (l14A), as shown in the above
window. At the beginning of a new machine cycle,
indicated by an active ALE+ (Address Latch Enable)
at pin 30 of the 8051 microprocessor and pin 11 of
address latch 17C (shown in the upper and lower
window, respectively), ADO+ through AD7+
stabilize.
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At the trailing edge of ALE+, 17C latches the
address lines as the local address bus lines AD+

through A7+.

Note that address lines A8+ through AB+ are
generated directly from the 8051 microprocessor.

DATA BUS INTERFACE LOGIC

The Voice Processor Module performs data byte
transfers, and therefore ' chooses whether to
transmit or receive data on the high byte or the
low byte of the data bus.
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(From Figure C-1, Page 5, Coordinate 2B)

See Figure 3-4, above, for X-Bus read/write
timing. .

As shown in the above window, transceivers 9F and
10F are used as the interface between X-Bus data

lines XDAT@- through XDATF- and the internal X-Bus
data lines XD@ through XD7.
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Note that transceiver 9F interfaces to the
low-order data byte, and transceiver 10F
interfaces to the high-order data byte.
Therefore, the X-Bus data word is equivalent to
two X-Bus internal data bytes.
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(From Figure C-1, Page 5, Coordinate 3B)

As shown in the above window, transceiver 9F is
enabled when the following conditions are met:

o BHE- is inactive at NAND gate 13D (pin 12),
signifying that the low-order data byte will
be transferred.

o IMODE3+ is active at NAND gate 13D (pin 13),
signifying that the Voice Processor Module is
performing an X-Bus mode 3 DMA transfer.

If the above conditions are met, a low signal is
generated from pin 11 of 13D to pin 5 of 12D,
forcing a low signal from pin 6 of 12D to pin 19
of 9F, to enable 9F.

Note that IOSELWR- (I/O Select Write) is inactive
at 12D (pin 4), signifying that an I/0 cycle is
not in progress. Therefore, if the low-order byte
were not selected, a high signal would be
generated from 12D (pin 6), disabling 9F so that
the high-order byte could be accessed via 10F.
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Transceiver 10F is enabled when the following
conditions are met:

o IMODE3+ is active at NAND gate 13D (pin 2),
signifying that the Telephone Manager Module
is performing an X-Bus mode 3 DMA transfer.

o BHE+ is active at NAND gate 13D (pin 1),
signifying that the high-order data byte will
be transferred.

If the above conditions are met, a low signal is
generated from pin 3 of 13D to pin 2 of AND gate
12D, forcing a low signal from pin 3 of 12D to
enable 10F at pin 19.

Note that during the X-Bus module identification
operation, IDEN- (ldentification) is generated to
AND gate 12D, to enable 10F so the Telephone
Manager Module can generate the proper
identification number to the Processor Module.
(See the "X-Bus Module Identification" subsection,
above.)

The direction of data is determined at pin 1 of 9F
and 10F, which connect to pin 3 of AND gate 8F.
Since an I/0 operation is not occurring, XIORD-
(X-Bus I/O Read) is inactive at pin 1 of 8F.

During read cycles, therefore, MEMWR- (Memory
Write) is inactive at pin 2 of 8F, and a high
signal is generated to pin 1 of 9F and 10F,
directing the XDATO- through XDATF- X-Bus data
lines to the XDO through XD7 module data lines.

During write cycles, MEMWR- forces 8F to generate
a low signal to pin 1 of 9F and 10F, directing XDO
through XD7 module data 1lines to the XDATO-
through XDATF- X-Bus data lines.
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X-BUS/LOCAL DATA BUS
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(From Figure C-1, Page 5, Coordinage 5D)

The applicable data byte is latched at buffers 9E
and 10E, for read or write cycles, respectively.
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(From Figure C-1, Page 8, Coordinate 7D)

Note that 9E is clocked at pin 11 by DATRD- (Data
Read), which was generated from pin 6 of X-Bus
Interface Control register 11C (shown in the above
window) when MEMRD+ is asserted by XCTLWR- as
described in the "Control Signals" subsection,
above. In addition, 9E is enabled at pin 1 by
DATLRD-, which is generated when the 8851
microprocessor reads external address 20h.
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During write operations, 1lOE is clocked at pin 11
by DATLWR-, which is generated when the 8051
microprocessor writes to external address 20h. In
addition, 1OE is enabled at pin 1 by DATWR- (Data
Write), which is generated when MEMWR+ is asserted
from 11C as described in the "Control Signals"
subsection, above.

MEMWR + 12

XOACKIN - 13 fsept ATWR- Ld b

(From Figure C-1, Page 8, Coordinate 2C)

MEMWR+ is NANDed at 15E with IMODE3+, which
signifies that the memory write cycle consists of
an X-Bus mode 3 DMA transfer. As a result, DATWR-
1s generated from pin 11 of 15E.

Read Data Latch

Once the data is latched at read register 9E, the
data must be generated to the local data lines.
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(From Figure C-1, Page 8, Coordinate 3C)

After XMEMRD- becomes inactive, XMEMBSY- also
becomes inactive at 15D (pin 6). An inactive
XMEMBSY- 1is, therefore, generated to the 8@51
microprocessor at pin 3, signifying that the DMA
transfer has been completed, and data is valid at
the read register. The 8051 microprocessor then
reads address 20h as described in the "Device
Decoding" subsection, below.
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(From Figure C-1, Page 4, Coordinate 3A)

As shown above, this causes DATLRD- (Data Latch
Read) to generate from pin 7 of buffer 14C to read
data latch 9E, which enables the data 1lines.
Therefore, internal X-Bus data lines XDJ through
XD7 are driven by 9E to 1local data lines D@+
through D7+.

In other words, during a read from memory, RD-
(Read) is generated from the 8851 microprocessor
(pin 17) to enable buffer 14C (pin 19), which
drives DATLRD- (Data Latch Read) from pin 7.
DATLRD- enables the internal X-Bus data lines onto
the local data lines.

Write Data Latch

Once the data is latched at write register 10E,
shown in the data must be generated to the X-Bus
internal data lines for the DMA transfer.

The 8051 microprocessor latches the data by
writing to external RAM address 20h as described
in the "Device Decoding" subsection, below.

During a write to memory, WR- (Write) is generated
from the 8651 microprocessor (pin 16) to enable
buffer 14C (pin 1) shown in the above window.
This drives DATLWR- (Data Latch Write) from pin
12, to.clock the data into 1@E.
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Local data lines DO+ through D7+ are driven by 1l0E
to module data lines XDO through XD7 when MEMWR+
is generated from X-Bus Interface Control register
l1c.

MEMWR + 2
YOACKIN = 13fsept oLl n |
R 741500
sV
¥4 470 198 UF74 4
oo | osxme [ olo_ReanT. 5 Jeeps ,:““'WT' O n-
OcALEar 2, AF3Z &{}‘Eﬁ?_{}u.w
3 "'" - LT raLsas
8 sV KPZ 4 @ 2 (MODE 3~
—AAA——C] b J1-83j
T ap= : Sjogy; T Tat
LOCAL RQ + IMOOE3 + - 74F38 12174
XDACKIN + 12 74LSgg 150 14L04| - L3
e e I A DMoE3Y o

(From Figure C-1, Page 8, Coordinate 2B)

As shown in the above window, MEMWR+ is NANDed at
15E with IMODE3+, which indicates an internal mode
3 master DMA transfer. This causes DATWR- (Data
Write) to generate from pin 11 of NAND gate 15E to
write data latch 10E, which enables the data
lines.

.y 033K
&

?_'D: - e ————— N ~ aeeee R "‘W":ﬁ'
Tarsos 6k

(From Figure C-1, Page 8, Coordinate 3C)

At the end of the DMA transfer, XMEMBSY- becomes
inactive at pin 6 of inverter 15D. The inactive
XMEMBSY- is generated to pin 3 of the 8051
microprocessor to signify that the mode 3 master
DMA transfer has been completed.
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8851 MICROPROCESSOR DATA BUS
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(From Figure C-1, Page 4, Coordinate 6B)

Address/data lines ADJ+ through AD7+ are buffered
by data transceiver 16C, which generates local
data bus lines D@+ through D7+. In other words,
data transceiver 16C is used as the interface
between local data lines D@+ through D7+ and the
8051 microprocessor data lines AD@+ through AD7+.

As shown above, 16C is enabled at pin 19 when the
8051 microprocessor issues either RD- (Read) or
WR- (Write) from pin 17 or 16, respectively.

As shown, RD- or WR- is logically NORed at AND

gate 12D (pin 12 or 13, respectively), forcing a
low signal at pin 11, and enabling 16C.
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Data is directed at pin 1 of 16C. During a read
cycle, RD- is active at pin 17 of the 8051
microprocessor and pin 1 of 16C, directing DO+
through D7+ to ADO+ through AD7+. During a write
cycle, RD- is inactive and data is directed from
ADO+ through AD7+ to DO+ through D7+.

READ-ONLY MEMORY

[ .
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(From Figure C-1, Page 4, Coordinate 7C)

After an 8051 microprocessor reset condition,
local ROM (Read-Only Memory) bootstrapping and
self-testing is provided by 2732 EPROM (Erasable
Programmable ROM) 15B, as shown in the above
window.
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Multiplexed address/data bus AD@+ through AD7+ and
A8+ through AB+ are used to latch in the addresses
of the instructions at the 2732 EPROM.

Address lines AD@+ through AD7+ are latched in at
buffer 17C, when ALE+ (Address Latch Enable) is
generated from the 8051 microprocessor. (Note
that the output of 17C is always enabled since pin
1 is tied to ground.)

Simultaneously, address bits A8+ through AB+ are
generated from the 8851 microprocessor (pins 21
through 24). Therefore, A@+ through AB+ are all
generated to 15B. Then, the 80651 microprocessor
asserts PSEN- (Program Store Enable), which
enables the output of 15B, allowing the content of
the respective address (that is , the instruction)
onto the ADZ+ through AD7+ data bus to the 8651
microprocessor. Note that EA- (External Address)
is tied to ground at pin 31 of the 8051
microprocessor, signifying that the 8051
microprocessor is to fetch instructions at an
external ROM.

To summarize, 15B receives the address of an
instruction, and then generates the contents of
that address to the 8051 microprocessor.

Note that each instruction is generated onto the
AD@+ through AD7+ address/data bus at the falling
edge of PSEN- and the 8051 microprocessor decodes
the instruction on the rising edge of PSEN-.
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DEVICE DECODING
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(From Figure C-1, Page 4, Coordinate 4C)

To generate the applicable control and status
lines in the Voice Processor Module, the 8851
microprocessor writes or reads the respective
external RAM locations via l-of-4 decoders 14B and
13B, shown in the above window.
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As shown in the top window, the 8051
microprocessor issues a read or write from pin 17
or 16, respectively, which is logically NORed at

AND gate 12D at pin 12 or 13,

respectively. This
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causes a low signal at pin 11 of 12D, which
enables l-of-4 decoder 13B at pin 15. As shown in
the bottom window, address lines A6+ and A7+ drive
13B as follows:

A7+ A6+ Function

(o] 0 Enables pin 1 of 13B (addresses 0Oh
through 30h)

0] 1 Enables pin 15 of 14B (addresses 40h
through 70h) .

1 0 Fnables pin 1 of 14B (addresses 80h
through OBOh)

1 1 Unused

Each of these 1is described in the following
paragraphs.
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(From Figure C-1, Page 4, Coordinate 4B)
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When both A6+ and A7+ are low, 13B is enabled at
pin 1, allowing address lines A4+ and A5+ to drive
the following:

Address
A5+ A4+ (h) Pin Function

0 0 00 4 TDRRD- (Tone De-
tector Register
Read): Enables
contents of the Tone
Detector register
onto the 8051
microprocessor data
bus

0 1 10 5 CODECS- (CODEC Se-
lect): Clears CODEC
interrupt to 8051
microprocessor, and
acknowledges byte of
voice data

1 0 20 6 Clocks read/write
data latches, which
act as the interface
between internal
X-Bus data lines and
local data lines

1 1 30 7 VOLRD- (Volume
Read): Enables
contents of the
Loudness Level
register onto the
8051 microprocessor
data bus

Note that CODECS- is also buffered at 14C (pin 15
or 6), to generate CODECRD- or CODECWR-, which
enables the CODEC stacker/destacker for 4-bit
transfers between the CODEC and the 8051
microprocessor. CODECS~, CODECRD-, and CODECWR-
are all described in the "“CODEC Logic" and
"Stacker/Destacker Logic" subsections, below.
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The

other registers can be found in the the

following subsections:

o The Tone Detector register is described in the
"General 8051 Microprocessor External RAM
Registers" subsection, below.

o The read/write data latches are described in
the "Data Bus Interface Logic" subsection,
above.

o The ILoudness level register is described in
the "Silence Detection and Volume Control"
subsection, below.
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(From Figure C-1, Page 4, Coordinate 4C)
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When A6+ is active and A7+ is inactive, 14B is

enabled at pin 15,

A5+ to drive the following:

Thes

allowing address lines A4+ and

Address

A5+ A4+ (h) Pin  Function

2 2 40 12  ADRHWR- (Address
High Byte Write):
Clocks the X-Bus
Interface High Byte
Address register

] 1 50 11 ADRMWR- (Address
Middle Byte Write):
Clocks the X-Bus
Interface Middle
Byte Address
register

1 ] 60 19 ADRLWR- (Address Low
Byte Write): Clocks
the X-Bus Interface
Low Byte Address
register

1 1 79 9 XCTLWR~- (X-Bus
Control Load Write):
Clocks the X-Bus
Interface Control
register

e registers can be found in the following

subsections:

o]

described in the
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All of the X-Bus interface address registers

are described in the

Logic" subsection, above.

"Address Bus Interface

The X-Bus Interface Control register is

subsection, above.
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When A6+ is inactive and A7+ is active, 14B is
enabled at pin 1 (shown in the above window),
allowing address lines A4+ and A5+ to drive the

following:
Address

A5+ A4+ (h) Pin Function

a a 80 4 XPTWR~ (Crosspoint
Write): Clocks
crosspoint line and
junctor connections

] 1 o9 5 DLRWR- (DTMF Load
Register Write):
Clocks DTMF
Generator register

1 %) [2):\") 6 LCRWR- (Line Control
Register Write):
Clocks Line Control
register

1 1 oBO 7 MCRWR- (Modem Con-
trol Register

Write): Clocks Mo-
dem Control register

Each of these can be found in the following
subsections:

o

The crosspoint 1line and junctor connections
are described in the "Crosspoint Matrix
Control" subsection, below.

The remaining registers are described in the

"General 8051 Microprocessor External RAM
Registers" subsection, below.

Theory of Operation 3-73



GENERAL 8051 MICROPROCESSOR EXTERNAL RAM REGISTERS

Tone Detector Register (Address OCh)

11D 7415240
Lden
07 (13 TR 8 OIG PRES -
D6 18 2 TONE DET -
0S 12 4 RO1 - T
04 4 2 ROQ - Al

TORRD- @ 1’

(Prom Figure C-1, Page 6, Coordinate 2B)

-

c3s

(From Figure C-1, Page 3, Coordinate 3A)
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The Tone Detector register, shown in the top
window as 11D, and in the bottom window as 6F, is
located at external RAM location 9%h and contains
the status of the following:

Data Bit Pin Function

D@+ - D3+ 5 DTMF Encoding: Contains the
encoded DTMF digit from the
DTMF receiver (see below)

D4+ RD1- (Ring Detect 1): When
set, ring detected for line 1

D5+ RD2- (Ring Detect 2): When
set, ring detected for line 2

D6+ TONE DET- (Tone Detect):
When set, call progress tone
detected (for example, dial
tone, busy signal, etc.)

D7+ DIGPRES- (Digit Present):
When reset, signifies that a
received tone-pair has been
detected
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DTMF Encoding

Data Bits
3 2 1 @ Digit
@ 0 0 0 D
g 90 90 1 1
g 0 1 © 2
g 2 1 1 3
g 1 6 0 4
g 1 90 1 5
g 1 1 0 6
g 1 1 1 7
1 9 0 0 8
1 9 0 1 9
1 0 1 0 ]
1 9 1 1 *
1 1 0 @ #
1 1 9 1 A
1 1 1 @ B
1 1 1 1 c
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DTMF Generator Register (Address 90h)
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(From Figure C-1, Page 6, Coordinate 2C)

The DTMF Generator register (7E), shown above, is
located at external RAM location 90h. The DTMF
Generator register is used to input the row and
column information to the DTMF generator, which
then generates the proper digit. Note that the
rows and columns of the register are identical to
the rows and columns of a telephone keypad. For
example, row 1, column 1 consists of the digit 1,
and row 4, column 2, consists of the digit O.

Digits that correspond to the row and column
outputs at pins 2, 5, 6, 9, 12, 15, 16, and 19 of
7E are as follows:

COLl1l- COL2- COL3- COL4-
(D4+) (D5+) (D6+) (D7+)
ROW1 -~ 1 2 3 OAh
(DO+)
ROW2- 4 5 6 OBh
(D1+)
ROW3 - 7 8 9 OCh
(D2+)
ROW4 -~ * 0 # ODh
(D3+)

The data bit inputs to 7E are shown above in
parentheses. Note that the column 4 digits (that
is OAh through ODh) do not appear on a standard
telephone set.
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Line Control Register (Address gAGh)
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(From Figure C-1, Page 6, Coordinate 2D)

The Line Control register (7D),

shown above, is

located at external RAM location @AGh and controls
the following:

Data Bit Pin

3-78

DO+ 19

D1+ 16
D2+ 15
D3+ 12
D4+ 2
D5+ 5

Function

oHl+ (Off-Hook Relay 1) Set
to place line 1 off hook

OH2+ (Off-Hook Relay 2): Set
to place line 2 off hook
XOVREND- (crossover Enable
g): See below

ORIG- (Orlglnate/Answer)
When reset, places modem 1in
orlglnate mode via connector
J1, pin 14; when set, places
modem in answer mode - via
connector J1, pin 14

ANA+ (Analyze/Synthe51ze)
When set, encodes voice via
the CODEC:; when reset,
decodes voice via the CODEC

set,
reset,

HALT+ (Halt): When
halts CODEC; when
enables CODEC to run
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Data Bit Pin Function

D6+ 6 SPCTL- (sample Control):
When set, CODEC is sampled at
8 kHz; when reset, CODEC is
sampled at 6 kHz

D7+ 9 XOVREN1- (Crossover Enable
1): See below
D2+ D7+ Function
1] [} Enables voice unit across

line 1 (power-up default)

2 1 Enables voice unit across
line 2 (used to save power)

1 15} Disables voice unit across
both lines

1 1 Enables voice unit across
line 2 (not used)

Modem Control Register (Address JBOGh)

— ! ~f tpou——
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(From Figure C-1, Page 6, Coordinate 2B)
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The Modem Control register (7F), shown above, is
located at external RAM location @BGh and controls

the following:

3-80

Data Bit

Pin

Function

DO+

D1+

D2+

D3+

D4+

D5+

D6+

D7+

5

19

16

15

12

MODE SELO+ (Mode Select 0):
When set, selects V.22 mode;
when reset, selects 193
(212-A) mode

DL+ (Digital Loopback): When
set, sets the local modem to
digital loopback mode so that
data transmitted from a
remote modem to the local
modem will be looped back to

the remote modem for
diagnostics
RDL+ (Remote Digital

Loopback): When set, causes
the local modem to perform a
command sequence to place the
remote modem in digital
loopback

RDLEN+ (Remote Digital
Loopback Enable): When set,
enables the local modem to be
placed into digital loopback
from a remote modem

ANALB+ (Analog Loopback) :
When set, sets the modem on
the Modem board to analog
loopback mode so that data
transmitted from the 8051
microprocessor to the modem
will be transmitted back to
the 8051 microprocessor for
diagnostics

Not connected

ENAPSK+ (Enable PSK): When
set, enables modem for PSK at
1200 baud

ENAFSK+ (Enable FSK): When
set, enables modem for FSK at
399 baud
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CROSSPOINT MATRIX CONTROL
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(From Figure C-1, Page 3, Coordinate 6B)

The heart of the analog circuitry consists of an
MT8804 8 by 4 analog crosspoint switch array.
Under control of the 8051 microprocessor, the
analog crosspoint switch array switches and
connects the various analog functional blocks to
their appropriate states at the appropriate times.

The MT8804 8 by 4 analog crosspoint switch array,
shown in previous window, allows the connection to
either telephone line.

The pin assignments and functions for the MT8804 8
by 4 analog crosspoint switch array are listed in
Table 3-2. Timing for the analog crosspoint
switch is shown in Figure 3-5.

As shown above, the analog switch array is
arranged in eight rows and four columns. The row
input/outputs are signified as lines (that is, LO+
through L7+) and the column inputs/outputs are
signified as junctors (that is, JO+ through J3+).
The lines and junctors interconnect when turned
on.
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Table 3-2. MT8864 8 By 4 Analog Switch Array 8A

Pin Assignments and Functions.
(Page 1 of 2)

12

13

14

17

6,

16

Function

Input/Output Line 2 (L2+) Used as the
row input/output for the DTMF generator.

Input/Output Line 1 (Ll+) Used as the
row input/output for the modem.

Input/Output Line 6 (L@+) Used as the
row input/output for the voice unit
interface (no extra attenuation).

Control Memory Data Lines (D#+ Through
D3+). Data bus inputs that determine
which junctors will connect to the
lines.

Input/Output Junctor (J@+ Through J3+).
Used as the column input/outputs as
follows:

o Jd used as telephone 1line 1.

o J1l used as telephone line 2.

o J2 connects to analog ground.

o J3 used for indirect connection (not
connected) .

Negative Digital Power Supply (VSS-).
Tied to ground.

Negative Analog Power Supply (VEE-).
Tied to -5 VA.

Control Memory Address Inputs (AG+
Through A2+). Used to select the
applicable lines.

Control Memory Address Enable (AE+).
Input strobe that enables the RAM.
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Table 3-2. MT8864 8 By 4 Analog Switch Array 8A
Pin Assignments and Functions.
(Page 2 of 2)

Pin Function

18 Master Reset (MR+). Used to initialize
8A; forces all memory locations to their
low states and turns off all crosspoint
switches.

19 Input/Output Line 7 (L7+) Used as the
row input/output for the voice unit
interface (path adding attenuation).

20 Input/Output Line 6 (L6+) Used as the
row input/output for the CODEC decoder.

21 Input/Output Line 5 (L5+) Used as the
row input/output for the CODEC encoder.

22 Input/Output Line 4 (L4+) Used as the
row input/output for the voice

amplifier.

23 Input/Output Line 3 (L3+) Used as the
row input/output for the DTMF receiver
and the call progress tone detector.

24 Positive Analog/Digital Power Supply
(VDD). Strapped to +5 VA.

The control memory consists of an 8-word by 4-bit
RAM. The eight words are selected by A@+ through
A2+ (Address Lines @ Through 2) via an internal
address decoder. At the positive edge of AE+
(Address Enable) at pin 17, A0+ through A2+ are
latched at the analog crosspoint switch' array
(8a). The information contained on the AG+
through A2+ lines address one of the L@+ through
L7+ lines described above.

Data lines are accessed at D@+ through D3+ (Data
Lines @ Through 3) and are asynchronously written
into the control memory when AE+ becomes low at
pin 17. The data lines determine which junctors
(that is, J@+ through J3+) will connect to the
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line. A high level written into a memory cell
turns the corresponding crosspoint switch on and a
low level turns the crosspoint switch off. Any
combination of lines and Jjunctors <can Dbe
interconnected.

When data is written into control memory, only the
crosspoint switches corresponding to the addressed
memory words are affected; the remaining
crosspoint switches remain in their previous
states.

Input/Output lines (L@+ through L7+) are addressed
as follows:

Addressed
A2+ Al+ A@+ _ Line Device

7} [} 2 Lo+ Voice unit interface no
extra attenuation)

2 g 1 L1+ Modem

[} 1 [} L2+ DTMF generator

[} 1 1 L3+ DTMF receiver/call
progress tone detector

1 1] (%) L4+ voice amplifier

1 (7} 1 L5+ CODEC encoder

1 1 g L6+ CODEC decoder

1 1 1 L7+ Voice unit interface
(path adding
attenuation)

The addressed lines connect with junctor 1lines,
which are dedicated as follows:

Junctor No. Device
%] Telephone line 1
1 Telephone line 2
2 Direct connection to analog
ground
3 Not connected; used for

indirect connections
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Each of the addressed lines (L@+ through L7+) can
of the
junctors connected to it by inputing data to the
control memory as follows:

have

16

different

combinations

Junctors Connected
33+ J2+ Jl+ J@+

Input Data
D3+ D2+ D1+ D@+
2 a (%] %] -
2 (/] ] 1 -
a 2 1 a -
] ] 1 1 -
g 1 (] %] -
a 1 ] 1 -
2 1 1 1} -
a 1 1 1 -
1 2 1] 1] *
1 2 o 1 *
1 a 1 a *
1 ] 1 1 *
1 1 9] g *
1 1 "] 1 *
1 1 1 1} *
1 1 1 1 *
*Signifies connection

addressed line

between

-Indicates no connection.

*

junctor
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Latches 9B and 1l1A provide the proper setup and
hold times for the address and data lines, and the
address enable line connecting to 8A.

Since the 8051 microprocessor operates faster than
8A, the latches are used to hold the address lines
AG+ through A3+ and data lines D@+ through D3+,
and address enable AE+ until 8A is ready to accept
them. Therefore, the 8051 microprocessor can
continue with its next instruction without waiting
for 8A.

The address and data 1lines, and the address
enable, are clocked into 9B and 11A when the 8051
microprocessor writes to external RAM location 86h
as described in the "Device Decoding" subsection,
above, to generate XPTWR- (Crosspoint Write).
XPTWR- is inverted at 18A (pin 4), to clock 9B and
11A.

Since pin 1 of 9B is tied to ground, 9B is always
enabled.

Note that 1l1A is strapped to +5 V through
3.3-kilohm resistor RP so that a high signal is
generated from pin 5 when clocked at pin 3. This
high signal is delayed at pin 12 of 11A until ALE+
is generated from pin 39 of the 8451
microprocessor to pin 11 of 11A. Then AE+ 1is
generated from pin 9 of 11A to pin 17 of 8A, to
enable the address lines.

Note that the complement of AE+ is generated from
pin 8 of 11A to pin 1 of 11A, clearing AE+ until
the next crosspoint write from the 8051
microprocessor.

During a power-up or manual reset, or when
activity on the X-Bus for the Voice Processor
Module has been suspended, as described in the
"X-Bus Module Initialization/Identification Logic"
subection, above, RESET+, which connects at pin 18
of 8A, resets 8A (that 1is, disconnects all
connections) .
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ON-HOLD OPERATION
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(From Figure C-1, Page 3, Coordinate 6B)

Hold operations occur via 8A and p-channel JFETs
Q5 and 6, which provide proper termination for
the secondary of either transformer T2 or T3,

depending upon which line is in use.

must remain active at all times.

Theory of Operation

Each line
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(From Figure C-1, Page 3, Coordinate 4C)

In other words, either relay K2 (upper window) or
K3 (lower window), for line 1 or 1line 2, must
remain energized even though the 1line will be
placed on hold. Each line is described below.
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Figure 3-5. Amnalog Crosspoint Switch Timing.
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Line 1 On Hold
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To place line 1 on hold,

disconnected from 8A.

5 of 8A is

(signifying th

Jo+ from LO+.
the wrong

at

termination

the
connected to line 1),
This disconnection,

For example, if J0+

voice unit

the voice unit must be

at pin

connected to L&+ at pin 3 of 8A
interface

is

the system must disconnect

however,

for the 1line,

incorrect AC impedance is reflected.

In other words,

is used for proper termination.

(Hold Line 1),

pin 1 of T2 floats.

As shown,

and

Therefore,

causes
an

Q5
HOLD1-

which is generated from the 8051

microprocessor as described in the "Processing
Unit Logic" subsection, above, turns Q5 on at pin
5 and terminates the 1line with the 226-ohm

resistor at R23
Q5.

Line 1,

, plus a negligible resistance from

which is still active,

no voice activity.

Theory of Operation

therefore contains
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Line 2 On Hold
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(From Figure C-1, Page 3, Coordinate 4C)

To place line 2 on hold, the voice unit must be
disconnected from 8A. For example, if Jl+ at pin
7 of B8A 1is connected to L@+ at pin 3 of 8A
(signifying that the voice wunit interface is
connected to line 2), the system must disconnect
Jl+ from LO+. This disconnection, however, causes
the wrong termination for the 1line, and an
incorrect AC impedance is reflected.

In other words, pin 1 of T3 floats. Therefore, Q6
is used for proper termination. As shown, HOLD2-
(Hold Line 2), which is generated from the 8@51
microprocessor as described in the "Processing
Unit Logic" subsection, above, turns Q6 on at pin
10 and terminates the 1line with the 226-ohm
resistor at R22, plus a negligible resistance from
Q6.

Line 2, which is still active, therefore contains
no voice activity.
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PULSE CODE MODULATION FILTERING
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(From Figure C-1, Page 2, Coordinate 7D)

The TP3040 monolithic filter (8B), shown in the
top window, band-limits voice input for CODEC

encoding and also filters the decoded CODEC
output.

As shown, 8B operates at 1.8-MHz. XDCLK- enables
4-bit binary counter 3C at pin 13 (shown in the
above window), which asserts a 1.8-MHz pulse at
pin 11. This pulse connects to 8B at pin 12.
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The pin assignments and functions for the TP3040
PCM monolithic filter are listed in Table 3-3.

Table 3-3. TP304¢ PCM Monolithic Filter 8B Pin

Assignments and Functions.
(Page 1 of 2)

Pin Function

1 Noninverting Filter Input (VFXI+).
Noninverting input to the transmit
filter stage.

2 Inverting Filter Input (VFXI-).
Inverting input to the transmit filter
stage.

3 Gain Adjustment (GSX). Output used for
gain adjustments of the transmit filter.

4 Receiver Filter Output (VFRO). Receive
filter output that drives pin 5.

5 Power Input (PWRI). Input to the
receive filter differential power
amplifier.

6 Noninverting Power Output (PWRO+) .
Noninverting output of the receive
filter differential power amplifier.

7 Unused.

8 Negative Power Supply (VBB-). Strapped
to =5 V.
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Table 3-3. TP3040 PCM Monolithic Filter 8B Pin

Assignments and Functions.
(Page 2 of 2)

10

11

12

13

14

15

16

Function

Positive Power Supply (VCC+). Strapped
to +5 V.

Receive Filter Input (VFRI). 1Input for
the receive filter stage.

Digital Ground (GNDD). Input to which
all digital signals are referenced; tied
to ground.

Clock (CLK). 1.8-MHz input clock.

Power Down (PDN). Unused; tied to
ground.

Clock Select (CLK@). Strapped to +5 V
to select internal counter of 2048 kHz.

Analog Ground (GNDA). Input to which
all analog signals are referenced; tied
to ground.

Transmit Filter Output (VFXO). Output
of the transmit filter stage.
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VOICE ENCODING

During voice encoding, voice information is gen-
erated from analog crosspoint switch array 8A at
pin 21 of L5+ to pin 1 of 8B, where it is filtered
and limited. All frequencies below 200 Hz and
above 3.2 kHz are attenuated so only frequencies
within this pass band can pass through.
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(From Figure C-1, Page 2, Coordinate 6D)

Since 8B operates at +5 V and -5 V,

pin 16 varies about @ V.

the output at

The input of MSM5204

analog-to-digital converter 10B, however, operates
from power supplies consisting of OV to +5 V.
Therefore, the input of 19B must be shifted to a
midpoint equal to about 2.2 V. This 1is accom-
plished by operational amplifier 7B, which is con-
nected in an inverting configuration. Operational
amplifier 7B amplifies and provides level shifting
between the output of 8B and the input of 19B.
The 137-kilohm resistor at R33 biases the output
of 7B at pin 1 to about 2.2 V. In addition,
@.47-microfarad capacitor C53 isolates DC voltage.
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(From Figure C-1, Page 2, Coordinate 6B)
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Note that an automatic gain control (AGC) circuit,
which provides feedback and loop control, is built
around two operational amplifiers at 5C and an
N-channel JFET at Q4.

The input to analog-to-digital converter 16B (pin
2) 1is sampled by the AGC circuitry and a
DC-controlled voltage is generated at the gate of
Q4 to control the resistance of Q4. In other
words, Q4 acts as a voltage-controlled resistor
and appears in parallel with the 226-ohm resistor
at R39. Note that R30 connects to the voice input
of 8B that will be encoded.

If the signal 1level 1is high at operational
amplifier 7B (pin 1), the resistance of Q4, which
is in parallel with R30, becomes low to attenuate
the signal.

If the signal level is low at 7B (pin 1), the
resistance of Q4 becomes high, and the circuit
does not attenuate. In other words, Q4 looks like
an open circuit in parallel with R34.

The first half of operational amplifier 5C acts as
a negative-peak detector. In other words, the
output at pin 1 follows the negative peaks of the
input signals to detect amplitude. Note that the
@.l-microfarad capacitor at C54 and the 1@0-kilohm
resistor at R49 ensure that the circuit detects
low-level negative peaks as well as high-level
negative peaks.

When the signal at pin 1 of 5C consists of a
negative voltage, diode CR7 turns on to allow C54
to charge and store the sample. When the signal
at pin 1 of 5C consists of a positive voltage, CR7
turns off, and C54 discharges through R49. This
leakage allows the circuit to follow variations in
low-level AC signals.

The second half of 5C, which consists of an
inverting differential amplifier, adds gain to the
circuit and filters DC voltage.

The 1.3-Megohm resistor at R19 and the 158-kilohm
resistor at R46 determine the gain. The
combination of @d.l-microfarad capacitor at C52,
and R19, filter the voltage for a smoother signal
that is used as a DC-controlled voltage at the
gate of Q4.
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The 180-kilohm resistor at R47 provides a negative
DC offset of -4 V at the output of 5C (pin 7).
When the signal from pin 1 of 7B is low, Q4 is
turned off by the -4 V. As the signal amplitude
increases, the output of 5C (pin 7) increases from
-4 V toward @ V. When the voltage reaches 9 V, Q4
is completely turned on and, therefore, Q4
provides a low resistance (about 12 ohms).

Note that 2.2-kilohm resistor at R37 is in series

with the gate of Q4 to add linearity to the
device.

VOICE DECODING
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(From Figure C-1, Page 2, Coordinate 7C)

During voice decoding, voice information 1is
generated from the CODEC at pin 18 to 8B (pin 19),
where the stairstep waveform is internally
filtered and smoothed before generating from the
noninverting power output of 8B (pin 6) as L6+.
Note that L6+ is generated to the analog
crosspoint switch array where it can be switched
to any Junctor. (See the "Crosspoint Matrix
Control" subsection.)

The 0O.l-microfarad capacitor at C47 isolates DC
voltage and couples AC voltage to 8B.
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VOICE SCREENING (MONITORING)
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When the call screening (monitor) function of the
answering machine 1is used, p-channel JFET Q9
adjusts the gain of the receive filter of 8B. To
accomplish this, the 8051 microprocessor generates
MONITOR- (Monitor) from pin 15 to the gate of Q9
pin 9), which appears in parallel with the
137-kilohm resistor at R29. This reduces the gain
of the receive filter for proper operation of the
monitor function.

ANALOG-TO-DIGITAL CONVERSION

220PF s, SOK 18 HCIGS
cr7 7
= RIS s * Lisn
604K t-1F3s3 "
108 MSMS204 N2l 2l
7B\ 2241k H ) 151
LF153 (V4 +EVA h T4HC 240 [ iNvBT
N cez $ R8Gg 5
- R79S 301KS 19 doano
A K 37K 3laeo 0o 2 nf
1% S 120
WCZE 1 392 ¢ ot 1 13)°
R28 T PN VAR oz "
3 R78 VR 03 = =P Ry
Ree e o SR8 b ': voo D4 He  quf
24K 78 7 | -5va L ki DShy i
LF35z ny EA - S <1¢
S, 14 =5 o7 ‘
=cat R4 WR 1S ol auld
137K <
. 9o

(From Figure C-1, Page 2, Coordinate 4D)

During the voice encoding process, the MSM5204
analog-to-digital converter (19B), shown in the
above window, converts an analog signal to a
digital byte.
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The pin assignments and functions for the MSM5204
8-bit analog-to-digital converter are listed in
Table 3-4.

The filtered amplified output at pin 1 of
operational amplifier 7B (described in the "Pulse
Code Modulation Filtering Logic" subsection,
above) generates to pin 2 of 10B, which contains
an internal sample and hold circuit in addition to
the analog-to-digital converter.

The internal sample and hold circuit samples the
signal and holds it for a certain period of time
so the analog-to-digital converter has enough time
to convert the sample to an 8-bit output at pins 4
through 9, 11, and 12. Without the internal
sample and hold circuit, the voice signal would
change before the analog-to-digital conversion
since voice signals constantly change in
amplitude.
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(From Figure C-1, Page 2, Coordinate 6C)

Note that 10B is referenced by a 447-kHz signal
(pin 17), which is generated from 4-bit binary
counter 3C (pin 9). Note that 3C is enabled at
pin 13 by XDCLK-.
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Table 3-4. MSM5284 8-Bit Analog-to-Digital

Converter 19B Pin Assignments and

Functions.

Pin Function

1 Reference Supply (VR+). Strapped to +5
V.

2 Analog Input (VIN). Analog input
signal.

3 Analog Ground (AGND-). Tied to ground.

4 - 9, Data Lines (D&+ Through D7+). Tristate

11, 12 output of converted data.

10 Digital Ground (DGND-). Tied to ground.

13 Interrupt (INTR-). Active-low output
that signifies the end of the
conversion; indirectly causes pin 1 of
11B to become low so the data byte can
be shifted to the CODEC.

14 Read (RD-). Active-low input that
accesses the data byte via DO+ through
D7+.

15 Write (WR-). Active-low input that
starts the conversion; connected to the
CODEC.

16 Chip Select (CS-). Tied to ground to
enable 10B.

17 Clock In (CLKIN+). 447-kHz clock input.

18 Power Supply (VDD+). Strapped to +5 V.
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To start the conversion, a low signal is generéted
from pin 13 of the CODEC (8C) to the WR- (Write)
input of 10B (pin 15).
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(From Figure C-1, Page 2, Coordinate 6C)

At the end of conversion, a low signal is
generated from the INTR- (Interrupt) output of 10B
(pin 13), signifying the end of conversion. This
low signal is inverted at 5D (pin 9) and driven to
D flip-flop 4B (pin 2), where it is delayed one
clock cycle to give 10B enough time to present the
encoded analog signal at the output. Therefore,

3-162 Voice Processor Manual



one clock cycle later, a low signal is generated
from pin 6 of 4B to the RD- (Read) input of 10B
(pin 14), which allows access of the data byte
that has been converted via the DO+ through D7+
lines.
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(From Figure C-1, Page 2, Coordinate 4D)

In addition, a high signal is generated from pin 5
of 4B to pin 12 of 4B causing a low signal to
generate from pin 8. This low signal is generted
to 11B (pin 1), to enable the load of 11B.

An 8-bit binary output is then generated to shift
register 11B, which acts a parallel-to-serial
converter. Each bit, starting with D7+ and ending
with DO+, is serially shifted out of 11B at pin 9
to the CODEC.

After 11B is loaded, a high signal at pin 8 of 4B

is generated to 11B (pin 1), causing 11B to start
shifting as per the CLK input at pin 2.
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Note that the CLK input is referenced to a 447-kHz
pulse that connects to NAND gate 4C (pin 9). The
pin 18 input of 4C determines the state of the
clock. When pin 10 is active at 4C, the clock
generates from pin 8 of 4C to gate 5D, where it is
inverted (pin 3) and driven to 11B (pin 2). When
pin 10 is inactive, the clock input is disabled.

Four-bit binary counter 3C and the other NAND
gate= at 4C are configured to allow the 447-kHz
cloc.. for 12 states for compatibility with the
CODEC. In other words, after the byte of data is
generated from 11B to the CODEC, four low bits are
generated from 11B to the CODEC. This is
described in the following subsection.
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(From Figure C-1, Page 2, Coordinate 6B)

Note that the D flip-flops at 4B clear when the
8051 microprocessor sets the HALT+ (Halt) data bit
(that is, D5+) of the Line Control register at 7D
located at external RAM location @AQh as described
in the "Device Decoding" subsection, above. As
shown in the window above, HALT+ is inverted at 5D
(pin 5), to clear 4B (pins 1 and 13), which
disables the RD- input of 10B (pin 14). In
addition, HALT+ resets the CODEC at pin 1.
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CODEC LOGIC

The CODEC consists of an MSM5218 speech

analyzer/synthesizer featuring the Adaptive
Differential Pulse Code Modulation (ADPCM) method
of data compression. During the analysis

(encoding) stage, serial PCM data compresses to
4-bit parallel ADPCM data. In addition, during
the synthesis (decoding) stage, PCM data is
synthesized from ADPCM data. The PCM data is
output via an internal 10-bit digital-to-analog
converter for an analog output signal.

The pin assignments and functions for the MSM5218
ADPCM speech analysis/synthesis IC are listed in
Table 3-5. ADPCM CODEC timing is shown in Figure
3-6.
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(From Figure C-1, Page 2, Coordinate 2D)

Note that the CODEC (8C) resets when the 8051
microprocessor sets the HALT+ (Halt) data bit
(that is, D5+) of the Line Control reigster
located at external RAM 1location OAOh, as
described in the "Device Decoding" subsection,
above. '~ As shown in the above window, HALT+
connects to 8C at pin 21. In addition, HALT+ is
inverted at 5D (pin 5), to clear D flip-flops at
4B (pins 1 and 13), which disables the RD- input
of the analog-to-digital converter (pin 14) as
described in the previous subsection.
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Table 3-5. MSM5218 ADPCM Speech

Analysis/Synthesis IC 8C Pin
Assignments and Functions.
(Page 1 of 2)

—

10

11

Function

Variable Clock (V.CK). An 8-kHz or
6-kHz output, depending upon the
sampling frequency selected by the Sl
and S2 inputs (pins 8 and 9); used to
synchronize the stacker/destacker to 8C.

CODEC Data Lines (CD#+ Through CD3+).
Bidirectional ADPCM data port; connects
to the stacker/destacker.

Analyze/Synthesize (ANA+/SYN-). When
set, this input selects the analysis
function (encode);. when reset, selects
the synthesis function (that is,
decode) .

3-Bit/4-Bit Data (3-/4+). Strapped to
+5 V to use 4-bit ADPCM data.

Status Lines 1 and 2 (S1 and S2).
Inputs used to select the sampling
frequency or external mode as follows:

Sampling
Sl S2  Fregquency

[} 1 6 kHz
1 "] 8 kHz

Note that the lower frequency signifies
a lower Dbit-rate representation to
lessen the storage requirement of memory

Serial Input Clock (SI.CK). Clock input
used for clocking serial PCM data from
an external analog-to-digital converter
into an internal 12-bit shift register.

Data In (DA.IN). Serial PCM data input.
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Table 3-5. MSM5218 ADPCM Speech

Analysis/Synthesis IC 8C Pin
Assignments and Functions.
(Page 2 of 2)

13

14

15

16
17

18

19

20

21

22,

24

23

Function
Ground (VSS-). Tied to ground.

Start of Conversion (S.CON-). Output
that signifies the start of conversion.

Unused.

Data Selector (DAS). Tied to ground to
select an analog signal output.

Test 1 (Tl). Unused; tied to ground.
Test 2 (T2). Unused:; open.

Data Out (DA.OUT). Analog signal
output.

Unused.

Binary/Two's Complement (BIN+/TOC-).
Strapped to +5 V for binary operations.

Reset (RST+). Active-high input that
initializes the internal circuitry.

Oscillator Inputs (XT+ and XT-). Inputs
from 384-kHz crystal oscillator that
provide the reference clock.

Power Supply (VDD+). Strapped to +5 V
(nominal).
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VOICE ANALYSIS (ENCODING)

The input at pin 11 of the MSM5218 ADPCM speech
analysis/synthesis IC (8C) must consist of 12
serial Dbits. Note that only eight bits are
generated from the analog-to-digital converter,
via pin 9 of shift register 11B, to represent
voice information. Since 8C expects 12 bits, four
additional low bits are generated from pin 9 of
11B.
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1% |re o1 B 12lg cae 1l i, o 2ot A
& 0zl 13 s T 6“ oot <02
7 ) ! - T S cos /
R o318 3 e 14 34 93) o3
®loo  04f2 L B BLran o St
., [ -z 20PF= ANA/SYN
LK-IN m G 2 2201
:3 Wik DeRz AN %7_—_":[ AL
6 ol o szl
Bl o 2ot
2lvss msa/so{19
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74HC 323
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A
: e ‘e
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(From Figure C-1, Page 2, Coordinate 4C)

These four low bits are caused by four-bit binary
counter 3C and the NAND gates at 4C, which are
configured to allow a 447-kHz clock at pin 8 of 4C
for 12 states. Note that the pin 8 output of gate
4C is connected to both the CLK input of 11B and
th? SI.CK (Serial Input Clock) input of 8C (pin
19).
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(From Figure C-1, Page 2, Coordinate 6C)

As shown in the above window, the 447-kHz pulse
from pin 9 of 3C connects to NAND gate 4C (pin 9).
As shown in the previous window, the pin 10 input
of 4C determines the state of the clock. When pin
10 is active at 4C, the clock generates from pin 8
of 4C to gate 5D, where it is inverted (pin 3) and
driven to 11B (pin 2). When pin 10 is inactive,
the clock input is disabled.

Four-bit binary counter 3C, which is enabled at
pin 1 by the 447-kHz signal from pin 9 of 3C, is
configured to count from O to 11 before pins 5 and
6 become high. That is, when the binary digits of
3C equal 1100 (12 decimal), two high signals are
generated from pins 5 and 6 to cause a low signal
at pin 6 of 4C.

This low signal causes pin 3 of 4C to become high
and, therefore, pin 11 of 4C to become low since
pin 8 of 4B is high. (Note that pin 8 of 4B went
high to start the shift register as described in
the previous subsection.) The low signal at pin
11 of 4C disables the clock at pin 8 of 4C.

After the 12 bits are shifted, 8C generates a
4-bit representation of the 12-bit sample to the
stacker/destacker via the CDO+ through CD3+ lines

at pins 2 through 5. The stacker/destacker
combines two consecutive nibbles of data from 8C,
to generate a byte of data to memory. (See the

"Stacker/Destacker Logic" subsection, below.)
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VOICE SYNTHESIS (DECODING)

During voice decoding, 4-bit nibbles are generated
from memory via the stacker/destacker (described
in the following subsection) to 8C. To output an
analog signal, 8C performs a 1l@-bit digital-to-
analog conversion of the data.

The analog signal is then generated from pin 18 of
8C to pin 19 of the PCM filter, where it |is
filtered as described in the "Pulse Code
Modulation Filtering Logic" subsection, above.

STACKER/DESTACKER LOGIC

The stacker/destacker consists of two sets of
latches that are controlled by the CODEC clock
(V.CK) and is used to latch in either a byte of
data from the 80851 microprocessor or two separate
nibbles of data from the CODEC. In other words,
the stacker/destacker provides the necessary
interface between the 8851 microprocessor 8-bit
data bus and the CODEC 4-bit data bus during
either encoding of voice or decoding of voice to
or from memory.
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ENCODING VOICE TO MEMORY
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