HP Archive

This vintage Hewlett Packard document was preserved
and distributed by

www. hparchive.com
Please visit us on the web !

Thanks to on-line curator: Istvan Novak



u Advanced Micro Devices

Developing and Debugging an
ISDN Terminal Adapter

Jean Anne Booth

Advanced Micro Devices

5900 East Ben White Blvd., MS 561
Austin, Texas 78741

Tel: (612) 462-5879

Fax: (512) 462-5051

1993
High Speed Digital
Symposium

© Hewlett-Packard Company 1993

D

HEWLETT
PACKARD




u Advanced Micro Devices

Abstract

The Integrated Services Digital
Network digitizes voice signals at
the telephone and sends both
voice and control signals to the
PABX or central office switch
digitally. An ISDN terminal
adapter interfaces between ISDN
and non-ISDN equipment,
typically at the subscriber loop
level that interfaces between the
customer’s equipment and the
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local telephone network office.
This presentation introduces
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terminal adapter, and shows how
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Developing and Debugging an ISDN

Terminal Adapter
Slide #1 Slide #3
- - ) “
Developing and Debugging The Integrated Services Digital

an ISDN Terminal Adapter Network (ISDN)

* All-digital network standard: voice, data, control

signals
. * Replaces subscriber loop with digital voice and
data capability
_ﬁ_ * Global communications network benefits:

— increased reliability
- increased functionality

Advanced Micro Devices - lower cost
— worldwide standardization

The Integrated Services Digital Network, or
ISDN, digitizes voice signals at the telephone and
sends both voice and control signals to the PABX
or central office switch digitally. Thus, ISDN
replaces the last analog component of telephone
circuitry, the subscriber loop, with a digital
component capable of handling both voice and

Slide #2

Developing and Debugging an

ISDN Terminal Adapter data information. ISDN brings the benefits of
« Introduction to ISDN digital technology — increased reliability, new
* An ISDN Terminal Adapter functionality, lower cost, and increased security
— Am79C30A/32A Digital Subscriber Controller (DSC) and privacy — and worldwide standardization to
— Am29200™ 32-bit RISC microcontroller the global communications network.

— Am85C30 Serial Communications Controller (SCC)
» Developing an ISDN Terminal Adapter

— Hardware

— Software
¢ Debugging the ISDN Terminal Adapter

— PC, JTAG emulator, HP 16500 logic analyzer,
SA-29200 evaluation and expansion boards

_ [} HEvLETT
u Advanced Micro Devices P PACKARD

11-3



Developing and Debugging an ISDN
Terminal Adapter

Slide #4

Slide #5

ISDN Classes of Service

.w/.’ g } Information: voice, data at 64-kbps
=% D } call control, low speed packet data
Overhead

192 kbps

—D B
./' B 1 Information: voice, data at 64-kbps
\. B
— D } call control

1.544/2.048 Mbps

1.544 Mbps: 23 B channels, 64 kbps
1 D channel, 64 kbps

2.048 Mbps: 30 B channels, 64 kbps
1 D channel, 64 kbps

ISDN Standards

¢ CCITT responsible for ISDN standards

* Basic structure defined in CCITT 1.411
recommendation

e Utilizes Open Systems Interconnection (OSI)
communications model

0OSl Model
ISDN service Layer 7: Application
Layer 6: Presentation
send voice—- Layer 5: Session

packet Layer 4: Transport

Layer 3: Network
Layer 2: Link
| Layer 1: Physical

ISDN service is divided into two classes — primary
rate, an expensive high-bandwidth connection, and
basic rate, the type of subscriber connection most
commonly used. The focus here is on the basic rate
service, which provides three communications
channels. The two B (or bearer) channels provide
either voice or data service at 64 kbps. The D (or

signaling/data) channel provides call control services

and low speed packet data transmission (up to

9600 bps). Primary rate service is provided at either
1.544 Mbps (US, Canada, and Japan) or 2.048 Mbps
(Europe). The channel structure for the 1.544-Mbps

rate is typically 23 B channels and one D channel,;
the 2.048-Mbps rate is typically composed of 30 B
channels and one D channel.

u Advanced Micro Devices

The group overseeing the definition of ISDN is the
CCITT, and the basic structure of the ISDN is
specified in the CCITT 1.411 recommendation.
ISDN functions are further subdivided by the OSI
(open systems interconnection) seven-layer
communication model. The OSI model defines
physical and logical services provided by each layer;
a vertical “slice” of the model encompassing at least
layers 1 through 3 provides one ISDN function, such
as a user data transfer.

(D Rt
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Slide #6 Slide #8
CCITT Recommendations for
CCITT Recommendations for ISDN
ISDN Q Series

| Series

* Complete set of recommendations for all
standardization aspects of ISDN

» Cross references specifications from other
series (Q Series for protocols, and V/X series for
non-ISDN terminals)

Q.920/Q.921 — Defines the Layer 2 protocol
(LAPD) used by ISDN

— Ensures error-free and
correctly sequenced data
transmission between Layer 3
entities

~ Specifies syntax of message
format used within HDLC
frames at Layer 2

Slide #7
CCITT Recommendations for
ISDN
| Series

1.420/1.421 — Introduction to ISDN concepts
and other | Series recommendations

— Layer 1 interface specification (‘S’
and ‘T’ interface recommendations)

1.431 — Layer 1 primary rate interface

1.440/1.441 - Layer 2 protocol specification
(LAPD) Cross references Q.920/Q.921

1.450/1.451 - Layer 3 protocol specification.
Cross references Q.930/Q.931

1.430

The CCITT I Series of recommendations is a
complete set of recommendations for all aspects of
ISDN. The I Series recommendations cross-reference
specifications from other series, like the Q Series for
protocols, and the V and X series for non-ISDN
terminals. CCITT has defined many more I Series
recommendations than the ones listed here.

u Advanced Micro Devices

The Q.920/Q.921 recommendation defines the
Layer 2 protocol used by ISDN, also known as
LAPD. The LAPD protocol ensures error-free and
correctly-sequenced data transmission between
Layer 3 entities. The services provided by the LAPD
protocol include both unacknowledged and acknowl-
edged information transfer on the ISDN D-channel.
The Q.920/Q.921 recommendation also specifies the
syntax of the message format used within HDLC
frames at Layer 2.

HEWLETT
PACKARD
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Slide #9

CCITT Recommendations for
ISDN

Q Series

Q.930/Q.931 — Defines internationally agreed
portion of Layer 3 (network layer)
protocol for ISDN

— Provides packetizing and
blocking of Layer 4 messages
for Layer 2 conformance

— Does not address supplementary
service (defined by national
committees)

—

The Q.930/Q.931 recommendation defines the
internationally agreed-upon portion of the Layer 3
protocol used by ISDN. It details packetizing

and blocking of Layer 4 messages for Layer 2
conformance, but does not address supplementary
services, such as call waiting, call transfer, credit
card calling, etc. Supplementary services are defined
by national committees.

Slide #10

CCITT Recommendations for ISDN

Applicability of I/Q Series
recommendations

Application End
to
P
resentation End
Session Use!'
Signaling
Transport
Calil Control
Network Q.930/Q.931 X.25 X.25
: LAPD LAPB/
Data Link Q.920/G.021 146X | LaPD
Physical 1.430/431
D-Channei | B-Channels

This is another look at the relationship between OSI
and ISDN. As a network, ISDN is primarily uncon-
cerned with layers 4 through 7, which you employ
for exchanging information. Layer 1, defined in

1.430 and 1.431, specifies the physical interface for
both basic and primary rate access. Because both the

u Advanced Micro Devices

B and D channels share the physical interface, these
standards apply to both types of channels. Above
this layer, the protocol structure differs for the two
types of channels.

For the D channel, the LAPD protocol defined in
Q.920 and Q.921 is employed in the data link

layer. For the B channel, the 1.46X series of
recommendations defines alternative protocols for
interfacing existing equipment to the ISDN.
Because the B channel can also be packet-switched,
the LAPD protocol can also be used, in addition to
using the more common LAPB protocol for data link
layer transfers.

At the network layer, Q.930 and Q.931 define call
control for the D channel. If the D channel is used to
provide packet switching services, the X.25 level 3
protocol is used. For the B channel, the X.25 level 3
protocol provides network layer services for packet
switching.

Slide #11

ISDN Network Topography

“g» agr wpr ayr

Terminal Network Network Packet

T T
Equipment L 2 1 HH Line Switched
(TEY) (NT2) (NT1) Termination ¥ Network
y {LT}
/ ( L Frame
Relay

Switeh Network

Terminal Terminal /J
Equipment [~ Adapter
(TE2) (TA)

B, HO,
Ht1, H12
Circuit
TE1 Switched
Channels

The network topography from the desktop to the
switch is shown here, identifying certain classes of
equipment that make up the network. “Reference
points” are defined that represent various interfaces
with CCITT standards for both hardware and
software. In developing a terminal adapter, we will
be dealing with the R and S/T interfaces.

A 5ickano
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Slide #12

Slide #13

ISDN Terminology

* TE1: ISDN compatible voice and/or data
terminal

¢ TE2: Non-ISDN compatible terminal (such as
V.24, X.21, X.25, SNA terminal

* TA: Terminal adapter providing physical
and/or protocol conversion between a
TE2 and the ISDN

e NT2: Network termination providing switching
and/or concentration (such as PBX) —
not present in single line installations

ISDN Terminology

* NT1: Network termination providing physical
and/or protocol conversion between the
‘S’/'T’ interface and the network-provided
‘U’ interface

*LT: Line termination performing physical
and/or protocol conversion between ‘U’
interface and central office exchange
internal highways

In the ISDN network topography, a TE1 (terminal
equipment type 1) refers to devices that support the
standard ISDN interface, such as digital telephones,
integrated voice/data terminals, or digital facsimile
machines.

A TE2 (terminal equipment type 2) refers to any
non-ISDN compatible terminal, typically existing
equipment. Examples of TE2 are terminals with an
RS-232 interface, host computers with an X.25
interface, and SNA terminals. TE2 devices require a

TA (terminal adapter) to plug into an ISDN interface.

TAs may provide physical conversions, protocol
conversions, or both.

All terminal equipment, whether TE1 or TEZ2,
provides protocol handling, maintenance functions,
interface functions, and connection functions to
other equipment.

An NT2 (network termination 2) is an intelligent
device that provides switching and/or concentration
functions. Examples of NT2s include digital PBX,
terminal controllers, and LANs. An NT2 performs
layer 2 and layer 3 protocol handling, layer 2 and
layer 3 multiplexing, maintenance functions, and
interface termination, in addition to switching and
concentration.

u Advanced Micro Devices

An NT1 (network termination 1) provides physical
and electrical termination of the ISDN. It may also
provide protocol conversion between the S/T inter-
face and the network’s U interface. The NT1 may be
controlled by the ISDN provider, and forms a bound-
ary to the network. The functions provided by an
NT1 include line transmission termination, line
maintenance and performance monitoring, timing,
power transfer, layer 1 multiplexing, and interface
termination, including multidrop termination
employing layer 1 contention resolution.

An LT (line termination) provides physical and/or

protocol conversion between the U interface and the
provider’s network.

[ :acicanc
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Slide #14

Slide #15

Characteristics of ‘'S’ and ‘T’
Reference Points

* 4 wire interface
* 192 kbps full duplex

— 48 bit frame each 250 msecs
* Optional remote power feed
¢ Pseudo-ternary line coding

Data 1.0 100 110080T1H1

Signal

‘S’ Interface Frame Structure
48 Bits in 250 Microseconds

NT to TE
[o] L] F]L] B1 TE[D] AR N] B2 TE[D[M] B1TE[D]S
2 bit h 1

offset|

TE to NT I
p[L[F[L] B1[L[D[L[R[L] B2 JLD]L] ]

F = Framing bit N = Bit set to a binary value N = Fa
L = DC balancing bit B1 = Bits within B-channei 1

D = D-channel bit B2 = Bits within B-channel 2

E = D-echo-channel bit A = Used for activation

S = Reserved for future standardization
M = Multiframing bit

Fa = Auxiliary Framing bit

The S and T reference points contain a 4-wire
interface with optional remote power feed. Two
64-kbps B channels and one 16-kbps D channel
produce a load of 144 kbps, and they are multiplexed
over the 192-kbps S or T interface. The remaining
capacity of 48 kbps is used for framing and
synchronization overhead.

The synchronous time-division multiplexed (TDM)
scheme used by the S and T interfaces is composed of
48-bit frames transmitted at a rate of one every

250 microseconds.

To prevent loss of synchronization and signal
degradation, pseudo-ternary line encoding is used at
the S and T interfaces. In pseudo-ternary line
encoding, a binary 1 is represented by no line signal
and a binary 0 is represented by a positive or
negative pulse. The binary 0 pulses must alternate
in polarity to prevent signal degradation.

u Advanced Micro Devices

The S interface frame structure, 48 bits repeated at
a rate of one frame every 250 microseconds, includes
16 bits from each of the two B channels and 4 bits
from the D channel. The upper frame is transmitted
from the network (NT1 or NT2) to the terminal
equipment (TE); the lower frame is transmitted
from the terminal equipment to the network. The
frame from a TE to NT follows the frame from NT to
TE by 2 bit-times.

Consider the frame from TE to NT first. Each
frame begins with a framing bit (F) that is always
transmitted as a positive pulse, followed by a dc
balancing bit (L) that is a negative pulse to balance
the voltage. This F-L pattern synchronizes the
receiver on the beginning of the frame. After the
synchronization, the first zero bit will be encoded as
a zero, and then pseudo-ternary encoding rules are
followed for the remaining bits.

The next eight bits (B1) are from the first B channel.
This is followed by another dc balancing bit (L).
Next is one bit from the D channel and its de
balancing bit. This is followed by the auxiliary
framing bit (F'5), which is set to zero unless it is
being used in a multiframe structure. Another
balancing bit (L) follows, then eight bits from the
second B channel (B2), and another balancing bit
(L). This entire sequence is duplicated again to
transmit another eight bits from the first B channel,
a single D channel bit, another eight bits from the
second B channel, and another D channel bit, with
balancing bits following each group of channel bits.

[/} cackanc
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The frame structure in the NT to TE direction is
similar, except that some of the de balancing bits are
replaced by D-channel echo bits (E), which are a
retransmission by the NT of the most recently
received D bit from the TE. The echo bits are used to
provide D-channel contention resolution in a network
with multiple TEs in a passive-bus configuration.
The activation bit (A) is used to activate a TE (bring
it on-line). The N bit is set to one unless it being used
in a multiframe structure. The M bit indicates a
multiple frame. Multiframing is defined in 1.430, and
consists of 20 frames as defined here, where the
auxiliary framing bit carries the Q multiframe data
in the TE to NT direction, and S carries the Q
multiframe data in the NT to TE direction.

Slide #16

Slide #17

Terminal Adaption

e Bit stuffing — ECMA102/V.110, DMI Mode 2
— Low cost
— No error detection/re-transmission

* Packetizing — V.120, DMI Mode 3
— Error detection/re-transmission
— Statistical muitiplexing
— Higher throughput

Characteristics of the ‘R’ and
Reference Point

The ‘R’ reference point alows non-ISDN terminals
to be connected to the ISDN.

Standard Protocol

V.120 LAPD packet protocol
DMI Mode 2 Bit stuffing

DMI Mode 3 LAPD/X.25
V.110/ECMA 102 Bit stuffing

The R reference point allows non-ISDN terminals to
be connected to the ISDN. Some common non-ISDN
interfaces and their protocols are listed here.

u Advanced Micro Devices

An ISDN terminal adapter is the interface between
ISDN and non-ISDN equipment, typically at the
subscriber loop level that interfaces between the
customer’s equipment and the local telephone
network office.

An ISDN data-only terminal adapter will interface
either a bit-stuffing protocol or a packetizing

protocol to the ISDN. A terminal adapter for
bit-stuffing terminals has the advantage of low cost,
but also has no error detection or retransmission.
Terminal adapters for packetizing protocols are
more expensive but also more reliable, with error
detection and retransmission included in the protocol
conversion. In addition, packetizing systems have a
higher throughput.

HEWLETT
PACKARD
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Slide #18 Slide #19
Terminal Characteristics ISDN Voice and Data
Terminal Adapter
¢ High volume products Subscribor Gontroller
* Severe cost constraints ntonace S tertace
Terminal Data Protocol
— Low component cost ( e Controller r T s
e Power constraints for voice products ] Rocaiver —H Toratosor — rotocor point
— Efficient CMOS devices —
* High feature content Procoor
- Complex software, powerful MPU
* Switch specific versions

— Multiple software variants

|

An ISDN terminal adapter is a high-volume product
because the installed base of non-ISDN compatible
equipment is nearly the size of the entire installed
terminal market. Like all high-volume products, they
operate under severe cost constraints, requiring a
low component count to maintain competitiveness
with other vendors. Voice terminal adapters also
have a strict power budget, so solutions with power-
efficient CMOS devices are required. Because
interfacing a non-ISDN terminal to the ISDN usually
involves adding ISDN features that aren’t a part of
the existing analog solution, terminal adapters
require powerful processors to implement these new
features in software. To broaden the market poten-
tial for an adapter, manufacturers prefer to create
specific versions of the same basic adapter that differ
only in software to handle different protocols or
implement required ISDN features not present in the
non-ISDN terminal.

u Advanced Micro Devices

This shows a block diagram of an ISDN terminal
adapter.

Our case study will build a terminal adapter
using an Am79C30A Digital Subscriber Controller
(DSC) for basic ISDN services and an Am29200™
RISC microcontroller for control of the DSC and
ISDN protocol. An Am85C30 Serial Communications
Controller (SCC) provides the serial interface to
the R reference point. Using an Am79C30A allows
ISDN-compatible transmission of both voice

and data.

Slide #20

ISDN Data-only Terminal Adapter

Interface
Terminal Data Protocol Subscriber Controller
( Controller
RS-222-C S Interface
Receiver/ -1 B Channel T
Driver Protocol
Processor s
S Reference
D Channel Point
VART = Protocol
Processor

Microcontroller|

An ISDN data-only terminal adapter could be built
using an Am79C32A ISDN Data Controller (IDC)
instead of the Am79C30A, as shown here.

[/ oacicans
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Slide #21
Am79C30A Digital Subscriber
Controller
SBIIN SB(I)UT S(iLK SrS H?W
AINA p F B1 S/TLine [—LOUT1
Main Audio Peripheral Port » +— LOUT2
12\75; Processor (MAP, (PP) h Inter(lfﬁje)Unh t— LINT
EAR1 " S LIN2
EAR2 (Am79C30A Bdl Bel Bf
Ls1 only) = e |
Ls2 i
B-C Multiplexe:
(MUX)
xTAL1 —H - Ba e— B2 D-Channel Data
XTAL2 —H O?gélgt)or : Bbl Be ‘ Link ((l:)c:-rg;oller
MCLK — T o o &/‘Iw
‘CS
_-vg{g Mlcroproce';’s)lor Interface 1 Reser

The Am79C30A/32A provides a 192-kbps full duplex
digital path over four wires between the TE (terminal
equipment) located on the subscriber’s premises and
the NT (network terminal) or PABX linecard.

All physical Layer functions and procedures are
implemented, including framing, synchronization,
maintenance, and multiple terminal contention.

The Am79C30A/32A processes the ISDN basic rate
bit stream. The B channels are routed to and from
different portions of the DSC under software control.
The D channel is partially processed and then passed
to the microcontroller for further processing.

This is a block diagram of the Am79C30A DSC.
The main audio processor, or MAP, is the only
portion of the Am79C30A that is not present on the
AmT79C32A. The MAP uses DSP to implement a
high performance codec/filter function. The MAP
supports a loudspeaker, an earpiece, and two
separate audio inputs. Gain, frequency response,
and tone generation are programmable.

The S/T line interface unit, or LIU, provides the
interface to an ISDN S or T reference point.

It contains a hook-switch input and differential
subscriber line inputs and outputs. The LIU monitors
the S interface and hook switch during power down,
allowing the microprocessor to be shut down to
conserve power during idle periods.

The microprocessor interface unit (MPI) communi-

cates with the processor controlling the terminal
adapter. The address line inputs select source and

u Advanced Micro Devices

destination registers for read and write operations on
the data bus. The data bus is used to exchange
information with the controlling processor. An
interrupt input informs the processor that the DSC
needs service, and chip select and read/write signals
are provided for system interfacing.

The B-channel multiplexer routes the 64-kbps full-
duplex B channels between the LIU, MAP, MPI, and
peripheral port. Routing control is programmed by
the microcontroller.

The 16-kbps D channel is time multiplexed within
the frame structure of the S interface. The data
carried by the D channel is encoded using the Link
Access Protocol D-channel (LAPD) format shown
here. The LIU controls the multiplexing and
demultiplexing of the D-channel data between the S
interface and the D-channel data link controller
(DLC).

The Am79C30A/32A will generate a maximum of one
interrupt every 125us. Once asserted, the interrupt
will remain asserted until the microcontroller

reads the DSC’s interrupt register. Events that
generate interrupts include DLC receive FIFO full,
DLC transmit FIFO empty, LIU change of state

(on hook/off hook), packet errors, and packet status
(last byte, etc.).

HEWLETT
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Slide #22

Layer-2 Frame Structure Formats

1,02 ,3,4,5,6,7,8
ettt

EA=0| CR | SAPI OCTET 2

EA=1 TEI OCTET3

FLAG |Address| CONTROL| FCS | FLAG
01111110 | 16 Bits | 8 Bits | 16 Bits o111111o| Minimum Packet
OCTET 1 23 4 56 7
FLAG |Address| CONTROL | INFORMATION| FCS | FLAG | General
01111110 | 16 Bits | 8 Bits N Bits |16 Bits | 01111110 | Packet
OCTET 1 23 4 5,6,... N-1 N
EA = Address Field Extension Bit SAPI = Service Access Point Identifier

C/R = Command/Response Field Bit TEl = Terminal Endpoint Identifier
FCS = Frame Check Sequence

The DLC performs processing of Layer-1 and partial
Layer-2 LAPD protocol, which includes flag detection
and generation, zero deletion and insertion, and
Frame Check Sequence (FCS) processing for error
detection. Higher-level protocol processing is done by
the external microcontroller. The DLC contains two
8-byte data FIFOs for receive and transmit data, and
three 2-byte status FIFOs that make it possible to
receive two back-to-back data packets.

Slide #23

29K™ Family Processor Core

4 Address 12x32 | | . E
Unit Register | § Inst1 F D E w
| File/Stack | { el w
— Data. | :j Inst 2 F D E
wa| Cache [ 44 |inst3 F |B] E W
| st E .) { |Inst4 F D EF
| prefetcn 5 Memory Specialf: i " ‘
| Butter || Momt.Unit H Reg. fi élég i Cycle 1 2 3 T“
PRI

Channel interface

Inst. Address Data

The Am29200 32-bit RISC microcontroller contains a
29K™ Family 32-bit RISC processor core, memory
controllers, and integrated peripherals. The 29K

u Advanced Micro Devices

processor core is shown here. The processor core
contains a 4-stage instruction/execution pipeline,
separate 32-bit instruction, address, and data
buses, 192 32-bit general purpose registers, a 56-bit
timer/counter, and special registers for processor
control. The instruction set is simple, with all
instructions being 32-bits in length and using a
3-operand format (one destination register and two
operand registers). The only addressing mode is
register-direct; data is moved on- or off-chip with
LoaD and STORE instructions. Nearly all instructions
execute in a single cycle.

Slide #24

29K P Register File

64 Global 128 Local
(absolute addressing) (indirect addressing)

]
oo Giogal Rsgretor o5
[65] Globat Rogstor 65
(67 Globel Feglstor &7
(58] Global Registor 80
| [69] Global Registor 69 |
[%0[ Global Register 80 |

LI o~ Local Regre— ]
i [203] Local Register 125
[ 2041

127

The 192 general-purpose registers are split into two
groups, 64 global registers and 128 local registers.
The local registers are organized internally as a
circular queue. The register pointed to by global
register 1 (grl) is local register 0 (Ir0); the register
below Ir0 is Irl, and the register above is Ir127. The
local registers are used by compilers to implement
dynamic register windowing, and are controlled by
software convention.

(D it
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Slide #25

Slide #26

Am29200™ RISC Microcontroller

~——— INCLK
[ MEMCLK

™ _T00 J b RESET  INTR(:0
TRST “‘555‘ A AN TRARGD)
o STAT(2:0)
ps A(23:0)
POUSY o POE 1 *ROMCS(2:0) RSWE
A o <—.—-| Parailel Port [ ROM Controfler f‘-——’ RONOE
UCLK TXD
RAS{:\ 0} 'C‘s(lo)

Serial Port RAM |<— —e

RXD
*DSA “DTR ’—"'l

VCLK VDAY
LSYNC
FRYNG Deserializer

PIO(15:0) <—->| VO Ports

Imenui:
Controiter

Rxw
2-Channel DMA DREQ{1:0) "DACK(1:0)
Control ~— ,Tg:g(( ) Ghes"

t—> ‘PIACS(5:0) ‘PIAOE
PAWE  WAIT

F Fr

5 N & . £ I

A

Peripheral Interface

[

Timer Counter |

ID Interface 168 PQFP

]
1D(31:0

29K pP Interrupt Processing

Supervisor Mode Handler

Freeze Enabled
Supervisor Mode Handler
Freeze Disabled
Supervisor or User
Mode Handler

Interrupts Enabled
C-level
| Handler

L Prepare Stacks

Interrupt s Enabled

Freeze Mode Disabled

Interrupt Occurs

This is a block diagram of the Am29200
microcontroller. The ROM controller and DRAM
controller implement a glueless interface to memory.
The DMA controller provides two channels for
transfer of data between the DRAM and internal or
external peripherals. The peripheral interface
adapter (PTA) implements a glueless interface to up
to six generic peripherals, and will be used to connect
to the DSC and SCC. The I/O port provides 16
programmable signals that can be outputs, inputs, or
interrupt triggers. The 5-pin JTAG port is used for
test and debug control of the processor.

Internal peripherals in the Am29200 microcontroller
are addressed with LOAD and STORE instructions using
a pre-defined memory mapped address. In addition,
special registers are programmable for control and
status for each peripheral.

u Advanced Micro Devices

Interrupts in the Am29200 microcontroller are
triggered by external interrupt pins, programmed
pins in the I/O port, and internal sources, such as the
DMA controller or software traps. When an interrupt
occurs, the processor completes or cancels current
bus activity, saves the Current Processor Status
(cps) register into the Old Processor Status (ops)
register, sets itself in Supervisor mode and freezes
other processor status (so as not to corrupt the
interrupted application), decodes the interrupt,

and fetches the first instruction of the applicable
interrupt handler. In keeping with the RISC
philosophy of machine simplicity, no state or status
other than the cps is saved. At the software
engineer’s option, the interrupt handler may execute
in Freeze mode, utilizing only registers set aside for
this purpose, or it may save more state and utilize
more of the processor’s resources.

[/ 5ickaro
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Slide #27

Am85C30 Serial Communications
Controller

— Baud Rate Channel A i Serial
Interrupt Channel A F{| Generator [ TX & RCV Data
| Control | | Register &

— FIFO Channel
e ““w B Control & Status A Controts

| Baud Rate Channel B Serial
Channel-B Generator TX & RCV Data
E Regls(er &
FIFO

CPU Bus ¢ CPU

Address «gp=| Busl/O |
Control |

Channel
Controls

Control & Status B

The Am85C30 Serial Communications Controller
(SCC) is a dual channel multi-protocol data commu-
nications peripheral, handling both asynchronous
and synchronous formats including SDLC/HDLC
and BiSYNC. It contains two channels, and each
channel has an independent oscillator, baud-rate
generator, and digital-phase locked loop for clock
recovery. The device is controlled by internal
registers read and written by a microprocessor
through the 8-bit data bus. The SCC interrupts its
controlling processor for transmit complete, receive
complete, and error conditions.

Slide #28

ISDN Terminal Adapter
Functional Block Diagram

Am29200
Microcontroller
Address

Am85C30

- Serial
Comms

Controlter

A
/

A

<
ROM CS <

5
f RAS, CAS, WE Serlal Port [——>

DRAM
1 or 4MB Base
—>| EPROM
0.5 - 8MB

A
\

Am79C30A
Digital v
Controller i

This block overview of the ISDN terminal adapter
shows the SCC connecting to the ISDN R interface,
the DSC connecting to the ISDN S/T interface, and

u Advanced Micro Devices

the Am29200 RISC microcontroller providing
control and error processing for both the SCC and
DSC. Both the SCC and DSC will be connected to
the Am29200 microcontroller through the
rni'crocontroller’s PIAs.

The DSC provides all voice and physical layer S
interface functions and partial Layer 2 D-channel
handling. The remainder of Layer 2 and all Layer 3
functions are provided by the microcontroller.

Slide #29

Am29200 PIA Read Timing
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This is the timing of a PIA read cycle. The number of
cycles until the PIA Chip Select (*piacsx) and

PIA Output Enable (*r1aok) are deasserted is
dependent upon the value of Input/Output Wait
States (1owaITx) field of the PIA control register in
the microcontroller. The minimum access time
for a PIA read is 3 cycles (2 wait states). If the
Input/Output Extend (10ExTX) field of the PIA
control register is set, the next PIA access will be
delayed one cycle for an additional cycle of output
disable time.
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Slide #30

Slide #31

Am29200 PIA Write T|m|ng
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This is the timing of a PIA write cycle. The number of
cycles until the PIA Chip Select (*piacsx) and PIA
Write Enable (*piawE) are deasserted is dependent
upon the value of Input/Output Wait States (1owarrx)
field of the PIA control register in the microcontroller.
The minimum access time for a PIA write is 4 cycles
(3 wait states). If the Input/Output Extend (10ExTX)
field of the PIA control register is set, the next PIA
access will be delayed one cycle for an additional
cycle of data hold time.

u Advanced Micro Devices

This is the interface between the Am29200
microcontroller and the Am85C30 SCC. Note that the
SCC doesn’t have an explicit RESET signal; to achieve
a reset, the device expects *rD and *wr to be asserted
at the same time. This interface shows an interrupt-
driven communication mechanism between the
microcontroller and the SCC. Assuming a 16-MHz
microcontroller and an 8-MHz SCC, the SCC’s PCLK is
generated from the microcontroller’s MEMCLK signal
with a divide-by-2 circuit. A complicating factor is the
access recovery time of the SCC. The minimum time
from the leading edge of one command to the leading
edge of the next command is defined as 3.5 times the
pcLK cycle time. The access recovery time can be
generated in software by inserting delay instructions,
or in hardware by adding an external PAL with delay
states or by using the microcontroller’s wart signal.
This design assumes that software assures the
minimum access recovery time for the SCC.

(D Pt
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Slide #32

Slide #33

Code Example for Am85C30

‘SerialSend:
Save 6 Reglsters (gro6-gr101);
Control = 0x90000007
Data = 0x9000000F
End = Start + Length -1;

Current = Start;

$3: store  0,1.gr38,Control : TxRdy?
Defay_Macro .macro Delay_Macro
load  0.1,0r100,Control misr gro8,iru
Delay_Macro rsr Iru,gr98
il gr100,gr100,31-2 const  grogs
impt  gr100,$3 $1: |mptdec gro8.$1
nop nop
load  0,1,gr100,Current : Send data endm
store  0,1,gr100,Data

Delay_Macro
add Current,Current,1

cpley  gr100,Current,End

jmpt  gr100,$3 i+ More?
nop

Restore 6 Rogisters {gr96-gr101)

jmpl 10

nop

Am29200 + Am79C30A

Am79C30A
Digital Subscriber
Controller

Am29200
Microcontroller

I L PRGSO e 1,
Test Port

e s
PIAOE R__D
6, |Paranel PIAWE [— WhR som] o
Port " rial
A23:0) ‘—f-—a A(2:0) intertace [ 7"
5, Serial 8
7 Port 107:0) Ay 8, | o0y unel_ 8,
2 o p— Interface nigs
wden | Video N Nt
Interface — Main
RESET RESET
Audio 7,
‘+>‘6 VO Port ROM 8, Processor
Controlier RESET Intertace
7 2 Channel pram| 10 B
i | DMA L. Osciliator [~y
Controller  Controller

When the SCC interrupts the microcontroller for
service by asserting *INTO, the processor interro-
gates the SCC’s status register RR2 to determine the
source of the interrupt. This pseudo-code shows how
serial information is sent using the SCC. Six
microcontroller registers are saved before being used
in the _SerialSend routine. The microcontroller sets
the SCC control register for transmit mode, and then
checks the SCC’s response. When the SCC is ready to
transmit, the microcontroller gets the address of the
send buffer, and sends bytes until the message is
complete. Delay_Macro consumes 6 cycles to meet
the SCC’s minimum access recovery time. Because
the Am29200 microcontroller can overlap loads and
stores in the pipeline for better performance, the
delay macro includes a serializing instruction (MTSR,
or move to special register), which won’t allow loads
and stores to overlap. The special register used in the
serializing instruction doesn’t matter; here special
register Iru (least recently used indicator) for the
memory management unit is used.

u Advanced Micro Devices

This is the interface between the Am29200
microcontroller and the Am79C30A DSC device.
Note that the DSC rESET is an active-high signal,
while the Am29200 microcontroller *RESET is an
active-low signal.

.
Slide #34
Signal Interrupt Handler
.global _DSCint
_DSCint:
: Process signal
const 0.51GUSAT ; User defined signal number
sub map,msp.4
store  0,0,0,msp ; pass signal number
sub mep.map,4
store 0.0.gri.msp ;saversp
msp.msp,4

store. 00rabmsp  :saversd
sub map.mep.4
const  i0,128%4
sub rab.rfo, 0 i fix rab
pushsr  PCO,PC1,PC2,CHA,CHD,CHC,ALU.OPS | save speciais
misr 0,0PS

Ensures that Handler is ' 0i0,10,01 ; Ensure ints disabled

oxecuted with interrupts  § " misr 0PSO

disabled. b JE—
slore 0,0,tav,msp i save tav
msrim  che.,0 1 anaure loadm/storem does not restart
mtsr pe1, SignalRegister
a0d 12,SignalRegister,4
misr pe0.2
Iret : Goto sigcode and C handler, ints disabled

The easiest method to handle the DSC’s interrupts
is to utilize C signals() and C interrupt handlers.
This minimizes the amount of code that must be
written by hand in assembly language and allows
the developer to take advantage of TsLink3™
software from TeleSoft International, Inc. Written in

HEWLETT
PACKARD
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ANSI C, the TsLink3™ software provides the devel-
oper with a proven efficient solution through Layer 3
of the OSI model, and is compliant with ISDN
guidelines for Q.391/X.25 protocols at Layer 3 and
the Q.921 LAPD/LAPB protocols at Layer 2.
TsLink3™ also includes the V.110 and V.120 rate
adaption protocols with a command interpreter for
the popular AT command set. Kits are available for
the world’s major switch specifications, including US
National ISDN-1, AT&T 5ESS, Northern Telecom
DMS-100, European ETSI NET3, French VN2 (with
VN3 coming soon), German 1TR6, and Japanese
NTT INSnet64.

This signals-based interrupt handler for *INTO sets
up the signal frame, saves necessary microcontroller
special registers defining the current environment,
and then passes control to the C-based signal
interrupt handler. The interrupt handler executes
with interrupts disabled.

Slide #35

= Code
S Example
Signal Handler

rogister  dar2;
unsigned char data;

1 1o0p while DSRI, DER, LSRI, DRTHRESH, or DTTHRSH bits set in the DSC
# Interrupt Register

white{(ireg = Rd_dso{DSC_INY_REG)) & (DSRI | DERI| LSRI (
DRTHRSH | DTTHRSH)) {
F Process Tranamit FIFO Threshoid Reached Interrupt */
H Greg & OTTHRSH)  {
Profle{DSC_INT.1):
 while Transmit Butter Empty /
while({(data » Rd_dsc{DSC_DSR2)) & TBE) && Ram->xmicnt) {
£ write 8 byte 10 FIFO "/
Wr_dac(DSC_D_BUFF, *REm->xmitoexts);
Remts xement—;
) }
I Process Recetve FIFO Threshoid Reached Interamt */
fireg & ORTHASH) {
Prole(DSC_INY.2):
asr2 = Rd_dse{DSC_DSR2);
7 white Receive Byte Avallably in FIFG
while(dar2 & RBA} {
I read & byte from FIFO /
“RAam->rcvireess = Rd_dsc{DSC_O_BUFF);
Hi{der2 = RA_dsc{DSC_DSR2)) & LBRP) {
17 S8t RCV_IP 50 won't read any bytes from d_butt In EORP code
#in ach_stet
Ram->rcvatat la ACY_IP;
break;

Now in the C language signal handler, the actual
interrupt is processed. First, the DSC interrupt
register is read to determine what caused the
interrupt, and then the condition (transmit FIFO
threshold reached, receive FIFO threshold reached,
ete.) is handled. Two C macros are used to communi-
cate with the DSC: Rd_dsc() to read an interrupt
register (thus clearing the interrupt), and Wr_dsc()
to write a register in the DSC. This code is taken
directly from the TsLink3 software.

u Advanced Micro Devices

Slide #36

Debugging the Application

The ISDN terminal adapter can be designed using
an IBM-compatible PC (Am386(r) microprocessor-
class or better), an SA29200 Evaluation Board and
SA29200 Expansion Board, a Corelis Am29200
microcontroller JTAG-based emulator, an HP 16500
logic analyzer, and the TsLink3 software.

Slide #37

SA29200 Evaluation Platform

The SA29200 Evaluation Board is a small form-
factor board containing an Am29200 microcontroller,
DRAM, an EPROM with the MiniMON29K™ debug
monitor, and a serial port connector.

(D et

11-17




Developing and Debugging an ISDN
Terminal Adapter

Slide #38

Slide #40

SA29200 Extension Board

PC Platform

PC Toolkit

The SA29200 Evaluation Board plugs into an
SA29200 Expansion Board which contains header
sockets for extra memory, a parallel port connector,
and a wire-wrap area in which the DSC and SCC can
be wired.

Slide #39

Corelis JTAG Emulator

mounted JTAG
emulator board

The Corelis JTAG emulator is a low-cost in-circuit
emulator that clips onto the Am29200
microcontroller and uses the 5-pin JTAG port to
start, stop, and single-step the Am29200
microcontroller, and to request current status
information from the microcontroller. It is a board
that plugs into the expansion slot of a PC. A special
cable connects the emulator board to the system
under development.

a Advanced Micro Devices

The PC does triple-duty as a software development
platform, the host side of the MiniMON29K debug
monitor, and the host platform for the JTAG emulator.

Slide #41

HP 16500 Logic Analyzer

The HP 16500 is used to analyze system activity on
a signal/bus level. It works with the JTAG emulator
to provide comprehensive information about the
system under development.

HEWLETT
PACKARD

K

11-18



Developing and Debugging an ISDN
Terminal Adapter

Slide #42

Slide #43

HP 16500 Analyzer Listing

[ AM29200 Disassembly STAT JR/W_|[ROMOE/ | [ROMCS38]
Base> | [Hex | [ mnemonics ROP |[ Hex_ ][ Wex |[ Hex |[ Hex |

5 Q0GAAC STORE 0,0x00, fr97

6 QOQAAC Inst Read:

7 Q2OAAD

8§ @A0AAD R(M Inst. Read: 0x00

QOAOAAE e #
10 QAGAAE ROM Inst. Read: @x6@
11 QOCAAF *.

e
12 QOGAAF ROM Inst. Read: @x61
13 2C0ABR CONST gro7,exeasC

PEECROOP POHOCOOOS

21 000AB4  CONSTH gr‘97 0x8000
22 QQ0AB4 ROM Inst. Read: 0x@2
23 000ABS Byte Tl

24 QAVABS ROM Inst. Read: @x80
25 0ORABS e #2

26 BAAB6 ROM Inst. Read: @x61
27 QOY0AB7 #3

28 OA0AB7 R()A Inst. Read: 0x00

29 000080 Idle Cycle
30 000980 Idle (ycle
31 0000890 Internal data access:

Serwl Port (ontrol Reg\ster
32 QQ0AB3 LOAD eot? 1gr
33 000ABS ROM Inst R ox16

AN NVMNNNNNNNUN NNNNNNNUNY
P OO@R IR R R e e e
OFP RPPPERONEOHER RPOREOROROR
mm Tmmmmmmmmmmm mmmmmmmmm

HP 16500 Analyzer Listing

AM29200 Disossenbly |[STAT |RAW_J[TR/08 [We /| CAS30JRAS /]
Base> | [Hex_| mnemonics ROA [ Hex | Hex] Hex |[Rex][ Hex ]

16 aeeoz4 CONST  1r3,@x40C4
ORAM Inst Read from 0x4024

15 200054 DRA Inse. Reod from oxsess

19 a0z consTh " Tr3 wdo00

20 000028 DRAM Inst. Read from 0x4@28

21 WA Idle cycle
DRAM Nrite: 0x40800(SQ to @xI6E3

R veeriiin Write: Gxd0000C30 to OXOGES

24 GOGGES DRAK Write: 0x40000(50 to @x6E3

25 000020 Idle cycle

26 00002C CONST ~  1r2,0x0040

27 00002C ORAM Inst. Read from @x402C

28 00002 ORAM Inst. Read from @xa@2¢

30 30 DRAM Inst. Read from Ox4028
31 000034 ASNEQ 69

2 000034 DRAM I Read froll Ox4024
33 000038 (ONST lr3 Ox4QEC

34 000038 DRAM Inst. Read from 0x4@28
35 000038 Idle cycle
36 30038 Halted

WHOUWWEWW WWWw Wwwww
MM NN NNN NN NNT N NN TN NN Y E

1
1
1
1
1
1
1
9
]
1
1
1
1
1
1
1
1
1
1
1
1

VNN INUNI N NSNS NN NGNS
PR R R R e e D O ® O e e
ey L L T
TMMENETNONME®NTNESTINETMEST

This HP 16500 display shows a part of the startup
code for the Am29200 microcontroller. The startup
code is located in a byte-wide EPROM, so the
microcontroller does four byte fetches for each 32-bit
instruction word. The lines labeled 5 through 12
show bus activity for the fetching of a single instruc-
tion (STORE 0,0x00,GR96,GRI7) from byte-wide
memory; each memory access takes two cycles. The
rDP field indicates which DRAM or ROM bank was
accessed; in this case, the accesses were all to ROM
bank 0.

The microcontroller’s three sTAT (status) signals show
what the microcontroller was doing during the
previous cycle. A status of 7 indicates that the
microcontroller was idle (data/instruction not valid).
A status of 5 indicates that the microcontroller was
executing during the previous cycle. A status of 6
indicates that the microcontroller executed an
internal data access (to an internal peripheral), in
this case to the serial port.

The r/*w signal indicates if a read access is taking
place (1) or a write access is taking place (0). The
*ROMOE signal is asserted (0) when the output enable
to the EPROM is asserted; the analyzer listing shows
that the microcontroller’s ROM Controller was
correctly programmed for two-cycle access memories.
The romcs30 field shows the ROM chip selects that
have been asserted; there is one chip select for each
of the four allowed ROM banks. The startup code is
all located in ROM bank 0, so this is the only chip
select asserted during this listing. Note that during
the internal access to the microcontroller’s serial
port, no ROM banks are enabled.

u Advanced Micro Devices

This HP 16500 display shows the execution of a
sequence of code that includes a breakpoint set by the
JTAG emulator. The code executes out of 3-cycle first
access, 2-cycle page mode access DRAM located in
DRAM bank 3.

Again the stAT signals show what the microcontroller
was doing in the previous cycle; a status of 4 indi-
cates an external data access, in this case to DRAM
bank 3. The *Tr/*0E signal provides an output enable
for read accesses. The *wE signal provides a write
enable for write accesses.

The grouped signals *cas3..0 and *ras3..0 show the
state of ras and cas for each of the four DRAM banks.

In this listing, a software breakpoint was set at
address 0x030 in DRAM bank 3 using the JTAG
emulator. The emulator replaced the instruction at
address 0x030 with a HALT instruction and asserted
the control signals necessary to have the
microcontroller report to the emulator when the HALT
instruction is encountered. Because the
microcontroller is pipelined, the fetch of the HaLT
instruction occurs at lines 29-30 but isn’t executed
until line 36.

(ﬁ HEWLETT
PACKARD
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Slide #44

Slide #45

ISDN Terminal Adapter
Functional Block Diagram

Am29200
Microcontroller
Address

AmB5C30
-l Serial
ROM CS Data < Comms

[ RAS, CAS, WE ) Controller

Serial Port [
| DRAM
1 or AMB Base
— EPROM
0.5- 8MB

A
\

\ 4

Am79C30A
Digital
P subscriber <
Controller

7

Debugging the Application

An ISDN terminal adapter has been developed using
an Am29200 microcontroller, an Am85C30 serial
communications controller, and an Am79C30A
digital subscriber controller. This ISDN terminal
adapter interfaces non-ISDN equipment to an ISDN
network between the R and S/T ISDN reference
points. With an ISDN terminal adapter, the user is
able to send both voice and data information
digitally, accruing the benefits of increased
reliability, new functionality, and lower cost over
current analog solutions.

This ISDN terminal adapter can easily be developed
in the lab using an IBM-compatible PC (Am386(r)
microprocessor-class or better), an SA29200 Evalua-
tion Board and SA29200 Expansion Board, a Corelis
Am29200 JTAG-based emulator, an HP 16500 logic
analyzer, and the TsLink3 software.

Glossary of Terms and Conditions

Basic rate: The 192-kbps connection between the
subscriber and the network. It contains two
B-channels and one D-channel.

Bit Stuffing: A type of rate adaption that adds non-
data dummy bits to bring the data rate up to
64 kbps. In addition, multiple channels can be
multiplexed to bring up the data rate.
However, bit stuffing does not support
statistical multiplexing or error-checking
and retransmission.

BiSYNC: A synchronous character-oriented trans-
mission protocol. BISYNC is used primarily by
IBM. A special “sync” character precedes and
ends the data being transmitted. The sync
character is chosen such that its bit pattern is
significantly different than the other charac-
ters being transmitted.

u Advanced Micro Devices

B-channel: A 64-kbps channel that can be used for
either data or digitized voice communications.

CCITT: Consultative Committee on Interna-
tional Telegraphy and Telephony: The
organization responsible for the ISDN stan-
dard, among others. The CCITT is part of the
ITU (International Telecommunications
Union), one of the oldest organizations in the
United Nations.

Central office: The lowest level of switching in the
public telephone network. A residential
telephone or business PABX connects to the
public network at a central office.

DL.C: Data Link Controller: A functional block in
the DSC that performs processing of Layer-1
and partial Layer-2 LAPD protocol for the
D channel.

(D
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DMI: Digital Multiplexed Interface: DMI is a
freely licensed specification from AT&T that
contains four modes, three of which are
commonly used in full data rate B channel
transmission.

DSC: The Am79C30A Digital Subscriber Con-
troller. An integrated chip that-handles basic
rate ISDN services for both voice and data.

DSP: Digital Signal Processing: A software
method of digitally processing analog signals.

D-channel: A 16-kb/s channel provided by the ISDN
basic rate interface. The D-channel is primarily
used for call-control signaling functions. It can
also be used for low priority, low-speed user
data at rates up to 9600-bps.

FCS: Frame Check Sequence: A method of detect-
ing errors in the LAPD protocol.

HDLC: High-Level Data Link Control: A bit-
oriented synchronous communications protocol
that uses a special bit pattern (the flag) to
mark the beginning and end of data transmis-
sions. If the data contains a flag, an extra 0 is
inserted into the data stream; this is known as
bit stuffing.

IDC: The Am79C32A ISDN Data Controller: An
integrated chip that handles basic rate ISDN
services for data only.

ISDN: Integrated Digital Services Network: An
international standard for digital voice and
data transmission over the switched telephone
network.

ISO: International Standards Organization: An
international organization that sets worldwide
standards in telecommunications and other
fields.

JTAG: Joint Test Access Group: The name of the
group responsible for a 5-pin test and debug
interface codified in IEEE 1149.1 specification.
JTAG is also used generically as the name for
any implementation that meets the IEEE
1149.1 specification.

LAPB: Link Access Protocol Balanced: A subset
of the HDLC OSI Layer-2 communications
protocol. LAPB is the accepted Layer-2 protocol
of CCITT’s X.25 packet switch specification,
and establishes and maintains an error-
controlled point-to-point link between a termi-
nal and the packet network.

u Advanced Micro Devices

LAPD: Link Access Protocol D-channel: The
OSI Layer-2 protocol defined by CCITT for use
in ISDN’s D-channel. LAPD can be used on the
B channels as well (eg, V.120, DMI mode 3)
and many times is preferred because only one
software package needs to be supported for all
channels.

Layer-2 protocol: Refers to Layer 2 (Data Link
Layer) of the OSI communications model.
Layer-2 converts an unreliable transmission
channel into a reliable one; sends frames of
data with a checksum; and uses error detec-
tion and acknowledgment. Standards that
implement Layer-2 protocol include HDLC,
SDLC, and BiSYNC.

Layer-3 protocol: Refers to Layer 3 (Network
Layer) of the OSI communications model.
Layer-3 transmits packets of data through a
network. It is responsible for routing and
congestion control. Standards that implement
Layer-3 protocol include X.25.

LIU: Line Interface Unit: The functional block in
the DSC that interfaces to an ISDN S or T
reference point.

LT: Line Termination: Interfaces to the ISDN U
reference point. The LT is located in the
telephone company’s switch, often at the
central office. The LT performs Layer-1
functions for B and D channels, and Layer-2
and Layer-3 functions for D channels.

MAP: Main Audio Processor: The functional
block in the DSC that provides a telephone
audio interface.

MPI: Microprocessor Interface: The functional
block in the DSC that interfaces to an external
microprocessor or microcontroller.

NT: Network Termination: There are two types of
NTs: NT1 and NT2. The NT1 acts as a re-
peater and performs two- to four-wire conver-
sion (U to S interface). An NT1 deals only with
Layer-1 of the OSI model. NT2s are intelligent
and actively participate in the call routing/
control process. PABXs and line concentrators
are examples of NT2 devices. NT2 devices can
be connected to multiple types of ISDN lines
simultaneously. NT devices often form the
boundary between equipment owned by the
customer and equipment owned by the
telephone company.

[ cacicanc
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OSI: Open Systems Interconnection: A seven-
layer model of communications services
developed by the ISO. This layered model of
communications divorces upper layers from
changes in technology in lower layers.

PABX: Private Automatic Branch Exchange: A
telephone exchange on the user’s premises. It
serves as a private central office and attaches
to the public network at a central office on
the network.

PIA: Peripheral Interface Adapter: The generic
peripheral interface defined for the Am29200
microcontroller.

Primary rate: An expensive, high-bandwidth ISDN
connection. The primary rate interface is
composed of multiple B channels and one 64
kbps D channel.

R Reference point: The R reference point estab-
lishes the boundary between non-ISDN equip-
ment and the ISDN network. Terminal adapt-
ers are used to convert the protocol used by the
non-ISDN terminal to ISDN basic rate or
primary rate protocol.

Reference points: CCITT-identified interfaces
with established standards for both hardware
and software.

S Reference Point: The CCITT designation for the
connection between terminal equipment (TE)
and the network terminator (NT2), or between
TAs and TEs and NT1 if there is no NT2.

SDLC: Synchronous Data Link Control:

An OSI Layer-2 bit-oriented synchronous
communications protocol.

SNA: Systems Network Architecture: A structure
of data protocols developed by IBM that
predates the OSI model.

u Advanced Micro Devices

Subscriber loop: The connection between the
central office or PABX and the user’s
equipment.

T Reference point: The CCITT designation for
the connection between NT1 and NT2. If no
NT?2 is present, there is no T reference point.

TA: Terminal adapter: A device that connects
a non-ISDN device between the R and S
interface.

TE: Terminal Equipment: An ISDN-compatible
device connection to the S/T reference points.
A TE can be a computer, telephone, data
terminal, etc.

U Reference point: The CCITT designation for
the connection between the LT and NT1.
Normally, a two-wire basic rate interface or a
primary rate line is used, but the four-wire
basic rate interface can also be used.

V.110: The CCITT recommendation for interfacing
non-ISDN equipment to the ISDN using the
bit-stuffing technique. ECMA 102 is the
European Computer Manufacturer’s
Association’s version of V.110.

V.120: The CCITT recommendation for interfacing
non-ISDN equipment to the ISDN using
packetizing techniques. V.120 uses LAPD,
provides rate adaption via statistical
multiplexing, and supports multiple logic
connections.

X.25: The CCITT international packet-oriented
protocol used primarily at Layer 3 of the OSI
model. channel is primarily used for call-
control signaling functions. It can also be used
for low-speed user data.

(D PRt
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