TP3410

NNational Semiconductor

TP3410 ISDN Basic Access

Echo-Cancelling 2B1Q U Transceiver

Features
| 2 ‘B’+ ‘D’ channel 160 kbps transceiver for LT and NT

General Description

The TP3410 is a complete monolithic transceiver for ISDN
Basic Access data transmission at either end of the U inter-
face. Fully compatible with ANSI specification T1.601, it is
built on National’s advanced double-metal CMOS process,
and requires only a single +5V power supply. A totai of
160 kbps full-duplex transmission on a single twisted-pair is
provided, with user-accessible channels including 2 ‘B’
channels, each at 64 kbps, 1 ‘D’ channel at 16 kbps, and an
additional 4 kbps for loop maintenance. 12 kbps of band-
width is reserved for framing. 2B1Q Line coding is used, in
which pairs of binary bits are coded into 1 of 4 quantum
levels for transmission at 80k symbols/sec (hence 2 Binary/
1 Quaternary). To meset the very demanding specifications
for <1 in 10e7 Bit Error Rate even on long loops with cross-
talk, the device includes 2 Adaptive Digital Signal Proces-
sors, 2 Digital Phase-locked Loops and a controller for auto-
matic activation.

The digital interface on the device can be programmed for
compatibility with either of two types of control interface for
chip control and access to all spare bits. In one mode a
Microwire serial control interface is used together with a
28 + D digital interface which is compatible with the Time-di-
vision Multiplexed format of PCM Combo devices and back-
planes. This mode allows independent time-slot assignment
for the 2 B channels and the D channel,

Alternatively, the GCI (General Circuit interface) may be se-
lected, in which the 2B + D data is multiplexed together with
control, spare bits and loop maintenance data on 4 pins.

Meets ANSI T1.601 U.S. Standard
2B1Q line coding with scrambler/descrambler
Range exceeds 18 kit of #26 AWG

[ ]
]
B >70 dB adaptive echo-cancellation and equalization
]

On-chip timing recovery, no precision external
components

Direct connection to small line transformer
Automatic activation controller

| Selectable digital interface formats:

— TDM with time-slot assigner up to 64 slots, plus
MICROWIRE™ control interface

— GCI (General Circuit Interface), or

— IDL (Inter-chip Digitai Link)

m Backplane clock DPLL allows free-running XTAL

Elastic data buffers mest Q.502 wander/jitter for Slave-
slave mode on PBX Trunk Cards and DLC

EOC and spare bits access with automatic validation
Block error counter

6 loopback test modes

Single +5V supply, 325 mW active power

20 mW idle mode with line signal “wake-up” detector

Applications
a

LT, NT-1, NT-2 Trunks, U-TE’s, Regenerators etc.
Digital Loop Carrier

]
B POTS Pair-Gain Systems
n

Easy interface to:

~— Line Card Backplanes
— "S” Interface Device
— Codec/Filter Combos
— LAPD Processor

— HDLC Controller

TP3420A

TP3054/7 and TP3075/6
MC68302, HPC16400
TP3451

Block Diagram
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Connection Diagrams
Pin Names for MICROWIRE Mode Pin Names for GCI Mode
Ny
Lo+ =] 1 ~ 28f—Mw Lo+—41 28 f-mw
Li+—] 2 27p=C5 Li+=—12 27 f=Mo
Li-—13 26 |=TT Li-—43 26=N/C
Lo-=q 4 25—1LSD/RSFS Lo~=t4 25 |—13SD/RSFS
VecA=—]5 24}—GNDA VecA—{5 24 —GNDA
FSa—{6 23 f=GNDD2 FSa=—46 23 |=GNDD2
FSh=— 7 22—T1sFs SO/FSb=—4 7 22§~ TSFS
Vb= 8 21f=MCLK/XTAL VocD— 8 2 f=NCLK/XTAL
GNDD 1= 9 20 |—XTAL2 GNDD1=—1 9 20—XTAL2
TS, /scLk—{ 10 19f—co TS, /SCLK =1 10 18f—s1
Br—f11 18f—cl Br—f 11 18}—Es1
BCLK=—{ 12 17 p=cewk BCLK—{ 12 17f=s2/CLs
Bx—] 3 16 |—Dx Bx=413 16}—ES2
DCLK—{ 14 15 f=Dr N/C—{ 14 15}—LEC
TL/H/9151-2 TL/H/8151-3
Top View Top View
Order Number TP3410J
See NS Package Number J28A
Pin Descriptions
Pin . Pin .
No. Symbol Description No, Symbol Description
24 GNDA  Negative power supply pins, which must 22 TSFS The Transmit Superframe Sync pin, which
9 GNDD1 b_e connected together close to the de- indicates the start of each 12 ms transmit
23 GNDD2 Vvice. Al! digita! signals are referenced to superframe at the U Interface. In NT mode
these pins, which are ngrmally at the sys- this pin is always an output. In LT mode it
tem OV (Ground) potential. may be selected to be either an input or
5 VoA Positive power supply input for the analog CMOS output via Register CR2; when se-
sections, which must be +5V +5% and lected as an output the signal is a square-
must be directly connected to VooD. wave. Must be tied low if selected as input
8 VoD Positive power supply input for the digital yet not driven.
section, which must be +5V 5% and 25 LSD/RSFS This pin is an open-drain n-channel Line
must be directly connected to VccA. Signal Detector output, which i1s normally
21  MCLK/ The 15.36 MHz Master Clock input, which fugh-impedance and pulls low only when
XTAL  requires either a parallel resonance crystal the device is powered down and an incom-
to be tied between this pin and XTAL2, or ing wake-up signal is detected from the
a CMOS logic level clock input from a sta- far-end. As an option this pin can be pro-
ble source (a TTL Logic “1” level is not grammed to be an output indicating the
suitable). This clock does not need to be start of the received superframe at the U
synchronized to the system clock (BCLK interface; an external pull-up resistor is re-
and FS), see Section 5.1. quired. . o
20 XTAL2 The output of the crystal oscillator, which The RSFS eignal indicatas the start of
should be connected to one end of the each 12 ms receive superframe from the U
crystal, if used; otherwise this pin must be Interface and 1s available in NT and LT
left open-circuit. Not recommended to modes. The Received Superframe Synch
drive additional logic clock output is accessible on pin 25 by
== L ) o writing X'1C04 and X'100C (or X’100E)
10 TSr/ This pin has_ 2 functions: in LT mode nt_ is during device Intialization. See TP3410
SCLK an open-drain n-chgnnel TSr output, which users manual AN-913, Part !l Section
goes low only during the time-slots as- 4.18).
;lrgr:: itr:) ;?;e:a :oaenr?asli c’(:::n?;lfs?rt‘\t?g 1 Lot Transmit 2B1Q signal differential outputs
control of the backplane line-driver. In NT 4 lo— tothe I|r_1e trar"nsformer - When used with an
mode it is a full CMOS 15.36 MHz syn- appropriate 1:1.5 step-up transformer and
chronous clock output which is frequency- the line coupling circuit recommended in
locked to the received line signal (unfike ::l:)en f(?fn?gc::mtgz Zi?gg{"sgzzif:z‘;ioignﬁi
the XTAL pins it is not free-running). the ANSI standard.
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ONLY (MW= 1)
Pin
No. Symbol
2 L+
3 Li—
28 MW
12 BCLK
6 FSa
7 FSb
13 Bx
11 Br
18 Cl
19 CO

Pin Descr iptions (Continued)
PIN DESCRIPTIONS SPECIFIC TO MICROWIRE MODE

Description

Receive 2B1Q signal differential inputs
from the line transformer. For normal full-
duplex operation, these pins should be
connected to the Lo+ pins through the
recommended coupling circuit, as shown
in the Applications section.

The Microwire/GCI Select pin, which must
be tied to VccD to enable the Microwire
Interface with any of the data formats at
the Digital System Interface.

The Bit Clock pin, which determines the
data shift rate for ‘B’ and ‘D’ channel data
on the digital interface side of the device.
When Digital System Interface (DS}) Slave
mode is selected (see Digital Interfaces
section), BCLK is an input which may be
any multiple of 8 kHz from 256 kHz to
4.096 MHz. It need not be synchronous
with MCLK.

When DSI| Master mode is selected, this
pin is a CMOS output clock at 256 kHz,
512 kHz, 1.536 MHz, 2.048 MHz or 2.56
MHz, depending on the selection in Com-
mand Register 1. It is synchronous with
the data on Bx and Br.

in DSI Slave mode, this pin is the Transmit
Frame Sync pulse input, requiring a posi-
tive edge to indicate the start of the active
channel time for transmit B1 channel data
into Bx. In DSI Master mode, this pin is a
Frame Sync CMOS output pulse conform-
ing with the selected Digital Interface for-
mat.

In DSI Slave mode, this pin is the Receive
Frame Sync pulse input, requiring a posi-
tive edge to indicate the start of the active
channel time of the device for receive B
channel data out from Br (see DS! Format
section). In DSI Master mode this pin is a
Frame Sync CMOS output pulse conform-
ing with the selected Digital Interface for-
mat.

The digital input for B and, if selected, D
channel data to be transmitted to the line;
must be synchronous with BCLK.

The TRI-STATE output for B and, if select-
ed, D channel data received from the line;
itis synchronous with BCLK,

The Microwire control channel data input.
The Microwire controi channel TRI-STATE
output for status information. When not
enabled by T8, this output is high-imped-
ance.

*Crystal specifications: 15.36 MHz +50 ppm parallel resonant; Rs < 200.
Load with 33 pF to GND each side (+ 7 pF due to pin capacitance).

Pin

17

27

26

16

15

Symbol
CCLK

Cs

DCLK

Description

The Microwire control channel Clock input,
which may be asynchronous with BCLK.

The Chip Select input, which enables the
Control channel data to be shifted in and
out when pulled low. When high, this pin
inhibits the Control interface.

The Interrupt output, a latched open-drain
output signal which is normally high-im-
pedance, and goes low to indicate a
change of status of the loop transmission
system. This latch is cleared when the
Status Register is read by the microproc-
essor.

When the D-port is enabled this pin is the
digital input for D channel data to be trans-
mitted to the line clocked by DCLK or
BCLK, see Register CR2. When the D-port
is disabled via CR2, this pin must be tied to
GND.

When the D-port is enabled this pin is the
TRI-STATE output for D channel data to
be received from the line clocked by DCLK
or BCLK, see Register CR2.

When the D-port is enabled, in DS! Slave
or Master mode, this is a 16 kHz clock
CMOS output for D channel data. When
the D-port is disabled or not used, this pin
must be left open-circuit.

PIN DESCRIPTIONS SPECIFIC TO GCI MODE ONLY

(MW=0)

Pin
No. Symbol
28 MW

27 MO

12 BCLK

Description

The Microwire/GCI select input, which
must be tied to GND to enable the GCi
mode at the Digital System Interface.

The GCI Master/Slave select input for the
clock direction. Connect this pin low to se-
lect BCLK and FSa as inputs i.e., GCl
Siave; Selection of LT or NT mode must
be made in register CR2. When MO is con-
nected high, NT Mode is automatically se-
lected, and BCLK, FSa and FSb are out-
puts, i.e., the GCI Master, see Section 8.

The Bit Clock pin, which controls the shift-
ing of data on the Bx and Br pins, at a rate
of 2 BCLK cycles per data bit. When GCI
Slave mode is selected (see Digitai Inter-
faces section), BCLK is an input which
may be any multiple of 16 kHz from
512 kHz to 6.144 MHz. It need not be syn-
chronous with MCLK.

When GCI Master mode is selected, this
pin is a CMOS output clock at 512 kHz or
1.5636 MHz, depending on the connection
of the 82/CLS pin. It is synchronous with
the data on Bx and Br.
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Pin Descriptions (continued)

Pin

No. Symbol
13 Bx

11 Br

6 FSa

Description

The digital input for multiplexed B, D and
control data clocked by BCLK at the rate
of 1 data bit per 2 BCLK cycles, and 32
data bits per 8 kHz frame defined by FSa.

The open-drain n-channel output for muiti-
plexed B, D and control data clocked by
BCLK at the rate of 1 data bit per 2 BCLK
cycles, and 32 data bits per 8 kHz frame
defined by FSa. A pull-up resistor is re-
quired to define the logical 1 state.

In GCI Slave mode (MO connected low),
this pin is the B kHz Frame Sync pulse in-
put, requiring a positive edge to indicate
the start of the GCI slot time for both
transmit and receive data at Bx and Br. In
GCl Master mode, this pin is the 8 kHz
Frame Sync CMOS output pulse.

Pin
No.

17 S2/CLS

19 St

7 SO/FSb

18 ES1
16 ES2

15 LEC

J

Symbol

J

Description

In GCI Slave mode (MO = 0):

input pins $2, S1 and SO together pro-
vide a 3-bit binary-coded select port for
the GCI channel number; S2 is the msb.
These pins must be connected either to
VeeD or GND to select the 1-0f-8 GCl
slots which are available if BCLK = 4.096
MHz is used.

In GC! Master mode (MO = 1)

S2/CLS is the GCI Clock Select input.
Connect this pin high to select BCLK =
1.536 MHz; connect CLS low to select
BCLK = 512 kHz. SO/FSb is a Frame
Sync CMOS output pulse which identifies
the B2 channel.

While in GCI mode, the ES1, ES2 pins are
local input pins. The status of the pins can
be accessed via the RXM56 register bits
5,6 corresponding to ESt, ES2.

Latched External Control output, which is
the output of a latched bit in the TXM56
Register.
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Functional Description

1.1 Power-On Initialization

When power is first applied, power-on reset circuitry initializ-
es the TP3410 and puts it into the power-down state, in
which all the internal circuits including the Master oscillator
are inactive and in a low power state except for the Line-
Signal Detect circuit; the line outputs Lo+ /Lo— are in a
high impedance state. All programmable registers and the
Activation Sequence Controller are reset.

All states in the Command Registers initialize as shown in
their respective code tables. The desired modes for all pro-
grammable functions may be selected by writing to these
registers via the control channe! (Microwire or Monitor chan-
nel, as appropriate). Microwire is functional regardless of
whether the device is powered up or down, whereas the
GC! channel requires the BCLK to be running.

TP3410

1.2 Power-Up/Power-Down Control

Before powering up the device, the Configuration Registers
should be programmed with the required modes.

in Microwire mode and GCl Slave mode, the device is pow-
ered up and the MCLK started by writing the PUP command,
as described in the Activatian section. In GCI Master mode,
there are 2 methods of powering up the device: the Bx data
input can be pulied low (local power-up command) or the
10 kHz wake-up tone may be received from the far-end.
The power-down state may be re-entered by writing a Pow-
er-down command. In the power-down state, all pro-
grammed register data is retained. Also, if the loop had
been successfully activated and deactivated, the adaptive
circuits are “frozen™ and the coefficients in the Digital Signal
Processors are stored to enable rapid reactivation (“warm-
start”).

1.3 Reset

A software reset command is provided to enable the clear-
ing of the Activation sequencer without disconnecting the
power supply to the device, see the Activation section.

BINARY DATA: 10 ot
+3

2B1Q +1

QUATERNARY

VALUE (QUAT) _,

-3

2.0 TRANSMISSION SECTION

2.1 Line Coding And Frame Format

For both directions of transmission, 2B1Q coding is used, as
illustrated in Figure 1. This coding rule requires that binary
data bits are grouped in pairs, and each pair is transmitted
as a symbol, the magnitude of which may be 1 out of 4
equally spaced voltage levels (a “Quat”). There is no sym-
bol value at OV in this code, the relative quat magnitudes
being 1 (the “inner” levels) and +3 (the “outer” levels).
No redundacy is included in this code, and in the limit there
is no bound to the RDS, although scrambling controls the
RDS in a practical sense { RDS is the Running Digital Sum,
which is the algebraic summation of all symbol values in a
transmission session).

The frame format used in the TP3410 follows the ANSI
standard, shown in Tabie I. Each complete frame consists
of 120 quats, with a line bit rate of 80 kq/s, giving a frame
duration of 1.5 ms. A 9 quat syncword defines the framing
boundary. Furthermore, a “superframe” consisting of &
frames is defined in order to provide sub-channels within the
spare bits M1 to M6. Inversion of the syncword defines the
superframe boundary. Prior to transmission, all data, with
the exception of the syncword, is scrambled using a self-
synchronizing scrambler to implement the specified 23rd-or-
der polynomial. Descrambling is included in the receiver.

First Bit Second Bit Quat Pulse Amplitude
(Sign) (Magnitude) (Note 1)
1 0 +3 +2.5v
1 1 +1 +0.83V
(o] 1 —1 —0.83v
0 0 -3 —2.5V

Note 1: For isolated pulses into a 135Q termination with recommended
transformer interface.

TL/H/8151-25

FIGURE 1. 2B1Q Line-Coding Rule
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Functional Description (continued)

Framing 12x(2B+ D) Overhead Bits (M{—Mg)

Quat Positions 1-8 10-117 118s 118m 119s 119m 120s 120m

Bit Positions 1-18 19-234 235 236 237 238 2398 240

Superframe # Basic Frame # Sync Word 2B+D M1 Mo M3 My Ms Mg

1 ISW 2B+D eocay eocas eocas act 1 1

2 SW 2B+D eocdy, ©0Ci4 eocip dea 1 febe

3 SwW 2B+D eociz €0Ciy eocis 1 croq crca

4 Sw 2B+D e0cig eociy eocig 1 creg Crey

5 SW 2B+D e0cay eocag eocas 1 cres Crcg

6 SW 2B+D eocdm e0ciq e0ciz 1 crey oreg
7 Sw 2B+D eoci3 e0Ciy eocis uoa crcg Crc{0
8 SW 2B+D e0Cig eociy €0Cig aib Creq4 Creq2

2,3,... 1 ISW
(a) Network — NT
Framing 12x(2B + D) Overhead Bits (M{-Mg)

Quat Positions 1-9 10-117 118s 118m 119s 119m 120s 120m

Bit Positions 1-18 19-234 235 236 237 238 239 240

Superframe # Basic Frame # Sync Word 2B+D M4 Mz M3 My Ms Mg

1 ISW 2B+D eocay eocap eocas act 1 1

2 sw 2B+D €0Cgm eoci4 eocia psq 1 febe

3 Sw 2B+D e0Cig €0Cig €0Ci5 7] Crcq crep

4 SwW 2B+D €0Cig eociy eocig ntm crcg Crcy

5 sSw 2B+D eocay eocay eocag cso cres crég

6 SwW 2B+D 80Cdm eociq e0Ciz 1 crey crcg
7 SwW 2B+D eocig ©0Cig eocis 1 Crég creyp
8 SW 2B+D e0Cig eociy €e0cig 1 creqq creqe

2,3,... 1 ISW

(b) NT — Network

Note: 8 X 1.5 ms Basic Frames = 12 ms/Superframe NT-to-Network superframe is offset from Network-to-NT superframe by 60+ 2 quats {about 0 75 ms). All
bits other than the Sync Word are scrambied

Symbols & Abbreviations

act = start-up bit (= 1 during start-up)

ab = alarm indication bit (= 0 to indicate interrup-
tion)

cre = cyclhc redundacy check: covers 2B+D + My
1 = most significant bit
2 = next significant bit etc.

cso = cold-start-only bit (= 1 to indicate cold-start-
only)

dea = turn off bit (= 0 to announce turn off)

eoc = embedded operations channel
a = address bits
dm = data/message indicator (0 = data,

1 = message)

i = information (data or message)

febe = far end block error bit (= O for errored super-

frame)

ntm
ps1, ps2

Quat

sai
uoa
wqn

cpEn

2B+D
M
SW/ISW

= NT in test mode bt (= O to indicate test mode)

power status bits (= 0 to indicate power prob-
lems)

pair of bits forming quaternary symbol

s = sign bit (first in quat)

m = magnitude bit (second in quat)
S-activation-indication bit (= 1 for S/T activity)
U-only-activation bit (= 1 to activate S/T)
reserved bit for future standard (= 1)

= network indicator bit (= 1, reserved for network

I

use)
user data, bits 19-234 in frame
M-channel, bits 235-240 in frame

synchronization word/inverted synchronization
word, bits 1-18 in frame

TABLE |. 2B1Q Superframe Format and Overhead Bit Assignments
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TP3410

This Materia

Functional Description (continued)

2.2 Line Transmit Section

Data to be transmitted to the line consists of the customer’s
2B+D channel data and the data from the maintenance
processor, plus other “spare” bits in the overhead chan-
nels. This data is multiplexed and scrambled prior to addi-
tion of the syncword. A pulse waveform synthesizer then
drives the transmit filter, which in turn passes the line signal
to the line driver. The differential line-driver outputs, Lo+
and Lo—, are designed to drive a transformer through an
external termination circuit. A 1:1.5 transformer, designed
as shown in the Applications section, results in a signal am-
plitude of nominally 2.5V pk on the line for single quats of
the outer (3) levels. Note, however, that because of the
RDS accumulation of the 2B1Q! line code, continuous ran-
dom data will produce signal swings considerably greater
than this on the line. Short-circuit protection is included in
the output stage; overvoltage protection must be provided
externally.

2.3 Line Receive Section

The receive input signal should be derived from the trans-
former by means of a coupling circuit as shown in the Appli-
cations section. At the front-end of the receive section is a
continuous filter followed by a switched-capacitor low-pass
filter, which limits the noise bandwidth. A Hybrid Balance
Filter provides a degree of analog echo-cancellation in or-
der to limit the dynamic range of the composite signal. An
A/D converter then samples the composite received signal
prior to the cancellation of the “‘echo” from the local trans-
mitter by means of an adaptive digital transversal filter (i.e.,
the “echo-canceller”). Foliowing this, the attenuation and
distortion (inter-symbol interference) of the received signal
from the far-end, caused by the transmission line, are equal-
ized by a second adaptive digital filter configured as a Deci-
sion Feedback Equalizer (DFE), thereby restoring a “flat”
channel response with maximum received eye opening over
a wide spread of cable attenuation characteristics.

From the received line signal, a Timing Recovery circuit
based on a DPLL (Digital Phase-Locked Loop) recovers a
low-jitter clock for optimum sampling of the received sym-
bols. The MCLK input provides the reference clock for the
DPLL at 15.36 MHz. Received data is then detected, with
automatic correction for line signal polarity if necessary, and
a fiywheel synchronization circuit searches for and locks
onto the frame and superframe $yncwords. Frame lock will
be maintained until errored sync words are detected for

—-ﬂ—:zm.s,u

480 ms. If a loss-of-sync condition persists for 480 ms the
device will cease transmitting and go into a RESET state.
While the receiver is synchronized, data is descrambled us-
ing the specified polynomial, and the individual channels de-
multiplexed and passed to their respective processing cir-
cuits.

Whenever the loop is deactivated, either powered up or
powered down, a Line Signal Detect circuit is enabled to
detect the presence of an incoming 10 kHz wake-up tone if
the far-end starts to activate the loop. The LSD circuit gen-
‘erates an interrupt and, if the device is powered down, pulls
the T8D pin low; either of these indicators may be used to
alert an external controller, which must respond with the
appropriate commands to initiate the activation sequence
(see the Activation section).

3.0 ACTIVATION CONTROL: OVERVIEW

The TP3410 contains an automatic sequencer for the com-
plete control of the start-up activation sequence specified in
the ANS! standard. Both the “cold-start” and the fast
“warm-start” are supported. Interaction with an external
controller requires only Activate Request and Deactivate
Request commands, with the option of inserting breakpoints
in the sequence for additional external control if desired.
Automatic control of the “act” and “dea” bits in the M4 bit
positions is provided, along with the specified 40 ms and
480 ms timers used during deactivation. A 15 second de-
fault timer is also included, to prevent system lock-up in the
event of a failed activation attempt. Section 11 gives an
overview of the activation handshake between the TP3410
and the controller. See TP3410 User's Manual AN-913 for
additional information.

4.0 MAINTENANCE FUNCTIONS: OVERVIEW

4.1 M Channel Processing

In each frame of the superframe there are 6 “Overhead”
bits assigned to various control and maintenance functions
of the DSL. Some processing of these bits may be pro-
grammed via the Command Registers, while interaction with
an external controller provides the flexibility to take full ad-
vantage of the maintenance channels. New data written to
any of the overhead bit Transmit Registers is resynchroniz-
ed internally to the next available complete superframe or
half-superframe, as appropriate. in addition, the SFS pin
may be used to indicate the start of each superframe in 1
direction, see Figure 2 and Register CR2.

- |

TSFS AS INPUT

37

ISW . ISW
I
LINE TRANSMIT FRAME VA 1 8 VA
i
ISW SW SW SW SW SW ISW

LINE RECEIVE FRAME

RSFS OR TSFS AS QUTPUT I

12ms —
TL/H/9151-26

FIGURE 2. Superframe Sync Pin Timing
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Functional Description (continueq)

4.2 Embedded Operations Channel

The EOC channel consists of 2 complete 12-bit messages
per superframe, distributed through the M1, M2 and M3 bits
of each half-superframe as shown in Table . Each message
is composed of 3 fields; a 3-bit address identifying the mes-
sage destination, a 1-bit indicator for the data mode, i.e.,
encoded message or raw data, and an 8-bit information
byte. The Microwire port or GCi Monitor Channel provides
access to the complete 12 bits of every message in the TX
EQC and the RXEOC Registers. If one of the defined en-
coded messages is received, e.g., Send Corrupted CRC,
then the appropriate Command Register instruction must be
written to the device to invoke the function.

4.3 M4 Bits

The M4 bit position of every frame is a transparent channel
in which are transmitted data bits loaded from the M4 Trans-
mit Register TXM4, one byte per superframe. On the re-
ceive side the M4 bits from one complete superframe are
sent to a checking circuit which holds each new M4 byte
and compares it against the previous M4 byte(s) for valida-
tion prior to sending it to the RXM4 Receive Register; Regis-
ter OPR provides several options for control of this valida-
tion.

4.4 Spare M5 And M6 Bits

Overhead bits M5 and M6 in frame 1 (M51 and M61) and
M5 in frame 2 (M52) are transparently transmitted from the
Transmit M56 Spare Bit Register to the line. In the receive
direction, data from these bit positions is sent to a checking
circuit which holds the new M5/M6 spare bits and com-
pares them against the previous M5/M6 bits for validation
prior to sending them to the Receive M56 Spare Bit Regis-
ter; the OPR Register provides several options for control of
this validation.

4.5 CRC Circuit

In the transmit direction an on-chip crc calculation circuit
automatically generates a checksum of the 2B+ D + M4 bits
using the polynomial x12+x11+x3+x2+x+ 1. Once per
superframe the crc Is transmitted in the specified M5 and
M8 bit positions (see Table I). In the receive direction a
checksum is again calculated on the same bits as they are
received and, at the end of the superframe, compared
against the crc transmitted with the data. The result of this
comparison generates a '‘Far End Block Error” bit (the febe
bit), which is transmitted back towards the other end of the
DSL in the next superframe. If there are no errors in a super-
frame, febe is set = 1, and if there is one or more errors
febe is set = 0.

The TP3410 also includes a readable 8-bit Block Error
Counter BEC1, which is decremented by 1 each superframe
in which febe = 0 or nebe = 0 is received. Section 10.5
describes the operation of this counter.

On first application of power, and after the software reset
{X'1880, X’1800), both the ECT1 as well as BEC1 are initial-
ized to X'FF. See the Block Error Counter section for more
details.

5.0 DIGITAL INTERFACE: ALL FORMATS
5.1 Clocking

In LT applications (network end of the Loop), the Digital
System Interface (DS)) normally accepts BCLK and FS sig-
nals from the network, requiring the selection of DSI or GCI
Slave mode in Register CR1. A Digital Phase-Locked Loop
(DPLL #2) on the TP3410 allows the MCLK frequency to be
plesiochronous (i.e. free-running) with respect to the net-
work clocks, (BCLK and the 8 kHz FSa input). With a toler-
ance on the MCLK oscillator of 15.36 MHz + 100 ppm, the
lock-in range of DPLL2 allows the network clock frequency
to deviate up to £ 50 ppm from nominal.

In NT applications, when the device is in NT mode and 1s
slaved to loop timing recovered from the received line sig-
nal, DS! or GCI Master mode should normally be selected.
In this case BCLK, FS and SCLK (15.36 MHz) signals are
outputs which are phase-iocked to the recovered clock. A
slave-slave mode is also provided, however, in which the
Digital Interface data buffers on the TP3410 aliow BCLK
and FSa/b to be input from an external source, which must
be frequency-iocked (but may take an arbitrary phase) to
the received line signal; in this case DSI or GC| Slave mode
should be selected.

5.2 Data Buffers

The TP3410 buffers the 2B + D data at the Digita! Interface
in elastic FIFOs, which are 3 frames deep in each direction.
When the Digital interface is a timing slave these FIFOs
compensate for relative jitter and wander between the Digi-
tal Interface clocks (BCLK and FSa/b) and bit and frame
timing at the Line Interface. Each buffer can absorb wander
up to 18 ps in = 10 secs without “slip”, exceeding CCITT
recommendation Q.502. Excessive wander causes a con-
trolled slip of one complete frame.

6.0 DIGITAL INTERFACE DATA FORMATS IN
MICROWIRE MODE (MW = 1)

When the MW pin 1s tied high to enable the Microwire Port
for control and status, the Digital System Interface on the
TP3410 provides a choice of four multiplexed formats for
the B and D channel data, as shown in Figure 3. These
apply in both LT and NT modes of the device, and selection
is made via Register CR1. Selection of DS! Master or Slave
mode must also be made in CR1. Within each format there
is also an independent selection available to either multiplex
the D channel (Tx and Rx) data on the same pins as the B
channels, or via the separate D-channel access pins, DCLK,
Dx and Dr, see Section 6.3.

Format 1: In Format 1, the 2B + D data transfer is assigned
to the first 18 bits of the frame on the Bx and Br
pins. Channels are assigned as foliows: B1 (8
bits), B2 (8 bits), D (2 bits), with the remaining
bits ignored untl the next frame sync pulse.
When the D channel port is enabled (see CR2),
only the 2 B channels use the Bx and Br pins; the
D bits are assigned to the 17th and 18th bits of
the frame on the Dx and Dr pins. Figure 3-1
shows this format in DS Slave Mode, and Figure
3-4 shows DS| Master Mode.
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TP3410

Functional Description continued)

Format 2:

Format 3:

Format 2 is the IDL, in which the 2B+ D data
transfer is assigned to the first 19 bits of the
frame on the Bx and Br pins. Channels are as-
signed as follows: B1 (8 bits), D (1 bit), 1 bit ig-
nored, B2 (8 bits), D (1 bit), with the remaining
bits ignored until the next frame sync pulse. Fig-
ure 3-2 shows this forrnat in DSI Slave Mode, and
Figure 3-5 shows DSI| Master Mode.

This format provides time-slot assignment capa-
bility for the B1 and B2 channels, which can be
independently assigned to any 8-bit wide time-
slot from 64 (or less) on the Bx and Br pins; the
Transmit and Receive directions are aiso inde-
pendently assignable. Also the D channel can be
assigned to any 2-bit wide time-slot from 256 (or
less) on the Bx and Br pins (D port disabled) or

Format 4:

on the Dx and Dr pins (see D-Channel Port sec-
tion). Figure 3-3 shows this format in DS| Slave
Mode, and Figure 3-6 shows DS! Master Mode;
see also Section 6.2.

This is similar to the GCI format for the 2B+D
channels, but excludes the Monitor channel and
C/1 channel. Channels are assigned to the first
26 bits of each frame as follows: B1 (8 bits), B2
(8 bits), ignored (8 bits), D (2 bits). The remaining
bits in the frame are ignored untii the next frame
sync pulse. The relationship between BCLK and
data is the same as in the GCI mode for GCI
Channel 0, see Figure 7 (in DSI Master Mode,
BCLK = 512 kHz and FS; is a square wave out-
put).

N I . |

By 7777)(1 B1

B2

e

T S

B, :1]

B2

N X

—
®o ]

FSa defines B1 channel for Tx.
FSb defines B1 channel for Ax.

TL/H/9161-5

FIGURE 3-1. DSI Format 1: Slave Mode

45

FS, _J—|
1
& |  L_ "

Delayed timing mode must be selected;
Time-slot immediate mode only (no TSA).

TL/H/91561-6

FIGURE 3-2. DSI Format 2 (IDL): Slave Mode
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Functional Description (continueq)

T30 TSt 152 .
5 X 2 X 22X 30 XX Bt :s
SS2
I R
S, i “
TS3% or TS63 150 781 .
PR
8, = B2 ), \E|_D£} { 81 L
s51 o

T | { l P

Transmit slots are numbered re'ative 10 FSa, and receive slots relative to FSb
Shown with examples of offsat frames and Time-slot Assignments

FIGURE 3-3. DS! Format 3 (Time-Slot Assignment) : Slave Mode

FSa defines B1 channel for Tx and Rx
FSb defines B2 channel for Tx and Rx

5 JL/IX 81 XX 82

e OIIIIIIR
B2 i

FIGURE 3-5. DSI Format 2 (IDL): Master Mode

8 81

f

g Y A ——— -.

180 TS1

B el B1 X 82

Transmit and Receive slots are numbered relative to FSa

FIGURE 3-6. DSI Format 3: Master Mode

TL/H/9161-7

TL/H/9151-8

TL/H/9151-9

TL/H/9151-10
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TP3410

Functional Description (continued)
6.1 FS Relationship To Data (Microwire Mode)

For applications on a line-card, in DSI Slave Mods, the B
and D channel slots can be interfaced to a Time-Division
Multiplexed (TDM) bus and assigned to a time-slot. The rep-
etition rate of the FS input signals must be 8 kHz and must
be synchronized to the BCLK input, which may be any fre-
quency from 256 kHz to 4.096 MHz in 8 kHz increments.
Two different relationships may be established between the
FS inputs and the actual time-siots on the PCM busses by
setting the DDM bit in Control Register CR1, see Figures 3,
17 and 72. Non-delayed data mode is similar to long frame
timing on the TP3050/60 series of devices (COMBO |): the
time-slots are defined by the 8-bit duration FSa and FSb
signals. The alternative is to use Delayed Data Mode, which
is similar to short frame syn¢ timing on COMBO |, in which
each FS input indicates the start of the first time-siot.

Serial B channel data is shifted into the Bx input during each
assigned Transmit time-slot on the falling edges of BCLK.
During each assigned Receive time-slot, the Br output shifts
data out on the rising edges of BCLK. Also, with the device
in LT Mode, the TSr pin is an open drain n-channe! pull-
down output which goes low during the selected time-slots
for the received B1 and B2 channels at the Br pin to control

6.3 D Channel Port Selection (Microwire Mode)

In any of the DSI Formats, the 2 D channel bits per frame
may either be multiplexed with the B channels on the Bx
and Br pins, or may be accessed via the separate D channel
port consisting of Dx and Dr. Furthermore, when using the
separate D port the data shift clock may either be a continu-
ous, unframed data stream using the 16 kHz clock output at
DCLK, see Figure 4, or may use the BCLK, see Figure 5.
Selection of these options is via Control Register CR2.

6.4 D Channel Time-Slot Assignment

In addition to B channel TSA, Format 3 allows independent
Time Slot Assignment for the Transmit and Receive D chan-
nels, which may be programmed via Registers TXD and
RXD. As with the B channels, up to 64 time-slots are avail-
able if BCLK = 4.096 MHz, and in addition the 2 D bits may
be assigned, in pairs, to specific bit locations within the
time-slot; that is in bits 1 and 2; 3 and 4; 5 and 6; or 7 and 8.
D channel TSA may be used either with the D channel muiti-
plexed with the B channel data, or with the separate D
Channel port clocked with BCLK; it cannot be used with the
16 kHz clock option at DCLK.

Summary of DSI Slave Mode Options

FIGURE 4. D-Port Interface Timing Using DCLK in 16 kHz Mode

the TRI-STATE Enable of a backplane line-driver; it is high- Format Number
impedance at all other times. Function
In NT Mode, when DSI Master mods is selected, FSa and 1 2 3 4
FSb are outputs indicating the B1 (or TS0) and the B2 (or FSa TxB1| TxB1 | TxTSO [ TxB1
TS1) channels respectively. BCLK is also an output at the FSb RxB1 | RxB1 | Rx TS0 | RxB1
serial data shift rate, which is dependent on the format se- Non-Delayed Timing? Yes No Yes Yes
lected. Again, either a delayed or non-delayed relationship Delayed Timing? Yes Yes Yos No
between FSa, FSb and the start of the first time-slot can be Y 9 3

Tx and Rx Frames with | Yes Yes Yes Yes
selected.

Any Phase?
6.2 B Channel Time-slot Assignment; Format 3 Only TSA Available? No No Yeos No
(Microwire Mode) D Port Available? Yes | Yes | Yes | Yes
in Format 3 only, the TP3410 provides programmable time-
slot assignment for selecting the Transmit and Receive B Summary of DSI Master Mode Options
channet time-siots. Following power-on, the device is auto-
matically in Non-delayed Data Mode; if Delayed Data Mode Function Format Number
is required it must first be selected (see CR1) prior to using 1 2 a 4
Time-slot Assignment, and the FS pulses must conform to
the Delayed Data timing format. The actual transmit and FSa B1 B1 TS0 B1
receive time-slots are then determined by the internal Time- FSb B2 B2 TS B2
slot Assignment counters, programmed via Control Regis- FS Formats Non- | Delayed| Non- Non-
ters TXB1, TXB2, AXB1 and RXB2. Normally used in DSI Delayed| Only | Delayed | Delayed
Slave mode, Format 3 allows a frame to consist of up to 64 and and onl
time-slots of 8 bits each with BCLK up to 4.096 MHz. Delayed Delayed Y
A new assignment becomes active on the second frame TSA Available? Ng No Y ei No
following the end of the 16-bit Chip Select. )

D Port Available? Yes Yes Yes Yes

Note: All Formats: Tx and Rx frames always aligned.

TN TN N/
t
r_ Soxc theox —
0, Dn-1 X Dn X Dt X on+2
‘mL—’I
0, Dn=1 X Dn X Dn+1
TL/H/9161-11
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Functional Description (continued)

BCLK I”““”““l”I|l|I”““II|”I““”““””l”“”nnn
S

FSq i l |

<°1x°2>*

j=]

x LLLLLLLLL L L T KO T T T T T T 7T

TL/H/8151-12

FIGURE 5-1. Format 1

FS 1

D, (o) (o)
r Y/ \.2/
o [LLLLLLLLL L RY LT Ry 7777777

TL/H/9151-13

FIGURE 5-2. Format 2

TS1

SS1

SS3

Dy /

Lo X0/ / /.

L Z

TL/H/9151-14

FIGURE 5-3. Format 3

Shown with exampie of Time-slot Assignment, and FS, = FS,,

FIGURE 5. D-Port Interface Timing Using BCLK

7.0 MICROWIRE CONTROL PORT (MW = 1)

When Format 1, 2, 3 or 4 is used, control information and
maintenance channel data is written into and read back
from the TP3410 via the Microwire port consisting of the
control clock CCLK; the serial data input, Cl, and output,
CO; the Chip Select input, CS and the interrupt output INT.
The MW pin must be tied high to enable this port, and the
port may be used regardiess of whether the device is pow-
erad up or down. Figures 6 and74 show the timing, which is
compatible with the Microwire port on the HPC and COPs
families of microcontroilers, and Tables Il and ll list the con-
trol functions and status indicators.

All read and write operations require 2 contiguous bytes. As
shown in Tables Il and lil, the first byte is the register ad-

dress and the second byte is the data byte. Status Registers
request service under control of the Interrupt Stack, with the
priority order listed in Table III.

To shift data to and from the TP3410, CCLK must be pulsed
high 16 times while CS is low. Data on the Cl input is shifted
into the serial input register on the rising edge of each CCLK
pulse; simultaneously, data is shifted out from CO on each
falling edge of CCLK. Bit 7 of byte 1 is shifted first. CS must
return high at the end of the 2nd byte, after which the con-
tents of the input shift register are decoded, and the data is
loaded into the appropriate programmable register. Pulling
CS low also clears the INT pin if it was pulled low; if another
interrupt condition is queued on the interrupt Stack it can
only pull the TNT pin low when TS is high. When TS is high
the CO pin is in the high-impedance state, enabling the CO
pins of many devices to be muitiplexed together.

2-19
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TP3410

This Materia

Functional Description (continued)

The TP3410 has an enhanced MICROWIRE port such that it
can connect to standard MICROWIRE master devices (such
an NSC’s HPC and COP families) as well as the SCP (serial
control port) interface master from the Motorola micro-con-
troller family. SCP is supported on devices such as
MC68302 or the MC145488 HDLC.

TP3410 supports two popular formats used in typical termi-

nal equipment applications.

1. CCLK idling LOW when TS pin is inactive HIGH, pulsing
LOW/HIGH/LOW for 16 clocks, then returning back to
LOW for idle condition. Data is output on CO pin on the
negative edge and data sampled in on the positive edge
of CCLK. This format (shown in Figure 74b) is normally
used with NSC’s microcontroliers from the HPC or the
COPS8 family.

2. CCLK idling HIGH when T8 pin inactive HIGH, pulsing
HIGH/LOW/HIGH for 17 clocks, then returning back to
HIGH for idle condition. Data is output on CO pin on the
negative edge and data sampled in on the positive edge
of CCLK. This format (shown in Figure 74c¢) is normally
used with other alternate microcontrollers in the industry.
The first 16 clock pulses are the normal low-going pulses
to shift and sample the microwire data. The 17th puise is
generated with software by toggling the CCLK clock
polarity bit on the SCP port of MC6302 or MC145488. It
is necessary to deactivate the CS pin (bring it high) while
the CCLK is low as shown in Figure 74c.

8.0 GCI MODE (MW =0)

Selected by tying the MW pin low, the GCl interface is de-
signed for systems in which PCM and control data are multi-
plexed together into 4 contiguous bytes per 8 kHz frame.
Furthermore, in Subscriber Line Cards and NT1-2’s (where
the Digital Interface is slaved to external timing) up to 8 GCI
channels may be carried in 1 frame of a GCI multiplex, with
a combined bit rate from 256 kb/s up to 3088 kb/s. Pin-pro-
grammable GCl-channel assignment for 8 GCI channels is
provided.

Note that GCl mode on the TP3410 requires messages in
the Embedded Operations Channel to be processed by a
local microcontrolier. In Line card and TE applications, GCI
mode can be used with a device such as the TP3451 HDLC
controller to provide the interface for the microcontroller to
access the EOC Registers. To use the device in an NT-1 or
Regenerator, a microcontroller is required and Microwire
mode should be used on the TP3410.

8.1 GCI Physical Interface
The interface physically consists of four wires:

— Transmit data to line: Bx

— Receive data from line: Br

— Bit clock at 2 cycles/bit:  BCLK
— 8 kHz frame sync: FSa

Data is synchronized by the BCLK and FSa clock inputs.
FSa insures re-initialization of the time-siot counter at the
beginning of each 8 kHz frame, with the rising edge of FSa
being tha reference time for the first GCI channel bit. Data is
clocked in both directions at half the BCLK input frequency.
Data bits are output from the device on a rising edge of
BCLK and sampled on the second falling edge of BCLK;
unused slots are high impedance. Br is an open-drain n-
channel output, with internal detection for contention resolu-
tion on the Monitor and G/1 channels between devices at-
tempting to use the same GCI channel (typically in a TE
application).

A device may be either the Master or Slave of the GCI tim-
ing. As a Master it is the source of BCLK, FSa and FSb,
which are synchronized to the data received from the line,
and GCI channel 0 is always used. As a GCI Slave, BCLK
and FSa must be sourced externally, typically from a system
backplane, and pins S0-S2 must be connected high or low
to select the required GCI channel. To use the single chan-
nel mode, a 512 kHz BCLK is required, and $2, $1 and S0
must be connected to GND (GCI Channel 0). To use the
muitiplex mode with a GCI Slave device, the 4 pins are com-
moned between up to B devices, forming a ““‘wire-AND"”” con-
nection with the Br pins. The BCLK frequency must be at
least n X 512 kHz, where n is the number of devices. In fact
BCLK may be operated up to 6144 kHz if required, to leave
up to 4 additional GCI channsls unoccupied by TP3410’s
(and available for other uses). Clock and channel selection
are shown in the following table:

BYTE 1 (REGISTER ADORESS)

o (Cor X e X es X os N os Xz X o1 X co X o7 X s X cs X s X s X2 ko o p

Pin Name LT and NT1-2 NT1and TE

MW 0 0

MO 0 (GCI Slave) 1 (GCI Master)
S2/CLS S2 (msb) CLS=0: 512kHz

CLS=1: 1536 kHz

St S1 0

SO/FSb S0 (Isb) FSb
BYTE 2 (DATA)
TL/H/9151-15

FIGURE 6. Microwire Control Port Timing: MW = 1
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Functional Description (continued)

8.2 GCI Frame Structure device is active in that channel). To initiate a transfer, a
Figure 7 shows the frame structure at the GCl interface. device must first verify that it has received the A bit=1 for at
One GCI channel supports one TP3410 using a bandwidth least 2 consecutive GCI frames from the other device be-
of 256 kbit/s, consisting of the following channels multi- fore starting the transfer. It then sends the first byte in the
plexed together in an 8 kHz frame: Monitor channel, with the associated E bit=0, and repeats

the byte in the next GCI frame. Normally, the receiving de-
vice will verify receiving the same byte in 2 consecutive
frames and acknowledge this by setting A=0 for at least 2

— B1 channel at 8 bits per frame;
— B2 channel at 8 bits per frame;

— Monitor (M) channel at 8 bits per frame; frames. If not, the message is aborted by sending A=0 for

— Signalling and Control (SC) channel, which is structured only 1 frame.
as follows: On detecting the acknowledgement, the sending device
D Channel at 2 bits per frame; then sends the 2nd of the 2 bytes in 2 consecutive GCI
C/t channel at 4 bits per frame; frames (or until it is acknowledged), with E=1 to indicate
A bit, for acknowledgement of M channel bytes; this is the last byte of the transfer. The receiver verifies this
E bit, which indicates byte boundaries when muitiple- byte is the same for 2 frames and sends an acknowledge-
byte messages are transferred via the M channel. ment by sending A=1 in the next frame. If an abort is re-

8.3 Monitor Channel quired, the receiver will maintain A= 1 for another frame. If a

Monitor channel message originated by the TP3410 is
aborted, it will repeat the complete message until it is suc-
cessfully acknowledged.

The GCI Monitor channel (byte 3) is used to access all the
Command Registers shown in Table Ii, with the exception of
the Activation Control Register, and all the Status Registers

shown in Table 1] with the exception of the Activation Indi- 8.4 C/I Channel

cation Register. Each access 1o or from one of the listed The C/I (Command/Indicate) channel in GCI byte 4 is used
registers requires a 2-byte message transfer. As shown in solely to access the Activation Control Register and the Ac-
Tables 1l and I}, the first byte from the originating device tivation Indication Register in the TP3410. A complete de-
contains the register address, and the second byte is the scription of these registers is found in Section 11, including
data byte. Status Registers originate messages in the Moni- the coding of the 4-bit messages. Unlike the Microwire
tor channel under control of the Interrupt Stack (in the same Mode of the device, however, the contents of these 2 regis-
manner as when the TP3410 is used in Microwire Mode). in ters are transferred repeatedly in the C/I channel, once per
addition a protoco! is used, based on the E and A bits in GClI frame. A change in transmit message is originated by a
byte 4, to provide an acknowledgement of each Monitor change in the Activation Indication Register, while a change
channel byte in either direction, see Figure 8. in received message is verified in 2 consecutive GCl frames
When no Monitor Channel message is being transferred, before updating the Activation Control Register and taking
the E bit, and the A bit in the reverse direction, are high-im- the appropriate action.

pedance (and pulled high by the external resistor if no other

GCI CHANNEL 0 GCl CHANNEL 1 GCl CHANNEL 7

7 —
B B2 M_DCAAE Bl B2 M DC/AE WD chat
g Xe X e & YR = X s X" ﬂnﬂbnb
81 B2 M D C/t AE B1 B2 M C/lA M /1 AE
g _ s (s X @R e X= 00: ““. (4 X

TL/H/9151-16
Note 1: As an output (GCI Master) FSg 18 high for 8-bit intervals (16 BCLK cycles) As an input (GCI Stave) FS4 must be high for = 1 BCLK cycle.
Note 2: The FSb output 1s provided only in GCI Master Mode.

FIGURE 7. GCI Frame Structure is an Example of Muitiplex Mode with BCLK = 4.096 MHz

BYTE? E

I e ;"(:)"u'" J-()-

A

»

LOGIC 1

N --ﬂi---_-.-IL-- """ || lF""'""%""'"U:" """

FIGURE 8. GCI Monitor Channel and E and A Bit Protocol

TL/H/9161-27
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TP3410

Functional Description (continued)

TABLE ll. Command Registers

Function Byte 1 (Register Address) Byte 2 (Data)

7 6 5 4 3 2 1 [} 7 6 5 4 3 2 1 0
No Operation (NOP) 0 [o] 0 0 0 0 0 0 0 Q 0 0 0 0 0 0
Write OPR 0 0 1 0 0 0 0 0 |CIE EIE FIEE ©OB1 OB0 OCi OCO O
Readback OPR 0 0 1 0 o] 0 0 1 X X X X X X X X
Wirite CR1 0 0 1 0 o 0 1 0 FF1 FF0 CK2 CKt CKo DDM CMS BEX
Readback CR1 0 0 1 0 0 0 1 1 X X X X X X X X
Write CR2 o] 0 1 0 0 1 0 0 |SSS NTS DMO DEN DD BP1 BP2 O
Readback CR2 0 0 1 0 0 1 [s] 1 X X X X X X X X
Write CR3 0 0 1 0 1] 1 1 0 |LB1 LB2 LBD ©DB1 DBz DBD TLB O
Readback CR3 (o] 0 1 0 (1} 1 1 1 X X X X X X X X
Write CR4 [¢] 0 1 0 1 170 0 |SH9 AACT WS 333Hz saif TFBO RFS LFS
Readback CR4 0 1] 1 o] 1 1 0 1 X X X X X X X X
Write TXB1 TSA 0 ] 1 1 (] 0 4] 0 0 0 TS6 TS4 TS3 TS2 TSt TS0
Readback TXB1 0 0 1 1 0 0 0 1 X X X X X X X X
Write TXB2 TSA 0 0 1 1 0 [+] 1 0 ] 0 TS5 TS4 TS3 TS2 TS1 TSO
Readback TXB2 ] 0 1 1 0 0 1 1 X X X X X X X X
Write RXB1 TSA 0 [ 1 .1 0 1 0 0 |[EBt ED TS5 TS4 TS3 TS2 TS1 TS0
Readback RXB1 0 o] 1 1 0 1 0 1 X X X X X X X X
Write RXB2 TSA 0 0 1 1 0 1 1 0 | EB2 0 TS5 TS4 TS3 TS2 TS1 TSO
Readback RXB2 0o -0 1 1 0 1 1 1 X X X X X X X X
Write TXD 0 0 1 1 1 0 0 0O |DX5 Dx4 DX3 DX2 DXt DX0 SX1 SXO0
Readback TXD [ 0 1 1 1 1] 0 1 X X X X X X X, X
Write RXD 0 0 1 1 1 0 1 0 |DR5 DR4 DR3 DR2 DRt DRO SRt SRO
Readback RXD 0 0 1 1 1 0 1 1 X X X X X X X X
Write TXM4 0 1 0 0o 0 0 0 0 [ACT M42 M43 M44 M45 M46 M47 M48
Wirite TXM56 0 1 0 0 0 0 1 0 0 0 LEC M51 M61 M52 TFB CTC
Wirite ACT Register 0 1 0 0 0 1 0 0 0 0 0 v} C4 C3 c2 Ct
Write ECT1 0 1 0 0 0 1 1 0 {07 O6 05 04 03 02 01 00
Read BEC1 0 1 0 0 0 1 1 1 X X X X X X X X
Write TX EOC Register| 0 1 0 1 eal ea2 ea3 dm | eit ei2 ei3 ei4 ei5 ei6 ei7 ei8

Note 1: Bit 7 of byte 1 is always the first bit clocked into the device.

Note 2: In the Tx EOC Register:
eat = the msb of the EOC destination address;
ea2 = bit 2 of the EOC destination address;
ea3 = the Isb of the EOC destination address;
dm = the EOC data/megsage mode indicator.

Note 3: X = don't care (it is recommended that these bits be set = 0).-

I L501k24 0089051 22T W
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Functional Description (continued)
TABLE lll. Status Registers

Function Byte 1 (Register Address) Byte 2 (Data)

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
READABLE CONFIGURATION REGISTERS
Default (No Change | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
on a Write Cycle)
OPR Contents 0 0 1 [o] 0 0 0 1 CIE EIE FIE OBt 0OBO OCt OCO O
CR1 Contents 0 0 1 0 0 0 1 1 FF1 FFO CK2 CK1 CKO DDM CMS BEX
CR2 Contents 0 0 1 0 0 1 0 1 |SSS NTS DMO DEN DD BPi BP2 0
CR3 Contents 0 0 1 0 [} 1 1 1 LB1 LB2 LBD DB1 DB2 DBD TLB 0
CR4 Contents [¢} 0 1 0 1 1 0 1 | SH9 AACT WS 333Hz saif TFBO AFS LFS
TXB1 Contents 0 0 1 1 0 1] 0 1 0 0 TS5 TS4 TS3 TS2 TS1 TSO
TXB2 Contents 0 0 1 1 0 0 1 1 o] [ TS5 TS4 TS3 TS2 TSt TSO
RXB1 Contents 0 0 1 1 0 1 0 1 |EB1 ED TS5 TS4 TS3 TS2 TS1 TS0
RXB2 Contents 0 0 1 1 0 1 1 1 EB2 0 TS5 TS4 TS3 TS2 TS1 TS0
TXD Contents 0 0 1 1 1 0 0 1 DX5 DX4 DX3 DX2 DX1 DX0 SX1 Sxo
RXD Contents 0 0 1 1 1 0 1 1 |DR5 DR4 DR3 DR2 DRt DRO SR1 SRO
BEC1 (Note 2) 0 1 0 0 [} 1 1 1 ec7 ecb ecS ecd ec3 ec2 ecl ecO
REGISTERS WHICH GENERATE A MICROWIRE INTERRUPT OR GCI MONITOR CHANNEL MESSAGE (Note 4)
RXM4 0 1 0 0 0 0 0 0 {M41 M42 M43 Md44 M45 M46 M47 M4s
RXM56 Spare Bits 0 1 0 1] 0 0 1 0 0 ES2 ES1 M51  M61 M52 RFB NEB
ACT Indication Reg | 0 1 0 0 0 1 0 0 0 0 0 o] C4 C3 c2 Ct
BEC1 (Note 2) 0 1 0 0 0 1 1 0 ec7 ec6 echS ec4 ec3 ec2 ecl ecO
RX EOC Register 0 1 0 1 eal ea2 ea3 dm | eit ei2 ei3 ei4 ei5  ei6 ei7  ei8
(Note 3)

Note 1: Bit 7 of byte 1 1s always the first bit clocked into the device.
Note 2: BEC1 may be polied, via the appropriate read command (see Table 1), at any time to read the current arror count.

Note 3: In the Rx EOC Register
eal = the msb of the EOC destination address;
aa2 = bit 2 of the EOC destination address;
a3 = the Isb of the EOC destination address;
dm = the ECC data/message mode indicator.

Note 4: Changes in contents of these registers are queued on a stack which generates interrupts or messages in the following prionty order:

1 Register Readback request
2. ACT Indication Register (Microwire only)

3. RXM4 Regster
4 RX EOC Register

5 RXM56 Spare Bits Register

6 BEC1 Register
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Functional Description (continued)

9.0 COMMAND REGISTER FUNCTIONS

All addressing and bit-level functions are the same for both
the Microwire and GCI Monitor Channels, except where not-
ed. Register addresses are listed in Table |l. An asterisk *
indicates the Power-on Reset state of each function. The
device modes and Transmit M bits should be programmed
while the device is powered down.

9.1 Writing to Command Registers

A command may be written to a register to modify its con-
tents by setting byte 1 bit 0=0. Registers CR1, 2, 3, OPR
and the Time-Slot Assignment registers may aiso be read-
back to verify the contents by addressing each register with
byte 1 bit 0= 1. In Microwire Mode, if the device has no data
waiting to be read during a command cycle it will return
X’0000 (No Change).

9.2 Reading Back Command Registers for Verification

To read back the current state of one of the write-able regis-
ters, the appropriate readback command must first be load-
ed in via the control channel; this will cause an interrupt to
be sent to the interrupt stack. In Microwire mode the inter-
rupt must be serviced by a read cycle, in which the com-
mand should be a NOP (or a new command). In this cycle
the previously addressed register is read back, with byte 1
bit 0= 1. In GCl mode, the interrupt stack generates an au-
tonomous one-way message in the Monitor Channel. If any
other interrupt conditions should occur during the readback
command cycle, the readback result will be queued at the
bottom of the stack, and will not generate its interrupt or
message until all other interrupts are cleared.

9.3 Configuration Register CR1: Digital interface

Byte 2
4 6 5 4 3 2 1 0
FF1 | FFO | CK2 [ CK1 { CKO | DDM | cMS | BEX

*CR1 is set to X'00 at Power-On Reset.

FF1, FFO: Digital System Interface Frame Format
Selection

These bits are effective in Microwire Mode only (MW=1).
They select the Digital Interface format as described in Sec-
tion 6.

Format FF1 FFO
*1 0 0
2 0 1
3 1 0
4 1 1

CKO0-CK2: Digital Interface Clock Select

In Microwire Mode only, and if DSI Master is selected (CMS
= 1), CKO—CK2 bits select from a choice of 5 frequencies
for the BCLK output. (In GCI Mode, these bits have no ef-
fect.) The frequency of 256 kHz is not valid with Format 4.

CK2 CK1 CKoO BCLK Frequency:
o} 0 0 *256 kHz Master
0 0 1 512 kHz Master
0 1 0 1536 kHz Master
0 1 1 2048 kHz Master
1 0 0 2560 kHz Master

DDM: Delayed Data Mode Select

For Microwire mode, see Section 6.1: FS Relationship to
Data. In GCI Mode or Format 4 this bit has no effect.
*DDM = 0 for non-delayed data mode (see Figure 71).
DDM = 1 for delayed data mode (see Figure 12).

CMS: DSI Ciock Master/Slave Select

In Microwire Mode (MW = 1):

CMS = 0 for DSI Slave; may be used in either LT or NT
Modes

CMS = 1 for DSI Master; may be used in sither LT or NT
Modes, but when in LT Modse, must also send X'1840. See
the TP3410 User's Manual AN-813 Section 4.5 for details.
In GCl Mode (MW = 0) this bit has no effect; the MO pin
selects GC| Master or Slave.

BEX: B Channel Exchange

This command enables the two B channels to be ex-
changed as the data passes through the device between
the Digital Interface and the Line in both directions. It should
not be used if any loopback is selected in the device.
*BEX = O for B channels mapped direct, B1 to B1 and B2
to B2.

BEX = 1 for B channels exchanged, B1 to B2 and B2 to B1.

9.4 Configuration Register CR2: Device Modes

Byte 2
7 6 5 4 3 2 1 |o
sss | NTs [ DMO | DEN | DD | BP1 | BP2 | ©

*CR2 is set to X'00 at Power-On Reset.

S$8S: Superframe Synchronization Select

This bit is effective in LT mode only; in NT mode the SFS pin
is an output. When SSS = 0, SFS is an input which syn-
chronizes the transmit superframe counter on the line.
When SSS = 1, SFS is an output superframe marker pulse.

NTS: NT or LT Select

*NTS = O for LT Mode.

NTS = 1 for NT Mode.

DEN: D Channel Port Select

*When DEN = 0, the D channel port is disabled and the D
bits are transferred on the Br and Bx pins, clocked by BCLK.
The Dx pin must also be tied to GND for correct operation.
When DEN = 1, the D channel port is enabled; D bits are
transferred on the Dr and Dx pins in 2 mode selected by the
DMO bit, see Section 6.3.

DMO: D Channel Transfer Mode Select

This bit is significant only when the D channel port is select-
ed (DEN bit = 1).

When DMO = 1, D channel data is shifted in and out on Dx
and Dr pins in a continuous mode at 16 kbit/s on the falling
and rising edges of DCLK respectively, see Figure 4.
When DMO = 0, D channel data is shifted in and out on Dx
and Dr pins in a burst mode at the BCLK fraquency when
the assigned time-slots are active, see Figure 5.

DD: 2B + D Data Disabling

*When DD = 0, 2B + D channel transfer is enabled as soon
as the line is completely synchronized.

When DD = 1, B and D channel transfer is inhibited. The
data transmitted to line is preset to send scrambled 1°s with
the device in NT mode or scrambled 0’s if the deviceis in LT
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Functional Description (continued)

mode, and the 2B+ D slots at the receive digital interface
port(s) are in the high impedance state.

BP1: Not Used

This bit is not used and should always be set to zero.
*BP1 =0

BP2: Activation Breakpoint

This bit is effective only in LT mode. It provides for the start-
up sequence to be either automatically controlled by the
TP3410, or for the external controller to be able to halt the
sequence at J7. The controller can compiete start-up by
sending “AC” to the ACT register (X'440C). For more infor-
mation, see Section 11.0, Activation/Deactivation.

*BP2 = 0 for Breakpoint disabled.

BP2 = 1 for Breakpoint enabled.

9.5 Configuration Register CR3: Loopbacks

Byte 2
7 6 5 4 3 2 1
LB1 | LB2 | LBD | DB1 | DB2 | DBD | TLB

*CR3 is set to X'00 at Power-On Reset.

Line Loopbacks Select: LB1, LB2, LBD

LB1, LB2, LBD bits, when set = 1, loopback each individual
B1, B2, or D channel respectively from the line receive input
to the line transmit output. They may be set separately or
together. Each loopback is operated near the Bx and Br
digital interface pins (or Dx and Dr if the D port is selected).
These ioopbacks may be either transparent, that is data
received from the line is also passed on to the digital inter-
face, or non-transparent, in which case the selected chan-
nel bits on the digital interface are in the high impedance
state; transparency is controlled by the TLB bit.

Digital Loopbacks Select: DB1, DB2, DBD

DB1, DB2 and DBD bits, when set = 1, turn each individual
B1, B2, or D channel respectively from the Bx input to the Br
output (or Dx and Dr if the D port is selected). They may be
set separately or together. Each loopback is operated near
the digital interface pins; if Format 3 is selected there is no
restriction on the time-slots selected for each direction.
These loopbacks may be either transparent, that is data
received from the Bx or Dx input is also transmitted to the
line, or non-transparent, in which case the selected channel
bits to the scrambler are forced low in LT mode or high in
NT mode; transparency is controlled by the TLB bit.

TLB: Transparent Loop-Back Enabling

*TLB = 0 for non-transparent ioopbacks (B1, B2 or D chan-
nel).

TLB = 1 for transparent loopbacks.

9.6 Configuration Register CR4: Device Control

A new configuration register (CR4) has been added to the
Rev. 3 TP3410 device to allow control of new features.

Please also see TP3410 Users Manual AN-913.
Address X’'2C.

Byte 2
7 6 5 4 3 2 1 0
SH9 | AACT | WS | 833 Hz | saif | TFBO | RFS | LFS

*CR4 is set to X'OF at Power-On Reset.

SH9: Software H9 Control Bit
*SH9 = 0 (default state)

In NT mode, while SHS = 0, a rev 3.x device in state H6, H7
or H8, H11 will enter the H9 state in response to receiving
“dea = 0" for 3 consecutive superframes and then exit
after 60 ms (to prevent a “hang up condition) to H12. With
SH8 = 1, a TP3410 Rev 3.3 device in state H6, H7 or H8,
H11 will generate a DP interrupt when it receives the “dea
= 0" bit but is prevented from transitioning to device state
H9. The device will still deactivate in response to loss of
signal. Deactivating in this manner will however cause the
NT mode device to perform a cold start only on subsequent
activation attempts. The WS bit may be set = 1 for the
device to attempt a warm start.

AACT: Activation Controi Bit
*AACT = 0 (default state)

AACT = 1 enables auto-activation in either LT or NT
modes. AACT = 0 disables it (default state) and the device
behaves normally. Auto-activation can be used in applica-
tions such as Linecard, to allow the device to respond to an
incoming 10 kHz wake-up tone (LSD) by powering itself up
(PUP) and starting the activation procedure (AR) within the
device.

WS: Warm Start
*WS = 0 (default state)

If this bit is set = 1, a Rev 3.3 device will attempt Warm
Start activation after a deactivation. This function should
only be necessary where Warm Start is preferred but
SH9 = 1 is required.

333 Hz: Maintenance Test Tone

*333 Hz = 0 (defauit state)

333 Hz = 1 enables 333 Hz tone for Maintenance test
modes (Bellcore requirement).

333 Hz = 0 disables it. This test tone is to be used in power
up (after PUP) state but not activated.

Example of use:

Write PUP, X'2C1F to enable 333 Hz test tone, X’'2COF to
disable 333 Hz tone.

saif: Select Analog Interface

*saif = 1 (default state)

saif = 1 indicates operation with the standard line interface
that is compatible with Rev. 2.x devices. saif = 0 indicates
use of the alternative line interface circuit with 00} on the
line-side of the transformer. This circuit can provide benefit
for linecard applications where line powering of remote
NT1s and repeaters is required.

Example of use:

Write X'2C0F for standard line interface and X'2C07 for al-
ternative line interface.

TFBO
*TFBO = 1 (defauit state)

TFBO = 0 forces transmit febe to O continuously for test
purposes. TFBO = 1 aliows normal operation controlled by
LFS and RFS. Note that this function was controlled by the
TFB bit in TXM56 register in Rev. 2.x devices. The TFB bit in
TXMS6 bit is now (Rev. 3.x) active for one superframe only:
if set to 0 by software, a superframe will transmit febe = 0,
and then the TFB will be reset to 1 by the device. The soft-
ware does not need to set it to 1.
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Functional Description (continued)

RFS: Remote Febe Select

*RFS = 1 (default state)

The state of the outgoing bit is computed based on the state
of the TFB (bit 1) in TXM56 register. The TFB blt is set = 0
by the software to allow a febe bit from an adjacent DSL to
be forwarded to the next section in the next superframe.
This bit is self resetting (to 1) in Rev. 3.x devices. This is a
change from the Rev. 2.x devices. If RFS = 0, then the
outgoing febe does not depend on the state of the TFB bit
in TXMS56 register.

LFS: Local Febe Select

*LFS =1 (default state)

The state of the outgoing febe bit is computed using the
incoming nebe blt. if LFS = 0, the outgoing febe is not
dependent on the incoming nebe.

Example of use:

A flexible control of the outgoing febe bit is provided to sup-
port the Segmented and Path Performance Monitoring rec-
ommendations in Bellcore TR 397.

For Rev. 2.8 type operation, set RFS = 1, LFS = 1 and
TFBO = 1. This setting will cause the transmit febe to be
computed as OR of the incoming nebe bit and the state of
the TFB bit in TXM56 (representing the adjacent section
febe to be forwarded).

9.7 Configuration Registers TXB1, TXB2, RXB1,

RXB2: B Channel TSA

These registers are effective only when Format 3 is select-
ed.

TXB1 assigns the Transmit time slot for the B1 channel.
TXB2 assigns the Transmit time slot for the B2 channel.
RXB1 assigns the Receive time slot for the B1 channel.
RXB2 assigns the Receive time slot for the B2 channel.

Register TXB1

B Channels Time-Slot Assignment: TS5-TS0

The TS5-TSO0 bits define the binary number of the time-siot
when the B channel selected is shifted to or from the Bx and
Br pins; time-slots are numbered from 0 to 63. New time-siot
assignments become effective only at the beginning of a
frame.

B1 and D Channel Enables: EB1; ED

*EB1 = 0 to disable the B1 channel; B1 is high-impedance
at Br.

EB1 = 1 to enable the B1 channel (must also set DD=0 in
CR2).

*ED = 0 to disable the D channel; D is high-impedance at
Br or Dr.

ED = 1 to enable the D channel (must also set DD=0 in
CR2).

82 Channel Enable: EB2

EB2 = 0 to disable the B2 channel; B2 is high-impedance
at Br.
EB2 = 1 to enable the B2 channel (must also set DD=0in
CR2).

9.8 Configuration Register TXD:

Transmit D Channel TSA

This register is effective only when Format 3 is selected. D
channel TSA may be used when the D channel is accessed
either via the Bx/Br or Dx/Dr pins, but the D channel port
must be clocked with BCLK (DMO = 0 in CR2).

Byte 2
7 6 5 4 3 2 1 (]
DX5 | DX4 | Dx3 | DXx2 | DX1 | DX0 | SX1 | SX0

*At Power-On Reset this register is initialized to X'08.
Transmit D Channel Time-Slot Assignment Select:

Byte 2 DX5-DX0, SX1-SX0
71 8 5 4 3 2 1 0 DX5-DX0 bits define the binary number of the 8-bit wide
time-slot, where time-slots are numbered from 0 to 63. With-
0|0 [ TS5 | TS4 | TS3 | TS2 | TS1 | TSO In this selected time-slot, the SX1 and SXO bits define the 2-
At Power-On Reset this register is initialized to X'00. bit wide sub-slot for the 2 D channel bits. Sub-slots are num-
bered 0 to 3, as shown in Figures 5, 77 and 12 and the
Register TXB2 following table. New time-siot and sub-slot assignments be-
Byte 2 come effective only at the beginning of a frame.
7/6] S 4 3 2 1 0 Sub-Siot Bit Positions
TS
0| 0| TS5 | TS84 | TS3 | TS2 | TSt 0 sx1 Sx0 within Time-Slot
At Power-On Reset this register is initialized to X'01. 0 0 12
Register RXB1 0 1 3,4
Byte 2 1 0 56
7 6 5 4 3 2 1 Q L 1 L
EBt1 | ED | TS5 | TS4 | T83 | TS2 | TS1 | TSO 9.9 Configuration Register RXD:
At Power-On Reset this register is initialized to X'00. Re.colve. o crl\annel TSA .
This register is effective only when Format 3 is selected. D
Register RXB2 channel TSA may be used when the D channel is accessed
Byte 2 either via the Bx/Br or Dx/Dr pins, but the D channel port
must be selected in the burst mode (DMO = 0 in CR2).
7 6 5 4 3 2 1 [
EB2 | 0| TS5 | TS4 | T88 | TS2 | TS1 | TSO
*At Power-On Reset this register is initialized to X'01.
2-26
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Functional Description (continued)

Byte 2
7 6 5 4 3 2 1 0
DR5 | DR4 | DR3 | DR2 | DR1 | DRO | SR1 | SRO

*At Power-On Reset this register is initialized to X'08.

Receive D Channel Time-Slot Assignment Select:
DR5-DRO0, SR1-SR0

DR5-DRO bits define the binary number of the 8-bit wide
time-siot, where the time-slots are numbered from 0 to 63.
Within this selected time-slot, the SR1 and SRO bits define
the binary number of the 2 D channel bits. Sub-slots are
numbered O to 3, as shown in Figure 12 and the following
table. New time-slot and sub-slot assignments become ef-
fective only at the beginning of a frame.

Sub-Siot Bit Positions
SR1 SRO within Time-Siot
*0 4] 1,2
] 1 3,4
1 0 5,6
1 1 7,8

9.10 Configuration Register OPR:
Overhead Bit Processing

This register controls the enabling/disabling of conditions
which are sent to the Interrupt Stack (see 10.1) as a result
of new data in the RXM4 and RXM56 Overhead Bits Regis-
ters, and the number of consecutive times a new bit or mes-
sage is received before being validated. Flexibility is there-
fore provided to use hardware, external firmware routines or
a combination of both for validation.

Byte 2

7 6 5 4 3 2 1 0

CIE | EIE | FIE | OB1 | OBO | OC1 oco | 0

Receive Overhead Bits Interrupt Enable: 0B1, 0B0

These bits determine how many consecutive superframes
must be received with the same new data in any of the
overhead bit positions M41-M48, M51, M52 and/or M61
before an Interrupt(s) is generated for the RXM4 and/or
RXM56 Register, as appropriate. Note that validation check-
ing of the “act” and "*dea” bits during activation/deactiva-
tion is not affected by OB1/0BO0.

oB1  0OBO
*0 0 Interrupt every superframe (no checking).
0 1 Interrupt if any bit changed from pravious
superframe.
1 0 2 consecutive times for same new bit(s)
before interrupt.
1 1 3 consecutive times for same new bit(s)

before Interrupt.

Recelve Embedded Operations Channel interrupt
Enable: 0C1, OCO

These bits determine how many consecutive hali-super-
frames must be received with the same new address or data
in the Embedded Operations Channel before an Interrupt is
generated for the RX EOC Register.

0oC1 0cCo

*0 0 Interrupt every received eoc message (no
checking).

0 1 Interrupt every received eoc message
which differs from previous message.

1 0 2 consecutive times for same new message
before Interrupt.

1 1 3 consecutive times for same new message

before interrupt.

9.11 Transmit M4 Channel Register TXM4 (Write Only)
When the line is superframe synchronized, the device trans-
mits the contents of this register to the line in the M4 over-
head bit field once per superframe.

*At Power-On Reset this register is initialized to X'00.
Near-End CRC Interrupt Enable: CIE

CIE
*0 No Interrupt if near-end crc error (Block Error
Counters still count).
1 RXM56 Status Register Interrupt is generated, with

NEB = 0, each superframe in which the locally-
generated crc result does not match the crc in the
received superframe.

Block Error Counter Interrupt Enable: EIE

EIE
*0 No Interrupt or Monitor channel message from
Block Error Counters.
1 Block Error Counter Interrupts enabled.
febe Bit interrupt Enable: FIE
FIE
*0 No interrupt if febe =0 received (BEC1 still counts).
1 RXM56 Status Register Interrupt is generated, with
RFB = 0, each superframe in which febe=0is
received.

Byte 2
7 6 5 4 3 2 1 0
ACT | M42 | M43 | M44 | M45 | M46 | M47 | M48

At Power-On Reset, and each time the device is Deactivat-
ed (or an Activation attempt fails), this register is initialized
to X'7F.

ACT Bit

The ACT bit in the TXM4 register does not normally control
the “act” bit in the M4 word transmitted to the line (see
Tabie I). That “‘act " bit is generated automatically within the
device and can be controlled through the Activation Control
Register (see Table | and Section 11.0, Activation/Deactiva-
tion). In normal operation the ACT bit in the TXM4 register is
ignored.

M42-M48 Bits

As shown in the Frame Formats in Table |, the functions of
these bits depend on the mode of the device. They should
be programmed as appropriate prior to an Activation Re-
quest, with the exception of the M42 bit in LT Mode. This is
the dea bit, which is automatically controlled by the device
in response to AR and DR commands; the M42 bit in this
register is normally ignored in LT mode.
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Functional Description (continued)

9.12 Transmit M5/M6 Spare Bits Register TXM56
(Write Only)

Byte 2
6| 5 4 3 2 1 0
o| LEC | M51 | M81 | Ms2 | TFB | CTC

At Power-On Reset, and each time the device is Deactivat-
ed (or an Activation attempt fails), this register is initialized
to X'1E.

M51, M61, M52

The M51, M61, and M52 bits in this register control the ap-
propriate overhead bits transmitted to the line. They should
be set = 1 but may be subject to future standardization.

Transmit febe Bit Control: TFB

This bit should normally be set= 1. The febe bit transmitted
in the M62 bit position is then automatically controlied by
the device; febe is the far-end block error bit which is nor-
mally high, and set low when a crc (cyclic redundancy
check) error has been detected in the previously received
superframe. For test purposes, however, febe may be
forced continuously low by setting TFB = 0.

Corrupt Transmit crc: CTC

To allow the normal calculation of the crc for the transmitted
data to the line, set CTC = 0. in order to send a corrupted
crc for test purposes, set CTC = 1, which causes the crc
result to be continuously inverted prior to transmission.

Latched External Control: LEC
This bit directly controls the LEC output pin, in GCI mode.

9.13 Transmit EOC Register (Write Only)

When the line is fully superframe synchronized, the device
continuously sends the contents of this register to the line
twice per superframe in the EOC channel field. The register
contents are loaded into the line transmit register every half
superframe.

Byte 1 Byte 2
3| 2 1l0({7|6|85|4j3|2]1]|0
eal|ea2|ead|dm|eil|ei2] ei3|eid | ei5| eib| 6i7 | 6iB

At Power-On Reset, and each time the device is Deactivat-
ed (or an Activation attempt fails), this register is initialized
to X'FF.

The Tx EOC Register contains 12 bits which correspond to
the 12 bits of a message in the Embedded Operations
Channel, see Table I:

eal, ea2 and ea3 cormrespond to the 3 EOC destination ad-
dress bits, eacal, eoca2, eocad;

the dm bit indicates if the information is in message mode or
data mode (data if dm = 0, message if dm = 1);

ei1-ei8 correspond to the 8 eoc data bits, eoci1-eoci8.
Only bits 7—-4 of byte 1 are used to address this register, as
shown in Table 1l.

9.14 Error Counter Threshold Register: ECT1

Byte 2
7 6 5 4 3 2 1 [}
O7 | O6 | O5 | O4 | O3 ] O2 | O1 00

At Power-On Reset this register is initialized to X’FF.

This register may be loaded with any value, which is then
used to preset the Block Error Counter BEC1. BEC1 decre-
ments 1 count for each block error. When the counter vaiue
reaches X'00 the BEC1 interrupt is sent to the stack (if en-
abled by EIE = 1 in the OPR reg.).

10.0 STATUS REGISTERS

All Status Register addressing and bit-level functions are
the same for both the Microwire and GC! Monitor Channels,
except where noted. Register addresses are listed in Table
i

10.1 Reading Status Registers In Response To An
Interrupt

Conditions occurring in the device which generate Microwire
interrupts or GCI Monitor Channel messages are queued in
a stack, with a pre-defined priority, see Table Ill. in Micro-
wire mode the INT pin is pulled low and a NOP command
should be loaded into the Microwire during the read cycle
(or a valid command may be used to modify a register if
required). In GCl mode, the interrupt stack generates an
autonomous one-way message in the Monitor Channel.

10.2 Receive EOC Register

This register is significant only when the EOC channel pro-
cessing is enabled (see register OPR).

Byte 1 Byte 2
3] 2 1]/]0}7|6|5|4(3[2]1]0
eal|ea2|eald{dm| eil | ei2| ei3 | ei4 | ei5 | i | ei7 | i8

The RX EOC Register contains 12 bits which correspond to
the 12 bits of a message in the Embedded Operations
Channel, see Table I: ea1, ea2 and ea3 correspond to the 3
EOC destination address bits, eocal, eoca2, eoca3;

the dm bit indicates if the information is in message mode or
data mode;

eil1-ei8 correspond to the 8 eoc data bits, eoci1-eoci8.

Only bits 7-4 of byte 1 are used to address this register, as
shown in Table Il

When the line is fully superframe synchronized, the device
extracts these 12 bits from the channel every half super-
frame. Each EOC message is validated according to the
mode selected in Register OPR, and if a message contains
a new address or new data, the Rx EOC Register is sent to
the Control Interface, through an interrupt cycle request. If
one of the defined coded commands is received, e.g., Send
Corrupted CRC, then the appropriate Command Register
instruction must be written to the device to select that func-
tion.

10.3 RXM4: Receive M4 Overhead Bits Register

This register is significant only when the Spare Bit process-
ing is enabled (see register OPR).

Byte 2
7 6 5 4 3 2 1 0
Ma1 | M42 | M43 | Ma4 | Ma5 | Ma6 | M4a7 | M48
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Functional Description (continued)

The RXM4 Register consists of 8 bits, which correspond to
the M4 overhead bit position in each of the 8 Basic Frames
of a superframe. When the line is fully superframe synchro-
nized, the device extracts from the M channel these 8 bits
every superframe. At the end of each superframe, the regis-
ter content is sent to the Interrupt stack, in accordance with
the validation mode selected in Register OPR. M41, and
M42 in NT mode, are only provided via this register while
the line is fully activated (after Al). During the activation and
deactivation sequences the "act” and “dea” bits are pro-
cessed automatically, see the Activation Control section.

10.4 RXM56: Receive M5/M6 Spare Bits Status Regist

11.1 Activation Control Register

Byte 2
7 6 5 4 3 2 1 0
[¢] 0 0 0 C4 C3 C2 C1

At Power-On Reset, and each time the device is Deactivat-
ed (or an Activation attempt fails), this register is initialized
to X'OF,

Activation commands and status indicators are coded as
foliows:

This register is significant only when the Spare Bit process-
ing is enabled (see register OPR),

Byte 2
7 6 5 4 3 2 1 0
0 | ES2 | EST | M51 | M61 | M52 | RFB | NEB

Data in this register consists of 7 bits: M51, M52, M61 and
RFB (RFB = recewve febe, the far-end block-error indicator
from the M82 bit position), all of which correspond to the
overhead bits received once per superframe, plus NEB,
which is an internally generated bit indicating a near-end
block-error. Bits ES1 and ES2 are available in GCl mode
only. When the line is fully superframe synchronized, the
device loads the register with the received bits M51, M52,
M61 and febe every superframe; in GCl mode the ES1 and
ES2 input pins are also sampled. The 12-bit ¢r¢ received
from the far-end is also compared at the end of the super-
frame with the crc previously caiculated by the device. If an
error is detected, the febe bit in the transmit direction is
automatically forced low in the next superframe and the
NEB bit in this register is set low also. The register content
is sent to the Interrupt stack at the end of each superframe.

10.5 Block Error Counter: BEC1

Byte 2
7 6 5 4 3 2 1 D]
ec7 | ec6 | ec5 | ec4 | ec3 | ec2 | ect ecO

At Power-On Reset this counter is preset=X'FF.
BEC1

This 8-bit counter is decremented by 1, starting from the
value in the ECT1 register, if either febe=0 or nebe=0 in
the same superframe. When the counter reaches X'00 (and
if the Interrupt is enabled by means of the EIE bit in Register
OPRY), an interrupt is queued in the interrupt stack. The
counter may also be read at any time; the count will be the
ECT1 value minus the number of errors since the last read
of this register. Reading the counter, or when the counter
decrements to X'00, causes the count to be resst to the
ECT1 value.

11.0 ACTIVATION/DEACTIVATION

A common coding table is used for the commands in the
Activation Control Register and the status indicators in the
Activation Indication Register. They control the Power-Up/
Down, Activation and Deactivation states of the device.
When the device is in GCI Mods, the 4 significant bits in
these registers (3—0) continuously report their current con-
tents in the C/I channel. In Microwire Mode the registers are
addressed with a normal 16-bit cycle as shown in Table Ii.

CODE LT MODE NT MODE
cajc3|(cz2|C IND COM IND COM
0 0 0 0 TiM* PUP/DR | DP/LSD | PUP
0 o 0 1 X RES X RES
0 1 0 [} El FAQ Ei SEl
Y 1 0 1 X PDN X PDN
0 1 1 0 SYNC X X X
1 o 0 0 AP AR AP AR
1 1 0 0 Al AC Al AC
1 1 1 1 DI bC* Dl oCc*

Note 1: X indicates reserved codes which should not be used.

11.2 Activation Commands

PUP This command powers up the device and starts
the oscillator.

PUP/DR When the TP3410 is in the power-down state, this
command powers up the device and starts the
oscillator. In LT mode only, when the device is
activated, this code is a Deactivation Request,
which forces the device through the specified de-
activation sequence by setting “dea” =0 in 4 con-
secutive superframes before ceasing transmis-
sion.

This power-down command immediately forces
the device to a low power state, without sequenc-
ing through any of the de-activation states. [t
should normally only be used after the TP3410
has been put in a known state, e.g., after a DI
status indication has been reported.

Activation Request, which is used after first pow-
ering up the device to initiate the specified Activa-
tion sequence.

Activation Complete, which may be used to set
“act”=1 in each direction at the completion of
activation. In LT mode this is only necessary if
Breakpoint 2 is enabled (in Register CR2); in NT
mode this is normalily required when synchroniza-
tion on the S/T Interface is confirmed by detec-
tion of INFO3.

RES is the reset command which resets the acti-
vation sequencer 10 the Receive Reset state and
resets the DSP coefficients in preparation for a
cold-start. This command should be used only in
the event of a failed activation attempt (expiry of
T4 or T5); it does not affect the Command Regis-
ters.

PDN

AR

AC

RES
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TP3410

Functional Description continued)

FAO This command may be used on.a fully activated
line to force the transmit “act” bit = 0, to indicate
ioss or denial of 2B + D transparency to the NT
(LT state J7). To revert back to sending “‘act” = 1

' use the AC eommand (with BP2 = 1).

S-Interface Emor Indication, which should only be
used in an NT-1 when loss of received signal is
detected (i.e., INFO 0). This command forces the
upstream “act’” bit (M41) = 0.
Deactivation Confirmation. This command may be
used as an altermnative to PDN, to power-down the
device in response to a Dl indication. It should not
be used prior to the DI indication.

11.3 Activation Indication Register: (READ ONLY)

SE1

Byte 2

7 6 5 4 3 2 1 0

oj o] olo|csa]| o3| 2] c

Activation Indicators are coded the samie as for the Activa-
tion Control Register. In Microwire mode only, at each acti-
vation status change the four significant bits in this register
are sent to the Interrupt stack. If multiple interrupt conditions
should arise simultanedusly, this register has the highest
priority and will be read first.

11.4 Activation Status Indicators

DP/LSD When the TP3410 is deactivated, either powered
up or powered down, the Line Signal Detector
sets this indicator if it detects an incoming 10 kHz
wake-up tone. If the device is powered down the
TSD pin is also pulied low. In NT mode only, this
code also functions as a Deactivation Pending in-
dicator when ‘“‘dea” =0 is validated.

In LT mode only this indicates when superframe
sync is detected, and should be used to stop the
external default timer.

Activation Pending, which is used in NT mode to
indicate when superframe syn¢ has been acquired
and the BCLK and FS outputs are synchronized to
the received line signal. In LT mode, the Line Sig-
nal Detector sets this indicator if it detects an in-
coming 10 kHz wake-up tone.

Al This Activation Indication code indicates that the
loop is fully activated, (“‘act’ = 1 has been re-
ceived), and the 2B+ D channels are enabled for
data transfer. In LT mode, however, if Breakpoint
#2 is enabled via CR2, it is necessary to respond
to Al with an AC command. This will cause the
device to set “act”=1 in the transmit frame and
open the 2B+ D channels for data transfer.

El Loss of frame synchronization will set this Error
Indicator and inhibit the 2B+ D channel data. If a
received line signal can still be detected the de-
vice will attempt to recover synchronization for up
to 480 ms; if this fails it will enter the RESET state
and generate a DI. The E| indication is also gener-
ated on an activated line if the received "“act” bit
changes from 1 to 0, indicating loss of tranparen-
¢y at the far-end.

SYNC

AP

Di The Deactivated Indication, which confirms that
the loop has been deactivated by means of a De-
activate Request at the LT, and has entered the
RESET state. DI* is effective in GC| mode only.

In GCI mode only, TIM is an acknowledgment
when the device is in the power-down state and
receives a PUP command.

11.5 Cold Start and Warm Start

When power is first applied to the device, the first AR com-
mand will always initiate a cold-start sequence, which may
take up to 15 seconds for complete activation. If the device
is subsequently deactivated using the correct procedure,
and provided power is maintained uninterrupted in either the
power-up or power-down state, the next AR instruction au-
tomatically sequences through the warm-start procedure,
which normally achieves complete loop activation within
300 ms,

The device includes the specified timers of 15s, 480 ms and
40 ms at the appropriate phases of the activation and deac-
tivation sequences. For applications requiring a default time-
out other than 15s the internal timer can be disabled to
allow an external timer to be used.

11.6 LT Mode Activation/Deactivation

If activation is initiated by the downstream (NT mode) end
with the device either powered up:or down, an AP Interrupt
condition will be generated on detection of the 10 kHz
“wake-up” tone. The Activation Indication Register will
show this condition and, if the device is powered down, the
LSD pin will be pulied low.

Prior to initiating activation all registers must be pro-
grammed appropriately and the device must then be pow-
ered up. The use of the commands and status indicators is
the same whether activation is initiated locally or from the
remote end. An AR command is required to enabie the de-
vice to proceed with the activation sequence. An internal
15s default timer is also started (in North America the timer
vaiue should be 15 seconds if a single loop section is being
activated). Please see TP3410 User’'s Manual for additional
information on activation and deactivation.

The sequence continues automatically until superframe syn-
chronization is acquired on the SN3 signal received from the
NT. At this point the “act” bit is set = 1 in the downstream
direction, and the Al Interrupt is generated in the Activation
Indication Register. The loop is then fully activated, with all
channels in the data stream available for use.

If activation is not successfully completed before expiry of
the 15s timer, the device generates an El followed by a DI
fault indication and ensures that the Activation Sequencer
returns to the Full Reset state (J10 to J1) prior to any re-
attempt to activate.

For additional control over the activation sequence, a break-
point state may be enabled at the LT. BP2 will halt the
seguence when the loop is fully synchronized, receiving
SN3, but the “act” bit is held = 0; this state prevents the
S/T-Interface from becoming fully activated (the NT1 will
maintain INFO2 towards the TEs). An AC command will re-
lease this state, allowing activation to be completed. The
BP2 bit in Register CR2 controls the enabling of this break-
point.

TIM
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Functional Description (continued)

Deactivation is initiated by writing the DR command in the
Activation Control Register, causing “dea” =0 to be trans-
mitted towards the NT. When the NT ceases to transmit,
confirmation of deactivation is provided by a DI Status indi-
cator.

11.7 NT Mode Activation/Deactivation

If activation is initiated by the upstream (LT mode) end with
the NT either powered up or down, a Line Signal Detect
Interrupt will be generated on detection of the 10 kHz
“wake-up” tone. The Activation Indication Register will
show this condition and, if the device is powered down, the
8D pin will be pulled low. To proceed with the activation
sequence, all registers must be programmed appropriately
(see Note 1) and the device must then be powered up. The
use of the commands and status indicators is the same
whether activation is initiated locally or in response to the
Line Signal Detect Interrupt. An AR command will enable
the device to automatically proceed with the activation se-
quence. An internal 15s default timer is also started (in
North America the timer value should be 15 seconds if a
single DSL section is being activated). See TP3410 User’'s
Manual for additiona! information on activation and deacti-
vation.

The sequence continues until the NT acquires superframe
synchronization on the SL2 signal received from the LT. At
this point an AP Interrupt is generated and the device starts
transmitting SN3 with “act” = 0. To complete activation,
normaily when the NT has detected INFO3 signals from a
TE, the “act” bit must be set = 1 by writing the AC com-
mand to the Activation Control Register. An Al Status indi-
cation will finally be generated by the device when the loop
is fully synchronized and receiving SL3 frames with
“act”=1; this is automatically validated 3 times regardless
of the options selected in Register OPR. The loop is then
fully activated, with all channels in the data stream available
for use.

If activation is not successfully completed before expiry of
the 15s timer, the device generates an El followed by a Di
fault indication and ensures that the Activation Sequencer
returns to the Full Reset state prior to any re-attempt to
activate.

Deactivation is normally initiated by the LT, which sets
“dea” =0 towards the NT. The TP3410 in NT mode will
detect and validate this bit 3 times prior to setting the DP
interrupt (regardless of the options selected in OPR). Trans-
mission will cease when it is detected that the far-end signal
has ceased, after which the device enters the Reset state
and generates a DI Interrupt to indicate that deactivation is
complete.

Note 1: The M45 bit conveys an indication of whether the NT can support a

warm-start procedure (the “cso” bit). Since the TP3410 automati-
cally supports both cold and warm start, set “cso” =0

Applications Information

LINE INTERFACE CIRCUIT

The transmission performance obtainable from a TP3410
U-interface is strongly dependent on the line interface circuit
{LIC) design. Two designs, shown in Figures 9 and 70, are
recommended. They should be adhered to strictly. The
channel response and insertion losses of these circuits
have been carefully designed as an integral part of the over-
all signal processing system to ensure the performance re-

quirements are met under all specified loop conditions. De-
viations from these designs may resuit in sub-optimal per-
formance or even total failure of the system to operate on
some types of loops.

The standare LIC (Figure 9) has the advantage of back-
wards compatibility with Rev. 2.x devices together with a
generally lower component sensitivity. The TP3410 must be
configured to select the chosen LIC. For the standard LIC,
set saif = 1 in register CR4. This is the default configura-
tion.

The alternative LIC (Figure 70} does not use lineside surge
limiting resistors and so has advantages where line power-
ing is required. To configure the TP3410 for the alternative
LIC, set saif = 0.

Transformer parameters form a major part of the LIC. Two
of the most important are:

Turns Ratio:
Chip side (primary): Line side (secondary)
=115
Secondary inductance:
Ls = 27 mH 5% at 1 kHz

For more details on transformer specification and for a list
of qualified vendors, see the TP3410 User's Manual,
AN-913.

BOARD LAYOUT

While the pins of the TP3410 are well protected against
elactrical misuse, it is recommended that the standard
CMOS practice of applying GND to the device before any
other connections are made should always be followed. In
applications where the printed circuit card may be plugged
into a hot socket with power and clocks already present, an
extra long ground pin on the connector should be used.
Great care must be taken in the layout of the printed circuit
board in order to preserve the high transmission perform-
ance of the TP3410. To maximize performance do not use
the philosophy of separating analog and digital grounds on
the board. The 3 GND pins should be connected together
as ciose as possible to the pins, and the 2 Vg pins should
be strapped together. All ground connections 1o each de-
vice should meet at a common point as close as possible to
the 3 GND pins in order to prevent the interaction of ground
return currents flowing through a common bus impedance.
A decoupling capacitor of 0.1 uF should be connected from
this common point to the V¢ pins. Taking care with the pcb
layout in the following ways will also help prevent noise in-
jection into the receiver front-end and maximize the trans-
mission performance:

1. Keep the crystal oscillator components away from the
receiver inputs and use a ground plane for shielding
around these components.

2. Keep the connections between the device and the com-
ponents on the Li* inputs short.

3. Keep the connections between the device and trans-
former short.

ADDITIONAL INFORMATION

For more in-depth information on a variety of applications,
the TP3410 Users Manual, AN-913, is a comprehensive
guide to the hardware and software required to meet the
ANSI interface specification.
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24 (Note 1)
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24 (Note 1)

Applications Information (continued)

1.5:1 15
A

15.36 MHz

-y

" MCLK

Lo+

Li+

Li-
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K € ¢C0

XTAL2
VeeD
Voch

Dx
GNDD 1
GNDD2 {

GNDA

+5v

TP3410 MW

TSr

Br
Bx

‘b

BCLK
FSb
F5a |

INT

100k
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PROTECTION
+
LINE SEALING
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Note 1: All resistors 1% tolerance, and capacitors 10%.
Note 2: This circuit provides no surge current limiting for the transformer.
Note 3: See AN-913 for further information about the line circuit.

, and the

27
> 8204

>1.6k0

AABAAABAAA

38200

27

itors should be 10%.

FIGURE 9. Typical Application in Microwire Mode

P Lit

Li-

b—AA— Lo~

TL/H/9151-20

FIGURE 10. Alternative Interface Circuit

+5V

>
310k

TL/H/D151-19

Note 1: 0.1% matching may be required to meet the longitudinal balance specification, depending on the Longitudinal impedance to ground of the line interface.
The 150 and 1k resistors in the line interface circuit shoutd be 1% tol

Note 2: An alternative circuit which removes the 241 surge-limiting resistors 1s shown in Figure 10.
Note 3: Only necessary in GCl Mode. '
Note 4: See AN-913 for further information about the line circuit.
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
Semiconductor Sales
Office/Distributors for availability and specifications.

please

contact the National

Ve to GND

Voltage at Ly, Lo
Voltage at Any Digital Input

Electrical Characteristics

Ve + IVIOGND — 1V
Vece + 1TVIe GND — 1V

Current at Lo

v

Storage Temperature Range

Current at Any Digital Output
Lead Temperature (Soldering, 10 seconds)
ESD (Human Body Model) J
8,4 (Package Number J28A)

—65°Cto +150°C

+200 pA
+50 mA

300°C
TBD

40°C/W

Unless otherwise noted, limits printed in bold characters are electrical testing limits at Vog = 5.0V and Ta = 25°C. All other
limits are design goals for Voo = 5.0V £5% and Ty = 0°C to 90°C (refer to Apphcation Note AN-336). This data sheet is still
preliminary and parameter limits are not indicative of characterization data with respect to power supply or temperature varia-
tions. Please contact your National Semiconductor Sales Office for the most current product information.

Symbot! Parameter Conditions Limits Units
Min | Typ | max
DIGITAL INTERFACES
ViL Input Low Voltage All Digital Inputs 0.7 v
VIH input High Voltage All Digital Inputs 2.2 v
VILX Input Low Voltage MCLK/XTAL Input 0.5 \Y%
VIHX Input High Voltage MCLK/XTAL Input Vge — 0.5 A
Vot Output Low Voltage Br,lp = 3.2mA 0.4 v
All Other Digitat Outputs, I = 1 mA
VoH Output High Voltage Br,lgp = 3.2mA 24 \'
All Other Digital Qutputs, lo = —1 mA 2.4 v
All Qutputs, Ig = —100 uA Vge — 0.5 A
Iy Input Current Any Digital Input, GND < V|y < Vg -~10 10 HA
loz Output Current in High Br, INT, LSD, CO, br _10 10 LA
Impedance State (TRI-STATE®) | GND < Voyrt < Vo
LINE INTERFACES
RLi Differential Input Resistance GND < Li+, Li— < Vcg 30 kQ
ClLLo Load Capacitance Between Lo+ and Lo— Connected Externally 200 pF
| Vomgemion ion ~100 +100 | mv
POWER DISSIPATION
lccO Power Down Current All Outputs Open-Circuit 4 mA
lcct Power Up Current Device Activated 65 mA
TRANSMISSION PERFORMANCE
Transmit Pulse Amplitude RL = 1150 between Lo+ and Lo~ (Note 2) +3.5 Vpk
Transmit Pulse Linearity 36 60 dB
Input Pulse Amplitude Differential between Li+ and Li— +4 +800 | mVpk

Note 1: GND refers to GNDA, GNDD1 and GNDD2 commoned together; Vg refers to VoA and VD commoned togsther.

Note 2: In the circuits shown in Figures 9 and 70, terminated in 1352, this 1s equivalent to +2.5V for 1sotated pulses of the outer levels. Selection of this test mode
1s descnbed in the TP3410 Users Manual AN-913.
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TP3410

Timing Characteristics

Symbol Parameter Conditions Min Typ Max Units
FMCK Master Clock Frequency Including Temperature, Aging, Etc. 15.36 MHz
Master Clock Tolerance -100 +100 ppm
MCLK/XTAL Input Clock Jitter External Clock Source 50 ns pk-pk
tMH, Clock Pulse Width ViH = Voo — 0.5V 20 ns
tML Hi & Low for MCLK V)L = 0.5V
tMR, Rise and Fall Time Used as a Logic Input 10 ns
tMF of MCLK
DIGITAL INTERFACE (Figures 11, 12and 13)
FBCLK Frequency of BCLK Formats 1,2 and 3 256 4096 kHz
GCl and Format 4 512 6144 kHz
tWBH Period of BCLK High Measured from V4 to V|4 (Input) 25 ns
tWBL Period of BCLK Low Measured from V|_to V| _ (Input) 25 ns
tRB Rise Time of BCLK Measured from V_to Vi (Input) 15 ns
tFB Fall Time of BCLK Measured from Vi to V) (Input) 15 ns
tSFB Setup Time, FS High DSt or GCI Slave Only 50 ns
to BCLK Low
tHBF Hold Time, BCLK Low DSl or GCI Slave Only 25 ns
to FS, High or Low
tDBF Delay Time, BCLK High DSl or GCI Master Only 50 n
to FS, and FSy, Transitions S
tDBD Delay Time, BCLK High All Modes 80 n
to Data Valid Load = 150 pF Plus 2 LSTTL Loads S
tDBZ Delay Time, BCLK High All Modes 55
to Br, Dr Disabled ns
tDBT Delay Time, BCLK High to Load = 100 pF Plus 2 LSTTL Loads
TSr Low if FS High, or 55 ns
FS High to TSr Low if
BCLK High
tZBT TRI-STATE Time, BCLK 55 n
Low to TSr High s
tDFD Delay Time, FS Load = 150 pF Plus 2 LSTTL Loads,
High to Data Valid Applies if FS Rises Later than 80 ns
BCLK Rising Edge in Non-Delayed Data
Mode Only
tSpB Setup Time, Data All Modes 0 ns
Valid to BCLK Low
tHBD Hold Time, BCLK All Modes 25 ns
Low to Data Invalid
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Timing Characteristics (continued)

Symbol 1 Parameter | Conditions ] Min I Typ I Max I Units
MICROWIRE CONTROL INTERFACE (see Figure 14)
tCH CCLK High Duration 50 ns
tCL CCLK Low Duration 50 ns
tSIC Setup Time, CI
Valid to CCLK High 25 ns
tHCI Hold Time, CCLK 25
High to CI Invalid ns
tSSC Setup Time from CS
. 50 ns
Low to CCLK High
tDCSO Delay Time from CS Byte 1, Bit C7 Only 50
Low to CO Valid ns
tDCO Delay Time from CCLK Load = 50 pF Plus 2 LSTTL Inputs 50 ns
Low to CO Data Valid
tDCZ Delay Time from CS High 50 ns
to CO TRI-STATE
tSCSCH Setup Time, CS Low to 50 ns
CCLK Edge High
tHCSC1 Hold Time, TS High to 50 ns
CCLK Edge Low
tHCSG2 Hold Time, CS High to 12 ns
CCLK Edge High
tHCSC3 Hold Time, CCLK Low to 12 ns
CS Transition
tCSH Duration of CS High 200 ns
tDCI Delay Time CCLK High to 50 ns
INT High-lmpedance
D PORT IN 16 kHz MODE (Figure 4)
tSDXC Setup Time, Dx to DCLK 65 ns
tHCDX Hold Time, DCLK to Dx 0 ns
tDCDR Delay Time, DCLK to Dr Load = 50 pF Plus 2 LSTTL Inputs 80 ns
2-35
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Timing Diagrams

TP3410

FIGURE 11. Non-Delayed Data Timing Mode (Formats 1 and 3)
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FIGURE 12. Delayed Data Timing Mode (Formats 1, 2 and 3)
{Shown with TS0 Selected)
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Timing Diagrams (continued)
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Note 1: As an output (GCI Master) FS, 1s high for 8 bit intervals (16 BCLK cycles). As an input (GCI Slave) FSq must be high for =1 BCLK cycle.
FIGURE 13. GCI and Format 4 Timing
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FIGURE 14a. TP3410 Enhanced MICROWIRE Control Port Timing
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TP3410
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Timing Diagrams (continued)

FIGURE 14b. TP3410 Normal MICROWIRE CLOCK Format
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FIGURE 14c. TP3410 Alternate MICROWIRE CLOCK Format
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