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1.0 Description

1.1 Introduction

This document describes the EVM application code examples distributed with the Bt8970EVM.
The EVM application code, along with the Bt8970 bit-pump code and Bt8953 channel unit code,
provide a complete Bt8970 application. Please see the Bt8970 Software Users Guide for complete

details on the bit-pump code.

Three separate examples are provided in this document: single processor, dual processor, and
Echo Return Loss Enhancement (ERLE). For the single processor configuration, an Activation State
Diagram isimplemented based on the ETSI and ANSI HDSL specifications. For the dual processor
configuration, the minimum set of code required to initialize and handle the bit-pump and seria
interface commandsis provided. The ERLE configuration is adiagnostic tool that verifiestheinteg-

rity of the hardware's analog front-end.

Figure 1-1 illustrates the major software block of the EVM single processor application code

example in relation to the Bt8970 bit-pump code.

Figure 1-1. Example of EVM Single Processor Application Code
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Directory Structure

1.2 Directory Structure

Thedirectory structureis partitioned into three directories: the main (application-specific) directory

as the root, the bit-pump code as a subdirectory labeled BITPUMP, and the channel unit code as a
subdirectory labeled CHANUNIT.

Main

————— Bitpump

L Chanunit

The application examples, hex files, build script files, etc., are located in the main directory. All
of the bit-pump source code and header files are in the BITPUMP subdirectory. All of the channel
unit source code and header files arein the CHANUNIT subdirectory.

NOTE: It isrecommended that the application have separate sub-directories for the bit-pump and
channel unit code. In this way, it is easier to manage the software and handle future

upgrades. However, the final implementation of the directory and file structure is up to the
USer.

1.3 File Names and Dependencies

Table 1-1 liststhe application files that can be compiled and linked in with the Bt8970 bit-pump and
Bt8953 channel unit code to generate an executable application code.

Table 1-1. File Names and Dependencies

AElEEe Module File Depends on...
Example
Single Processor bt8970.c, timer.c bt8970.h,timer.h,
bitpump and channel unit header files
ERLE erlemain.c bitpump and channel unit header files
Dual Processor dualproc.c btmain.h, init51.h, intbug.h

N8970UGS04A ’N Rockwell
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1.4 Compiling/Linking the Application Examples

The SCRIPT.BLD file in the root directory contains information to generate the different applica-
tion examples. The SCRIPT.BLD fileisan Intersolv (R) Configuration Builder 5.0 script file (make-
file).The HEX fileslisted in Table 1-2 can be built.

NOTE: It isassumed the user knows how to compile and link the source code with the necessary
compiler/linker flags.

Table 1-2. HEX Files

Application Example HEX Files
Single Processor bt8970cr.hex, tdebug.hex, bt8970c.hex, and bt8970r.hex
ERLE erle.hex
Dual Processor dualproc.hex

Note: bt8970cr.hex, tdebug.hex, and erle.hex are sent along with the distribution disk. The bt8970c.hex and
bt8970r.hex are similar to the bt8970cr.hex except they only generate code for the HTU-C or HTU-R, respec-
tively. The tdebug.hex is the same as the bt8970cr.hex except it outputs ‘printf()’ characters through the serial
port; the UIP will not work.

1.4.1 Linker Flags

The LFLAGS variable specifies the linker flags. All of the HEX files use the same linker flags:
XDATA( 8000) RAM 256)

XDATA(8000) specifies the base address location of the externa RAM memory mapping,
which isat address 0x8000 on the Bt8952-001 motherboard. RAM (256) specifiesthat the micropro-
cessor contains 256 bytes of internal RAM.

1.4.2 Compiler Flags

The CFLAGS variable specifies the compiler flags. The compiler flags are unique to each applica-
tion. There are two aspectsto the CFLAGS list: 8032 Compiler options and Bt8970 Bit-pump Com-
piler Switches [denoted by the DF(...)]. The definitions for each bit-pump switch are defined in the
Bt8970 Software User's Guide.

The CHANNEL_UNIT flag found in SCRIPT.BLD determinesif the channel unit code is com-
piled into the application. The default is set to 1; however, set this flag to 0 to not compile in the
channel unit code.

’N Rockwell N8970UGS04A 3
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Software Development Tools

1.5 Software Development Tools

1.5.1 Compilers
C51 Keil Elektronik GmbH

Ch1 Franklin Software, Inc.

1.5.2 In-Circuit Emulators

EMUL51 Nohau Corporation

1.5.3 In-Circuit Debuggers
ChipView Chip Tools Corporation

1.5.4 Make Utility

Configuration Builderlntersolv

Evaluation Module Software Manual

Phone: ++4989/456040-0
Fax: (214) 735-8055
www.keil.com

Phone: (800) 348-8051

(408) 866-1820
www.nohau.com

Phone: (905) 274-6244
Fax: (905) 891-2715
www.chiptools.com

(800) 547-4000
www.intersolv.com

N8970UGS04A
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1.6 BT8970 EVM Hardware

The modular BT8970 EVM Hardware is designed to accommodate the standard 2T1, 2E1, 3E1, and
single-pair (bit-pump with BNC card) configurations. An BT8970 HDSL System is comprised of
two BT8970 Termina Units (HTUs), a Central Office (HTU-C), and a Remote Terminal (HTU-R).
In the ETSI standards, HTU-C is synonymous with LTU (Line Terminal Unit) and HTU-R with
NTU (Network Terminal Unit). As shown in Figure 1-2, each HTU is comprised of the following:

e Motherboard
e 1,2, 0r3Linelnterface Cards (LIC)
*  Channel Unit Card (CU) or BNC Connector Card

Figure 1-2. Bt8970EVM Terminal Unit

SW1
LIC2 LIC1
CU or LIC3
BNC
Motherboard
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1.6.1 Channel Unit Card Present

When the Channel Unit is present, the Line Interface Card(s) can be placed in any of the LIC slots
on the motherboard. The Channel Unit EVM board must always be placed in the CU Slot on the
motherboard.

When there are less than three Line Interface Cards, i.e. 2T1 or 2E1; the Line Interface Cards
can be placed in any two of the three LIC Slots on the motherboard. The software automatically
determines which dlot(s) the Line Interface Card(s) are located in and only programs the corre-
sponding Channel Unit Loop specific registers. The program then follows the Application Example
1A: HDSL Activation State Diagram.

For example, in a2E1 system, the 2 Line Interface Cards can be placed in motherboard slots #2
and #3. The Channel Unit would then program the Transmit & Receive Loops #2 and #3, Route/
Combine Tables, and other appropriate registersto interface with the Line Interface Cards found in
sots#2 and dot #3. The Master Loop would be assigned to the Line Interface Card found in slot #2,
sinceit wasthefirst Line Interface Card found. It is quite possible to have the HTU-C Line Interface
Cardsfound in slots#2 & #3 and to have the HTU-R Line Interface Cards found in slots#1 and #3.
However, it is common practice to place the Line Interface Cards in sequentia order on the moth-
erboard dlots.

The reasons for allowing the Line Interface Cards to be located in any slot are two-fold. First,
in case a motherboard slot becomes non-functional, the other two slots could be used. Second, it
demonstrates the flexibility in the Channel Unit programming capabilities.

1.6.1.1 Determine Channel Unit Configuration

The _InitChannel UnitEvmBoard() function determines how to configure the Bitpump and Channel
Unit. The Framer on the Channel Unit EVM Board is queried to determine its type. Currently only
the Bt8510 (E1) and Bt8360 (T1) framers are shipped on the various Channel Unit EVM Boards. In
addition, the number of bitpumps present are used to determine how to configurethe EVM. Table 1-
3 outlines how the different configurations are determined.

Table 1-3. EVM Configurations

# of Bitpumps Framer Type (c:::r?fri]gj:agir:)i; Bitpun;[;tzymbol
1 don't care 2 pair E1 584 k
2 Bt8360 2 pair T1 392 k
2 Bt8510 2 pair E1 584 k
3 Bt8510 3 pair E1 392 k

noTe:  If aninvalid configuration is detected, the Channel Unit Error LED is illuminated, and the
Channel Unit is no longer supported. The bit-pump configuration is then determined by the
SW1 DIP switch on the motherboard (please see Section 1.7 ) and the program will then fol-
low the Application Example 1B: Bit-pump Activation State Diagram (see Section 1.11).

6 N8970UGS04A ’N Rockwell
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1.6.2 BNC Connector Card Present

When the BNC Connector Card is present, the Line Interface Card(s) can be placed in any mother-
board slots. The external clock and data must then be connected to the appropriate BNC group on
the BNC connector card. The program then follows the Application Example 1B: Bit-pump Only
Activation State Diagram (see Section 1.11 on page 26).

1.7 DIP Switch

DIP Switch (SW1) on the Bt8952-001 motherboard determines the program flow. The SW1 switch
is accessed using the P1 port. The bt8970cr.hex, tdebug.hex, bt8970c.hex, and bt8970r.hex applica-
tion have a different meaning than the erle.hex. The SW1 switch is not used by the dualproc.hex
application. The DIP switch definitions for the bt8970cr.hex, tdebug.hex, bt8970c.hex, and
bt8970r.hex application (Activation State Machine examples) are shown below in Figure 1-3. The
DIP switch definitions for the ERLE application are shown in the ERLE example.

noTE:  The DIP Switch numbers on the motherboard are transposed as compared to the P1 port,
that is, DipSw#l is connected to P1#7, DipSw#2 is connected to P1#6, etc. The Dip Switch
islabeled 1-8 while the P1 port is 0-7.

’N Rockwell N8970UGS04A 7
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1.7.1 bt8970cr.hex, tdebug.hex, bt8970c.hex, and bt8970r.hex

DIP switches are used to configure the mode of operation. The modes are outlined in Figure 1-3
with switch 1 being on the |eft as the user faces the DIP switches.

noTE:  If an HTU-C or HTU-R only version of code is compiled, switch 1 has no function.

Figure 1-3. DIP Switch Mode Configuration

Evaluation Motherboard SW1 (DIP Switches #1-8)

8|7|6|5(4[3]|2|1

Operating Mode #8 [« T
Stand Alone Mode
UIP Mode 1

#7-1: Only valid in Stand Alone Mode

Data Rate (Supported Ranges) HE | #T |
1168 kbps (968 to 1368 kbps)
784 kbps (656 to 968 kbps)
528 kbps (160 to 656 kbps)
1552 kbps (above 1368 kbps)

R|FR|O|O

Test Mode #3
Normal Operation
BP Isolated +3
BP Continuous 4 Level
BP External Analog Loopback
BP Digital Loopback
Channel Unit PRA to PRA Loopback®
LIU Line Loopback®
Normal Operation-Unframed®

3+
IS
H+
()]
[

RPlRPIPIPIO|IO|O|O
RPP(O|O|FR|FR|[O|O
RP|IO|FRP|O(FR|[O|FR|O

Reserved (should be kept in the 0 [down] position) | #2 H~

Terminal Type #1 |
Local (HTU-C)
Remote (HTU-R) 1

Notes: (1). Requires Channel Unit/Framer Card
2. Oindicates the switch is down, 1 indicates the switch is up.

8 N8970UGS04A ’N Rockwell
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1.8 Application Code

The Application Code can operate in two modes:

e PC Control
e Resat

The PC Control Mode is also referred to Dual-Processor or UIP (User Interface Program)
mode. The Reset Mode is also referred to Single Processor or Stand-al one mode.

1.8.1 PC Control Mode
When operating in PC Control mode, the Application Code performs the following:

» Initiadizesthe Bitpump

» Initidizesthe Intel 8051 Microprocessor

* Initializes the Channel Unit Addresses

» Determinesthe locations of the Line Interface Cards
» CadlsBtMain() and _CuHandleFlags() forever

The location of the Line Interface Cards is needed for the Channel Unit software since there is
no Channel Unit APl command defined for this function. The Bitpump and Channel Unit are then
configured and controlled using the Serial Interface APl commands, whether it is done from the
User Interface Program or a customer’s own diagnostic software tool.

1.8.2 Reset Mode

When operating in Reset mode, the software queries the hardware to determine the proper configu-
ration. The Application Code will behave differently depending on whether or not the Channel Unit
or BNC card is present, as described in Example 1A and 1B (see Section 1.10 and Section 1.11).

’N Rockwell N8970UGS04A 9
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1.9 General Purpose Timer

A general purpose timer isimplemented using the 80C32 timer #0 (timer #1 is used as a baud rate
generator). The timer structure is implemented as a two-dimensional array to index multiple bit-
pumps and general purpose timers. Currently, only one general purpose timer per bit-pump is used
for LOSWT (loss of sync word timer).

/* Found in TIMER H */

/* Tinmer indexes */

#defi ne _NO GEN PURPCSE TI MERS 1
#def i ne PENDI NG _DEACTI VATE _TI MER 0

/* Tiner Structures */
t ypedef uni on
{
unsi gned char reg;
struct
{
unsi gned char state:1;
unsi gned char conpl ete: 1;
unsi gned char reserved: 6;
} bits;
} gen_purpose_timer_status;

t ypedef struct
{

unsi gned int counter_val ue;
gen_purpose_ti ner_status status;
} GEN_PURPCSE Tl MER

/* Found in TIMER C */
static GEN PURPCSE Tl MER gen_timer[ _NO OF LOOPS| [ _NO GEN PURPOSE Tl MERS);

NOTE:  To add moretimers, increasethe NO_GEN_PURPOSE TIMERS definition, and add the
appropriate timer index definitions.

10
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NOTE:  Thegeneral purpose times functions are found in TIMER.C.

Table 1-4. General Purpose Timer Functions and Descriptions

Functions Description

_InitGenPurposeTimer() Initializes the general purpose timer. Only needs to be called once at the
beginning of the program.

_LoadGenPurposeTimerInterval() Loads the Timer #0 counter for a 50.0-ms period.

_EnableGenPurposeTimer() Enables the Interrupt Handler and loads the specified general purpose
counter. To specify a 2-second timer, load the general purpose timer to
40 (40 * 50 ms = 2 sec)

_DisableGeneralPurposeTimer() Disables the specified general purpose timer. If no other general purpose
timers are active, the Interrupt Handler is disabled.

_GetGenPurposeTimerStatus() Returns the status of the specified general purpose timer. See the
gen_purpose_timer_status structure for status indicator bits (Table 1-5).

_Timer0_ISR() Interrupt handler that decrements any active general purpose timer. If the
counter values reaches 0, the corresponding complete bit is set.

1.9.1 Functions: Parameter & Return Value Descriptions
void _EnableGenPurposeTimer (BP_U_8BIT bp, BP_U_8BIT timer, BP_U_16BIT value)

Parameters:
bp: which bit-pump; _BIT_PUMPO-_NO_OF LOOPS
timer: which timer; currently only accepts PENDING_DEACTIVATE_TIMER
value: number of 50mS intervals to count.

Return Value: none

void _DisableGenPurposeTimer (BP_U_8BIT bp, BP_U_8BIT timer)

Parameters:

bp: which bit-pump; _BIT_PUMPO-_NO_OF_LOOPS

timer: which timer; currently only accepts  PENDING_DEACTIVATE_TIMER
Return Value: none

BP_U_8BIT _GetGenPurposeTimer Status (BP_U_8BIT bp, BP_U_8BIT timer)

Parameters:
bp: which bit-pump; _BIT_PUMPO-_NO_OF LOOPS
timer: which timer; currently only accepts PENDING_DEACTIVATE_TIMER
Return Value: See table below
Table 1-5. General Purpose Status Bit Definitions
Bit Description 0 Value 1 Value
0 State Disabled Enabled
1 Complete Not Complete Complete
2—7 Reserved

’N Rockwell N8970UGS04A 11
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1.10 Application Example 1A: HDSL Activation State Diagram

This section describes how the Activation State Diagram isimplemented using the Bt8970 bit-pump
and Bt8953 channel unit code. The Activation State Diagram is based on the ETS| ETR-152 and
ANSI T1E1.4 HDSL specifications. Refer to the bt8970.c module for details.

For each state, the responsibilities of the application code vs. the Bt8970 bit-pump code vs. the
Bt8953 channel unit code are distinguished. The application code accesses the Bt8970 bit-pump
code through the _BtControl() and _BtStatus() function calls. The application code accesses the
Bt8953 channel unit code through the BtControl() and _BtStatus() function calls (which call the
_CuControl() and _CuStatus() functions) as well as some direct function calls.

The application code only needsto issue three APl commands to implement the Bt8970 portion
of the Activation State Diagram (this is assuming the bit-pump has been properly configured using
the appropriate APl commands). By repeatedly calling the _BtMain() function, the Bt8970 bit-
pump code will automatically progress through the bit-pump activation state diagram. The bit-
pump APl commands and their description are as follows:

 _STARTUP_STATUS—Monitors the bit-pump activation status, which allows the appli-
cation code to determine what state the bit-pump isin and to detect any error conditions.

» _ACTIVATE—Initiates the bit-pump activation.

 DEACTIVATE—Deactivates the bit-pump.

The application code implements the Channel Unit portion of the Activation State Diagram by
issuing the following API commands and functions. APl commands are all capitals, and functions
are denoted by the parentheses ().

+ _CU_SYNC—Monitors the channel unit sync status.

_CU_FORCE_SCR_ONES — Configures the channel unit to transmit Framed Scrambled

Ones; both the overhead and payload are setto all 1's.

¢ CuConfigureTransmitS1() — Configures the channel unit for S1 data; overhead enabled
but the payload datais still all 1's.

¢ CuSetRtrInd() — Set the RTR (ready to receive) indicator bit.

e _CuForceOnes() — Enables the payload data (by disabling the force payload 1's).

¢ _CU_TRANSMIT_PAYLOAD—Complete channel unit configuration for normal opera-
tion.

NOTE: The Bt8970 + Bt8953A chip set can be compliant to the HDSL standards activation state
machine. The bit-pump isresponsible for the transceiver functionality, and the channel unit
is responsible for the framing functionality. The customer would not need to modify the
bit-pump startup agorithms to be compliant (the only changes to the bit-pump would be at
the API layer). The customer would be responsible for modifying the channel unit to be
compliant. The channel unit EVM code demonstrates proper mapping and initialization;
however, there are such issues as EOC, loop reversal, and switching master loop that are
not complete. In addition, the customer is ultimately responsible for the high level applica-
tion code to fit the final application.

12 N8970UGS04A ’N Rockwell
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1.10.1 Initialization State
Theinitialization state appliesto both the HTU-C and HTU-R.

1.10.1.1 Initialization
At power ON, the software isinitialized by calling the following routines:

* _BtSwPowerUp()

_MaskBtHomerlInt()

_Init8051() —Assuming Intel 8051 Family processor
_InitGenPurposeTimers()

_CulnitAddress()

NOTE: The activation state is then set to the inactive state after the initialization state according to
the HDSL standards.

’N Rockwell N8970UGS04A 13
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1.10.2 HTU-C (LTU) Activation

HTU-C and LTU are synonymous. Figure 1-4 shows the state diagram for the activation of the
HTU-C.

Figure 1-4. HTU-C Activation State Diagram

Power ON Initialization Confslgtjgtr:tlon
] -
Tx: Silent Tx: Silent
Deactivated _ y
State LOST=1
Inactive
LOSWT =1 Tx: Silent State
Pending . Qi
Deactivated Tx: Silent
State
Tx: 2B1Q -
Rx: 2B10 ACTREQ =1
A
T-Act Exp Y
Activati
LOSW = 0 LOSW = 1 St
Tx: Silent, SO
Active-Rx State
INDR =1 or Tx 4-Level =1
T-Act Exp
Y Tx: S1 Y
Actl\é?—'trx/Rx Rx: Ready INDC = 1 Activating
ate State S1
Tx:2B1Q [ :
Rx: 2B10 N ~ Tx: S1
AN e
INDC—lor\ C e ] //
T-Act Exp AN |ACtIV6‘-TX State | INDR = 1
J ¥
| Tx:Ready |
Rx: S1
Note: ACTREQ = Activation Request (application code)
T-ACT Exp = Activation timer expired (bit-pump code)
Tx 4-Level = Bit-pump is transmitting a 4-level signal (bit-pump code)
INDC = HTU-C Indicator (channel unit code)
INDR = HTU-R Indicator (channel unit code)
LOSW - Loss of Sync Word (channel unit code)
LOSWT - Loss of Sync Word Timer (application code)
LOST - Loss of Signal Timer (bit-pump code)
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1.10.3 Configuration State

Application Code: In the configuration state, the bit-pump is configured by issuing the
APl commandslisted in Table 1-6. The channel unit is configured by
issuing the APl commands listed in Table 1-7.

NOTE:  The bit-pump on/off and symbol rate commands must be called first and second respec-
tively. The rest of the APl commands can be called in any order.

Table 1-6. HTU-C Configuration Commands, Bit-Pump Configuration

Command Name Parameter Remarks
Bit-pump ON/OFF _PRESENT Turn bit-pump #0 ON
Symbol Rate Symbol rate is set according to API value = (Symbol Rate / 4096)

SW1 (see Figure 1-3) i.e., 96 =392 k / 4096 (784 kbps data rate)
Terminal Type _HTUC Central Office Terminal
Analog AGC Configuration _SIX_LEVEL_AGC 6-level AGC is implemented
Start-up Sequence Source _EXTERNAL Use externally generated scrambled data from
channel unit during activation

Transmit Scrambler _BYPASS Bypass bit-pump scrambler®
Receive Descrambler _BYPASS Bypass bit-pump descrambler®
Framer Format _SERIAL_SWAP Sign bit followed by Magnitude bit
Other Side Bt8970 _NO_BT Other terminal is unknown
LOST Time Period 10 Set LOST =1 second

Note: (1). Channel Unit provides necessary scrambled data.

Table 1-7. HTU-C Configuration Commands, Channel Unit Configuration

Command Name Parameter Remarks
Terminal Type _HTUC Central Office Terminal
Configure Channel Unit _2T1, _2E1, or _3E1. Configuration is determined by querying the number of
bit-pumps and the framer type.

Configure Framer _BT8360 (T1) or Configuration is determined by querying the framer type.
_BT8510 (E1)

Configure LIU _ELS _E1_PCM30 or Configuration is determined by querying the framer type.
_ELS T1 0_110

Bt8970 Bit-Pump Code: The Bt8970 bit-pump code processes the APl commands.

Bt8953 Channel Unit Code: The Bt8953 channel unit code processes the APl commands. The
_CU_CONFIGURE initializes dl the channel unit registers for the
specified configuration. The _FRAMER_CONFIGURE and
_LIU_CONFIGURE initialize the framer and LI1U for transparent op-
eration.

’N Rockwell N8970UGS04A 15
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1.10.4 Deactivated State
Application Code:

Bt8970 Bit-Pump Code:

Bt8953 Channel Unit Code:

1.10.5 Inactive State
Application Code:

Bt8970 Bit-Pump Code:

Bt8953 Channel Unit Code:

In the deactivated state, the application code issues the bit-pump
_DEACTIVATE API command (thiswill turn off the bit-pump trans-
mitter) and channel unit _CuConfigureBeginStartup() function (this
will mask the Tx/Rx 6mS interrupts). The application code will then
wait for LOST = 1. When LOST = 1 becomestrue, the activation state
is then changed to the inactive state.

The Bt8970 bit-pump interrupt handler startsthe LOS Timer (LOST)
when the DEACTIVATE APl command is received and when the
LOSflagisTRUE (LOS = 1). The Bt8970 bit-pump interrupt handler
will set the LOST flag (LOST = 1) when the LOST expires.

The Bt8953 Channel Unit performs the same tasks as before it en-
tered this state.

In theinactive state, the  ACTIVATE and
_CU_FORCE_SCR_ONESAPI commands areissued to initiate the
activation process. Thetransmitter isinitially silent. The activation re-
guest signal is always considered to be true (ACTREQ = 1). The ac-
tivation state is then changed to the activating state.

The Bt8970 bit-pump activation state machine does nothing during
the inactive state. The bit-pump just waits for the _ACTIVATE API
command. When _ACTIVATE is detected, the activation state ma-
chine will initialize the bit-pump for the activation process.

The Bt8953 channel unit code waits for the
_CU_FORCE_SCR_ONESAPI command. When the command is
received, the channel unit configuresthe HDSL transmitter to Framed
Scrambled Ones; where both the overhead and payload data are all
ones. The Tx/Rx 6 ms and interrupts are masked and if the master
loop, the DPLL is set to Open Mode.[ See
_CuConfigureBeginSartup()]
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1.10.6 Activating State
Application Code:

Bt8970 Bit-Pump Code:

Bt8953 Channel Unit Code:

1.10.7 Activating State S1

Application Example 1A: HDSL Activation State Diagram

In the activating state, the application code monitors the bit-pump ac-
tivation status. If the bit-pump T-Act timer expires, then the activation
state is changed to the deactivated state. If the bit-pump Tx 4-Level
flag is detected, the channel unit will enable the S1 signal (enable
overhead). The activation state is changed to the activating S1 state.
The Bt8970 bit-pump code starts transmitting the SO signal and mon-
itors the received signal for SO (LOS = 0). When the signal is detect-
ed, the bit-pump will perform the optimize phase search, adapt filters,
etc. The bit-pump code will then start transmitting the S1 signal.
When the Tx 4-Level isenabled, the channel unit enablesthe Tx/Rx 6
ms interrupts and the overhead data.[ See _CuConfigureTransmitSL()]

This stateisnot part of the ETR-152 HDSL standards, but is required for the implementation of the
bit-pump and channel unit devices.

Application Code:

Bt8970 Bit-Pump Code:

Bt8953 Channel Unit Code:

In the activating state, the application code monitors the bit-pump ac-
tivation status and channel unit status bits. If the bit-pump T-Act tim-
er expires, the activation state is changed to the deactivated state.

If the channel unit INDC (valid Sync Word) flag is detected, the
RTR indicator hit is set; the activation state is changed to the active
Rx stete.

If the channel unit RTR flag is detected, the payload datais en-
abled; the activation state is changed to the active Tx state.

The Bt8970 bit-pumpistransmitting the S1 and monitorsthereceived
signal for S1. When the S1 signal is detected, the bit-pump code will
perform some final adaptation.

The Bt8953 channel unit code monitors the sync word and indicator
bits. When the Sync Word is detected, the channel unit sync statusis
setto CU_IN_SYNC. If the RTR indicator hit is detected, then the
INDR hit is set. After astatus is detected, then the channel unit code
will set the appropriate configuration bits as determined by the appli-
cation code.

’N Rockwell
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1.10.8 Active Rx State

Application Code: In the active Rx state, the application code monitors the bit-pump ac-
tivation and channel unit status. If the bit-pump T-Act timer expires
or the channel unit INDR bit is detected, then the payload datais en-
abled. The activation state is changed to the active Tx/Rx state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine will finalize its activa
tion process.

Bt8953 Channel Unit Code: The Bt8953 channel unit code monitorstheindicator bits. If the RTR
indicator bit is detected, then the INDR bit is set. When the enable
payload command isissued, the following occurs: the payload datais
enabled, the pair ID (ETSI) is set, the TX/Rx FIFOs are reset, and if
the master loop, the DPLL is closed and the DPLL interrupt is en-
abled. [See _CuConfigureStartupComplete()]

1.10.9 Active Tx State
The active Tx state path is typically not taken; therefore it is shown as dashed lines.

Application Code: In the active Tx state, the application code monitors the bit-pump ac-
tivation and channel unit status. If the bit-pump T-Act timer expires
or the channel unit INDC bit isdetected, t the payload datais enabled.
The activation state is changed to the active Tx/Rx state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine will finalize its activa-
tion process.

Bt8953 Channel Unit Code: The Bt8953 channel unit code monitorsthe sync status. If theln Sync
bit is detected, then the INDC hit is set. When the enabl e payload
command isissued the following occurs:. the payload datais enabled,
thepair ID (ETSI) isset, the TX/Rx FIFOs are reset, and if the master
loop, the DPLL is closed and the DPLL interrupt is enabled. [See
_CuConfigureStartupComplete()]

1.10.10 Active Tx/Rx State

Application Code: In the active-Tx/Rx state, the application code monitors the channel
unit sync status. If the LOSW = 1 flagisdetected, the activation state
is changed to the pending deactivated state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump handles any temperature/environmental chang-
es. Different status responses are continuously monitored and can be
probed by issuing the corresponding status request commands.

Bt8953 Channel Unit Code: The Bt8953 channel unit code processes the Tx/Rx 6 msinterrupts.
The appropriate status bits are set according to the status registers.

18 N8970UGS04A ’N Rockwell



Bt8970EVM Description
Evaluation Module Software Manual Application Example 1A: HDSL Activation State Diagram

1.10.11 Pending Deactivated-State

Application Code: In the pending deactivated state, the application code monitors the
channel unit status. If the LOSW = 0 (return of sync word) flag be-
comes valid again within 2 seconds, then the activation state is
changed back to the active Tx/Rx state. If the LOSWT = 1 (loss of
sync word timer) is detected, then the activation state is changed to

the deactivated state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine behaves similarly to
the active Tx/Rx state.

Bt8953 Channel Unit Code: The Bt8953 channel unit code behaves similarly to the active Tx/Rx
State.

1.10.12 HTU-R (NTU) Activation

HTU-R and NTU are synonymous. Figure 1-5 shows the state diagram for the activation of the
HTU-R.

’N Rockwell N8970UGS04A 19
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Figure 1-5. HTU-R Activation State Diagram

Evaluation Module Software Manual

Initialization Configuration
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\
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Pending
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Rx: 2B1Q
A
T-Act Exp Y
— Activating
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Note: ACTREQ = Activation Request (application code)
T-ACT Exp = Activation timer expired (bit-pump code)
Tx 4-Level = Bit-pump is transmitting a 4-level signal (bit-pump code)
INDC = HTU-C Indicator (channel unit code)
INDR = HTU-R Indicator (channel unit code)
LOSW - Loss of Sync Word (channel unit code)
LOSWT - Loss of Sync Word Timer (application code)
LOST - Loss of Signal Timer (bit-pump code)
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1.10.13 Configuration State

Application Code: In the configuration state, the bit-pump is configured by issuing the
APl commandslisted in Table 1-8. The channel unit is configured by
issuing the APl commands listed in Table 1-9.

NOTE:  The bit-pump on/off and symbol rate commands must be called first and second, respec-
tively. The rest of the APl commands can be called in any order.

Table 1-8. HTU-R Configuration Commands, Bit-Pump Configuration

Command Name Parameter Remarks
Bit-pump ON/OFF _PRESENT Turn bit-pump #0 ON
Symbol Rate Symbol rate is set according API value = (Symbol Rate / 4096)

to SW1 (see Figure 1-3) i.e., 96 = 392k / 4096 (784 kbps data rate)
Terminal Type _HTUR Remote Terminal
Analog AGC Configuration _SIX_LEVEL_AGC 6-level AGC is implemented
Start-up Sequence Source _EXTERNAL Use externally generated scrambled data from
channel unit during activation

Transmit Scrambler _BYPASS Bypass bit-pump scrambler (1)
Receive Descrambler _BYPASS Bypass bit-pump descrambler (1)
Framer Format _SERIAL_SWAP Sign bit followed by Magnitude bit
Other Side Bt8970 _NO_BT Other terminal is unknown
LOST Time Period 10 Set LOST = 1 second

Notes: (1). Channel Unit provides necessary scrambled data.

Table 1-9. HTU-R Configuration Commands, Channel Unit Configuration

Command Name Parameter Remarks
Terminal Type _HTUR Remote Terminal
Configure Channel Unit _2T1, _2E1,or_3E1 Configuration is determined by querying the
number of bit-pumps and the framer type.

Configure Framer _BT8360 (T1) or _BT8510 Configuration is determined by querying the
(E1) framer type.

Configure LIU _ELS_E1 PCM30 or Configuration is determined by querying the
_ELS T1 0 110 framer type.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump code processes the APl commands.

Bt8953 Channel Unit Code: The Bt8953 channel unit code processes the APl commands. The
_CU_CONFIGURE will initialize all the channel unit registers for
the specified configuration. The _FRAMER_CONFIGURE and
_LIU_CONFIGURE initialize the framer and L1U for transparent op-
eration.
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1.10.14 Deactivated State
Application Code:

Bt8970 Bit-Pump Code:

Bt8953 Channel Unit Code:

1.10.15 Inactive State
Application Code:

Bt8970 Bit-Pump Code:

Bt8953 Channel Unit Code:

In the deactivated state, the application code issues the
_DEACTIVATE API command (thiswill turn off the bit-pump trans-
mitter) and channel unit _CuConfigureBeginStartup() function (this
will mask the Tx/Rx 6 msinterrupts). The application code will then
wait for LOS=1. When LOS = 1 becomestrue, the activation stateis
changed to the inactive state.

The Bt8970 bit-pump interrupt handler sets the LOS = 1 when the
loss of signal is detected.

The Bt8953 Channel Unit performs the same tasks as before it en-
tered this state.

In the inactive state, the  ACTIVATE and
_CU_FORCE_SCR_ONESAPI commands are issued to initiate the
activation process. The transmitter isinitially silent. If the bit-pump
LOS = 1 is detected, the activation state is then changed to the acti-
vating state.

The Bt8970 bit-pump activation state machine does nothing during
the inactive state; the bit-pump just waits for the _ACTIVATE API
command. When _ACTIVATE is detected, the activation state ma-
chine will initialize the bit-pump for the activation process; thisin-
cludesturning off the transmitter. The bit-pump code then waits until
an SO signal is detected (LOS = 0).

The Bt8953 channel unit code waits for the
_CU_FORCE_SCR_ONESAPI command. When the command is
received, the channel unit configuresthe HDSL transmitter to Framed
Scrambled Ones; where both the overhead and payload data are all
ones. The Tx/Rx 6 ms and interrupts are masked and if the master
loop, the DPLL is set to Open Mode.[See
_CuConfigureBeginSartup()]
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1.10.16 Activating State

Application Code: In the activating state, the application code monitors the bit-pump ac-
tivation status. If the bit-pump T-Act timer expires, the activation
state is changed to the deactivated state. If the bit-pump Tx 4-Level
flag is detected, the channel unit will enable the S1 signal (enable
overhead). The activation state is changed to the activating S1 state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine will wait until an SO
signal is detected (LOS = 0). When the signal is detected, the bit-
pump will perform frequency lock, optimize phase search, adapt fil-
ters, etc. The bit-pump code will then begin transmitting the SO signal
and monitor the received signal for S1. When the S1 signal is detect-
ed, the bit-pump code will perform some adaptation and will start
transmitting the S1 signal; the Tx 4-Level flagsis set.

Bt8953 Channel Unit Code: When the Tx 4-Level is enabled, the channel unit enables the Tx/Rx
6 msinterrupts and the overhead data.[ See
_CuConfigureTransmitSL()]

1.10.17 Activating State S1

This stateisnot part of the ETR-152 HDSL standards, but is required for the implementation of the
bit-pump and channel unit devices.

Application Code: In the activating state, the application code monitors the bit-pump ac-
tivation status and channel unit status bits. If the bit-pump T-Act tim-
er expires, the activation state is changed to the deactivated state.

If the channel unit INDR (valid Sync Word) flag is detected, the
RTR indicator bit is set; the activation state is changed to the activate
Rx stete.

If the channel unit RTR flag is detected, the payload datais en-
abled; the activation state is changed to the active Tx state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pumpistransmitting the S1 and monitorsthereceived
signal for S1. When the S1 signal is detected, the bit-pump code will
perform some final adaptation.

Bt8953 Channel Unit Code: The Bt8953 channel unit code monitors the sync word and indicator
bits. When the Sync Word is detected, the channel unit sync statusis
setto CU_IN_SYNC. If the RTR indicator bit is detected, the INDC
bit isset. After astatusis detected, then the channel unit code will set
the appropriate configuration bits as determined by the application
code.
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1.10.18 Active Rx State

Application Code: In the active Rx state, the application code monitors the bit-pump ac-
tivation and channel unit status. If the bit-pump T-Act timer expires
or the channel unit INDC hit is detected, the payload data is enabled.
The activation state is changed to the active Tx/Rx state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine will finalize its activa
tion process.

Bt8953 Channel Unit Code: The Bt8953 channel unit code monitorstheindicator bits. If the RTR
indicator bit is detected, then the INDC bit is set. When the enable
payload command isissued the following occurs: the payload datais
enabled, the pair ID (ETSI) is set, the TX/Rx FIFOs are reset, and if
the master loop, then the DPLL is closed and the DPLL interrupt is
enabled. [See _CuConfigureStartupComplete()]

1.10.19 Active Tx State
The active Tx state path is typically not taken; therefore it is shown as dashed lines.

Application Code: In the active Tx state, the application code monitors the bit-pump ac-
tivation and channel unit status. If the bit-pump T-Act timer expires
or the channel unit INDR bit is detected, the payload data is enabled.
The activation state is changed to the active Tx/Rx state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine will finalize its activa-
tion process.

Bt8953 Channel Unit Code: The Bt8953 channel unit code monitorsthe sync status. If theln Sync
bit is detected, the INDR hit is set. When the enable payload com-
mand isissued the following occurs: the payload data is enabled, the
pair ID (ETSI) is set, the Tx/Rx FIFOs are reset, and if the master
loop, the DPLL is closed and the DPLL interrupt is enabled. [See
_CuConfigureStartupComplete()]

1.10.20 Active Tx/Rx State

Application Code: In the active-Tx/Rx state, the application code monitors the channel
unit sync status. If the LOSW = 1 flagisdetected, the activation state
is changed to the pending deactivated state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump handles any temperature/environmental chang-
es. Different status responses are continuously monitored and may be
probed by issuing the corresponding status request commands.

Bt8953 Channel Unit Code: The Bt8953 channel unit code processes the Tx/Rx 6 msinterrupts.
The appropriate status bits are set according to the status registers.
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1.10.21 Pending Deactivated-State

Application Code: In the pending deactivated state, the application code monitors the
channel unit status. If the LOSW = 0 (return of sync word) flag be-
comes valid again within 2 seconds, then the activation state is
changed back to the active Tx/Rx state. If the LOSWT = 1 (loss of
sync word timer) is detected, the activation state is changed to the de-
activated state

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine behaves similarly to
the active Tx/Rx state.

Bt8953 Channel Unit Code: The Bt8953 channel unit code behaves similarly to the active Tx/Rx
state.
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1.11 Application Example 1B: Bit-pump Only Activation State Diagram

This section describes how the Activation State Diagram is implemented when only using the
Bt8970 bit-pump code. The Bt8970 Activation State Diagram is based on the ETSI ETR-152 and
ANSI T1E1.4 HDSL specifications. Refer to the bt8970.c module for details.

For each state, the responsibilities of the application code vs. the Bt8970 bit-pump code are dis-
tinguished. The application code accesses the Bt8970 bit-pump code through the _BtControl() and
_BtStatus() function calls.

The application code only needs to issue four APl commandsto implement the Activation State
Diagram (this is assuming the bit-pump has been properly configured using the appropriate API
command). By repeatedly calling the _BtMain() function, the Bt8970 bit-pump code will automat-
ically progressthrough the Activation State Diagram. The APl commands and their functions are as
follows:

_ACTIVATE—lInitiates the Activation State Diagram.

_STARTUP_STATUS—Monitors the bit-pump activation status, which alows the appli-
cation code to determine what state the bit-pump isin and to detect any error conditions.
_TRANSMIT_EXT_DATA—Transmits externally supplied payload data.
_DEACTIVATE—Deactivates the bit-pump.

1.11.1 |Initialization State

Theinitialization state applies to both the HTU-C and HTU-R.

1.11.1.1 Initialization
At power ON, the bit-pump software isinitialized by calling the following routines:

» _BtSwPowerUp()

* _MaskBtHomerInt()

e _1nit8051() —Assuming Intel 8051 Family processor
e _InitGenPurposeTimers()

NOTE: The activation state is then set to the inactive state after the initialization state according to
the HDSL standards.
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1.11.2 HTU-C (LTU) Activation
HTU-C and LTU are synonymous. Figure 1-6 shows the state diagram for the activation of the

HTU-C.

ion Example 1B: Bit-pump Only Activation State Diagram

Figure 1-6. HTU-C Activation State Diagram
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ACT

= Loss of Signal.

REQ = Activation Request.

NMR OK = Noise Margin greater than -5 dB.
Tx 4-Level = Bit-pump is transmitting a 4-level signal.
Normal Operation = Bit-pump has completed the activation process.

LOST = Loss of Signal Timer—LOS for more than 1 second.
T-ACT Exp = Activation timer expired.
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1.11.3 Configuration State

Application Code: In the configuration state, the bit-pump is configured by issuing the
APl commands listed in Table 1-10.

NOTE:  The bit-pump on/off and symbol rate commands must be called first and second respec-
tively. The rest of the APl commands can be called in any order.

Table 1-10. HTU-C Configuration Commands, Bit-Pump Only Configuration

Command Name Parameter Remarks
Bit-pump ON/OFF _PRESENT Turn bit-pump #0 ON
Symbol Rate Symbol rate is set according to APl value = (Symbol Rate / 4096)

SW1 (see Figure 1-3) i.e. 96 = 392k / 4096 (784 kbps data rate)
Terminal Type _HTUC Central Office Terminal
Analog AGC Configuration _SIX_LEVEL_AGC 6-level AGC is implemented
Start-up Sequence Source _INTERNAL Use internally generated scrambled 1s during
activation

Transmit Scrambler _ACTIVATE_SCR Use bit-pump scrambler
Receive Descrambler _ACTIVATE_DESCR Use bit-pump descrambler
Framer Format _SERIAL_SWAP Sign bit followed by Magnitude bit
Other Side Bt8970 BT Other terminal is known to be Bt8970 based
LOST Time Period 10 Set LOST = 1 second

Bt8970 Bit-Pump Code: The Bt8970 bit-pump code processes the APl commands.

1.11.4 Deactivated State

Application Code: In the deactivated state, the application code issues the
_DEACTIVATE API command; thiswill turn off its transmitter. The
application code will then wait for LOST = 1. When LOST = 1 be-
comes true, the activation state is changed to the inactive state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump interrupt handler startsthe LOS Timer (LOST)
when the _DEACTIVATE APl command is received and when the
LOSflagisTRUE (LOS=1). The Bt8970 hit-pump interrupt handler
will set the LOST flag (LOST = 1) when the LOST expires.
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1.11.5 Inactive State
Application Code:

Bt8970 Bit-Pump Code:

1.11.6 Activating State
Application Code:

Bt8970 Bit-Pump Code:

1.11.7 Active Rx State
Application Code:

Bt8970 Bit-Pump Code:

ion Example 1B: Bit-pump Only Activation State Diagram

In the inactive state, the  ACTIVATE API command isissued to ini-
tiate the activation process. The transmitter isinitially silent. The ac-
tivation request signal is always considered to be true (ACTREQ =
1). The activation state is then changed to the activating state.

The Bt8970 bit-pump activation state machine does nothing during
the inactive state; the bit-pump just waits for the _ACTIVATE API
command. When _ACTIVATE is detected, the activation state ma-
chine will initialize the bit-pump for the activation process.

In the activating state, the application code monitors the bit-pump ac-
tivation status. If the T-Act timer expires, the activation stateis
changed to the deactivated state. If the Noise Margin OK (NMR OK
=1) and Transmit 4-Level Indicator (Tx 4-Level = 1) flags are detect-
ed, the activation state is changed to the active Rx state.

The Bt8970 bit-pump code starts transmitting the SO signal and mon-
itors the received signal for SO (LOS = 0). When the signal is detect-
ed, the bit-pump will perform the optimize phase search, adapt filters,
etc. The bit-pump code will then start transmitting the S1 signal and
monitor thereceived signal for S1. When the S1 signal isdetected, the
bit-pump code will perform some final adaptation. At this point, the
NMR OK and Tx 4-Level flags should become valid.

In the active Rx state, the application code monitors the bit-pump ac-
tivation status. If the T-Act timer expires, the activation state is
changed to the deactivated state. If the normal operation flag is detect-
ed, the_ TRANSMIT_EXT_DATA APl command is called and the
activation state is changed to the active Tx/Rx state.

The Bt8970 bit-pump activation state machine will finalize its activa-
tion process. The normal operation flag will be set when the bit-pump
reaches normal operation.

’N Rockwell
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1.11.8 Active Tx/Rx State

Application Code: Inthe active-Tx/Rx state, the application code monitors the bit-pump
activation status. If theLOS = 1 or NMR OK = 0 (noise margin
< -5dB) flag is detected, the activation state is then changed to the
pending deactivated state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump handles any temperature/environmental chang-
es. Different status responses are continuously monitored and can be
probed by issuing the corresponding status request commands.

NOTE:  The developer should use the framer’s sync word (or CRC) to detect the LOS or bad Noise
Margin. In certain loop conditions, the bit-pump cannot guarantee 100% reliability in
detecting a bad link.

1.11.9 Pending Deactivated-State

Application Code: In the pending deactivated state, the application code monitors the
bit-pump activation status. If both the LOS = 0 (return of signal) and
NMR OK = 1 (noise margin >-5 dB) flags become valid again within
2 seconds, the activation state is changed back to the active Tx/Rx
state. If the LOS =1 or NMR OK =0 flag is still set after the 2 sec-
onds, the activation state is changed to the deactivated state

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine behaves similarly to
the active Tx/Rx state.

1.11.10 System Idle State

Application Code: In the system idle state, the application code does nothing. This state
isuseful when controlling the bit-pumpsfrom the serial interface, i.e.,
UIP or diagnostic program.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine performs any action
specified from the serial interface, this could include performing the
bit-pump activation or test modes. All instructions are received from
the seria interface.

NOTE: Inessence, the system idle state is acting like the dual processor mode.
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1.11.11 HTU-R (NTU) Activation

ion Example 1B: Bit-pump Only Activation State Diagram

HTU-R and NTU are synonymous. Figure 1-7 shows the state diagram for the activation of the

HTU-R.

Figure 1-7. HTU-R Activation State Diagram

Initialization Any State System Idle
Power ON — ]
—_—
. ~ Ctara | T>: ?
TX: ? Any State Ry 2
\
Configuration
State
Tx: Silent
\
D::cntﬂjgtge d Deactivated os Inactive
L =1
State - State - State
B(( %E]i(QQ Tx: Silent Tx: Silent
I\ I\
LOS =0and LOS=1or -
NMR OK =1 NMR OK =0 Los=1
T-Act Exp
Y \
Active-Tx/Rx Active-Rx State Activating
State State
Tx: 2B1Q Normal Tx: S1 NMR OK=1and | Tx: Silent, SO,
Rx: 2B1Q Operation = 1 Rx: Ready Tx 4-Level =1 or S1

Note: LOS = Loss of Signal.

LOST = Loss of Signal Timer - LOS for more than 1 second.
T-ACT Exp = Activation timer expired.

NMR OK = Noise Margin greater than -5 dB.
Tx 4-Level = Bit-pump is transmitting a 4-level signal.

Normal Operation = Bit-pump has completed the activation process.
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1.11.12 Configuration State

Application Code: In the configuration state, the bit-pump is configured by issuing the
APl commands listed in. Table 1-8.

NOTE:  The bit-pump on/off and symbol rate commands must be called first and second, respec-
tively. The remaining APl commands can be called in any order.

Table 1-11. HTU-R Configuration Commands, Bit-Pump Only Configuration

Command Name Parameter Remarks
Bit-pump ON/OFF _PRESENT Turn bit-pump #0 ON.
Symbol Rate Symbol rate is set according to API value = (Symbol Rate / 4096)

SWI1 (see Figure 1-3) i.e. 96 = 392 k / 4096 (784 kbps data rate)

Terminal Type _HTUR Remote site terminal.
Analog AGC _SIX_LEVEL _AGC 6-level AGC is implemented.
Configuration
Start-up Sequence _INTERNAL Use internally generated scrambled 1s during acti-
Source vation.
Transmit Scrambler _ACTIVATE_SCR Use bit-pump scrambler.
Receive Descrambler _ACTIVATE_DESCR Use bit-pump descrambler.
Framer Format _SERIAL_SWAP Sign-bit followed by Magnitude bit.
Other Side Bt8970 BT Other terminal is known to be Bt8970-based.
LOST Time Period 10 Set LOST = 1 second.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump code processes the APl commands.

1.11.13 Deactivated State

Application Code: In the deactivated state, the application code issues the
_DEACTIVATE API command; thiswill turn off its transmitter. The
activation state is then changed to the inactive state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine does nothing during
the deactivate state. The Bt8970 bit-pump code monitors incoming
APl commands to determine what to do.
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1.11.14 Inactive State

Application Code: In the inactive state, the  ACTIVATE API command isissued to ini-
tiate the activation process. The transmitter isinitially silent. The ac-
tivation state is then changed to the activating state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine does nothing during
the inactive state, the bit-pump just waits for the _ ACTIVATE AP
command. When _ACTIVATE is detected, the activation state ma-
chine will initialize the bit-pump for the activation process; thisin-
cludesturning off the transmitter. The bit-pump code then waits until
an SO signal is detected (LOS = 0).

1.11.15 Activating State

Application Code: In the activating state, the application code monitors the bit-pump ac-
tivation status. If the T-Act timer expires, the activation state is
changed to the deactivated state. If the Noise Margin OK (NMR OK
=1) and Transmit 4-Level Indicator Flag (Tx 4-Level = 1) are detect-
ed, the activation state is changed to the active Rx state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine will wait until an SO
signal is detected (LOS = 0). When the signal is detected, the bit-
pump will perform frequency lock, optimize phase search, adapt fil-
ters, etc. The bit-pump codewill then begin transmitting the SO signal
and monitor the received signal for S1. When the S1 signal is detect-
ed, the bit-pump code will perform some adaptation and will start
transmitting the S1 signal. At thispoint, the NMR OK and Tx 4-L evel
flags should become valid.

1.11.16 Active Rx State

Application Code: In the active Rx state, the application code monitors the bit-pump ac-
tivation status. If the T-Act timer expires, the activation stateis
changed to the deactivated state. If the normal operation flag is detect-
ed, the_TRANSMIT_EXT_DATA API command is called and the
activation state is changed to the active Tx/Rx state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump activation state machine will finalize its activa
tion process. The normal operation flag will be set when the bit-pump
reaches normal operation.
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1.11.17 Active Tx/Rx State

Application Code: In the active Tx/RXx state, the application code monitors the bit-pump
activation status. If theLOS = 1 or NMR OK = 0 (noise margin
< -5 dB) flag isdetected, the activation state isthen changed to the de-
activated state.

Bt8970 Bit-Pump Code: The Bt8970 bit-pump handles any temperature/environmental chang-
es. Different status responses are continuously monitored and can be
probed by issuing the corresponding status request commands.

NOTE:  The developer should use the framer’s sync word (or CRC) to detect the LOS or bad Noise
Margin. In certain loop conditions, the bit-pump cannot guarantee 100% reliability in
detecting a bad link.

1.11.18 Pending Deactivated State

Application Code: In the pending deactivated state, the application code monitors the
bit-pump activation status. If both the LOS = 0 (return of signal) and
NMR OK = 1 (noise margin >-5 dB) flags become valid again within
2 seconds, the activation state is changed back to the active Tx/Rx
state. If the LOS =1 or NMR OK = 0flag is still set after the 2 sec-
onds, the activation state is changed to the deactivated state.

Bt8970 Bit-Pump Code: The Bt8970 hit-pump activation state machine behaves similarly to
the active Tx/Rx state.
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1.12 Application Example 2: Dual Processor Mode
The DUALPROC.C modul e contains the minimum code requirements to implement adual proces-

sor mode bit-pump version as described in the “ Software Integration” chapter, “Power-up Opera-
tions Sequence” section in the Bt8970 Software User’s Guide.

1.13 Application Example 3: ERLE Mode

The ERLEMAIN.C module contains the code to implement the Echo Return Loss Enhancement
(ERLE) diagnostic version as described in Appendix C in the Bt8970 Software User’s Guide.
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1.13.1 ERLE Dip Switches
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DIP switches are used to configure the mode of operation. The modes are outlined in Figure 1-8
with switch 1 being on the |eft as the user faces the DIP switches.

NOTE:  The AAGC is typicaly set to 12dB and the NLEC is turn OFF. The Symbol Rate range
must match the board.

Figure 1-8. ERLE Dip Switch Settings

Evaluation Motherboard

SW1 (DIP Switches #1-8)

6

5

4

3

211

Reserved (should be kept in the 0 [down] position) | #2 I‘

7

Reserved #8 |= 1
#7-1: Only valid in Stand Alone Mode
Data Rate (Supported Ranges) #6 | H#T |=
1168 kbps (968 to 1368 kbps) 0 0
784 kbps (656 to 968 kbps) 0 1
528 kbps (160 to 656 kbps) 1 0
1552 kbps (above 1368 kbps) 1 1

AAGC Setting #3 | #4 | #5 =
0dB 0 0 0
3dB 0 0 1
6 dB 0 1 0
9dB 0 1 1
12 dB 1 0 0
15dB 1 0 1
Reserved 1 1 0
Reserved 1 1 1

Non-Linear EC

#1

Don’t Adapt NLEC

Adapt NLEC

Note: 0 indicates the switch is down, 1 indicates the switch is up.
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1.13.2 How to Run ERLE
The following items are required to run ERLE:

* ERLEEPROM

* 150 Q Resistor

* RS232 Cable

e Termina Emulator (i.e., QMODEM, KERMIT, Hyper Terminal, etc.)

The following four steps outline the process for running ERLE.

Insert ERLE EPROM—With the power OFF, insert the ERLE EPROM into the system.
Connect 150 Q Resistor—Connect the 150 Q resistor at the line side of the transformer.
The 150 Q resistor provides an impedance mismatch which in turn creates an echo.

NOTE: A simulated loop, or area loop, can aso be connected to determine the ERLE perfor-
mance of the Bt8970EVM for that loop. When using areal 1oop, the far-end must be termi-
nated with a 135 Q resistor.

3 Connect RS232 Cable—Connect the RS232 cable from the EVM to the computer and run
aTerminal Emulator (9600 baud, 8 bits, no parity, 1 stop bit).

4 Power ON—Turn the power ON to start the ERLE test. The results will be displayed in a
“printf()’ fashion on the terminal emulator. To re-test, just press the reset button.

1.13.3 Expected Values

The ERLE resultsfor different data rates are found on our FTP Server in the following directory:

ftp. brooktree. cont pub/ hdsl / bt 8970/ erl e

These results should be used to compare ERL E results from the customer’s system.
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