HDSL Systems

HTU Applications

HDSL is a simultaneous full duplex transmission scheme which uses twisted-pair
wire cables as the physical medium to transport signals between standard types of
network or subscriber communications interfaces. A complete HDSL system con-
sists of two pieces of terminal equipment connected by 1, 2 or 3 wire pairs. Each
HDSL Terminal Unit (HTU) translates standard interface signals into HDSL pay-
load for transmission and reconstructs the standard interface from received pay-
load. Bellcore standards define a 1.544 Mbit/s T1 transport application that uses
two HDSL wire pairs (2T1) each operating at 784 kbit/s. ETSI defines a 2.048
Mbit/s E1 transport application using either two wire pairs (2E1) each operating
at 1168 kbit/s, or three wire pairs (3E1) each operating at 784 kbit/s.

Figure 1 shows an HTU to transport standard T1/E1 signals. Bt8360, Bt8510
or similar transceivers convert T1/El interface signals into a PCM channel of
clock, serial data and optional frame sync. Bt8952 (ransceivers and Bt8920 A/Ds
convert 2B1Q line signals to HDSL channels of clock, serial data and quat sync.
Bt8953A (ranslates between PCM and HDSL by performing PCM timeslot and
HDSL payload routing, data scrambling and descrambling, overhead insertion
and extraction, clock synchronization and clock synthesis. The microprocessor
unit (MPU) configures devices for the intended application, manages overhead
protocol and monitors real-time performance.
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Figure 1. HTU Black Diagram
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Repeaters

Fractional Transport

Switching Systems

Figure 2 shows single and multiple pair repeaters placed in line between HDSL
terminals to extend transmission distance. Multiple pair repeaters can use the
PCM channel to connect between HDSL interfaces provided that the group of
wire pairs on each side connects only to one terminal. Single pair repeaters are
used where wire pair groups are not traceable to a single terminal or only one
wire pair is used for transport. BI8953A provides an internal cross-connect path
between HDSL channels 1 and 2 to support single pair repeaters.

Figure 3 shows a drop/insert application where only a portion of the PCM chan-
nel bandwidth is transported over one or more HDSL wire pairs. Bt8953A pro-
vides Drop/Insert indicator signals to control external data muxes and internal
routing tables to map timeslots from either one of two synchronized PCM data
sources. For remote terminals using partial payloads, the PCM channel may be
configured to operate either at standard interface rate or some Nx64 effective pay-
load rate.

Figure 4 illustrates how Bt8953A is incorporated into a digital switch or multi-
plexer system that uses multiple HDSL lines to transport Nx64 or standard T1/E1
applications. Bt8953A’s PCM timeslot router contains 64 table entries which
extends the maximum PCM channel rate to 64x64 or 4.096 Mbit/s. B{8953A
allows PCM channels at the central office and remote ends to operate at different
rates. For example, the PCM channel in a digital switch may connect to a 4.096
Mbit/s shelf bus while the remote terminal connects to a T1/El standard PCM
channel.
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Figure 5 shows a channel bank application where the PCM channel connects a
bank of voice and/or data subscriber line interfaces using an Nx64 bus. The total
number of subscriber lines determines the PCM channel rate and how many
HDSL wire pairs are needed to transport the application up to the digital loop car-
rier, cellular base station, network distribution element, or private branch
exchange. Bt8953A supplies the PCM frame sync reference and acts as the PCM
bus master for the remote channel bank. Bt8953A’s clock recovery Digital Phase
Locked Loop (DPLL) allows PCM channel rates down to 1x64 or 64 kbit/s.
Unpopulated PCM timeslots or HDSL payload bytes can be replaced by an 8-bit
programmable fixed pattern or one of four PRBS patterns.

Figure 6 shows fractional T1/E1 services delivered from the central office to mul-
tiple remote sites in a Point-To-Multipoint (P2ZMP) application. The number of
HDSL wire pairs and PCM channel rates at each site is variable. Bt8953A pro-
vides the ability to measure and compensate for misalignment between separate
PCM frame syncs coming from each remote site. By programming transmit
delays from PCM to HDSL frame syncs, each remote site can send its HDSL
frames back to the central office aligned sufficiently with the others to be recon-
structed into a single PCM frame at the central site. BI8953A accommodates
large differential delays associated with P2MP and receive HDSL frame offsets to
groom Channel Associated Signaling (CAS) from different sites.

P2MP applications of Primary Rate ISDN transport are also supported, where
different LAPD channels are received from each remote site. Bt8953A provides
auxiliary HDSL channel inputs and outputs for the system to externally insert and
monitor transmitted or received HDSL payload bytes. Auxiliary HDSL channels
may alternately be configured to terminate the last 40 Z-bits through an external
data link controller.

Figure 7 shows an HDSL data modem application where a processor (CPU)
delivers PCM data directly to Bt8953A. Alternately, a multichannel communica-
tions controller such as Bt8071A can be used to manage the transfer of data
between the CPU and PCM channel through a local shared memory.
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Figure 2. Repeater System Block Diagram
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Figure 4. Switch/Mux System Block Diagram
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Figure 6. Point-to-Multipaint (Fractional) System Block Diagram
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System Interfaces

System interfaces and associated signals for Bt8953A functional circuit blocks
are shown in Figure 8. Circuit blocks are described in the following sections and
signals are defined in Table 2 on page 11.

Figure 8. Bi8953A System Interfaces
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Pin Assignments

Bt8953A pin assignments for the 68-pin PLCC package are shown in Figure 9. The pinouts for Bt8953 and
Bt8953A packages are listed in Table 1 and defined in Table 2. The input/output (I/O) column in Table 1 is
coded as follows:

| = input 0 = output I/0= bidirectional ~ VCC = power  GND = ground NG = no connection
Figure 9. PLCC Pin Assignments
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Table 1. Pin Assignments

o [ [ s 0| [ [EE] e |
1 46 GND GND 37 113 | TDO 0

2 139 BOLK2 | 38 — ™S |

3 141 TDAT2 0 39 — GND GND
4 142 RDAT2 | 40 127 | DROP/RAUX1 0

5 67 GND GND 41 2 cs* |

6 149 BCLK1 | 42 121 MCLK |

7 — ROH1 0 43 80 vee vee
8 147 | TDAT1 0 44 19 | LP1 0

9 150 QCLK1 | 45 118 | LP2 |

10 151 RDATH | 46 117 | PLLAGND GND
11 3 AD[0] 10 47 116 | PLLDGND GND
12 4 AD[1] 10 48 115 | PLLVCC VCC
13 5 AD[2] 10 49 120 | VCC (SCAN_MD) | VCC
14 6 AD[3] 10 50 1 ALE |

15 7 AD[4] 10 51 14 WR* |

16 8 AD[5] 10 52 — TLOAD1 0

17 9 AD[6] 10 53 — TLOAD2 0

18 10 AD[7] 10 54 — TLOAD3 0

19 27 VCC VCC 55 — TAUX1 |

20 20 EXCLK | 56 — TAUX2 |

21 137 INSDAT | 57 — TAUX3 |

22 45 INSERT/RAUX2 | O 58 — MSYNC / RAUX3 0

23 11 INTR* 0 59 — SCLK 0

24 47 TMSYNG | 60 126 | TDAT3 0

25 66 RMSYNC 0 61 135 | vCC VCC
26 122 GND GND 62 — ROH3 0

27 40 VCC VCC 63 124 | RDAT3 |

28 15 MPUSEL | 64 129 | BOLK3 |

29 102 | TOLK | 65 125 | GND (SCAN_EN) | GND
30 101 RCLK 0 66 123 | QCLK3 |

31 136 | TSER | 67 — ROH2 0

32 68 RSER 0 68 138 | QCLK2 |

33 12 RD* | — 128 | GND GND
34 13 RST* | — 140 | GND GND
35 114 | TcK | — 148 | GND GND
36 — 7Dl | — 160 | vCC vCe
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Table 2. Signal Definitions (1 of 4)

Pin

Signal

Name

/0

Description

Microprocessor (MPU) Interface

28

MPUSEL

MPU Select

Determines the type of MPU bus control signals expected during
data transfers. Intel (MPUSEL=0) or Motorola (MPUSEL=1) bus
types are supported. RD* and WR* signal functions are affected.

11-18

AD[0] -
AD[7]

Address/Data Bus I/0

Eight multiplexed address and data signals. The address is latched
on the falling edge of ALE and selects one of 256 internal register
locations (0x00-0xFF). The data bus transfers the contents of the
latched address location during the read or write cycle.

41

cs*

Chip Select

Active low input enables MPU read and write cycles. The rising
edge of CS* completes the read or write data transfer cycle and
places the address/data bus (AD[0]-AD[7]) in a high impedance
state.

50

ALE

Address Latch
Enable

Active high input enables the address bus. The falling edge of ALE
latches the address internally.

33

RD*

Read Strobe

Signal function determined by MPUSEL.:

MPUSEL=0; RD* is an active low data strobe for read cycles.
MPUSEL=1; RD* is an active low data strobe for read/write
cycles.

51

WR*

Write Strobe

Signal function determined by MPUSEL.:

MPUSEL=0; WR* is an active low data strobe for write cycles.
MPUSEL=1; WR* controls the data bus transfer direction: high
during read cycles and low during write cycles.

23

INTR*

Interrupt Request 0

Active low, open-drain output indicates when any one or more
Interrupt Request Register (IRR) bit is high and its respective
Interrupt Mask Register (IMR) bit is low. INTR* remains active
until all pending interrupts are cleared by writing zeros to their
corresponding Interrupt Clear Register (ICR) bits.

34

RST*

Reset

Active low input required to initialize internal circuits after power
and master clock have been applied. All MPU registers remain
accessible while Reset is active. Unless stated otherwise, Reset
activation does not affect the MPU register contents:

Note 1: Bt8953A Reset activation disables interrupts on the
INTR* output by forcing all ones in the Interrupt
Mask Register (IMR) and zeros in the TX_ERR_EN,
DPLL_ERR_EN, and RX_ERR_EN bits.

Note 2: Bt8953A Reset activation disables auxiliary channels
by forcing zeros in all TAUX_EN and RAUX_EN bits.

Note 3: To facilitate system upgrades from prototype
Bt8953EPF, Bt8953A Reset activation also forces
zeros in those command register bits which do not
exist on Bt8953EPF, but were added on Bt8953A (see
Addendum).

NOTE: Internal pull-ups (80-100 KQ) are present on all Bt8353A signal inputs allowing unused inputs to remain disconnected.
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Table 2. Signal Definitions (2 of 4)

Pin Signal Name 1/0 Description
HDSL Channels
6 BCLK1 Bit Clock I Bit clocks corresponding to three HDSL and three Auxiliary chan-
nels. BCLKn operates at twice the 2B1Q symbol rate. The rising
2 BOLK2 edge of BCLKn outputs TDATn, TLOADN, RAUXn and ROHn; the
44 BCLK3 falling edge samples the QCLKn, RDATn and TAUXn inputs.
9 QCLK1 Quat Clock Quaternary clocks operate at the 2B1Q symbol rate (1/2 bit rate)
and identify sign and magnitude alignment of both RDATn and
68 QCLK2 TDATn serially encoded bit streams. The falling edge of BCLKn
66 QCLK3 samples QCLKn: 0=sign bit, 1 = magnitude bit
8 TDATH Transmit Data 0 HDSL transmit data output at the bit rate on the rising edge of
BCLKn. Serially encoded with the 2B1Q sign bit aligned to the
3 TDAT2 QCLKn low level and the 2B1Q magnitude bit aligned to the
60 TDAT3 QCLKn high level.
55 TAUX1 Transmit Auxil- Auxiliary HDSL transmit data input sampled on the falling edge of
iary Data BCLKn when TLOADn is active. TAUXn replaces data normally
56 TAUX2 supplied by PCM or HDSL transmitters to the HDSL scrambler
57 TAUX3 input. Payload bytes or Z-bits can be mapped from TAUXn.
10 RDATA Receive Data HDSL receive data input sampled on the falling edge of BCLKn.
The serially encoded 2B1Q sign bit is sampled when QCLKn is
4 RDAT2 low, and the 2B1Q magnitude bit is sampled when QCLKn is high.
63 RDAT3
40 RAUX1 Receive Auxiliary 0 Receive data from the HDSL descrambler output on the rising
Data edge of BCLKn. Includes all SYNC, STUFF, HOH, payload and Z-
22 RAUX2 bits. RAUXn shares pin locations with DROP, INSERT and MSYNG
58 RAUX3 as controlled by RAUX_EN (CMD_6; addr OxF3).
52 TLOAD1 Transmit Load 0 Active high output indicates when specific payload or Z-bits are
Indicator sampled at TAUXn. TLOADn is active for 8 bits coincident with
53 TLOAD2 each marked payload byte or one bit for Z-bits. The last 40 Z-bits
54 TLOAD3 or any combination of payload bytes may be marked.
7 ROH1 Receive Over- 0 Active high marks SYNGC, STUFF, HOH and Z-bits coincident with
head Indicator their output on RAUXn. ROHn is low during output of all payload
67 ROH2 bytes. ROHn can also be programmed to mark only last 40 Z-bits.
62 ROH3

12
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Table 2. Signal Definitions (3 of 4)

Signal Definitions

Pin

Signal

Name

/0

Description

PCM Channel

29

TCLK

Transmit Clock

TCLK operates at the PCM bit rate, samples the PCM transmit

back or externally timed applications.

inputs: TSER, TMSYNC and INSDAT; and clocks the PCM transmit
output: INSERT. Falling edge samples and rising edge outputs are
normal, inverted TCLK edges are selectable. Optionally, RCLK or
EXCLK can be programmed as the PCM transmit clock for loop-

30

RCLK

Receive Clock

RCLK operates at the PCM bit rate and clocks the PCM receive

can be programmed as the receive source during loopback or

(inverted) output transitions are selectable.

outputs: RSER, RMSYNC and DROP. Normally, RCLK is supplied
by the internal clock recovery DPLL. Optionally, EXCLK or TCLK

externally timed applications. Rising edge (normal) or falling edge

20

EXCLK

External Clock

EXCLK optionally sources the PCM receive clock (RCLK) or both
RCLK and PCM transmit clock (TCLK) for systems that supply a
local master clock. Normal or inverted edges are also selectable.

31

TSER

Transmit Serial
Data

TSER accepts up to 64 timeslots (1 timeslot = 8 bits) of data and
an optional framing bit per PCM frame. TSER data and F-bits are
then routed and mapped into the HDSL transmit channel payload.

32

RSER

Receive Serial
Data

PCM frame. Receive serial data and F-bits are constructed by

RSER outputs up to 64 timeslots of data and an optional F-bit per

mapping and combining payload from the HDSL receive channels.

24

TMSYNC

Transmit Multi-
frame Sync

Active high input resets the PCM transmit time base during
framed applications. TMSYNC is ignored in unframed or asyn-

sition is detected and internally delayed by a programmable bit
location of bit 0, frame 0. The programmable sample point

accommodates any system’s rising edge frame or multiframe
sync signal.

chronously mapped applications. The low to high input state tran-

and frame offset to coincide with the TSER and INSDAT sample

25

RMSYNC

Receive Multi-
frame Sync

Active high output from the receive timebase, typically pro-
grammed to mark PCM multiframe boundaries during framed

in TSO of an E1 or Nx64 frame, or the F-bit of a T1 frame. Pro-
grammable bit and frame delays allow RMSYNC to mark any
desired RSER bit.

applications, and remains unused during unframed or asynchro-
nously mapped applications. RMSYNGC pulses high for one RCLK
coincident with RSER output of bit 0, frame 0. Bit 0 is the first bit

58

MSYNC

Transmit Master
Sync

Active high output pulses high for one TCLK to mark the TSER
and INSDAT sample point of bit 0, frame 0 of a transmit multi-

supplies the system with a master PCM frame/multiframe sync
signal.

frame. MSYNC references the TMSYNGC applied by the system or

Brookiree®
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Table 2. Signal Definitions (4 of 4)

Pin Signal Name /0 Description
Drop/Insert

40 DROP Drop Indicator 0 Active high output indicates when specific PCM timeslots are
present on RSER. DROP is high for 8 bits coincident with each
marked timeslot, or one bit when marking F-bits. Any combination
of timeslots and F-bits within the PCM frame can be marked.

21 INSDAT Insert Data Alternate source of PCM transmit serial data. INSDAT is sampled
by TCLK and replaces TSER when INSERT is active. INSDAT and
TSER use the same frame format. INSDAT can be programmed to
replace TSER data on a per timeslot basis.

22 INSERT Insert Indicator 0 Active high output indicates when specific INSDAT timeslots are
sampled. INSERT is high for 8 bits coincident with each marked
timeslot or for one bit when marking F-bits. Any combination of
timeslots and F-bits within the PCM frame can be marked.

DPLL and Power

42 MCLK Master Clock I MCLK runs through a multiplier PLL to create an internal 60-80
MHz reference clock for the DPLL. The 16 times symbol rate clock
from a Bt8952 transceiver typically connects to MCLK. However,
MCLK is not required to be synchronized to any HDSL or PCM
channel. The DPLL reference clock is used to synthesize the PCM
recovered clock (RCLK) based on DPLL programmed values.
Optionally, a 60-80 MHz clock can be input directly on MCLK.

59 SCLK System Clock 0 The internal 60-80 MHz DPLL reference clock is divided by 4 to
create a 15-20 MHz system clock output on SCLK. SCLK can be
applied to other devices requiring a system clock (i.e. Bt8360 or
Bt8510).

44 LP1 Loop Filter Output 0 LP1 is the multiplier PLL analog phase detector output. Refer to
Figure 37 on page 111 for PLL external component connections.

45 LP2 Loop Filter Input The LP2 voltage level controls the VCO frequency of the multiplier
PLL.

48 PLLVCC PLL Power I +5 Vdc +/~ 10% power input for the PLL.

47 PLLDGND PLL Ground I 0 Vdc ground reference for the PLL.

46 PLLAGND PLL Analog I 0 Vdc analog ground reference for the PLL. Tied to GND unless

Ground PLL operation is desired above 80 MHz.
19, 27, VGG Power +5 Vdc +/- 5% power input.
43, 49,
61
1,5, 39 GND Ground 0 Vdc ground reference.
26, 65
Test Access

35 TCK Test Clock I Boundary scan clock samples and outputs test access signals.

38 ™S Test Mode Select I Active high enables test access port. Sampled by TCK rising edge.

36 TDI Test Data Input I Serial data for boundary scan chain. Sampled by TCK rising edge.

37 TDO Test Data Output 0 Outputs serial data from boundary scan chain on TCK falling edge.

14
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MPU Interface

The MPU interface consists of an 8-bit parallel multiplexed address/data bus,
associated bus control signals, and a maskable interrupt request output as shown
in Figure 10 and Figure 11. The MPU interface is compatible with 8-bit proces-
sors running at bus cycle speeds up to 16 MHz. Systems that use 16/32-bit pro-
cessors can add an external address buffer and data transceiver to connect
Bt8953A. Faster bus speeds require external wait state insertion logic.

Address/data bus pins AD[7:0] allow MPU access to Bt8953A internal registers.
Read and write access is allowed at any of 256 address locations, but only defined
register address locations (see Table 9 on page 46) are applicable.

Five signals control register access: ALE, CS*, RD*, WR* and MPUSEL. The
address on ADJ[7:0] is latched on the falling edge of ALE, and CS* is an active
low port enable for all read and write operations. If CS* is high, the MPU port is
inactive.

Different styles of bus control are supported using separate read and write
strobes for Intel style buses, or common data strobe with a combined read/write
signal for Motorola style buses. When MPUSEL=0 (Intel bus), RD* is an active
low read enable and WR* an active low write strobe. While RD* and CS* are
low, the addressed register’s data is driven onto AD[7:0]. If WR* and CS* are
low, the rising edge of WR* or CS* latches data from AD[7:0] into the register.
When MPUSEL=1 (Motorola bus), RD* is an active low data strobe for both read
and write cycles, and WR* is a read/write select. While RD* and CS* are low and
WR* is high, the addressed register’s data is driven onto AD[7:0]. If RD*, CS*
and WR#* are low, the rising edge of RD* or CS* or WR* latches data from
ADI7:0].

Brookiree®
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Figure 10. MPU Bus Conirol Logic
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Interrupt Request

Hardware Reset

The open drain interrupt request output (INTR*) indicates when a particular set
of transmit, receive or common status registers have been updated. Eight
maskable interrupt sources are requested on the common INTR* pin:

1 TXI1 =Channel 1 transmit 6 ms frame

2 TX2 =Channel 2 transmit 6 ms frame

3 TX3 =Channel 3 transmit 6 ms frame

4 RX1 =Channel 1 receive 6 ms frame

5 RX2 =Channel 2 receive 6 ms frame

6 RX3 =Channel 3 receive 6 ms frame

7 TX_ERR =Logical OR of 3 transmit channel errors

8 RX_FERR =Logical OR of 3 receive channel errors and DPLL errors

All interrupt events are edge sensitive and synchronized to their respective HDSL
channel’s 6 ms frame. The basic structure of each interrupt source is shown in
Figure 11 and has three associated registers: Interrupt Mask Register (IMR; addr
0xEB), where writing a one to an IMR bit prevents the associated interrupt source
from activating INTR*; Interrupt Request Register (IRR; addr 0x1F), where
active interrupt events are indicated by IRR bits that are read high; and Interrupt
Clear Register (ICR; addr OxEC), where writing a zero to an ICR bit clears the
associated IRR bit, and if no other interrupts are pending, deactivates INTR*.
Error interrupts (TX_ERR and RX_ERR) are combined from multiple sources,
each source having its own interrupt enable. Individual errors are reported in the
common error status register (ERR_STATUS; addr 0x3C) which is cleared by an
MPU read.

Assertion of hardware reset (RST*) is recommended to preset all IMR bits, clear
all error interrupt enables and thus disable INTR* output, otherwise RST* is not
required. For backward compatibility with Bt8953 software, RST* also clears the
command register bits added to Bt8953A which aren’t present on prototype
B8953. All other registers are MPU accessible while RST* is asserted.

16
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Figure 11. MPU Interrupt Logic
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Bt8953A

PCM Channel

PCM Channel

The PCM channel consists of independent transmit and receive formatter circuits
to control the flow of serial data between PCM and HDSL channels, establish
alignment between PCM and HDSL frames, and maintain synchronization
between PCM and HDSL clocks. Framed serial data consists of a variable num-
ber of multiplexed 8-bit timeslots plus an optional framing bit (F-bit), a variable
number of PCM frames repeated to form a PCM multiframe, and a variable num-
ber of multiframes concatenated to form a PCM 6 ms frame. T1, E1 or custom
Nx64 frame formats are selected by programming the PCM Formatter registers
(Table 12 on page 66) to define the number of bits per frame (FRAME_LEN;
addr 0xC8), frames per multiframe (MF_LEN; addr 0xC6), and multiframes per
6 ms frame (MF_CNT; addr 0xC7). Unframed serial data is selected in the same
manner, however the number of bits per frame acts as a single channel rather than
individual timeslots and can support PCM frame lengths that aren’t integer multi-
ples of 8-bits.

In framed or unframed applications, PCM timebases create a 6 ms frame
period based on the transmit clock (TCLK) and receive clock (RCLK). PCM
timebases are programmed to approximately equal the HDSL 6 ms frame period
defined by the HDSL frame length (HFRAME_LEN; addr 0xCA) in relation to
the master HDSL channel’s bit clock (BCLKn). The resultant PCM and HDSL
6 ms frame intervals are used to establish alignment between PCM and HDSL
frames, 10 maintain synchronization between transmit clocks by performing bit
stuffing, and to recover PCM receive clock by comparing phase offset between
frames.

Figure 12. PCM Channel Block Diagram
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PCM Transmit

PCM Channel

The PCM transmit formatter shown in Figure 13 accepts framed or unframed
serial data on the TSER and INSDAT inputs. Both inputs are sampled on the
clock edge selected by TCLK_SEL (CMD_2; addr 0xE6) according to the format
of the PCM muliiframe sync output (MSYNC). The PCM transmit timebase out-
puts MSYNC to mark the PCM input sample point of bit 0, frame 0 and the time-
base either references the system’s transmit multiframe sync input (TMSYNC) or
supplies MSYNC without regard to TMSYNC as controlled by the PCM_FLOAT
setting (CMD_2; addr 0xE6).

If PCM_FLOAT is active, the transmit timebase ignores TMSYNC and out-
puts MSYNC according to the PCM Formatter register values: FRAME_LEN,
MF_LEN and MF_CNT. In this case, MSYNC acts as PCM bus master and sup-
plies a multiframe sync reference to the system as shown in Figure 14, but with-
out a specific TMSYNC relationship.

If PCM_FLOAT is inactive, MSYNC is aligned to TMSYNC as shown in
Figure 14 and Figure 15. The system locates the sampling point of bit 0, frame 0
with respect to TMSYNC by programming the number of bit delays
(TFRAME_LOC; addr 0xC0) from TMSYNC'’s rising edge to bit 0 of the PCM
frame, and locates the frame 0 input sample point by programming the additional
number of frame delays (TMF_LOC; addr 0xC2) needed to mark the first frame
of a PCM multiframe.

Figure 14 shows the phase relationship between TMSYNC and MSYNC
when TFRAME_LOC and TMF_LOC are both equal to zero, and Figure 15
shows the progression of MSYNC with increasing bit and frame delays. Note that
MSYNC can optionally mark the start of every PCM frame (bit 0, all frames) by
setting MF_LEN equal to 1 frame per multiframe.

Figure 13. PCM Transmit Black Diagram
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%‘ PCM Channel
Figure 14. PCM Transmit Syne Timing
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Figure 15. PCM Transmit Data Timing
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Transmit Synchronization

Transmit Routing Table

PRBS Generator

PCM Channel

Alignment of transmit PCM data in relation to MSYNC determines whether PCM
and HDSL frames are synchronously mapped. Bt8953A doesn’t examine transmit
data for T1, E1 or application framing patterns, therefore the system must apply
PCM data aligned to MSYNC when synchronous mapping is desired.

If the system applies PCM bit 0, frame 0 coincident with MSYNC, then the
transmit router guarantees that each PCM timeslot placed in the TFIFO will be
aligned and mapped into a specific HDSL payload byte, that timeslots from the
first PCM frame are mapped to payload bytes in the first HDSL payload block
and that the start of a PCM multiframe is aligned with the start of an HDSL
frame.

If the system doesn’t apply PCM data aligned to MSYNC, then the applica-
tion is asynchronously mapped and placement of timeslots, frames and multi-
frames isn’t aligned to HDSL payload bytes, blocks or frames. Asynchronously
mapped applications require the entire PCM serial data stream be transported,
since the transmitter cannot discern timeslot or frame boundaries.

Synchronous mapping allows selective timeslot routing to HDSL channels,
thus enabling transport to multiple remote sites and allowing PCM to operate at
rates which exceed available HDSL payload. However, synchronously mapped
channels are subject to changes in transmit frame alignment resulting from
changes of the TMSYNC reference. ETSI defines synchronous and asynchronous
mapping dependent upon the type of E1 transport. Bellcore requires synchronous
T1 frame mapping for F-bits to align with Z-bit positions. Refer to frame formats
and mapping arrangements illustrated in Figure 25, Figure 26, Figure 27, Table 4
and Table 5.

Timeslot and F-bit data are shifted from PCM inputs into the TFIFO according to
the programmed transmit routing table (ROUTE_TBL; addr OxED) assignments.
The routing table contains an entry for each PCM timeslot and the system selects
1, 2, 3 or none of the HDSL transmit channels as the timeslot’s destination. The
system also selects which source (TSER, INSDAT, PRBS generator or Previous
timeslot) supplies data for the destination. In this manner, the routing table allows
a single timeslot to be routed to more than one HDSL channel and also allows a
single timeslot to supply a repeated value to destination channels. If INSDAT
supplies source data, then the INSERT output marks PCM sampling times corre-
sponding to that timeslot (refer to Figure 16 for INSERT signal timing). Note that
INSDAT is sampled through the Previous buffer and is routed in the subsequent
timeslot table entry.

Incoming PCM (ransmit timeslots can be replaced by a test pattern on a per
timeslot basis, or the entire framed or unframed PCM transmit channel can be
replaced by a test pattern (see PRBS_MODE in CMD_3; addr OxE7 and
BER_SEL in CMD_6; addr 0xF3). When test pattern is enabled on a per timeslot
basis according to the programmed transmit routing table assignments, the PRBS
generator is only clocked during enabled timeslots and may output a single test
pattern sequence over multiple discontinuous timeslots. The test pattern is
selected from one of four Pseudo Random Bit Sequence (PRBS) patterns or a
programmable 8-bit fixed pattern (FILL_PATT; addr OxEA). PRBS paittern selec-
tions are: 21, 215-1, 2231 and QRSS (Quasi Random Signal Sequence), where
QRSS equals 22°—1 PRBS with 14-zero limit. Bt8953A does not provide a mech-
anism to automatically insert logic errors in the test pattern, although the capabil-
ity to synchronize and measure test pattern errors is provided by the BER meter
(refer to page 26).

Brookiree®
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Bt8953A

PCM Channel

Drop/Insert Channel

PCM channels can carry timeslot data along a backplane that serves multiple
interfaces or subscriber line cards (see Figure 3 on page 4) which requires that
each interface or line card be able to drop or insert individual PCM timeslots.
Bt8953A provides DROP and INSERT signals to facilitate external multiplexing
of individual timeslots from a shared PCM backplane, but does not provide the
capability to three-state its data outputs during specific PCM timeslots. DROP
and INSERT signals are programmed to mark RSER data output and INSDAT
data input timeslots via the receive combination table (COMBINE_TBL; addr
OxEE) and the transmit routing table (ROUTE_TBL; addr OxED) assignments.
Note INSDAT only provides an alternate source for each PCM transmit timeslot
and does not expand the total number of available timeslots. Figure 16 shows
DROP and INSERT timing as it relates to PCM bus timing during E1 and T1
applications.

Figure 16. Drop/Insert Channel Timing
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TFIFO Water Levels

PCM Channel

Each HDSL transmit channel aligns the start of its output frame with respect to
the PCM 6 ms sync according to the programmed TFIFO water level values
(TFIFO_WL; addr 0x05). PCM 6 ms sync is created from MSYNC by the divisor
programmed in MF_CNT (addr 0xC7). The HDSL 6 ms frame is created from
PCM 6 ms by adding the TFIFO_WL phase offset programmed for each channel
as shown in Figure 17. In this manner, HDSL output frames are slaved to PCM
frame timing regardless of whether the system chooses to synchronize PCM data
to MSYNC.

Phase offset between PCM and HDSL 6 ms frames is programmed by
TFIFO_WL as the number of TCLK cycles delay from the start of PCM 6 ms
sync to the start of HDSL 6 ms frame. Essentially, this phase offset determines
the amount of PCM data written to the TFIFO before the HDSL transmitter
begins extracting data from the TFIFO, which also defines each transmitter’s data
throughput delay and subsequently the differential delay with respect to other
HDSL channels. The actual phase offset varies over time as a result of stuff bit
ingertion as well as PCM and HDSL clock jitter and wander. Therefore,
TFIFO_WL is only used to establish the initial phase offset between PCM and
HDSL frames when the MPU issues the TFIFO_RST (addr 0x0D) command, or
after a stuffing error.

Since all or part of the PCM frame can be routed to each HDSL channel, the
system must consider transmit routing table assignments and other data path
delays when programming TFIFO_WL values. Sufficient phase offset must be
established to allow time for the first programmed timeslot to be routed from the
PCM frame into the TFIFO, time to absorb the phase offset created by HDSL
overhead, stuff bit insertion and clock frequency variation as well as time to
unload the first timeslot from the TFIFO and map data into the HDSL payload
byte. Conversely, to avoid TFIFO overflow, phase offset must be limited such that
the amount of data residing in the TFIFO does not exceed the number of PCM
bits routed during one PCM frame, the maximum TFIFO depth (129 bits) or the
total HDSL payload block length (HFRAME_LEN; addr OxCA).

Figure 17. TFIFO Water Level Timing
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PCM Channel
PCM Receive

Receive Synchronization

The PCM receive formatter shown in Figure 18 constructs the serial data (RSER)
output according to receive combination table settings and the frame format
defined by the PCM Formatter registers (Table 12 on page 66). The PCM receiver
operates on the clock edge selected by RCLK_SEL (CMD_2; addr 0xE6) and ref-
erences the PCM receive timebase and RSER frame location to the alignment
provided by the master HDSL channel’s receive 6 ms frame. Therefore, the posi-
tion of bit 0, frame 0 output on RSER is slaved to the HDSL receiver selected as
master by MASTER_SEL (CMD_5; addr 0xE9). The RSER timing relationship
with respect to PCM 6 ms sync is shown in Figure 19. PCM 6 ms sync is created
from the HDSL 6 ms frame delayed by the programmed RFIFO_WL (addr
0xCD) value as shown in Figure 22.

The receive multiframe sync (RMSYNC) output can be programmed to mark any
bit position within the receive multiframe and does not affect RSER alignment
with respect to the PCM 6 ms frame. Figure 20 shows the phase offset between
PCM 6ms sync and RMSYNC for various bit and frame delay values
(RFRAME_LOC and RMF_LOC; addr 0xC3-C5). Bt8953A doesn’t search
receive data for T1, E1 or other specific framing patierns and must always infer
PCM receive frame timing from the master HDSL channel’s RSYNC reference.
When transmit PCM frames are synchronously mapped, the system can program
fixed receive delay values for RFRAME _LOC and RMF_LOC such that
RMSYNC marks the desired RSER bit position. For unframed or asynchronously
mapped applications, the RMSYNC output can be ignored or the remote system
can measure transmit phase offset and communicate the necessary phase dis-
placement to the central site. Refer to the Muliiframe Sync Phase
(MSYNC_PHS; addr 0x39) description on page 109.

Figure 18. PCM Receive Block Diagram
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PCM Channel

Figure 19. PCM Receive Dala Timing
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Figure 20. PCM Receive Sync Timing
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PCM Channel

Receive Combination
Table

BER Meter

RSER data output for each PCM timeslot is supplied from one of seven data
sources via programmed assignments in the receive combination table
(COMBINE_TBL; addr OxEE). RSER can be supplied by payload bytes from
one of three HDSL receive channels, fixed 8-bit patterns from one of three data
bank registers (DBANK1-3; addr DC-DE) or groomed Channel Associated Sig-
naling (CAS) from the receive signaling table (RSIG_TBL; addr OxF2). The
receive combination table contains up to 64 table entries corresponding to RSER
timeslot destinations and each table entry selects one of seven data sources. The
first PCM timeslot destination (counting from timeslot 0) that selects a particular
HDSL channel’s payload byte receives the first payload byte mapped into the
RFIFO from that particular HDSL channel’s payload block, regardless of whether
PCM is synchronously mapped. Asynchronously mapped data is reconstructed
into a serial PCM bit stream which maintains bit sequence integrity provided the
entire PCM channel is formed from combined payload bytes. Each receive com-
bination table entry also selects whether the associated data is copied to the BER
meter for test pattern examination.

PCM timeslots from TSER or RSER can be examined for test patterns on a per
timeslot basis, or the entire framed or unframed PCM channel from TSER can be
examined (see PRBS_MODE in CMD_3; addr 0xE7 and BER_SEL in CMD_6;
addr OxF3). When a test pattern is examined on a per timeslot basis from receive
combination or (ransmit routing table assignments, the BER meter is only
clocked during enabled timeslots and expects a single test pattern (o arrive in one
sequence from all enabled timeslots. The expected test pattern is selected from
one of four Pseudo Random Bit Sequence (PRBS) patterns or a programmable 8-
bit fixed pattern (FILL_PATT; addr OxEA). PRBS pattern selections are: 241,
215_1, 2251 and QRSS (Quasi Random Signal Sequence), where QRSS equals
220_1 PRBS with 14-zero limit. The MPU configures BER_SCALE (CMD_3;
addr OxE7) to determine the test measurement interval from a range of 22'-23! bit
lengths, starts BER measurement by issuing BER_RST (addr 0xEF), then moni-
tors test results (BER_METER; addr 0x1D) and test status (BER_STATUS; addr
0x1E).

Figure 21. PRBS/BER Measurements
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PCM Channel

RFIFO Water Level The RFIFO water level (RFIFO_WL; addr 0xCD) determines the PCM and

HDSL receiver’s phase error tolerance and receive throughput data delay by
establishing a fixed phase offset between the master HDSL channel’s receive
6 ms frame and the PCM 6 ms sync as shown in Figure 22. RFIFO_WL selects
the number of RCLK bit delays from HDSL to PCM 6 ms frames and controls the
amount of time available for the HDSL receiver to map data into the RFIFO
before the PCM receiver begins extracting data from the RFIFO. Since all or part
of an HDSL payload block can be mapped into a PCM frame, the system must
consider receive payload map (RMAP; addr 0x64), combination table
(COMBINE_TBL; addr OxEE) and other data path delays when programming
RFIFO_WL values.

Sufficient phase offset must be established to allow time for HOH, SYNC and
STUFF bit extraction (20 HDSL bits), time to load one payload byte (8 HDSL
bits), time to unload one PCM timeslot (8 PCM bits), time to account for differen-
tial transmission delay (up to 65 ps), PCM reconstruction (up to 96 PCM bits in
T1 mode) and time to tolerate clock variance (1 to 8 PCM bits).

Conversely, to avoid RFIFO overflow, phase offset must be limited such that
the amount of data residing in the RFIFO never exceeds the number of PCM bits
mapped during one PCM frame, the maximum RFIFO depth (185 bits) or the
total HDSL payload block length (HFRAME_LEN; addr 0xCA).

The actual phase offset between HDSL and PCM 6 ms frames varies over
time as a result of stuff bit extraction, clock variance and differential phase
delays. Therefore, RFIFO_WL is only used to establish the initial phase offset
between HDSL and PCM receive frames when the MPU issues the Reset
Receiver command (RX_RST; addr OxF1).

Figure 22. RFIFO Water Level Timing
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Clock Recovery DPLL

Clock Recovery DPLL

The Digital Phase Locked Loop (DPLL) shown in Figure 23 synthesizes the
PCM receive clock (RCLK) from a 60-80 MHz high frequency clock (HFCLK).
HFCLK is developed by analog PLL multiplication of the MCLK input fre-
quency or HFCLK is applied directly to the MCLK input (see PLL_MUL and
PLL_DIS in CMD_1; addr OxES). The analog PLL requires external loop filter
components and connections as shown in Figure 37 on page 111. HFCLK must
be in the range of 60-80 MHz, but requires no specific frequency or phase rela-
tionship to PCM or HDSL clocks. Open or closed loop operation is selected by
DPLL_NCO (CMD_5; addr E9).

In closed loop operation, the Numerical Controlled Oscillator (NCO) synthe-
sizes the nominal RCLK frequency according to the programmed HFCLK integer
scale factor (DPLL_FACTOR; addr 0xD7) and the fractional (DPLL_RESID;
addr 0xD5) scale factor. The NCO locks the RCLK frequency to the HDSL refer-
ence by varying the RCLK phase based on the filtered phase error from the DPLL
filter and the DPLL phase detector. Phase error is the phase difference measured
from the receive PCM 6 ms sync to the master HDSL channel’s 6 ms frame.
Phase error is quantized in units of GCLK, where GCLK is set to approximately
12 MHz from division of HFCLK by the programmed value of PLL_DIV
(CMD_1; addr OxES). The phase detector measures and reports the phase error
(PHS_ERR; addr 0x38) coincident with the master HDSL channel’s receive 6 ms
frame interrupt. The phase detector automatically reinitializes if phase error
exceeds £ 511 GCLK cycles according to the initialization mode selected by
PHD_MODE (CMD_7; addr 0xF4). When using prototype Bt8953, the phase
detector reports a phase error if the PCM to HDSL phase exceeds + 127 GCLK
cycles. The DPLL filter is a Type II digital filter whose gain (DPLL_GAIN; addr
0xD8) determines the closed loop DPLL filter bandwidth.

During open loop operation, the NCO synthesizes the RCLK frequency
according to the programmed HFCLK integer and fractional scale factors, but
ignores phase detector error outputs. In this case, RCLK frequency accuracy is
dependent on HFCLK accuracy (= 20 ppm) and programmed scale factor accu-
racy (~ 2 Hz). Open loop operation is useful during remote HTU applications to
provide a stable RCLK output frequency while HDSL channels are performing
startup activities.
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Figure 23. DPLL Block Diagram
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Loopbacks

Bt8953A provides multiple PCM and HDSL loopbacks as shown in Figure 24.
The output towards which data is looped is called the test direction. Loopback
activation in the test direction does not disrupt the through data path in the non-
test direction. Data path options (refer to Table 15 on page 79) are provided to
replace data in the non-test direction with fixed or PRBS test patterns. Table 3
shows the loopback controls which are designated by initials corresponding to
test direction and the channel from which data is looped.

Table 3. PCM And HDSL Loopbacks

; Test o
Loopback | Command Register Direction Loopback Description
PP_LOOP CMD_2; addr OxE6 Receive PCM Loopback on PCM side

HP_LOOP CMD_2; addr OxE6 Transmit HDSL Loopback on PCM side

PH_LOOP RCMD_2; addr Ox61 Receive PCM Loopback on HDSL Channel 1
PH_LOOP RCMD_2; addr 0x81 Receive PCM Loopback on HDSL Channel 2
PH_LOOP RCMD_2; addr OxA1 Receive PCM Loopback on HDSL Channel 3

HH_LOOP TCMD_2; addr 0x07 Transmit HDSL Loopback on HDSL Channel 1
HH_LOOP TCMD_2; addr Ox27 Transmit HDSL Loopback on HDSL Channel 2
HH_LOOP TCMD_2; addr Ox47 Transmit HDSL Loopback on HDSL Channel 3

note: PP_LOOP and HP_LOOP automatically switch both data and multiframe
sync signals to the test direction. For example, PP_LOOP switches both
TSER and TMSYNC to RSER and RMSYNC, respectively. Also note
more than one PH_LOOP bit may require activation to complete PCM
channel loopback on the HDSL side.

Figure 24. PCM and HDSL Loopbacks

PCM CHANNEL HDSL CHANNEL 1
TSER —=f - - - =]—» TDAT
PP_LOOP : :”HP_LOOP PH_LOOP : :”HH_LOOP

RSER <—t= - - - B ---- - - - J«—RDATH

Y

HDSL CHANNEL 2
.- -»]—»TDAT2
PH_LOOP : :_HH_LoOP
- Tt--- .. ]e—RDAT2

Y

HDSL CHANNEL 3
.- »]—» TDAT3
PH_LOOP : :"HH_LOOP
- e «—— RDAT3

Y
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The three identical HDSL channels (CH1, CH2 and CH3) consist of separate
transmit and receive circuits that are responsible for assembly of HDSL output
frames and disassembly of HDSL receive frames. The basic structure of an HDSL
frame is shown in Table 4, where each frame is nominally 6 ms in length and con-
sists of 48 payload blocks with each block containing a single Z-bit plus an appli-
cation specific number of payload bytes. The MPU selects the desired payload
block length in HFRAME_LEN (addr 0xCA), where length is programmed to
equal the number of payload and Z-bits. Groups of 12 payload blocks are concat-
enated and each group separated by an ordered set of HDSL overhead bits, where
a 14-bit SYNC word pattern identifies the starting location of the HDSL frame.
50 overhead bits are defined in one HDSL frame, but the last four stuff (sql-sg4)
bits are present nominally in alternate frames. Therefore, one frame contains an
average of 48 overhead bits.

In T1 framing mode (E1_MODE=0 in CMD_1; addr 0xES), Z-bit positions
are replaced by F-bits and are treated as payload with respect to the PCM chan-
nel. Figure 25 shows a standard application 2T1 frame format where each pay-
load block contains one F-bit plus 12 payload bytes. The figure also illustrates F-
bits routed as payload to both HDSL channels and demonstrates the order in
which PCM timeslots are routed to payload bytes; byte 1 through byte 12 corre-
spond to PCM timeslots 1-12 routed on CHI1, byte 13 through byte 24 corre-
spond to PCM timeslots 13-24 routed on CH2. CH3 is unused in 2T1 application.

Standard application 2E1 and 3E1 frame formats are shown in Figure 26 and
Figure 27, respectively. Standard mapping of PCM data places alternating bytes
in each HDSL channel as shown by byte numbering. There are 18 payload bytes
in the 2E1 payload block and 12 bytes in the 3E1 payload block. In E1 framing
mode (E1_MODE=1 in CMD_1; addr OxES5), 48 Z-bits are treated as overhead
and are under MPU control. Refer to Table 7 on page 38 for Z-bit definitions.
Additional examples of frame mapping options are shown in Table 5 on page 35.
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Figure 25. 2T1 Frame Format
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Figure 27. 3E1 Frame Format

HDSL Channel
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Table 4. HDSL Frame Strueture and Overhead Bit Allocation

HOI; Bit Symbol Bit Name HOH F;tiaigister
1-14 swi-swi4 SYNC word —
15 losd Loss of Signal IND[O]
16 febe Far End Block Error IND[1]
Payload Blocks 1-12
17-20 eocl1-eocd Embedded Operations Channel EOC[0]-EOCI3]
21-22 crei-crc2 Cyclic Redundancy Check —
23 psi HTU-R Power Status IND[2]
24 ps2 Power Status Bit 2 IND[3]
25 bpv Bipolar Violation IND[4]
26 eocd Embedded Operations Channel EOC[4]
Payload Blocks 13-24
27-30 eoc6-eoc9 Embedded Operations Channel EOC[5]-EOCI8]
31-32 cre3—crcd Cyclic Redundancy Check —
33 hrp HDSL Repeater Present IND[5]
34 rrbe Repeater Remote Block Error IND[6]
35 rcbe Repeater Central Block Error IND[7]
36 rega Repeater Alarm IND[8]
Payload Blocks 25-36
37-40 eoc10-eoc13 Embedded Operations Channel EOC[9]-EOC[12]
41-42 creb—cre6 Cyclic Redundancy Check —
43 rta Remote Terminal Alarm IND[9]
44 rtr Ready to Receive IND[10]
45 uib Unspecified Indicator Bit IND[11]
46 uib Unspecified Indicator Bit IND[12]
Payload Blocks 37-48
47 sq1 Stuff Quat Sign STUFF[O]
48 sq2 Stuff Quat Magnitude STUFF[1]
49 sg3 Stuff Quat Sign STUFF[2]
50 sq4 Stuff Quat Magnitude STUFF[3]
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Table 5. HDSL Frame Mapping Examples

Payload 2E1 VC-12 3E1 - P2MP
BYTE 1 R V5 Channel 0
BYTE 2 R R Channel 0
) BYTE 3-35 32 BYTES 32 BYTES Channel 0
E Channels 1-15
2 Channel 16
8 Channel 16
=z Channel 16
R R Channels 17-31
BYTE 36 Y Y
BYTE 37 R R Channel 0
— BYTE 38-71 R C1 C2 0000 RR Channel 0
g 32 BYTES 32 BYTES Channel 0
< Channels 1-15
=2 Channel 16
g Channel 16
= Channel 16
. R R Channels 17-31
BYTE 72 Y Y
BYTE 73-107 R R Channel 0
— R C1 G2 0000 RR Channel 0
E 32 BYTES 32 BYTES Channel 0
< Channels 1-15
=2 Channel 16
g Channel 16
= Channel 16
= R R Channels 17-31
BYTE 108 Y Y
BYTE 109-143 R R Channel 0
— R C1 G2 0000 Channel 0
E 32 BYTES S2 M Channel 0
% 31 BYTES Channels 1-15
=2 Channel 16
g Channel 16
= Channel 16
. R R Channels 17-31
BYTE 144 Y Y
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HDSL Transmit

Transmit Payload
Mapper

HOH Multiplexer

Three identical HDSL transmitters accept data and sync from the PCM channel,
insert HDSL overhead, and output serially encoded 2B1Q data on TDATn. One
HDSL transmitter, shown in Figure 28, consists of a transmit payload mapper,
HOH multiplexer, stuff generator and 2B1Q encoder. All transmitter circuits are
clocked by BCLKn, where n corresponds to HDSL channels numbered 1, 2 or 3.
The HDSL transmit timebase develops 6 ms frame timing based upon the pro-
grammed HFRAME_LEN (addr 0xCA) and initial phase alignment established
from PCM transmit 6 ms sync plus the TFIFO_WL delay. Each HDSL transmit-
ter automatically manages SYNC, STUFF and CRC overhead protocols and pro-
vides the MPU with write register access for insertion of IND, EOC and Z-bit
overhead bits, but does not automatically manage IND, EOC or Z-bit protocols.

The transmit payload mapper controls the contents of HDSL transmit payload
blocks by selecting data for each payload byte from one of five data sources
according to selections made in the TMAP registers (TMAP_1; addr 0x08).
TMAP selects one of five sources for each byte within the payload block; PCM
timeslot or F-bit data from the TFIFO, one of three fixed pattern data bank regis-
ters (DBANKI-DBANK3), or data sampled from the HDSL auxiliary input
(TAUXn).

Placement of HDSL overhead (HOH) bits in the output frame is performed by the
HOH Multiplexer. HOH bits are grouped into the following categories: SYNC,
IND, EOC, CRC, STUFF and Z-bits. Refer to Table 4 for HOH bit positions
within the output frame. The MPU controls the contents of the HOH bits by writ-
ing SYNC_WORD (addr 0xCB), TIND, TEOC, TZBIT (see Table 10 on
page 52) and TSTUFF (addr OxE4) register values. CRC bits are calculated
autonomously and inserted into the appropriate HOH bit positions.

Figure 28. HDSL Transmitter Block Diagram
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MAP
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The Cyclic Redundancy Check (CRC) calculation is performed on all transmit
data, and the HOH Multiplexer inserts the resulting 6-bit CRC into the subse-
quent output frame. CRC is calculated over all bits in the (N)th frame except the
SYNC, STUFF and CRC bits, and then is inserted into the (N+1)th frame. The
MPU can choose to inject CRC errors on a per frame basis by setting ICRC_ERR
(TCMD_1; addr 0x07). The six CRC bits are calculated as follows:

1 All bits of the (N)th frame except the 14 SYNC, 6 CRC and any STUFF
bits, for a total of 4682 bits, are used, in order of occurrence, (0 construct a
polynomial in “X” such that bit “0” of the (N)th frame is the coefficient of
the term X*08! and bit “4681” of the (IN)th frame is the coefficient of the
term X°.

2 The polynomial is multiplied by the factor X5, and the result is divided,
modulo 2, by the generator polynomial XO+X+1. Coefficients of the
remainder polynomial are used, in order of occurrence, as an ordered set of
check bits, CRC1-CRCS6, for the (N+1)th frame. Ordering is such that the
coefficient of term X° in the remainder polynomial is check bit CRC1, and
the coefficient of term XY is check bit CRC6.

3 Check bits CRC1-CRC6 contained in a frame are associated with the con-
tents of the preceding frame. When there is no immediately preceding
frame, check bits may be assigned any value.

The scrambler operates at the BCLKn bit rate on all HDSL (ransmit data except
the 14-bit SYNC words and the four STUFF bits. The MPU enables the scrambler
by setting SCR_EN (TCMD_1; addr 0x06) and selects the scrambler algorithm in
SCR_TAP (TCMD_2; addr 0x07). Two scrambler algorithms are implemented
for HTU-R or HTU-C data transmission:

1 Inthe HTU-R to HTU-C direction, the polynomial shall be
X 23@X 18®1 where @ is equal to modulo 2 summation.

2 Inthe HTU-C to HTU-R direction the polynomial shall be
X 2@X @1 where @ is equal to modulo 2 summation.

Transmit bit stuffing synchronizes the HDSL channel’s transmit 6 ms frame
period to the PCM channel’s 6 ms sync by adding zero or four STUFF bits to the
HDSL output frame. The STUFF generator decides whether zero or four STUFF
bits are inserted and reports the result of each decision in TX_STUFF
(STATUS_3; addr 0x07). When four STUFF bits are inserted, sign/magnitude
values are taken from TSTUFF (addr OxE4). Stuffing decisions are based on com-
parison of the phase difference measured between PCM and HDSL 6 ms frame
intervals in relation to the programmed STUFF thresholds, STF_THRESH B
(addr 0xD1) and STF_THRESH_C (addr 0xD3). If the measured phase differ-
ence is equal to or less than threshold B, then no STUFF bits are inserted for that
output frame. If the measured phase difference exceeds threshold B and is less
than or equal to threshold C, then four STUFF bits are inserted. When the mea-
sured phase exceeds threshold C, the STUFF generator reports a transmit stuffing
error, STUFF_ERR (STATUS_3; addr 0x07) and automatically resets the trans-
mit FIFO by performing the TFIFO_RST (addr 0x0D) command.

The MPU can bypass the STUFF generator and select an alternate source of
transmit STUFF bits by setting SLV_STUF (TCMD_2; addr 0x07) and selecting
the alternate source in STUFF_SEL (CMD_5; addr 0xE9). Alternate STUFF bits
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2B1Q Encoder

can be supplied by other HDSL channels or the MPU can directly manipulate
EXT_STUFF (CMD_5; addr OxE9). For systems that externally synchronize
PCM and HDSL clock phase, the STUFF generator can also be programmed to
insert an alternating pattern of zero and four STUFF bits.

The 2B1Q (2 Binary, 1 Quaternary) encoder provides the ability to directly inter-
face to the Bt8952 HDSL Transceiver. The 2B1Q encoder converts HDSL data
generated internally at the bit rate into sign and magnitude data according to the
quaternary alignment provided on the QCLKn input. Refer to Table 6 for sign and
magnitude bits used to generate 2B1Q coded outputs on TDAT.

Table 6. 2B1Q Encoder Alignment

e | st | S
{Quat)
1 0 +3
1 1 +1
0 1 -1
0 0 -3
Table 7. Z Bit Definitions
%Zt::; L[;Op Luzop L?p Comments
1 1 0 0 Pair Identification
2 0 1 0 Pair Identification
3 0 0 1 Pair Identification
4 X X X Not defined
5 X X X Not defined
6 X X X Not defined
7 X X X Not defined
8
to X X X Not defined
46
47 X X X Not defined
48 X X X Not defined
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The HDSL Auxiliary Transmit channel provides an alternate source of HDSL
payload bytes and optionally an alternate source for the last 40 Z-bits transmitted
in each HDSL frame. Auxiliary transmit data (TAUXn) is sampled by BCLKn
whenever TLOADn is active high as shown in Figure 29 and Figure 30.
TLOADn is enabled by TAUX_EN (TCMD_2; addr 0x07) and programmed in
the transmit payload map registers (TMAP; addr 0x08). TLOADn marks specific
payload bytes selected in the TMAP registers or marks the last 40 Z-bits depend-
ing on the setting of EXT_ZBIT (TCMD_2; addr 0x07).

Figure 29. HDSL Auxiliary Channel Payload Timing

BCLK

QCLK —| S‘g”| Mag|

X1| X2

X3| X4| X5| X6 | X7 | X8

|
- TAUX throughput delay ———————————— =
|

byte1 TAUX_EN=1
EXT_ZBIT=0

TAUX
|
TLOAD |
SwW
TDAT 1

SW| Sw
2 3

SW| SW|SW|SW|SW|SW|SW|SW|SW|SW|SW|IND|IND z1 | x1| x2
4 5 6 7 8 9 (10|11 |[12[13| 14| o 1

NOTE: TLOAD shows transmit payload map byte1 TMAP=11. In which case:
TLOAD pulses high during auxiliary input sampling of byte1 in all Payload Blocks (B1-B48).

Figure 30. HDSL Auxiliary Channel Z-bit Timing

4 4 Z 4
TAUX 48 9 10 ”
|
TLOAD -| l_| |_| |_| |_| TAUX_EN=1
—»! -a—TAUX throughput delay EXT_ZBIT=1
|
4 4 4 4 4 4 4 4 4 4 4 4
TDAT 2 B47 48 B48 B1 o B2 3 B3 4 B4 5 B5 6 Bé 7 B7 8 B8 9 B9 10 B10 11
NOTE1: TAUX throughput delay varies by STUFF bit insertion, shown for illustration only
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Bt8953A contains three identical HDSL receivers, each receiver the same as the
one shown in Figure 31. The receiver is responsible for frame alignment, destuff-
ing, overhead extraction, descrambling of payload data, error performance moni-
toring and payload mapping of HDSL data from received frames into the RFIFO.
The receive framer monitors incoming HDSL data to locate SYNC words and
identify frame boundaries for use by other circuits which locate and remove bit
stuffing, check CRC errors, extract HOH bits and map payload data to the RFIFO.
One of the receivers is configured to act as master reference for the PCM receive
channel and from which T1 framing bits are extracted (see MASTER_SEL,
CMD_5; addr 0xE9). The master channel also supplies its 6 ms frame reference
for DPLL clock recovery.

Figure 31. HDSL Receiver Block Diagram

gl LU
| ont fe—] DETECT , > CHNRSYNC
: A \ Y : \ \
| STUFF tRC | [ HOH HFRAME
BCLKN —* DETECT chk || pemux COUNT ROAN
' 3 ' 1
QCLKN — ] | ' = RAUA
RDATN —| DECODE o] DEsCRAVBLER - PA|YV|LA(|)>AD DéAFTlAF(T)O
TDATN
2B10 Decoder  The 2 Binary, 1 Quaternary (2B1Q) Decoder provides the capability to directly

connect to the Bt8952 HDSL Transceiver. The 2B1Q Decoder samples and aligns
the incoming sign and magnitude data. Refer to Table 8 for 2B1Q mapping. All
three HDSL channels operate independent of one another to allow separate, asyn-
chronous clock signals to be applied from the system at each HDSL interface.

Table 8. 2B1Q Decader Alignment

First Bit Second Bit Quaternary
(Sign) (Magnitudes) Symbol
{Quat)
! 0 +3
! 1 +1
0 1 1
0 0 3
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HDSL Receive Framer  The receive framer acquires and maintains synchronization of the HDSL channel

and generates pointers that control overhead extraction in the STUFF, CRC and
HOH demux circuitry. The MPU initializes the framer to the “Out Of Sync” state
by writing any data value to SYNC_RST (addr 0x63). From the “Out Of Sync”
state, the framer advances to “Sync Acquired” when a correct SYNC word is
detected. The framer searches all bits received on RDATn (o locate a match with
one or both of the SYNC word patterns, SYNC_WORD_A (addr 0xCB) or
SYNC_WORD_B (addr 0xCC), according to the selection made by
FRAMER_EN (RCMD_1; addr 0x60).

For T1 applications, the framer is programmed to search for two different
sync word values, because separate sync words are transmitted on each HDSL
channel to specify the wire pair number. During E1 applications, ETSI requires a
common sync word be used for all pairs and Z-bits used to define the wire pair
number, though the framer may still be programmed to search for two different
sync words in non-standard E1 applications. Due to the possibility of Tip/Ring
connector reversal on each wire pair, all sign bits received on RDATn might be
inverted. Therefore, the receive framer searches for both the programmed sync
word value and the sign-inverted sync word value. Consequently a maximum of
four values of the sync word are used in finding the frame location. If the sync
word detected is a sign inverted version of one of the configured sync words, the
framer sets the Tip/Ring Inversion (TR_INVERT) status bit (STATUS_1; addr
0x05) and automatically inverts the sign of all quats received on RDATn.

Figure 32. HDSL Receive Frame Synchrenization

Consecutive SYNC_ACQUIRED states per REACH_SYNC criteria

SYNC SYNC
NO SYNC
SYNC
NO SYNC NO SYNC

Consecutive SYNC_ERRORED states per LOSS_SYNC criteria
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After detecting a sync word and changing to the “Sync Acquired” state, the
framer progresses through a programmable number of intermediate “Sync
Acquired” states before entering the “In Sync” state. In each “Sync Acquired”
state, the framer searches for the previously detected sync word value in one of
two locations based upon the absence or presence of the four STUFF bits. If the
sync word is detected in one of the two possible locations, the STATE_CNT
counter is incremented (STATUS_2; addr 0x06). When STATE_CNT increments
to the value selected by the REACH_SYNC criteria (RCMD_1; addr 0x60), the
framer changes to the “In Sync” state. During the “Sync Acquired” state, if valid
sync is not detected at one of the two possible locations, the framer returns to the
“Out Of Sync” state as shown in Figure 32.

After entering “In Sync”, the framer either remains “In Sync” as successive
sync words are detected or regresses to the “Sync Errored” state if sync pattern
errors are found. During “Sync Errored” states, the number of matching bits from
each comparison of received sync word and programmed sync word patterns
must meet or exceed the programmed pattern match tolerance specified by
THRESH_CORR (RCMD_2; addr 0x61). If the number of matching bits falls
below tolerance, the framer expands the locations searched to quats on either side
of the expected location as shown in Figure 33. After detecting a sync pattern
error and changing to the “Sync Errored” state, the framer passes through a pro-
grammable number of intermediate “Sync Errored” states, before entering the
“Out Of Sync” state. STATE_CNT increments for each frame in which sync is
not detected until the count reaches the LOSS_SYNC criteria (RCMD_1; addr
0x60) and the framer enters the “Out Of Sync” state. If at anytime during the
“Sync Errored” state the framer detects a completely correct sync word pattern at
one of the valid frame locations, then framer returns to the “In Sync” state. The
ETSI standard recommends the REACH_SYNC=2 and LOSS_SYNC=6 framing
criteria.

Figure 33. Threshold Correlation Effect on Expected Sync Locations

SYNG pattern > THRESH_CORR
SYNC_ERRORED X SYNC_ERRORED X SYNC_ERRORED X
L -1 g -1g 1 +1g
t
| ' : :
0 6 ms 12ms 18 ms
SYNG pattern < THRESH_CORR
SYNC_ERRORED : SYNC_ERRORED : SYNC_ERRORED :
-2q +24 -3q -1q +10 +3q -4q -2q +20 +4q
t
| ! ! !
0 6 ms 12ms 18 ms
q =2 bits =1 quat
X = search location
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GRG Checking

HOH Demux

Receive Payload Mapper

HDSL Auxiliary Receive

HDSL Channel

The descrambler operates at the BCLKn bit rate on all HDSL receive data except
14-bit SYNC words and the four STUFF bits. The MPU enables the descrambler
by setting the DSCR_EN bit and selects the descrambler algorithm via
DSCR_TAP (RCMD_2; addr 0x61). Two descrambling algorithms are imple-
mented as follows:

1 Inthe HTU-R to HTU-C direction the polynomial shall be
X 2@X 8®1 where @ is equal to modulo 2 summation.

2 Inthe HTU-C to HTU-R direction the polynomial shall be
X 2@X @1 where @ is equal to modulo 2 summation.

The Cyclic Redundancy Check (CRC) error is reported each time the calculated
CRC of the (N)th HDSL frame does not match the CRC received in the (N+1)th
HDSL frame. Individual block errors are reported in CRC_ERROR (STATUS_2;
addr 0x06) and accumulated in CRC_CNT (addr 0x21). Each HDSL receiver cal-
culates CRC in the same manner as described for the transmitter (refer o page
37).

HDSL overhead (HOH) bits are grouped into the following categories: SYNC,
IND, EOC, CRC and Z-bits. Refer to Table 4 for HOH bit positions within the
frame. HOH Demux extracts IND, EOC and Z-bits from each receive frame and
places them into MPU accessible read registers RIND, REOC and RZBIT (see
Table 18 on page 96). The MPU must read the contents of the HOH registers
every 6 ms (or as noted), otherwise data is overwritten by new received data.

The Receive Payload Mapper controls placement of receive payload bytes and Z-
bits into the RFIFO as programmed by the RMAP registers (RMAP; addr 0x64).
The Payload Mapper aligns itself to incoming HDSL 6 ms frames and selectively
transfers payload bytes from the received payload block.

The HDSL Auxiliary Receive channels allow the system to monitor the receive
HDSL payload and overhead bits output from the descrambler on RAUXn. The
entire received HDSL unscrambled bit stream is output on RAUXn at the BCLKn
rate. The MPU selects what category of RAUXn data is marked by ROHn accord-
ing to programmed values for RAUX_EN and RAZ (CMD_6; addr 0xF3). ROHn
either marks all overhead bits (STUFF, SYNC, HOH and Z-bits) as shown in
Figure 34, or marks only the last 40 Z-bits as shown in Figure 35. The system can
externally decode ROHn to access specific payload bytes or overhead bits, or to
qualify receipt of the last 40 Z-bits. RAUXn and ROHn are disabled (output low)
when the respective RAUX_EN is inactive.
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Figure 34. HDSL Auxiliary Receive Payload Timing
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Figure 35. HDSL Auxiliary Receive Z-bit Timing
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Register Types

Register Groups

Registers

All Bt8953A registers are read-only or write-only. For registers that contain less
than 8 bits, assigned bits reside in least significant bit (LSB) positions, unassigned
bits are ignored during write cycles and are indeterminate during read cycles. The
LSB in all registers is bit position (. All registers are randomly accessible except
for the 64 (ransmit routing table entries, the 64 receive combination table entries
and the 16 receive signaling table entries which are written sequentially to a sin-
gle register address. After power up, register initialization is required only for
populated HDSL channels. Command and status registers related to disconnected
HDSL channels can be ignored (all HDSL inputs are internally pulled high).

The MPU must read and write real-time registers (receive and transmit EOC,
IND, Z-bit and status registers), within a prescribed time interval (1-6 ms) after
their respective HDSL channel’s 6 ms frame interrupt to avoid reading or writing
transitory data values. Failure to read real-time registers within the prescribed
interval results in a loss of data.

MPU writes to non real-time command registers are event driven and occur
when the system initializes, changes modes, or responds to an etror condition.
Whenever Bt8953A latches write data to an addressed register, the same data is
also latched to the shadow write register (SHADOW_WR; address 0x3B). For
diagnostics, software can read verify the last write cycle at anytime by reading
the shadow register. To prevent transitory write data in non-real-time command
registers, the MPU can first write the desired data value at SHADOW_WR (or at
any unused write address), then write the same data to the desired register.

MPU reads may be interrupt event driven, polled, or a combination of both,
allowing the choice to be dictated by system architecture. Polled procedures can
avoid reading transitory real-time data by monitoring the interrupt request regis-
ter bits (IRR; address 0x1F) to determine when a particular group of registers
have been updated. Interrupt driven and polled procedures must complete reading
within the prescribed 1-6 ms interval following HDSL frame interrupts.

Bt8953A command, status and real-time registers are divided into three groups:
Transmit, Receive and Common. Common registers effect overall operation, pri-
marily the PCM channel and the DPLL. Three identical groups of Transmit and
Receive registers only affect operation or report status of the respective HDSL
channel. Transmit registers reference data flow from the PCM channel to the
HDSL channel outputs, while Receive registers reference data flow from the
HDSL to PCM channel outputs. Bt8953A initialization and error handling rou-
tines, written in C language, are available under the HDSL software license
agreement.

The addresses shown for each Transmit and Receive register or bit description
reference only HDSL channel 1. See the Summary tables at the start of each sec-
tion to find address locations for HDSL channels 2 and 3.

Brookiree®
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%‘ Address Map

Address Map

The channel column (CHn) of Table 9 indicates which HDSL channel number (n = 1,2,3) is associated with
each register. Common registers are indicated by a ‘C” in the CHn column.

Table 9. Register Summary Address Map (1 of 6)

Addr CHn Write Register Page Ref. CHn Read Register Page Rel.
0x00 1 TEOC_LO page 53 1 REOC_LO page 97
0x01 1 TEOC_HI page 53 1 REOGC_HI page 97
0x02 1 TIND_LO page 53 1 RIND_LO page 97
0x03 1 TIND_HI page 53 1 RIND_HI page 97
0x04 1 TZBIT_1 page 54 1 RZBIT_1 page 98
0x05 1 TFIFO_WL page 55 1 STATUS_1 page 100
0x06 1 TCMD_1 page 56 1 STATUS_2 page 102
0x07 1 TCMD_2 page 57 1 STATUS_3 page 103
0x08 1 TMAP_1 page 58 2 REOC_LO page 97
0x09 1 TMAP_2 page 58 2 REOC_HI page 97
Ox0A 1 TMAP_3 page 58 2 RIND_LO page 97
0x0B 1 TMAP_4 page 58 2 RIND_HI page 97
0x0C 1 TMAP_5 page 58 2 RZBIT_1 page 98
0x0D 1 TFIFO_RST page 59 2 STATUS_1 page 100
OxOE 1 SCR_RST page 59 2 STATUS_2 page 102
OXOF — — — 2 STATUS_3 page 103
0x10 — — — 3 REOC_LO page 97
0x11 — — — 3 REOC_HI page 97
0x12 — — — 3 RIND_LO page 97
0x13 — — — 3 RIND_HI page 97
0x14 — — — 3 RZBIT_1 page 98
0x15 — — — 3 STATUS_1 page 100
0x16 — — — 3 STATUS_2 page 102
0x17 — — — 3 STATUS_3 page 103
0x18 — — — C RZBIT_2 page 98
0x19 — — — C RZBIT_3 page 98
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Bt8953A Registers
Address Map
Table 9. Register Summary Address Map (2 of 6)
Addr CHn Write Register Page Ref. CHn Read Register Page Rel.
oxiA | — — — C RZBIT_4 page 99
0x1B — — — C RZBIT_5 page 99
0x1C — — — C RZBIT_6 page 99
oxiD | — — — c BER_METER page 105
OxIE | — — — c BER_STATUS page 106
Ox1F — — — C IRR page 107
0x20 2 TEOC_LO page 53 C RESID_OUT_HI page 75
0x21 2 TEOC_HI page 53 1 CRC_CNT page 104
0x22 2 TIND_LO page 53 1 FEBE_CNT page 104
0x23 2 TIND_HI page 53 — — —
0x24 2 TZBIT_1 page 54 — — —
0x25 2 TFIFO_WL page 55 — — —
0x26 2 TCMD_1 page 56 — — —
0x27 2 TCMD_2 page 57 — — —
0x28 2 TMAP_1 page 58 C RESID_OUT_LO page 75
0x29 2 TMAP_2 page 58 2 CRC_CNT page 104
0x2A 2 TMAP_3 page 58 2 FEBE_CNT page 104
0x2B 2 TMAP_4 page 58 — — —
0x2C 2 TMAP_5 page 58 — — —
0x2D 2 TFIFO_RST page 59 — — —
OX2E 2 SCR_RST page 59 — — —
oxF | — — — — — —
0x30 — — — C IMR page 108
31 | — — — 3 CRC_CNT page 104
0x32 — — — 3 FEBE_CNT page 104
0x33- — — — — — —
0x37
0x38 — — — C PHS_ERR page 108
0x39 | — — — c MSYNC_PHS_LO | page 109
0x3A — — — ¢ MSYNC_PHS_HI | page 109
0x3B | — — — c SHADOW_WR page 110
X3¢ | — — — c ERR_STATUS page 110
Brookiree® 47
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Table 9. Register Summary Address Map (3 of 6)

Addr CHn Write Register Page Ref. CHn Read Register Page Rel.
0x3D- | — — — — — —
Ox3F

0x40 3 TEOG_LO page 53 — — —
0x41 3 TEOG_HI page 53 — — —
0x42 3 TIND_LO page 53 — — —
0x43 3 TIND_HI page 53 — — —
0x44 3 TZBIT_1 page 54 — — —
0x45 3 TFIFO_WL page 55 — — —
0x46 3 TCMD_1 page 56 — — —
0x47 3 TCMD_2 page 57 — — —
0x48 3 TMAP_1 page 58 — — —
0x49 3 TMAP_2 page 58 — — —
OX4A 3 TMAP_3 page 58 — — —
0x4B 3 TMAP_4 page 58 — — —
0x4C 3 TMAP_5 page 58 — — —
0x4D 3 TFIFO_RST page 59 — — —
OX4E 3 SCR_RST page 59 — — —
Ox4F- | — — — — — —
Ox5F

0x60 1 RCMD_1 page 61 — — —
0x61 1 RCMD_2 page 62 — — —
0x62 1 RFIFO_RST page 63 — — —
0x63 1 SYNC_RST page 63 - — —
0x64 1 RMAP_1 page 64 — — —
0x65 1 RMAP_2 page 64 — — —
0X66 1 RMAP_3 page 64 — — —
0X67 1 ERR_RST page 64 — — —
0x68 1 RSIG_LOC page 65 — — —
0x69- — — — — — —
Ox7F

0x80 2 RCMD_1 page 61 — — —
0x81 2 RCMD_2 page 62 — — —
0x82 2 RFIFO_RST page 63 — — —
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Table 9. Register Summary Address Map (4 of 6)

Addr CHn Write Register Page Ref. CHn Read Register Page Rel.

0x83 2 SYNC_RST page 63 — — —

0x84 2 RMAP_1 page 64 — — —

0x85 2 RMAP_2 page 64 — — —

0x86 2 RMAP_3 page 64 — — —

0x87 2 ERR_RST page 64 — — —

0x88 2 RSIG_LOC page 65 — — —

0x89- | — — — — — —

Ox9F

0XAO 3 RCMD_1 page 61 — — —

OxA1 3 RCMD_2 page 62 — — —

OxA2 3 RFIFO_RST page 63 - — —

OxA3 3 SYNC_RST page 63 — — —

0xA4 | 3 RMAP_1 page 64 — — —

0XA5 3 RMAP_2 page 64 — — —

0XA6 3 RMAP_3 page 64 — — —

OXA7 3 ERR_RST page 64 — — —

OxA8 3 RSIG_LOC page 65 — — —

OxA7- | — — — — — —

OxBF

0xCO C TFRAME_LOC_LO page 67 — — -

0xC1 C TFRAME_LOG_HI page 67 — — —

0XG2 C TMF_LOC page 67 — — —

0xC3 C RFRAME_LOC_LO page 68 — — —

0xC4 C RFRAME_LOC_HI page 68 — — —

0XC5 C RMF_LOGC page 68 — — —

0XC6 C MF_LEN page 69 — — —

0XG7 C MF_CNT page 69 — — —

0xC8 C FRAME_LEN_LO page 69 — — —

0xG9 C FRAME_LEN_HI page 69 — — —

OxCA C HFRAME_LEN_LO page 70 — — —

0xCB C SYNC_WORD_A page 71 — — —

0xCC C SYNC_WORD_B page 71 — — —

0xCD C RFIFO_WL_LO page 71 — — —
Brookiree® 49
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Table 9. Register Summary Address Map (5 of 6)

Addr CHn Write Register Page Ref. CHn Read Register Page Rel.
0xCE C RFIFO_WL_HI page 71 — — —
0xGF C STF_THRESH_A_LO | page 72 — — —
0xDO C STF_THRESH_A_HI page 72 — — —
0xD1 C STF_THRESH_B_LO | page 73 — — —
0xD2 C STF_THRESH_B_HI page 73 — — —
0xD3 C STF_THRESH_C_LO | page 73 — — —
0xD4 C STF_THRESH_C_HI page 73 — — —
0xD5 C DPLL_RESID_LO page 75 — — —
0xD6 C DPLL_RESID_HI page 75 — — —
0xD7 C DPLL_FACTOR page 75 — — —
0xD8 C DPLL_GAIN page 76 — — —
0xD9 C DPLL_DLY_LO page 77 — — —
0xDA C DPLL_DLY_HI page 77 — — —
0xDB C DPLL_PINI page 78 — — —
0xDC C DBANK_1 page 79 — — —
0xDD C DBANK_2 page 79 — — —
0xDE C DBANK_3 page 80 — — —
0xDF C TZBIT_2 page 54 — — -
OxEQ C TZBIT_3 page 54 — — —
OxE1 C TZBIT_4 page 54 — — —
OxE2 C TZBIT_5 page 55 — — —
OxE3 C TZBIT_6 page 55 — — —
OxE4 C TSTUFF page 80 — — —
OxE5 C CMD_1 page 85 — — -
OxEB C CMD_2 page 86 — — —
OxE7 C CMD_3 page 88 — — -
OxES8 C CMD_4 page 89 — — -
OxE9 C CMD_5 page 90 — — -
OxEA C FILL_PATT page 80 — — —
OxEB C IMR page 94 — — -
OxEC C ICR page 94 — — -
OxED C ROUTE_TBL page 81 — — —
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Table 9. Register Summary Address Map (6 of 6)

Addr CHn Write Register Page Ref. CHn Read Register Page Rel.

OxEE C COMBINE_TBL page 83 — — —

OXEF C BER_RST page 95 — — —

OxF0 C PRBS_RST page 95 — — —

OXF1 C RX_RST page 95 — — —

OxF2 C RSIG_TBL page 84 — — —

OxF3 C CMD_6 page 91 — — —

OxF4 C CMD_7 page 92 — — -

OxF5 C HFRAME_LEN_HI page 70 — — —

OxF6 C DPLL_RST page 78 — — —

OxF7- — — — — — —

OxFF
Brookiree® 51
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HDSL Transmit

HDSL Transmit

HDSL Channel 1 HDSL Channel 2 HDSL Channel 3
(CH1) {CH2) (CH3)
BASE ADDRESS 0x00 0x20 0x40
Table 10. HDSL Transmit Write Registers
CH1 CH2 CH3 Register Label Bits Description
0x00 0x20 0x40 TEOGC_LO 8 Transmit EOC bits
0x01 0x21 0x41 TEOG_HI 5 Transmit EOC bits
0x02 0x22 0x42 TIND_LO 8 Transmit IND bits
0x03 0x23 0x43 TIND_HI 5 Transmit IND bits
0x04 0x24 Ox44 TZBIT_1 8 Transmit Z bits
0xDF TZBIT_2 8 Gommon Transmit Z bits
OxEO TZBIT_3 8 Gommon Transmit Z bits
OxE1 TZBIT_4 8 Gommon Transmit Z bits
OxE2 TZBIT_5 8 Gommon Transmit Z bits
OxE3 TZBIT_6 8 Gommon Transmit Z bits
0x05 0x25 0x45 TFIFO_WL 8 Transmit FIFO Water Level
0x06 0x26 0x46 TCMD_1 7 Configuration
0x07 0x27 0x47 TCMD_2 6 Configuration
0x08 0x28 0x48 TMAP_1 8 Payload Map
0x09 0x29 0x49 TMAP_2 8 Payload Map
0x0A O0x2A Ox4A TMAP_3 8 Payload Map
0x0B 0x2B 0x4B TMAP_4 8 Payload Map
0x0C 0x2C 0x4C TMAP_5 4 Payload Map
0x0D 0x2D 0x4D TFIFO_RST — Transmit FIFO Reset
0xO0E Ox2E Ox4E SCR_RST — Scrambler Reset
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Bt8953A Registers @
0x00 - Transmit Embedded Operations Channel (TEOC_LO) %

0x00 - Transmit Embedded Operations Channel (TEOC_LO)

7 6 4 3 2 1 0
TEOC[7] . . . . . TEOC[O]
0x01 - Transmit Embedded Operations Channel (TEOC_HI)
7 6 4 3 2 1 0
TEOC[12] . . . TEOC[8]

TEOC[12:0] Transmit EOC holds 13 EOC bits for transmission in the next frame. Refer to

Table 5 on page 35 for EOC bit positions within the frame. The HOH Multiplexer
samples TEOC coincident with the respective HDSL channel’s transmit 6 ms
frame interrupt. Unmodified registers repeatedly output their contents in each
frame.

0x02 - Transmit Indicator bits (TIND_LO)

7

5 4 3 2 1 0

TIND[7]

- - . . . TIND[O]

0x03 - Transmit Indicator bits (TIND_HI)

b

4

3

2

1

0

TIND[12]

TIND[8]

TIND[12:0]  Transmit Indicator holds 13 IND bits for transmission in the next frame and
includes the FEBE bit (TIND[1]). Refer to Table 5 on page 35 for IND bit posi-
tions within the frame. The HOH Multiplexer samples TIND coincident with the
respective HDSL channel’s transmit 6 ms frame interrupt. Unmodified registers
repeatedly output their contents in each frame. TINDI0] is transmitted first.

NOTE:  Bt8953A does not automatically output FEBE. Proper transmit of FEBE
requires the MPU to copy the CRC_ERR bit from STATUS_2 (addr
0x06) to TIND[1].
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% ¢ 0x04 - Transmit Z bits (TZBIT_1)

0x04 - Transmit Z bits (TZBIT_1)

7 6 5 0
TZBIT[7] TZBIT[0]
0xDF - Transmit Z bits (TZBIT_2)
7 6 5 0
TZBIT[15] TZBIT[8]
0xEOQ - Transmit Z bits (TZBIT_3)
7 6 5 0
TZBIT[23] TZBIT[16]
0xE1 - Transmit Z bits (TZBIT_4)
7 6 5 0
TZBIT[31] TZBIT[24]

o4
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Registers

OXE2 - Transmit Z bits (TZBIT _5)

0xE2 - Transmit Z bits (TZBIT_5)

1

5 4 3 2 1 0

TZBIT[39]

TZBIT[32]

0xE3 - Transmit Z bits (TZBIT_6)

7 6 5 4 3 2 1 0
TZBIT[47] . . . . . . TZBIT[40]
TZBIT[47:0]  Transmit Z-bits is applicable only in E1_MODE (CMD_1; addr OxES), otherwise

Z-bit registers are ignored. TZBIT[47:0] holds 48 Z-bits for transmission in first
bit of each of the 48 payload blocks. See Figure 15 on page 20 for Z-bit positions
within the frame. The first 8 Z-bits are individually output for each channel from
TZBIT 1. The last 40 Z-bits are output to all channels from single set of
TZBIT_2-TZBIT_6.

NOTE: The system may also supply the last 40 Z-bits individually for each
HDSL transmit channel from the TAUXn inputs by setting TAUX_EN
and EXT_ZBIT (TCMD_2; addr 0x07).

TZBIT 1 is sampled on the respective transmit 6 ms frame interrupt, giving
the MPU up to 6 ms to modify the TZBIT 1 contents for output in next frame.
TZBIT 2 through TZBIT_6 are sampled during their respective output times,
giving the MPU up to 1 ms after the transmit frame interrupt to update TZBIT 2,
2 ms to update TZBIT_3, and up to 5 ms to update TZBIT 6. This assumes all
HDSL transmit frames are output aligned. If differential delay exists between the
transmit channels (as controlled by TFIFO_WL; addr 0x05), then less time is
available to update TZBIT_2-TZBIT_ 6. Unmodified registers repeatedly output
their contents in each frame. TZBIT[0] is transmitted first.

0x05 - Transmit FIFO Water Level (TFIFO_WL)

1

6

5

4

3

2

1

0

TFIFO_WL[7] .

. TFIFO_WL[0]

TFIFO_WL[7:0]

Transmit FIFO Water Level contains the number of TCLK cycles to delay from
the PCM 6 ms frame to the start of the HDSL transmit SYNC word. A value of
zero equals 1 TCLK delay. Minimum water level values compensate for time (o
unload one timeslot (8 HDSL bits), load one timeslot (8 PCM bits), differential
delay created by the PCM router (up to 96 PCM bits in T1 mode) and a phase jit-
ter tolerance (8 to 16 PCM bits). Refer to TFIFO_WL description in the PCM
Channel section on page 18.
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Bt8953A

0x06 - Transmit Command Register 1 (TCMD_1)

0x06 - Transmit Command Register 1 (TCMD_1)

Real-time commands (bits 0-5) are sampled by the HOH Multiplexer on the respective transmit frame to affect
operation in the next outgoing frame. HOH_EN, TWO_LEVEL and FORCE_ONE command bit combinations
provide the transmit data encoding options needed to perform standard HDSL channel start-up procedures.

7 6 5 4 3 2 1 0
- TX_ERR_EN | FORCE_ONE HOH_EN SYNC_SEL ICRC_ERR TWO_LEVEL SCR_EN
SCR_EN  Scrambler Enable - All transmit HDSL channel bits, except SYNC and STUFF
bits, are scrambled per the SCR_TAP setting in TCMD_2. Otherwise, transmit
data passes through the scrambler unchanged.
0 = Scrambler bypassed
1 = Scrambler enabled
TWO_LEVEL  Two Level Transmit Enable - All 2B1Q encoder magnitude bit outputs are forced
to zero to comply with standard requirements for a 2-level transmit signal.
0 = 4-level 2B1Q encoder operation
1 =2-level 2B1Q encoder operation
ICRC_ERR  Inject CRC Error logically inverts the six calculated CRC bits in the next frame.
0 = Normal CRC transmission
1 = Transmit errored CRC
SYNC_SEL  SYNC Word Select selects one of two SYNC words, SYNC_WORD_A or
SYNC_WORD_B (addresses 0xCB-0xCC), for transmission in the next frame.
0 =SYNC_WORD_A is transmitted
1 =SYNC_WORD_B is transmitted
HOH_EN  HDSL Overhead Enable - The HOH Multiplexer inserts EOC, IND and CRC bits.
Otherwise, transmit overhead bits, except SYNC and STUFF, are forced to all
ones. HOH_EN=0 selects transmission of 2-level or 4-level scrambled ones.
0 = HOH transmitted as all ones
1 = Normal HOH transmission
FORCE_ONE  Force All Ones Payload - Transmit payload data bytes are replaced by all ones.
FORCE_ONE and HOH_EN are both set to enable output of a 4-level framed
scrambled ones signal.
0 = Normal payload transmission
1 =Force all ones payload
TX_ERR_EN  Transmit Error Interrupt Enable - Transmit errors request TX_ERR interrupt and

report TXn_ERR status upon detection of TFIFO or TSTUFF errors (STATUS_3;
addr 0x07). Disabled channels are prevented from activating INTR*, or setting
TX_ERR (IRR; addr 0x1F). Transmit errors are always latched in ERR_STATUS
(addr 0x3C) regardless of TX_ERR_EN.

0 = Disable transmit error interrupts
1 = Enable transmit error interrupts
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0x07 - Transmit Command Register 2 (TCMD_2) %

0x07 - Transmit Command Register 2 (TCMD_2)

1 6

5

4

3

2

1

0

EXT_ZBIT

REPEAT_EN

TAUX_EN

SLV_STF

SCR_TAP

HH_LOOP

HH_LOOP

SCR_TAP

SLV_STUF

TAUX_EN

REPEAT_EN

EXT_ZBIT

Loopback to HDSL on the HDSL side - Receive HDSL data (RDATn) is
switched to transmit HDSL data (TDATn) to accomplish a loopback of the HDSL
channel on the HDSL side. Loopback data is switched at I/O pins and doesn’t
alter HDSL receive operations.

0 = Normal transmit
1 = TDATn supplied by RDATn pin

Scrambler Tap selects which delay stage, Sth or 18th, to tap for feedback in the
transmit scrambler. The system’s HDSL terminal type dictates which scrambler
tap should be selected.

0 =HTU-C or LTU terminal type, scrambler taps Sth delay stage
1 =HTU-R or NTU terminal type, scrambler taps 18th delay stage

Slave STUFF bits - Transmit STUFF bits are either generated by a local stuffing
mechanism or are slaved to an alternate source of STUFF bits. If enabled, the
slave STUFF source is chosen by STUFF_SEL in Common CMD_5 (addr 0xE9).

0 = Local STUFF bit generation
1 = Slave STUFF bits to STUFF_SEL source

Transmit Auxiliary Enable - Transmit auxiliary data from the TAUX1-TAUX3
inputs are sampled when the respective TLOADI-TLOAD3 outputs are active.
TAUX samples and TLOAD activation are selected for each payload byte via the
transmit payload map (TMAP; address 0x08). When TAUX_EN is low, TAUX
inputs are ignored and TLOAD outputs are forced low.

0 = Disable TAUX and TLOAD signals
1 = Enable TAUX and TLOAD signals

Enable Repeater Mode - When set in both CH1 and CH2, REPEAT_EN cross-
connects HDSL payload, SYNC, STUFF and Z-bits from receive to transmit (o
implement a single pair repeater. REPEAT_EN has no effect in CH3. Transmit
6 ms frames are forced to align to cross-connected receive 6 ms frames. HOH bits
(EOC, IND and CRC) are inserted by each channel’s transmit HOH Multiplexer
to allow for translation of repeater specific IND bits. HDSL bit clocks, BCLK1
and BCLK?2, can operate with separate phase, but must be identical in long-term
frequency. Receive payload from CH1 and CH2 can still be mapped and PCM
combined, but transmit PCM inputs are ignored.

0 = Normal transmit

1 = Cross-connect CH1 and CH2
Enable External Z-bits is set in conjunction with TAUX_EN when the system
supplies the last 40 Z-bits for transmission from TAUXn input.

0 = Last 40 Z-bits supplied by TZBIT2-TZBIT®6 registers
1 = Last 40 Z-bits supplied by TAUXn

Brookiree®
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Bt8953A

Transmit Payload Mapper

Transmit Payload Mapper

The transmit payload map (TMAP_1-TMAP_5) determines whether HDSL payload bytes (byte1-byte18) are
supplied from PCM timeslots, DBANK registers, or the HDSL auxiliary channel data. All routed timeslots to a
given channel’s TFIFO must also be mapped out of the TFIFO. Bt8953A sequentially maps payload and cannot
rearrange byte ordering, but allows payload from the DBANK registers to be interleaved with PCM data. If
PCM transmit data is input-aligned to MSYNC, then the first TMAP byte to select PCM receives the first routed
PCM timeslot from the transmit PCM multiframe (i.e. PCM frame 0 maps to HDSL payload block 1). If PCM
data is not aligned to MSYNC, then payload bytes mapped from the TFIFO aren’t aligned to PCM timeslots and
HDSL payload blocks aren’t aligned to PCM frames. In T1 mode (see E1_MODE; addr OxES), F-bit mapping is
not controlled by the TMAP registers, but instead is automatically performed by the transmit payload mapper.
Therefore, F-bits output in the HDSL payload block cannot be replaced by the DBANK register contents.

0x08 - Transmit Payload Map (TMAP_1)

1 6

5 4

3 2

1

0

byte4 TMAP[1:0]

byte3 TMAP[1:0]

byte2 TMAP[1:0]

bytel TMAP[1:0]

0x09 - Transmit Payload Map (TMAP_2)

7 b

5 4

3 2

1

0

byte8 TMAP[1:0]

byte7 TMAP[1:0]

byte6 TMAP[1:0]

byte5 TMAP[1:0]

0xO0A - Transmit Payload Map (TMAP_3)

1 6

b 4

3 2

1

0

byte12 TMAP[1:0]

byte11 TMAP[1:0]

byte10 TMAP[1:0]

byte9 TMAP[1:0]

0x0B - Transmit Payload Map (TMAP_4)

7 6

5 4

3 2

1

0

byte16 TMAP[1:0]

byte15 TMAP[1:0]

byte14 TMAP[1:0]

byte13 TMAP[1:0]
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Registers

0x0C - Transmit Payload Map (TMAP_5}

0x0C - Transmit Payload Map (TMAP_5)

7 6 5 4 3 2 1 0
byte18 TMAP[1:0] byte17 TMAP[1:0]
TMAP[1:0]  Transmit Payload Map Code selects one of four data sources for HDSL payload

bytes. Up to 18 map codes, corresponding to payload bytel-bytel8, are pro-
grammed for each HDSL channel. If the payload block length is greater than 18
bytes, TMAP codes roll over and continue sequentially from bytel. Also, if the
payload block length is less than 18 bytes, TMAP codes of the upper bytes are
unused.

TMAP[1:0] Transmit HDSL Payload Source
00 PCM data from TFIFO
01 DBANK 1
10 DBANK 2
11 DBANK_3 (see Note 1 and Note 2)

Note 1: When DBANK_3 and TAUX_EN (TCMD_2; addr 0x07) are selected,
TLOADn output is active and TAUXn supplies data during selected payload byte.

Note 2: When DBANK_3, TAUX_EN and EXT_ZBIT (TCMD_2; addr 0x07)
are selected, TLOADn output is active and TAUXn supplies data during the last
40 Z-bits.

0x0D - Transmit FIFO Reset (TFIFO_RST)

Writing any data value to TFIFO_RST empties the TFIFO, forces the HDSL transmitter to resample the trans-
mit FIFO water level (TFIFO_WL; addr 0x05) and realign the HDSL channel’s transmit 6 ms frame to the PCM
6 ms frame. The MPU must write TFIFO_RST after modifying the TFIFO_WL value, the transmit payload map
(TMAP; addr 0x08) or the PCM routing table (ROUTE_TBL; addr 0xED), each time PCM multiframe sync
(TMSYNC) experiences a change of frame alignment and whenever the TFIFO reports an overflow, underflow
or slip error. Bt8953A asserts TFIFO_RST automatically whenever a transmit STUFF error is detected. Note
that each write to TFIFO_RST may cause up to three TFIFO errors to be reported in subsequent HDSL frames.
Therefore, the MPU must ignore up to three TFIFO errors reported in the respective channel after writing the
TFIFO_RST command.

0xOE - Scrambler Reset (SCR_RST)

Writing any data value to SCR_RST sets the 23 stages of the scrambler LFSR to 0x000001. SCR_RST is used
during Brooktree production test to verify scrambler operation, and is not required during normal operation.
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%‘ HDSL Receive

HDSL Receive

HDSL Channel 1 HDSL Channel 2 HDSL Channel 3
(CH1) (CH2) (CH3)
BASE ADDRESS 0x60 0x80 0xA0
Table 11. HDSL Receive Write Registers
CH1 CH2 CH3 Register Label Bits Name/Description
0x60 0x80 0xAQ RCMD_1 8 Configuration
0x61 0x81 OxA1 RCMD_2 8 Configuration
0x62 0x82 0xA2 RFIFO_RST - Receive FIFO Reset
0x63 0x83 0xA3 SYNGC_RST - Receive Framer Reset
0x64 0x84 OxA4 RMAP_1 6 Payload Map
0x65 0x85 0xAS RMAP_2 6 Payload Map
0x66 0x86 OxA6 RMAP_3 6 Payload Map
0x67 0x87 OxA7 ERR_RST - Error Count Reset
0x68 0x88 OxA8 RSIG_LOC 4 Receive Signaling Location

Three identical groups of write-only registers configure the HDSL receivers and control the mapping of HDSL
payload bytes into the receiver elastic stores (RFIFO). Configuration registers define each HDSL receive
framer’s criteria for loss and recovery of frame alignment by selecting the number of detected SYNC word
errors used to declare loss of sync or needed to acquire sync. Refer to the Framer Synchronization State Dia-
gram, Figure 32 on page 41. Frame alignment criteria are programmable to meet different standard application
requirements.
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0x60 - Receive Command Register 1 (RCMD 1) %

0x60 - Receive Command Register 1 (RCMD_1)

7 6 5 4 3 2 1 0
FRAMER_EN[1:0] LOSS_SYNC[2:0] REACH_SYNC[2:0]

REACH_SYNC[2:0]  Reach Sync Framing Criteria contains the number of consecutive HDSL frames
in which the SYNC word is detected before the receive framer moves from the
OUT_OF_SYNC to the IN_SYNC state. REACH_SYNC determines the number
of SYNC_ACQUIRED intermediate states the framer must pass through during
recovery of frame sync. ETSI standard criteria requires 2 consecutive frames con-

taining SYNC.
REACH_SYNGC IN_SYNC Criteria
000 1 frame containing SYNC
001 2 consecutive frames
010 3 consecutive frames
011 4 consecutive frames
100 5 consecutive frames
101 6 consecutive frames
110 7 consecutive frames
111 8 consecutive frames

LOSS_SYNC[2:0]1  Loss of Sync Framing Criteria contains the number of consecutive HDSL frames
in which the SYNC word is not detected before the receive framer moves from
the IN_SYNC to the OUT_OF_SYNC state. LOSS_SYNC determines the num-
ber of SYNC_ERRORED intermediate states the framer must pass through dur-
ing loss of frame sync. ETSI standard criteria requires 6 consecutive frames
without SYNC word detected.

LOSS_SYNC OUT_OF_SYNC Criteria
000 1 frame not containing SYNC
001 2 consecutive frames
010 3 consecutive frames
011 4 consecutive frames
100 5 consecutive frames
101 6 consecutive frames
110 7 consecutive frames
111 8 consecutive frames

FRAMER_EN[1:0]  Receive Framer Enable instructs the receive framer to search for one or both of
the SYNC word patterns programmed in SYNC_WORD_A (addr 0xCB) or
SYNC_WORD_B (addr 0xCC). If enabled to search for both, then the SYNC
acquisition state proceeds with only the first detected pattern. When disabled, the
framer does not count errors or generate interrupts.

FRAMER_EN Receive Framer Search
00 Disabled; framer forced to OUT_OF_SYNC
01 SYNC WORD_A
10 SYNC_WORD_B
11 Both SYNC_WORD_A and SYNC_WORD_B
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0x61 - Receive Command Register 2 (RCMD_2)

0x61 - Receive Command Register 2 (RCMD_2)

7

6

5 4 3 2 1 0

RX_ERR_EN

PH_LOOP

DSCR_EN DSCR_TAP THRESH_CORR([3:0]

THRESH_CORRI3:0]

DSCR_TAP

DSCR_EN

SYNC Threshold Correlation - Upon the receive framer’s entry to a “Sync
Errored” state, the number of SYNC word locations searched is determined by
the result of previous states’ threshold correlation. During an “In Sync” state, the
framer searches the two most probable SYNC word locations at 6 ms = 1 quat,
corresponding to 0 or 4 STUFF bits. One of the two locations searched must cor-
rectly match the entire 14-bit SYNC word or else the framer enters a “Sync
Errored” state. The highest number of matching bits found among the search
locations is compared to the selected THRESH_CORR value to determine if the
framer should expand the number of search locations. If the highest number of
matching bits meets or exceeds the threshold, but wasn’t a complete match, the
framer progresses to the next “Sync Errored” state and continues to each of the
two most probable locations. Otherwise, the framer progresses to the next “Sync
Errored” state, increments the number of locations to be searched, and examines
quats on either side of the prior search locations. For example, if the location with
highest number of matching bits is below the threshold during “In Sync”, then the
framer enters the first “Sync Errored” state and searches from the prior location at
6 ms = 2 quats, and at 6 ms exactly. The effect of Threshold Correlation on the
number of search locations is depicted in Figure 33 on page 42.

THRESH_CORR SYNC Threshold Gorrelation

1010 10 or more out of 14 bits
1011 11 or more out of 14 bits
1100 12 or more out of 14 bits
1101 13 or more out of 14 bits
1110 14 out of 14 bits

Descrambler Tap selects which delay stage, Sth or 18th, to tap for feedback in the
descrambler. The system’s terminal type dictates which tap should be selected.

0 =HTU-C or LTU terminal type, descrambler selects tap 18.
1 =HTU-R or NTU terminal type, descrambler selects tap 5.

Descrambler Enable - When enabled, all receive HDSL channel data, except
SYNC and STUFF bits, are descrambled per the DSCR_TAP setting. Otherwise
the data passes through the descrambler unchanged. DSCR_EN also determines
whether RSER and RAUXn data are descrambled.

0 = Descrambler bypassed
1 = Descrambler enabled
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0x62 - Receive Elastic Store FIFO Reset (RFIFO_RST)

PH_LOOP  Loopback to PCM on HDSL side - Transmit HDSL data (TDATn) is connected
back towards the PCM interface to accomplish a loopback of the PCM channel on
the HDSL side. Receive HDSL data (RDATn) is ignored, but HDSL (ransmit
continues without interruption. PH_LOOQOP requires the descrambler and scram-
bler to use the same tap, as opposed to their normal opposing tap selection.

0 = Normal receive
1 = RDATn supplied by TDATn

RX_ERR_EN  Receive Error Interrupt Enable - Receive errors request RX_ERR interrupt and
report RXn_ERR status upon detection of RFIFO errors (STATUS_1; addr 0x05),
framer state transitions or error counter overflows (STATUS_2; addr 0x06). Dis-
abled channels are prevented from activating INTR*, or setting RX_ERR (IRR;
addr Ox1F). Receive errors are always latched in ERR_STATUS (addr 0x3C)
regardless of RX_ERR_EN.

0 = Disable RX_ERR interrupts
1 = Enable RX_ERR interrupts

0x62 - Receive Elastic Store FIFO Reset (RFIFO_RST)

Writing any data value to RFIFO_RST empties the RFIFO and forces the payload mapper to realign HDSL
bytes with respect to the receive HDSL 6 ms frame. The MPU must write RFIFO_RST after modifying the
receive payload map (RMAP; addr 0x64) or the combination table (COMBINE_TBL; addr OxEE), each time
the receive framer changes from the SYNC_ACQUIRED to the IN_SYNC state (STATUS_2; addr 0x06),
whenever a RFIFO error is reported (STATUS_1; addr 0x05), and after the DPLL has settled. Writing
RFIFO_RST corrupts up to 3 receive PCM frames worth of data.

0x63 - Receive Framer Synchronization Reset (SYNC_RST)

Writing any data value to SYNC_RST forces the receive framer to the OUT_OF_SYNC state, which restarts
the SYNC word search and causes the framer to issue an RX_ERR interrupt. The MPU must write SYNC_RST
after modifying FRAMER_EN (RCMD_2; addr 0x61), SYNC_WORD_A or SYNC_WORD_B. Writing
SYNC_RST to the master HDSL channel corrupts up to 3 receive PCM frames worth of data and may cause a
DPLL error interrupt.
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Receive Payload Mapper

Receive Payload Mapper

The receive payload map (RMAP_1-RMAP_3) controls placement of HDSL payload bytes (bytel-bytel8)
into the RFIFO by instructing the mapper to place or discard payload bytes from the received payload block.
Payload bytes are mapped sequentially from each payload block and cannot be rearranged. Payload is subse-
quently combined (COMBINE_TBL; addr OxEE) at the RFIFO outputs to reconstruct the PCM channel. RMAP
is programmed to discard bytes within the payload block that aren’t needed for PCM reconstruction. In T1
mode, RMAP must be programmed to choose which HDSL channel supplies F-bits, by enabling one extra byte
of payload at the end of the payload block.

0x64 - Receive Payload Map (RMAP_1)

7 6 5 4 3 2 1 0

RMAP[5]

RMAP[0]

0x65 - Receive Payload Map (RMAP_2)

5 4 3 2 1 0
RMAP[11] . . . . RMAP[6]
0x66 - Receive Payload Map (RMAP_3)
5 4 3 2 1 0
RMAP[17] . . . . RMAP[12]

RMAP[17:0]  Receive Payload Map - Three registers hold an 18 bit value to define which of the
received HDSL payload bytes (bytel-bytel8) are placed into the RFIFO.
RMAP[0] corresponds to the first HDSL payload byte (bytel). In T1 mode, F-bits
are mapped by enabling one extra byte after the last payload mapped byte. For

example, RMAP[12] controls F-bit mapping to the RFIFO in 2T1 applications.

If RMAP[x] = 0, discard payload byte(x+1)
If RMAP[x] = 1, map payload byte(x+1) to RFIFO

0x67 - Error Count Reset (ERR_RST)

Writing any data value to ERR_RST clears the receive CRC error counter (CRC_CNT; addr 0x21), the receive
Far End Block Error counter (FEBE_CNT; addr 0x22) and consequently clears the counter overflow
CRC_OVR and FEBE_OVR bits (STATUS_2; addr 0x06). ERR_RST clears the error counters immediately
and must be issued within 6 ms after the respective receive frame interrupt in order to avoid clearing unreported
errors. No other receive errors (CRC_ERR, RFIFO or RX_STUFF) are affected by ERR_RST.
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0x68 - Receive Signaling Location (RSIG_LOC)

0x68 - Receive Signaling Location (RSIG_LOC)

6

5 4 3 2 1 0

RSIG_LOC[3:0]

RSIG_LOCI3:01

Receive Signaling Location is applicable only if RSIG_EN (CMD_6; addr 0xF3)
enables LTU grooming in a 2E1 or 3E1 Point-to-Multipoint (P2MP) system. The
receive signaling table (RSIG_TBL; addr 0xF2) compensates for differential
frame delays between two or three remote sites by delaying the current PCM
receive frame sync according to the RSIG_LOC frame delay values for each
HDSL channel. RSIG_TBL uses each RSIG_LOC frame delay to locate frame 0
and transfer ABCD signaling from the respective channel. RSIG_LOC sets the
number of frame delays, from 1 to 16 frames, that RSIG_TBL needs to delay the
current receive PCM frame in order (o locate the respective channel’s frame 0. A
value of zero signifies a one frame delay. RSIG_LOC values are calculated for
each channel from the remote sites measurement of RMSYNC phase
(MSYNC_PHS; addr 0x39):

RSIG LOC = truncare[ 1 (RMP) ]_

FRAME_LEN

Where: FRAME_LEN
RSIG_LOC
truncate []
H{RMP)

= PCM bits per frame

= frame delay

= integer part only

= Remote sites RMSYNC to MSYNC phase

(measured in PCM bits)
Note 1: If RSIG_LOC is negative, then the programmed value equals 15.

Note 2: EOC messaging capability may be used by the NTU to transfer the results
of the RMSYNC phase measurement back to the LTU.

Note 3: Remote sites must align HDSL transmit frames to their respective PCM
transmit multiframe sync (TMSYNC) for this equation to remain valid.
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PCM Formatter

PCM Formatter

Table 12. PCM Formatter Write Registers

Address Register Label Bits Name/Description
0xCO TFRAME_LOC_LO 8 TSER Frame Bit Location

0xC1 TFRAME_LOG_HI 1 TSER Frame Bit Location

0xC2 TMF_LOCGC 6 TSER Multiframe Location

0xC3 RFRAME_LOC_LO 8 RSER Frame Bit Location

0xC4 RFRAME_LOC_LO 1 RSER Frame Bit Location

0xC5 RMF_LOC 6 RSER Multiframe Location

0xC6 MF_LEN 6 PCM Multiframe Length

0xC7 MF_CNT 6 PCM Multiframes Per HDSL Frame
0xC8 FRAME_LEN_LO 8 PCM Frame Length

0xC9 FRAME_LEN_LO 1 PCM Frame Length

The PCM formatter supports connections to many types of PCM channels by allowing the system to define the
PCM bus format and sync timing characteristics. PCM frame length, multiframe length and PCM multiframes
per HDSL frame are programmed in the PCM formatter registers to define receive and transmit timebases. Pro-
grammed frame and multiframe lengths for both timebases allows Bt8953A to continue operating at appropriate
intervals when PCM transmit sync or HDSL receive sync references are lost and when Bt8953A acts as the
PCM bus master. The transmit timebase controls routing of PCM timeslots into the transmit FIFOs, while the
receive timebase controls extraction of PCM timeslots out of the receive FIFOs. The number of multiframes per
HDSL frame is needed to generate PCM 6 ms timebases used for transmit bit stuffing and DPLL receive clock
recovery.

PCM formatter configuration registers also define the PCM timing relationships between transmit data
(TSER, INSDAT) and sync (TMSYNC, MSYNC); and receive data (RSER) and sync (RMSYNC). TMSYNC
is delayed by a programmed number of bits and frames to create the MSYNC output signal. MSYNC is then
used to locate the first bit (bit0) of a frame and the first frame (frame() of a multiframe at the TSER input.
MSYNC is always used to align both PCM and HDSL transmit timebases, regardless of whether TMSYNC is
applied. RMSYNC is output from the receive PCM timebase after it is delayed by a programmed number of bits
and frames. Note that the internal PCM receive timebase is frame and multiframe aligned with respect to the
master HDSL channel’s receive 6 ms frames (refer to RFIFO_WL; addr 0xCD). The internal PCM receive
timebase is not affected by programmed bit and frame delays for RMSYNC.
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0xCO0 - TSER Frame Bit Location (TFRAME_LOC_LO)

0xCO - TSER Frame Bit Location (TFRAME_LOC_LO)

TFRAME_LOC and TMF_LOC work in conjunction to define the location of
bit(, frame0 at the TSER data input with respect to TMSYNC. If TMSYNC is
unused (PCM_FLOAT=1 in CMD_2; addr 0xE6), then TFRAME_LOC and
TMF_LOC are ignored.

7 6 5 4 3 2 1 0
TFRAME_LOC[7] . . . . . . TFRAME_LOC[0]
0xC1 - TSER Frame Bit Location (TFRAME_LOC_HI)

7 6 5 4 3 2 1 0

TFRAME_LOC[8]

TFRAME_LOCI8:0]

TSER Frame Bit Location establishes the number of PCM bit delays, in the range
of 1 bit to 512 bits, from the rising edge of TMSYNC until PCM bit0 is sampled
on TSER. A value of zero delays TMSYNC by three TCLK periods. If TMSYNC
and TSER are input aligned, where TMSYNC’s rising edge coincides with TSER
input of PCM bit(, then TFRAME_LOC is programmed to equal the PCM frame
length minus three. The following examples assume TMSYNC and TSER are
input aligned:

PCM Frame Length
E1 =256 bits
T1 =193 bits

64x64 = 512 bits

TFRAME_LOG[8:0] = decimal (hex)
253 (0xOFD)
190 (0xOBE)
509 (0x1FD)

0xC2 - TSER Multiframe Bit Location (TMF_LOC)

5

4

3

2

1

0

TMF_LOCI[5]

TMF_LOCIO0]

TMF_LOCI[5:01

TSER Muliiframe Bit Location - TMF_LOC sets the number of frame delays, in
the range of 1 to 64 frames, from TMSYNC (delayed by TFRAME_LOC) until
PCM frame0 is present on TSER. A value of zero delays TMSYNC by one PCM
frame. If TMSYNC and TSER are input aligned, TMF_LOC is programmed to
equal the multiframe length minus two. The following examples assume
TMSYNC’s rising edge coincides with PCM frame0 input on TSER:

PCM Multiframe Length TMF_LOC[5:0] = decimal (hex)

E1 =16 frames 14 (0x0E)
SF = 12 frames 10 (0x0A)
ESF = 24 frames 22 (0x16)
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% ¢ O0xC3 - BRSER Frame Bit Location (RFRAME_LOC_LO)

0xC3 - RSER Frame Bit Location (RFRAME_LOC_LO)

RFRAME_LOC and RMF_LOC work in conjunction to define which RSER bit
and frame location is marked by the RMSYNC output. Typically, RMSYNC is
used as a PCM multiframe sync signal and is programmed to mark during RSER
output of bit0, frame0. However, any RSER bit location within the received mul-
tiframe can be marked as desired.

7

5 4 3 2 1 0

RFRAME_LOC[7] .

RFRAME_LOCIO0]

0xC4 - RSER Frame Bit Location (RFRAME_LOC_HI)

5 4 3 2 1 0

RFRAME_LOC[8]

RFRAME_LOC[8:0]

RSER Frame Bit Location establishes the number of PCM bit delays, in the range
of 1 bit to 512 bits, from the internal PCM receive timebase’s output of bit0 to the
rising edge of RMSYNC. Due to internal bit delays, a value of two delays
RMSYNC by one RCLK period, in which case the rising edge of RMSYNC coin-
cides with output of RSER bitl. If the system desires RMSYNC to mark RSER
bit0, then RFRAME_LOC is programmed to equal one. Following examples
assume RMSYNC is desired to mark RSER bit0:

PCM Frame Length RFRAME_LOCI8:0] = decimal (hex)

E1 = 256 bits 1 (0x01)
T1 = 193 bits 1 (0x01)
64x64 = 512 bits 1 (0x01)
0xC5 - RSER Multiframe Bit Location (RMF_LOC)
7 6 5 4 3 2 1 0
RMF_LOCI[5] . . . . RMF_LOCIO0]

RMF_LOC[5:0]

RSER Multiframe Bit Location establishes the number of PCM frame delays, in
the range of 1 to 64 frames, from the internal PCM receive timebase’s output of
frame0 to the rising edge of RMSYNC. Due to internal frame delay, a value of
one delays RMSYNC by one PCM frame. RMF_LOC enacts the RMSYNC
frame delay after the RFRAME_LOC bit delay. If the system desires RMSYNC
to mark RSER frame(), then RMF_LOC is programmed to equal zero. Following
examples assume RMSYNC is desired to mark RSER frame0:

PCM Multiframe Length

RMF_LOC[5:0] = decimal (hex)

E1l = 16 frames 0 (0x00)
SF = 12 frames 0 (0x00)
ESF = 24 frames 0 (0x00)
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0xC6 - PCM Multiframe Length (MF_LEN)

0xC6 - PCM Multiframe Length (MF_LEN)

7 6 5 4 3 2 1 0
MF_LEN[5] . . . . MF_LEN[O]
MF_LEN[5:0] PCM Multiframe Length contains the number of PCM frames in one PCM multi-

frame, in the range of 1 to 64 frames. A value of zero selects one frame per multi-
frame, which causes TMSYNC and RMSYNC to operate at the PCM frame rate.

0xC7 - PCM Multiframes Per HDSL Frame (MF_CNT)

7 6 5 4 3 2 1 0
MF_CNT[5] . . . . MF_CNT[0]
MF_CNTI[5:0] PCM Multiframes Per HDSL Frame contains the number of PCM multiframes in

one HDSL 6 ms frame, in the range of 1 to 64 multiframes. A value of zero
selects one multiframe per HDSL frame. MF_CNT operates in conjunction with
FRAME_LEN and MF_LEN (o create transmit and receive PCM 6 ms timebases
which are needed to perform transmit bit stuffing and DPLL receive clock recov-
ery. Bt8953A requires the product of MF_LEN and MF_CNT must always equal
48 to match the number of HDSL payload blocks in an HDSL frame, for exam-
ple:

PCM Multiframe MF_LEN[5:0] MF_CNT[5:0] Product
E1 =16 frames 15 (0x0F) 2 (0x02) 16x3=48
SF = 12 frames 11 (0xOB) 3 (0x03) 12x4=48
ESF =24 frames 23 (0x17) 1 (0x01) 24x2=48
Unframed = 1 frame 0 (0x00) 47 (0x2F) 1x48=48
0xC8 - PCM Frame Length (FRAME_LEN_LO)
7 6 5 4 3 2 1 ]
FRAME_LEN[7] . . . . . . FRAME_LEN[O]
0xC9 - PCM Frame Length (FRAME_LEN_HI)
7 6 5 4 3 2 1 0
FRAME_LEN([8]

FRAME_LEN[8:0]

PCM Frame Length contains the number of bits in one PCM frame, in the range
of 1 to 512 bits. A value of zero selects one bit PCM frame length. The selected
value includes all overhead and framing bits, for example, FRAME_LEN value
equals 192 (0xC0) to select a 193 bit T1 frame.
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HDSL Channel Configuration

HDSL Channel Configuration

Table 13. HDSL Channel Configuration Write Registers

Address Register Label Bits Name/Description
OxCA HFRAME_LEN_LO 8 HDSL Frame Length

OxF5 HFRAME_LEN_HI 1 HDSL Frame Length

0xCB SYNC_WORD_A 7 SYNC Word A (sign only)

0xCC SYNC_WORD_B 7 SYNC Word B (sign only)

0xCD RFIFO_WL_LO 8 RX FIFO Water Level

OxGE RFIFO_WL_HI 1 RX FIFO Water Level

OxCF STF_THRESH_A_LO 8 Stuffing threshold A (Unused in Bt8953A)
0xDO STF_THRESH_A_HI 1 Stuffing threshold A (Unused in Bt8953A)
0xD1 STF_THRESH_B_LO 8 Stuffing threshold B

0xD2 STF_THRESH_B_HI 1 Stuffing threshold B

0xD3 STF_THRESH_C_LO 8 Stuffing threshold C

0xD4 STF_THRESH_C_HI 1 Stuffing threshold C

0xCA - HDSL Frame Length (HFRAME_LEN_LO)

1

0

HFRAME_LEN[7] .

HFRAME_LEN[O]

0xF5 - HDSL Frame Length (HFRAME_LEN_HI)

7

6

b

4 3 2 1

0

HFRAME_LEN[8]

HFRAME_LENI8:0]

HDSL Payload Block Length contains the number of BCLKn bits, in the range of

1 to 512, that are transmitted and received in an HDSL payload block. Each pay-
load block is comprised of an integer number of 8 bit bytes plus an additional F-
bit or Z-bit. Bt8953A repeats the payload block length 48 times to form one
HDSL frame. A value of zero selects a 1-bit payload block length, therefore the
programmed value of HFRAME_LEN equals 8 times the number of payload
bytes. For example, a value of 96 (0x60) selects a 12 byte T1 payload or 144
(0x90) selects an 18 byte E1 payload.
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OxCB - SYNC Word A (SYNC_WORD_A)

0xCB - SYNC Word A (SYNC_WORD_A)

7 6 5 4 3 2 1 0
SYNC_WORD_A[6] . . . . . SYNC_WORD_A[0]

SYNC_WORD_AI6:01 SYNC word A holds the seven sign bits (+/-) of the 7-quat (14-bit) transmit and
receive SYNC word. Transmit SYNC word magnitude bits are forced to zero.
SYNC_WORD_A[0] is the sign bit of the first transmit quat. Sign precedes mag-
nitude on the transmit data (TDATn) output. The receive framer searches HDSL
data (RDATn) for patterns matching SYNC_WORD_A and/or SYNC_WORD_B

according to the criteria selected in FRAMER_EN (RCMD_1; addr 0x60).

0 = Negative Sign bit
1 = Positive Sign bit

0xCC - SYNC Word B (SYNC_WORD_B)

7 6 5 4 3 2 1 0
SYNC_WORD_B[6] . . . . . SYNC_WORD_B[0]

SYNC_WORD_BI[6:01 SYNC word B holds the seven sign bits (+/-) of the transmit and receive SYNC
word. It performs the same function as SYNC_WORD_A (see above).
SYNC_WORD_B is provided for 2T1 applications that use different SYNC pat-
terns on each HDSL channel for loop identification purposes. Transmit selection

of SYNC word A or B is programmed by SYNC_SEL (TCMD_1; addr 0x06).

0 = Negative Sign bit
1 = Positive Sign bit

0xCD - RX FIFO Water Level (RFIFO_WL_LO)

7 6 5 4 3 2 1 0
RFIFO_WLI[7] . . . . . . RFIFO_WLI0]

0xCE - RX FIFO Water Level (RFIFO_WL_HI)

7 6 5 4 3 2 1 0
RFIFO_WLI8]

RFIFO_WLI[8:01  Receive FIFO Water Level sets the RCLK bit delay from the master HDSL chan-
nel’s receive 6 ms frame to the PCM receive 6 ms frame. The delay is pro-
grammed in RCLK bit intervals, in the range of 1 to 512 bits. A value of zero
equals one RCLK bit delay. The minimum RFIFO_WL value must allow suffi-
cient time to elapse for payload to pass through the RFIFO. The maximum
RFIFO_WL must not exceed the PCM or HDSL frame length (for Bt8953 only),

or allow more than 185 bits to be present in the RFIFO at any given time.
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Transmit Bit Stuffing Thresholds

Transmit Bit Stuffing Thresholds

The STUFF generator in each HDSL transmit channel makes bit stuffing decisions based upon phase compari-
sons of the difference between PCM transmit 6 ms frames and HDSL transmit 6 ms frames with respect (o two
programmable stuffing thresholds (STF_THRESH_B and STF_THRESH_C; addr 0xD1-D4). Results of the
phase comparisons determine whether the HDSL channel’s STUFF generator inserts no STUFF bits or four
STUFF bits in the outgoing HDSL frame. Inserted STUFF bit values are supplied by TSTUFF (addr 0xE4). The
general purpose clock (GCLK) is used to quantize phase differences between PCM and HDSL frame starting
locations. GCLK is developed from the MCLK frequency (fyicr ). PLL Multiplication (PLL_MUL) and PLL
Division (PLL_DIV) scale factors (CMD_1; addr OxE5). The STUFF generator makes bit stuffing decisions

using the following criteria:

0xCF - Bit Stuffing Threshold A (STF_THRESH_A_L0)

PCM to HDSL phase difference

Inserted STUFF bits

NOTE:

< STF_THRESH_B
> STF_THRESH_B
< STF_THRESH_C
> STF_THRESH_C

4 (see Note)

A phase difference measured t0o be equal 0 or in excess of

STF_THRESH_C is reported as a transmit stuffing error in STUFF_ERR

(STATUS_3; addr 0x07).

Stuffing threshold values are programmed to set the nominal and maximum toler-
able phase difference in units of GCLK phase. STUFF insertion accounts for * 4
HDSL bits worth of phase error and STUFF thresholds are set to equal 16 or 24
HDSL bits worth of phase at the BCLKn frequency (fypsr.), as shown in the fol-
lowing equation:

where: n =16 for STF_THRESH_B
n =24 for STF_THRESH C

StuffingThreshold =

X fycrk  PLL MUL

1

0

STF_THRESH_A[7]

STF_THRESH_A[Q]

0xDO - Bit Stuffing Threshold A (STF_THRESH_A_HI)

0

STF_THRESH_A[8]

STF_THRESH_A[8:0]

Stuffing Threshold A - Applicable only in Bt8953. Refer to the Bt8953 Errata in
the Addendum. STF_THRESH_A is programmed using the equation shown
above with a value of n=8. The STF_THRESH_A value is ignored in Bt8953A.
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0xD1 - Bit Stuffing Threshold B (STF_THRESH_B_LO)

0xD1 - Bit Stuffing Threshold B (STF_THRESH_B_LO)

7

5 4 3 2 1 0

STF_THRESH_B([7]

STF_THRESH_BJ[0]

0xD2 - Bit Stuffing Threshold B (STF_THRESH_B_HI)

5 4 3 2 1 0

STF_THRESH_BJ[8]

STF_THRESH_B[8:0]

Bit Stuffing Threshold B contains the number of GCLK cycles equalling 16
HDSL bit times. If the phase measured from PCM to HDSL 6 ms frames is a pos-
itive value greater than or equal to STF_THRESH_B, then four STUFF bits are
inserted in the outgoing HDSL frame. If the phase is a positive value less than
STF_THRESH_B, then no STUFF bits are inserted in the outgoing HDSL frame.
If the phase is a negative value, then the phase tolerance on HDSL, PCM or
GCLK inputs is exceeded and the STUFF generator reports STUFF_ERR
(STATUS_3; addr 0x07).

0xD3 - Bit Stuffing Threshold C (STF_THRESH_C_LO)

7

5 4 3 2 1 0

STF_THRESH_C[7]

STF_THRESH_C[0]

0xD4 - Bit Stuffing Threshold C (STF_THRESH_C_HI)

5 4 3 2 1 0

STF_THRESH_C[8]

STF_THRESH_C[8:0]

Bit Stuffing Threshold C contains the number of GCLK cycles equal to 24 HDSL
bit times. If the phase measured from PCM to HDSL 6 ms frames is a positive
value less than STF_THRESH_C, then four STUFF bits are inserted in the outgo-
ing frame. If the phase is a positive value greater than or equal to
STF_THRESH_C, then the phase tolerance on HDSL, PCM or GCLK inputs is
exceeded and the STUFF generator reports STUFF_ERR (STATUS_3; addr
0x07).

NOTE:  STF_THRESH_C must be greater than STF_THRESH_B by a value of
four HDSL bit times (4 x HDSL + GCLK).
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DPLL Configuration
Table 14. DPLL Configuration Write Registers
Address Register Label Bits Name/Description
0xD5 DPLL_RESID_LO 8 DPLL Residual
0xD6 DPLL_RESID_HI 8 DPLL Residual
0xD7 DPLL_FACTOR 8 DPLL Factor
0xD8 DPLL_GAIN 7 DPLL Gain
0xD9 DPLL_DLY_LO 8 DPLL Delay (Unused in Bt8953A)
0xDA DPLL_DLY_HI 7 DPLL Delay (Unused in Bt8953A)
0xDB DPLL_PINI 8 DPLL Phase Detector Init (Optional for Bt8953A)
0xF6 DPLL_RST - DPLL Phase Detector Reset
The DPLL synthesizes the PCM receive clock (RCLK) output from the 60-80
MHz reference clock (HFCLK) generated internally by PLL multiplication of
MCLK, or input directly on MCLK (see PLL_ MUL and PLL_DIS in CMD_1;
addr OxES). HFCLK must operate in the 60-80 MHz frequency range, but
requires no specific phase or frequency relationship to the PCM or HDSL chan-
nels. The nominal frequency (fpcpp) Of RCLK is synthesized by setting the
DPLL_FACTOR and DPLL_RESID values according to the integer and frac-
tional results of the following formula:
f x PLL MUL
[INTEGER.FRACTION] = | -M<EK
2X fpem
where: fyrcrx = MCLK input frequency
frcu = RCLK output frequency desired
INTEGER = integer part of result (DPLL_FACTOR; addr 0xD7)
FRACTION = fractional part of result (DPLL_RESID; addr 0xD5)
PLL MUL = PLL multiplication factor (CMD_1; addr 0xES5)
PLL DIV = PLL scale factor (CMD_1; addr OxE5)
The DPLL phase detector operates from the 10-15 MHz general purpose clock
(GCLK) which equals HFCLK divided by PLL scale factor:
f x PLL MUL
GCLK = ( MCLK )
PLL DIV
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0xD5 - DPLL Residual (DPLL_RESID LO)

0xD5 - DPLL Residual (DPLL_RESID_LO)

7

5 4 3 2 1 0

DPLL_RESID[7]

DPLL_RESID[0]

0xD6 - DPLL Residual (DPLL_RESID_HI)

7

6

5 4 3 2 1 0

DPLL_RESID[15]

DPLL_RESID[8]

DPLL_RESID[15:0]

DPLL Residual works in conjunction with DPLL_FACTOR to define the DPLL
nominal free running frequency in open loop mode or the DPLL initial frequency
in closed loop mode (DPLL_NCO in CMD_5; addr 0xE9). The DPLL_RESID
value is sampled by the DPLL only after the MPU writes RX_RST (address
OxF1) or after the master HDSL channel’s receive framer transitions to an
IN_SYNC state.

DPLL_RESID = round (FRACTION x 65535)
DPLL_FACTOR = 257 - INTEGER

where: round () = round to nearest integer

FRACTION = fraction from INTEGER.FRACTION calculation
(shown above)
INTEGER = integer from INTEGER.FRACTION calculation

(shown above)

Assuming MCLK operates at 8 times the BCLKn frequency (16 times symbol
rate) and RCLK is desired to operate at standard T1 or E1 clock rates, the follow-
ing examples show HTU application values for DPLL_RESID and
DPLL_FACTOR:

HTU PLL_MUL PLLDIV _ DPLL_FACTOR  DPLL_RESID
2T1 11 6 OXEB 0x578B
3El 11 6 OxF1 OXDT7FF
2El 8 6 OXEF 0x4000
0xD7 - DPLL Factor (DPLL_FACTOR)
1 6 5 4 3 2 1 0

DPLL_FACTOR(7]

DPLL_FACTORJ0]

DPLL_FACTOR[7:01

DPLL Factor works in conjunction with DPLL_RESID (see above).
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0xD8 - DPLL Gain (DPLL_GAIN)
0xD8 - DPLL Gain (DPLL_GAIN)

1 6 5 4 3 2 1 0

DC_GAIN[2:0] DC_INTEG[3:0]

DPLL_GAIN[7:0]

DPLL Gain - DPLL filtering is controlled by two DC parameters: DC_GAIN,
which represents proportional loop gain; and DC_INTEG, which represents the
filter’s integration coefficient. The DPLL closed loop bandwidth is programmed
to be in the range of 0.2 Hz to 3 Hz. The following approximations are used to
calculate DC parameters for a desired DPLL bandwidth:

DC_GAIN = [ BW }xzﬂ

N Xx26.5
2 15
DC_INTEG = [ (BW) } 2
26.52 N
where: N = RCLK output frequency =+ 64000
BW =DPLL closed loop bandwidth (in Hertz)

Specific DC parameter values are programmed according to the following tables:

DG_GAIN[2:0] Bt8953 Bt8953A
000 26 2’
001 27 26
010 28 27
011 29 28
100 210 29
101 21l 210
110 212 AR
111 - 212

DC_INTEG[3:0] Bt8953 Bt8953A

0000 272 24
0001 21 23
0010 1 272
0011 2! 21
0100 22 1
0101 23 2!
0110 24 22
0111 2 23
1000 26 24
1001 - 2
1010-1110 - 26
1111 - 0 (Type I)
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0xD9 - DPLL Delay (DPLL_DLY LO)

0xD9 - DPLL Delay (DPLL_DLY LO)

7 6 5 4 3 2 1 0
DPLL_DLY[7] . . . . . . DPLL_DLYI[0]

OxDA - DPLL Delay (DPLL_DLY_HI)

7 6 5 4 3 2 1 0
DPLL_DLY[14] . . . . . DPLL_DLY[8]

DPLL_DLY[14:0] DPLL Delay - (Unused on Bt8953A). Bt8953 requires DPLL_DLY as follows:

i
DPLL_DLY = 0x5E00 + FRAME_LEN — RFIFO_WL + (8 X truncate [ PeM }

fupst.
where: fupsr. = BCLK input frequency
FRAME_LEN = PCM frame length (FRAME_LEN); addr 0xC8)
RFIFO_WL = HDSL to PCM bit delay (RFIFO_WL; addr 0xCD)
truncate [] = integer portion only; fractional part truncated
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0xDB - DPLL Phase Detector Init (DPLL_PINI)

0xDB - DPLL Phase Detector Init (DPLL_PINI)

7

b

5 4 3 2 1 0

DPLL_PINI[7]

DPLL_PINI[O]

DPLL_PINI[7:0]

DPLL Phase Detector Init - (Optional for Bt8953A). Phase detector init mode
(PHD_MODE in CMD_7; addr OxF4) selects whether DPLL_PINI is supplied by
the MPU or calculated automatically. When MPU supplied, DPLL_PINI sets the
initial point within the phase comparator window that the phase detector returns
to after detection of a DPLL error. The Bt8953 phase window is 256 GCLK
cycles, whereas the Bt8953A phase window is 1024 GCLK cycles. For example,
B18953 requires a programmed value for DPLL_PINI which is typically set to init
phase window at its center point (i.e. 128 GCLK cycles), from the following for-
mula:

DPLL_PINI = round[w{]

GCLK

NOTE: The same formula is used to calculate DPLL_PINI for Bi8953A, even
with its wider phase window, since the loaded value is internally multi-

plied by four when used to initialize the phase detector.

0xF6 - Reset DPLL Phase Detector (DPLL_RST)

Writing any data value to DPLL_RST clears the phase detector error output, restarts the phase comparator win-
dow, and clears pending DPLL error interrupts. The MPU is not required to write DPLL_RST unless the MPU
has instructed the phase detector init mode (PHD_MODE in CMD_7; addr 0xF4) to disable automatic initial-
ization, or FAST_ACQ in CMD_7 is enabled and the system needs to reacquire the DPLL frequency.
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Data Path Options
Table 15. Data Path Options Write Registers

Address Register Label Bits Name/Description

0xDC DBANK_1 8 Data Bank Pattern 1

0xDD DBANK_2 8 Data Bank Pattern 2

0xDE DBANK_3 8 Data Bank Pattern 3

OxEA FILL_PATT 8 Programmable Fill Pattern (Data Bank Pattern 4)

OxE4 TSTUFF 4 Transmit Stuff Bit Value

OxED ROUTE_TBL 7 Transmit Routing Table

OxEE COMBINE_TBL 6 Receive Combination Table

0xF2 RSIG_TBL 4 Receive Signaling Table

0xDC - Data Bank Pattern 1 (DBANK_1)

7

6

5

4

3

2

1

0

DBANK_1[7]

DBANK_1[0]

DBANK_1[7:01

0xDD - Data Bank Pattern 2 (DBANK_2)

Data Bank Pattern 1 holds an 8-bit programmable pattern that can be used to
replace transmit HDSL payload bytes and/or receive PCM timeslots according to
the transmit payload map (TMAP; addr 0x08) and the receive combination table
(COMBINE_TBL; addr OxEE) selections. Both transmit and receive can use the
same DBANK contents simultaneously. DBANK 1[0] is the first bit inserted in

the selected direction.

1

6

5

4

3

2

1

0

DBANK_2[7]

DBANK_2[0]

DBANK_2[7:01

Data Bank Pattern 2 provides another 8-bit pattern for insertion in transmit HDSL
payload bytes or receive PCM timeslots. See DBANK 1 above. Multiple
DBANK registers may be needed to fill transmit HDSL payload bytes reserved
by ETSI standards for future applications. For example, ETSI specifies R and Y
bytes within a 2E1 payload block that are currently set to all ones.

Brookiree®
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OxDE - Data Bank Pattern 3 (DBANK_3)

0xDE - Data Bank Pattern 3 (DBANK_3)

7

6

5 4 3 2 1 0

DBANK_3[7] .

DBANK_3[0]

DBANK_3[7:01

Data Bank Pattern 3 holds a third possible 8-bit pattern for transmit or receive
insertion. See DBANK_1 above. If RSIG_EN=1 (CMD_6; addr OxF3),
DBANK 3 is a receive signaling buffer and is not available as an alternate source
for receive PCM timeslots. If TAUX_EN=1 (TCMD_2; addr 0x07), DBANK_3
is a transmit auxiliary channel data buffer and is not available for insertion into
transmit HDSL payload bytes, but remains available for insertion onto RSER
timeslots.

OxEA - Fill Pattern (FILL_PATT)

5 4 3 2 1 0

FILL_PATT[7:0]

FILL_PATT[7:0]

Fill Pattern - When PRBS_DIS (CMD_3; addr 0xE7) is set, FILL_PATT replaces
the PRBS generator output with its 8-bit programmable pattern. The transmit
routing table (ROUTE_TBL; addr O0xED) may then select FILL_PATT as a fourth
possible Data Bank to fill idle or unpopulated PCM timeslots and HDSL payload
bytes. In this case, FILL_PATT also establishes an 8-bit pattern checked by the
receiver’s BER meter, when enabled (BER_EN in COMBINE_TBL; addr OxEE).

When PRBS_DIS is zero (PRBS enabled), FILL_PATT is used to initialize the
least significant byte of the PRBS generator’s LFSR. In this case, FILL_PATT
must be initialized to any non-zero value before the MPU issues the PRBS_RST
command.

0xE4 - Transmit Stuff Bit Value (TSTUFF)

TSTUFF[3:0]

TSTUFF[3:0]

MAG1 SIGN1 MAGO SIGNO

Transmit Stuffing Bits contains the 4-bit STUFF value used by all HDSL (rans-
mitters when any HDSL output frame contains bit stuffing. TSTUFF[0] is the
sign bit and the first bit of the first quat transmitted during STUFF words.
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OxED - Transmit Routing Table (ROUTE_TBL)

0xED - Transmit Routing Table (ROUTE_TBL)

MPU access to the transmit routing table’s single (ROUTE_TBL) register is
enabled by first setting ROUTE_EN (CMD_3; addr 0xE7) to reset the table
pointer. The MPU can then write up to 64 table entries sequentially to the
ROUTE_TBL address. Bt8953A increments the internal table pointer after each
write to ROUTE_TBL. Any writes beyond 64 will wrap around and overwrite the
initial table entries. The first table entry written corresponds to the first transmit
PCM timeslot, which is the 8-bit period starting at MSYNC’s rising edge. Subse-
quent table writes increment the table pointer towards successive PCM timeslots.
Standard E1 requires 32 table writes, corresponding to 32 timeslots. Standard T1
requires 25 table writes, where the F-bit location is treated as 25th timeslot. An
Nx64 transmit PCM channel may require up to 64 table writes, corresponding to
the 4.096 Mbit/s data rate. After the MPU writes the required number of table
entries, the MPU writes zero to ROUTE_EN to prevent further table access and
then TFIFO_RST (addr 0x0D) on every HDSL channel to realign the transmit
elastic stores if the aggregate HDSL data rate is modified. Subsequent table
changes can rewrite only necessary entries up to and including the last desired
modification.

7 6 5 4 3 2 1 0
- INSERT_EN ROUTE[1:0] ROUTE[1:0] ROUTE[1:0]
CH3 CH2 CH1
ROUTE[:01 Routing Code - Three identical routing codes are present in each table entry to

select which data source is routed to each one of three HDSL channel destinations
(CH1-CH3). Route data is available from three sources: PCM transmit serial data
(TSER), PCM insert serial data (INSDAT), and PRBS generator data. In addition,
TSER data is available from an 8-bit delay buffer to allow routing codes to
repeatedly (twice) use the same TSER bylte as a data source. PCM timeslot data
can also be discarded by selecting no destination channels. Note that INSDAT is
available only from the 8-bit delay buffer and cannot be repeated in the same
manner as TSER. INSDAT occupies delay buffer space and prevents routing of
previous TSER data during the timeslot following INSERT_EN. For example, if
INSERT _EN is active in the timeslot 1 table entry then during timeslot 2 the
delay buffer contains INSDAT, not the previous TSER. The PRBS generator is
active only during timeslots that select PRBS data which allows discontinuous
timeslots to be tested with a single continuous PRBS test pattern. Sequential
timeslot routing is performed from inputs to destination channel(s) without reor-
dering of timeslots. Figure 36 illustrates the effect of ROUTE[1:0] and
INSERT_EN on TSER, INSDAT, and PRBS data routing.

ROUTE[1:0] Source of transmit HDSL channel data
00 Discard, do not route timeslot data
01 TSER
10 PRBS (or FILL_PATT if PRBS_DIS=1)
11 Previous TSER (or INSDAT) from delay buffer

Brookiree®
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%‘ OxED - Transmit Routing Table (ROUTE_TBL)

Figure 36. Transmit Routing

TSER T » TFIFO1
INSDAT B III » TFIFO?
— TFIFO3

PRBS ‘

INSERT_EN ROUTE[1:0]
Ch.1,2,3

INSERT_EN  Enable INSERT controls the state of the internal mux and the INSERT output pin
during the corresponding PCM timeslot’s sample time. The next table entry is
programmed to select the previous timeslot (ROUTE=11) to place INSDAT data
from the previous timeslot into the TFIFO.

0 = INSERT output pin remains inactive (low)
1 = INSERT output pin active (high)
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OxEE - Receive Combination Table (COMBINE_TBL)

OxEE - Receive Combination Table (COMBINE_TBL)

MPU access to the receive combination table’s single (COMBINE_TBL) register
is enabled by writing COMB_EN (CMD_3; addr 0xE7) then up to 64 table
entries sequentially to COMBINE_TBL. Each write increments the table pointer
and the first write corresponds to the first receive PCM timeslot. Subsequent
writes increment the table pointer to successive timeslots. After writing the
required number of table entries (see ROUTE_TBL on page 81), the MPU writes
COMB_EN 1o disable table access and then RFIFO_RST (addr 0x62) on every
HDSL channel to realign the receive elastic stores and possibly RX_RST (addr
O0xF1) if the aggregate PCM data rate has been modified. Subsequent table
changes can rewrite only entries up to and including the last desired modification.

5 4 3 2 1 0

DBANK_SEL[1:0] DROP_EN BER_EN COMBINE[1:0]

COMBINE[1:0]

BER_EN

DROP_EN

DBANK_SELI[1:0]

Combine Code selects one of 4 data sources for output on RSER during the
respective receive PCM timeslot destination. The data source is selected from one
of three HDSL receive channels or the DBANK register. The first combine code
that selects data from an HDSL channel will receive the first payload byte
mapped from that channel’s payload block as determined by the payload map
(RMAP; addr 0x64).

COMBINE[1:0] Source of RSER data
00 Determined by DBANK_SEL[1:0]
01 HDSL receive channel 1
10 HDSL receive channel 2
11 HDSL receive channel 3

BER Meter Enable places a copy of the respective PCM timeslot’s data into the
BER meter. Any number of timeslots may be copied without affecting through-
put.

0 = BER Meter ignores PCM timeslot

1 = BER Meter receives copy of PCM timeslot data from RSER

Enable DROP - Controls the state of the DROP output pin which marks the
respective timeslot coincident with data output on RSER.

0 = DROP output pin remains inactive (low)

1 = DROP output pin active (high)
Data Bank Select (Applicable only if COMBINE=00), selects one of three
DBANK registers to output on RSER during the respective timeslot.

DBANK_SEL[1:0] Source of RSER output data

00 Determined by COMBINE[1:0]
01 DBANK_1; addr 0xDC
10 DBANK_2; addr OxDD
11 Determined by RSIG_EN
RSIG_EN RSER Source
0 DBANK_3; addr OxDE
1 RSIG_TBL; addr OxF2
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% ¢ OXxF2 - Receive Signaling Table (RSIG_TBL)

0xF2 - Receive Signaling Table (RSIG_TBL)

Applicable only to the LTU grooming site in a 2E1 or 3E1 Point-to-Multipoint
(P2MP) system, the receive signaling table assembles El timeslot 16 (TS16)
from the ABCD signaling supplied by the three remote sites. Signaling from each
channel is located by RSIG_TBL selection of a particular timeslot in the receive
combination table and sampled automatically when RSIG_EN (CMD_6; addr
0xF3) is active. The groomed signaling table output replaces the DBANK 3 reg-
ister selection in the receive combination table (COMBINE_TBL; addr OxEE).

MPU access to the receive signaling table is provided through the RSIG_TBL
register by first setting RSIG_WR (CMD_3; addr OxE7) to reset the table pointer
to zero and then writing up to 16 entries sequentially to RSIG_TBL. Bt8953A
increments the table pointer after each write cycle to the RSIG_TBL address. The
first table entry corresponds to the first E1 frame (frame0) output on RSER and
subsequent entries to successive frames. Each entry contains two identical
RSIGJ[1:0] grooming codes which select the HDSL channel source for ABCD sig-
naling bits during the respective frame. For example, framel grooming codes
select ABCD for E1 channels 1 and 17, frame2 selects ABCD for E1 channels 2
and 18, etc... Grooming codes for E1 frame( are similar to other E1 frames and
allow the system to select which HDSL channel supplies the CAS multiframe
alignment signal (MAS) and which HDSL channel supplies the exira and multi-
frame yellow alarm bits (XYXX). Bt8953A does not provide access to the actual
received TS16 data and assumes that EOC messages or Indicator bits are used to
report far end alarm and status information.

5 4 3 2 1 0

- - RSIG[1:0] RSIG[1:0]

RSIGI1:0]

Receive Signaling Grooming Code selects which HDSL channel supplies ABCD
signaling, MAS or XYXX bits for output on RSER during the PCM timeslot
selected by receive combination table. Sixteen table entries correspond to El
frames O through 15, where the most significant grooming code corresponds to
the first four bits of the TS16 output.

RSIG[1:0] TS16 Source
00 None (invalid)
01 HDSL channel 1
10 HDSL channel 2
11 HDSL channel 3
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Table 16. Common Command Write Registers

Address Register Label Bits Name/Description
OxE5 CMD_1 8 Configuration
OxE6 CMD_2 8 Configuration
OxE7 CMD_3 8 Configuration
OxE8 CMD_4 8 Configuration
0OxE9 CMD_5 8 Configuration
0xF3 CMD_6 8 Configuration
OxF4 CMD_7 6 Configuration

0xE5 - Command Register 1 (CMD_1)

1 6 b 4 3 2 1 0
E1_MODE PLL_DIS PLL_DIV[1:0] PLL_MUL[3:0]

PLL_MUL[3:0] PLL Multiplication Factor - The MCLK input frequency is multiplied from 1 to
16 times by the selected value to create an internal HFCLK approximately equal
to 70 MHz and in the range of 60—80 MHz for DPLL clock recovery.

PLL_MUL [hex] 01 23 456 78 9 ABCDEF
MCLK Multiplier 16 151413121110 9 8 7 6 5 4 3 2 1

PLL_DIV[1:0] PLL Division Factor selects a divisor to scale down the internal HFCLK fre-
quency to create a general purpose clock (GCLK) in the frequency range of 10—
15 MHz. PLL_DIV determines the GCLK frequency for the DPLL phase detector

and loop filter.
PLL_DIV HFCLK Divisor
00 2
01 4
10 6
11 8

PLL_DIS PLL Disable disables the internal PLL which normally generates HFCLK. When
disabled, a 60-80 MHz HFCLK must be applied externally on the MCLK input.

0 = Normal PLL operation
1 = Disable PLL (PLL_MUL value has no effect)

E1_MODE E1 or Nx64 Mode enables insertion of Z-bits from the TZBIT (addr 0x04) regis-
ters and extraction of Z-bits into the RZBIT (addr 0x04) registers. Otherwise, F-
bits occupy the first bit of HDSL payload blocks.

0 = HDSL payload includes F-bits (T1 mode)
1 = HDSL payload includes Z-bits (E1 mode)
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OxE6 - Command Register 2 (CMD_2)

0xE6 - Command Register 2 (CMD_2)

7 6 5 4 3 2 1 0
GCLK_SEL PCM_FLOAT HP_LOOP PP_LOOP RCLK_SEL[1:0] TCLK_SEL[1:0]
TCLK_SEL  PCM transmit clock source selects which clock source and which clock edge is
used for PCM (ransmit inputs and outputs.
00 TCLK (rising edge outputs, falling edge inputs)
01 TCLK inverted (falling edge outputs, rising edge inputs)
1x  PCM receive clock source (see RCLK_SEL)
RCLK_SEL  PCM receive clock source selects which clock source and which clock edge is
used for PCM receive outputs. See also RCLK_INV (CMD_7; addr 0xF4).
00 DPLL recovered clock (rising edge outputs)
01 EXCLK pin (rising edge outputs)
10 EXCLK pin inverted (falling edge outputs)
11 PCM transmit clock source (see TCLK_SEL)
NOTE: TCLK_SEL=1x and RCLK_SEL=11 must not both be set simulta-
neously.
PP_LOOP  Loopback towards PCM on the PCM side - The RSER and RMSYNC outputs are

connected from TSER and TMSYNC inputs. Signals are switched at the 1/0 pins
directly, without switching the PCM receive clock. The MPU must change
RCLK_SEL to source RCLK from the TCLK input. HDSL transmit and receive
channels operate normally, except the receive channel outputs are replaced by
loopback signals.

0 = Normal PCM receive
1 =RSER and RMSYNC supplied by PCM transmit inputs
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Registers

HP_LOOP

PCM_FLOAT

GCLK_SEL

0xE6 - Command Register 2 (CMD_2)

Loopback towards HDSL on the PCM side - The TSER and TMSYNC inputs are
replaced by data and multiframe sync generated from the PCM receive formatter,
without switching the PCM (ransmit clock. The MPU must change TCLK_SEL
to source TCLK from the RCLK output. The PCM receiver operates normally,
but the transmit TSER and TMSYNC inputs are ignored.

0 = Normal PCM transmit operation
1 = Transmit PCM data supplied by PCM receiver channel

NOTE:  PP_LOOP and HP_LOOP may not be activated simultaneously.

Float PCM Multiframes selects whether MSYNC accepts TMSYNC as a frame
and/or multiframe sync reference. MSYNC is always used to establish transmit
frame and multiframe alignment for PCM and HDSL frames. If PCM_FLOAT is
active, MSYNC ignores TMSYNC and allows unframed or asynchronous pay-
load mapping of PCM frames into HDSL frames. In this case, TFRAME_LOC
and TMF_LOC (addr 0xC0-0xC2) are also ignored. When PCM_FLOAT is zero,
the TMSYNC input acts as the frame and/or muliiframe sync reference for
MSYNC.

0 =MSYNC accepts TMSYNC as transmit sync reference
1 = MSYNC ignores TMSYNC

General Purpose Clock Source - GCLK is used to synchronize MPU bus cycles
and quantize DPLL phase error.

0 = GCLK supplied by HFCLK + PLL_DIV
1 = GCLK supplied by TCK pin

Brookiree®
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*«@ Registers
%‘ OxE7 - Command Register 3 (CMD_3)

0xE7 - Command Register 3 (CMD_3)

1 6 5 4

3

2

1

0

PRBS_DIS

ROUTE_EN

RSIG_WR PRBS_MODE[1:0]

BER_SCALE[1:0]

COMB_EN

COMB_EN

ROUTE_EN

PRBS_DIS

BER_SCALE[1:0]

Enable Receive Combination Table Access - The write pointer for the combina-
tion table (COMBINE_TBL; addr OxEE) is reset to 0, and table access is enabled.
MPU writes to COMBINE_TBL are ignored when COMB_EN is low.

0 = Disable access to COMBINE_TBL
1 = Enable MPU access to COMBINE_TBL and reset write pointer

Enable Transmit Routing Table Access - The write pointer for the transmit routing
table (ROUTE_TBL,; addr OxED) is reset to 0, and table access is enabled. MPU
writes to ROUTE_TBL are ignored when ROUTE_EN is low.

0 = Disable access to ROUTE_TBL
1 = Enable MPU access to ROUTE_TBL and reset write pointer

PRBS Disable replaces PRBS generator output with data from the fill pattern reg-
ister (FILL_PATT; addr OxEA). Fill patterns are routed to the transmit FIFO in
the same manner as PRBS patterns.

0 = PRBS generator output enabled
1 = Fill Pattern replaces PRBS data

BER Meter Scale selects the test interval over which bit errors are accumulated
by the BER meter (BER_METER; addr 0x1D). The test interval is counted only
during bits selected and checked by the BER meter. See also BER_SEL (CMD_6;
addr 0xF3).

BER_SCALE Test Interval Approximate Scale
00 231 bits 2x 107
01 228 bits 2x 108
10 22 its 3x107
11 2% pits 2x 10°

NOTE:  The time to complete the test interval depends on the number of bytes
examined in each frame, where total test time may exceed 9 hours and 19
minutes.
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0xE8 - Command Register 4 (CMD_4) %

PRBS_MODE[1:0]  Pseudo Random Bit Sequence Length establishes the LFSR pattern generated by
the transmit PRBS generator and checked by the receive BER meter.

PRBS_MODE Test Pattern LFSR Tap Selection
00 223 1+x8+x%
01 220 (14-zero limit) 1+x!7+x%0
10 215 1+ x"+xP
11 24 1 +x3 +x*

RSIG_WR  Enable Receive Signaling Table Access - The write pointer for the receive signal-
ing table (RSIG_TBL,; addr 0xF2) is reset to 0, and table access is enabled. MPU
writes to RSIG_TBL are ignored when RSIG_WR is low.

0 = Disable access to RSIG_TBL
1 = Enable MPU access to RSIG_TBL and reset write pointer

0xE8 - Command Register 4 (CMD_4)

Must be set to 0x04 for normal operation. Other values are reserved for Brooktree production test.

Brookiree® 89



Bt8953A

*«@ Registers
% « OxE9 - Command Register 5 (CMD_5)

0xE9 - Command Register 5 (CMD_5)

7

6

5 4 3 2 1 0

DPLL_NCO

MASTER_SEL[1:0] ZBIT_SEL[1:0] EXT_STUFF STUFF_SEL[1:0]

STUFF_SELI1:0]

EXT_STUFF

ZBIT_SEL[1:0]

MASTER_SEL[1:0]

DPLL_NCO

Master STUFF source is applicable only if SLV_STUF (TCMD_2; addr 0x07) is
enabled, in which case the slave’s bit stuffing is provided by the master STUFF
source.

Bt8953A Bt8953 STUFF source
00 11 EXT_ STUFF (see below)
01 00 HDSL transmit channel 1
10 01 HDSL transmit channel 2
11 10 HDSL transmit channel 3

NOTE: If SLV_STUF is enabled and also selected as master, then the master
STUFF source automatically inserts zero and four STUFF bits in alter-
nating frames.

External STUFF controls whether zero or four STUFF bits are inserted for slave
channels that select external stuffing. TSTUFF (addr 0xE4) supplies four STUFF
bit values. The MPU must write EXT_STUFF at each slave’s transmit frame
interrupt.

0 = Insert 0 STUFF bits
1 =1Insert 4 STUFF bits

Z-bit Monitor Selection is applicable only in E1 mode. ZBIT_SEL selects which
channel supplies the last 40 Z-bits to fill the RZBIT_2-RZBIT_6 registers (addr
0x18-0x1C).

Bt8953A Bt8953 Monitor RZBIT[47:8] from

00, 01 00 HDSL receive channel 1
10 01 HDSL receive channel 2
11 10, 11 HDSL receive channel 3

Master Channel Selection selects which HDSL receive channel provides the 6 ms
frame sync signal to the DPLL and PCM formaitter. The selected channel’s 6 ms
frame is used to align the PCM receive timebase and to recover the PCM receive
clock.

Bt8953A Bt8953 Master HDSL Receive Channel
00, 01 00 Channel 1

10 01 Channel 2

11 10, 11 Channel 3

Operate the DPLL as an NCO - The DPLL operates in open loop configuration.
Normally, the DPLL operates in closed loop to recover the PCM receive clock
from the master HDSL receive channel. However, the DPLL may be operated in
open loop as a Numerically Controlled Oscillator (NCO) when the master HDSL
reference is unavailable (i.e. during start-up procedure or loss of signal condi-
tions).

0 = Closed loop DPLL operation
1 = Open loop DPLL operation
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0xF3 - Command Register 6 (CMD_6)

0xF3 - Command Register 6 (CMD_6)

1

6

5

4

3

2

1

0

RAZ_1

RAZ_2

RAZ_3

RAUX_EN

RSIG_EN

MSYNC_MEAS

BER_SEL[1:0]

BER_SELI[1:0]

MSYNC_MEAS

RSIG_EN

RAUX_EN

RAZ_1-RAZ_3

BER/PRBS Mode selects the BER meter source, the PRBS generator output
direction and serial or framed data formats. Refer to Figure 21 on page 26.

BER_SEL Mode
00 Normal

Mode Description

PRBS outputs data under control of ROUTE_TBL.
BER monitors data selected by COMBINE_TBL.
PRBS output replaces RSER data. BER monitors all
data at TSER. TCLK and RCLK must be identical.

10 PCM Framed PRBS outputs data under control of ROUTE_TBL.
BER monitors TSER during the same timeslots select-
ed by ROUTE_TBL. TCLK and RCLK must be iden-
tical. If accompanied by loopback on HDSL side,
framed PCM channels are tested.

01 PCM Serial

11 - Reserved

MSYNC Phase Measurement selects whether TMSYNC or RMSYNC phase is
measured with respect to MSYNC. The result is reported in MSYNC_PHS (addr
0x39).

0 =TMSYNC to MSYNC phase measurement
1 =RMSYNC to MSYNC phase measurement

Receive Signaling Table Enable is applicable only for an LTU in a P2MP applica-
tion. When active, the receive signaling table (RSIG_TBL; addr 0xF2) grooms
the ABCD signaling from two or three remote sites and routes the groomed signal
via DBANK 3 in the receive combination table (COMBINE_TBL; addr OxEE).
When inactive, RSIG_TBL is unused and the receive combination table regains
use of DBANK 3.

0 = Normal receive
1 = Enable receive signaling table

Receive Auxiliary Enable - The RAUX1-RAUX3 outputs share the same pins
with DROP, INSERT and MSYNC, respectively. RAUX_EN determines which
signals are output on these shared pins.

0 = DROP, INSERT or MSYNC outputs enabled
1 = RAUXn outputs enabled

Receive Auxiliary Z-bit Enable is applicable only when RAUX_EN is active.
RAZn (n=1,2,3) selects whether ROHn marks the output of all overhead and Z-
bits or only the last 40 Z-bits. If enabled, ROHn is high for one BCLKn coinci-
dent with each of the last 40 Z-bits output on RAUXn. Otherwise, all non-pay-
load data (SYNC, STUFF, HOH and Z-bits) is marked by ROHn.

0 = ROHn marks all non-payload data
1 = ROHn marks only the last 40 Z-bits

Brookiree®
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0xF4 - Command Register 7 (CMD_7)

0xF4 - Command Register 7 (CMD_7)

6

5 4 3 2 1 0

NCO_SCALE RCLK_INV PHD_MODE FAST_ACQ | DPLL_ERR_EN

DPLL_ERR_EN

FAST_ACQ

PHD_MODE

DPLL Error Interrupt Enable enables DPLL errors to request RX_ERR interrupt
when an overflow or underflow condition occurs at the phase detector output.
DPLL errors are latched and reported in ERR_STATUS (addr 0x3C) regardless of
DPLL_ERR_EN.

0 = DPLL errors do not generate a RX_ERR interrupt
1 =DPLL errors generate a RX_ERR interrupt

Fast Acquisition enables DPLL fast frequency acquisition by instructing the NCO
to reuse the residual phase calculated prior to a DPLL error condition. The phase
detector initializes according to PHD_MODE (see below) while the NCO contin-
ues tracking the last known phase, thus widening the DPLL bandwidth.
FAST_ACQ is preferable while the master framer remains IN_SYNC. To avoid
RCLK frequency violations, FAST_ACQ may be disabled when the master
framer is OUT_OF_SYNC.

0 = Disable fast acquisition
1 = Enable fast acquisition

NOTE:  1If the system determines that the DPLL is not locked, then the MPU must
assert DPLL _RST (addr O0xF6) to force the DPLL to reload
DPLL_RSID (addr 0xD5). The system may monitor DPLL tracking by
reading RESID_OUT (addr 0x28) or checking DPLL_ERR

(ERR_STATUS; addr 0x3C).

Phase Detector Init Mode selects a method to initialize the phase detector window
when a DPLL error occurs. The phase detector can initialize to the center of the
phase window, opposing edge, not initialize, or use the programmed DPLL_PINI
(addr 0xDB) value.

PHD_MODE Phase Detector initialization
00 DPLL_PINI value
01 Opposing edge of phase window
10 Disabled (infinite phase window)
11 Center of phase window

NOTE:  Disabling the phase detector isn’t recommended as the error output may
remain saturated without reporting the DPLL error status or generating

DPLL interrupts.
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0xF4 - Command Register 7 (CMD_7) %

RCLK_INV  Receive Output Clock Inverted enables binary inversion of the clock selected by
RCLK_SEL (CMD_2; addr 0xE6).
0 RCLK = clock selected by RCLK_SEL
1 RCLK = inverted clock selected by RCLK_SEL
NCO_SCALE = NCO Scale Factordivides the NCO clock by 4 to allow the NCO to synthesize the
RCLK frequency at or below 128 kHz. GCLK and SCLK are not affected.

0 = Normal NCO operation
1 = Divide NCO clock (HFCLK) by 4

NOTE:  Calculated values for DPLL_RESID (addr 0xDS5) and DPLL_FACTOR
(addr 0xD7) are changed according to the following equation (refer to
page 74):

Fucrr ¥ PLLMUL]

[INTEGER.FRACTION] = ( AX2X [pon
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Interrupt and Reset
Interrupt and Reset
Table 17. Interrupt and Reset Write Registers
Address Register Label Bits Name/Description
OxEB IMR 8 Interrupt Mask Register
OxEC ICR 8 Interrupt Clear Register
OxEF BER_RST - Reset BER Meter/Start BER Measurement
0xFO PRBS_RST - Reset PRBS generator
OxF1 RX_RST - Reset Receiver

OxEB - Interrupt Mask Register (IMR)

The MPU writes a one to an IMR bit to mask the respective interrupt event. Masked interrupt sources are pre-
vented from generating an active low signal on the INTR* output, but are reported in the Interrupt Request Reg-
ister (IRR). Writing zero to the IMR bit enables the respective interrupt event to generate an active low signal
on the INTR* output. Upon power up or RST* assertion, all IMR bits are automatically set to one to disable the

INTR* output.

7 6 5 4 3 2 1 0
RX_ERR TX_ERR RX3 RX2 RX1 X3 X2 X1
TX1-TX3  Mask the HDSL 6 ms transmit frame interrupt for the respective channel.
RX1-RX3  Mask the HDSL 6 ms receive frame interrupt for the respective channel.
TX_ERR  Mask the HDSL transmit error interrupt.
RX_ERR  Mask the HDSL receive error interrupt.

0xEC - Interrupt Clear Register (ICR)

The MPU writes a zero to an ICR bit to reset the respective IRR bit and, if all IRR bits are zero, causes the
INTR* output to enter a high impedance state. Writing a one has no effect.

7 6 5 4 3 2 1 0
RX_ERR TX_ERR RX3 RX2 RX1 X3 X2 X1
TX1-TX3  Clear the HDSL 6 ms transmit frame interrupt for the respective channel.
RX1-RX3  Clear the HDSL 6 ms receive frame interrupt for the respective channel.
TX_ERR  Clear the HDSL transmit error interrupt.
RX_ERR  Clear the HDSL receive error interrupt.
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OXEF - Reset BER Meter/Start BER Measurement (BER_RST)

OxEF - Reset BER Meter/Start BER Measurement (BER_RST)

Writing any data value to BER_RST clears the BER meter error count (BER_METER; addr 0x1D) and the
BER meter status (BER_STATUS; addr 0x1E), instructs the BER meter to begin searching for pattern sync
according to the mode selected by PRBS_MODE (CMD_3; addr 0xE7) and BER_SEL (CMD_6; addr 0xF3),
and restarts the BER meter test measurement interval defined by BER_SCALE (CMD_3; addr OxE7). The
MPU must configure PRBS_ MODE, BER_SEL and BER_SCALE before issuing a BER_RST command.

After writing BER_RST, the MPU monitors SYNC_DONE to determine when the test pattern qualification
period has ended and then checks BER_SYNC (BER_STATUS; addr 0x1E) to verify that correct test pattern
has been received. The BER meter uses a 128-bit qualification period to examine receive data before updating
BER_SYNC, therefore the MPU may wait up to 2 ms before SYNC_DONE is activated. If BER_SYNC is not
found when the qualification period ends, then the test has failed to detect pattern sync and the MPU should
ignore the BER_ METER results. The MPU may optionally repeat BER_RST in the event of a PRBS test failure
since the BER meter may have initialized LFSR with received bit errors. Similarly, the MPU should repeat
BER_RST if BER_ METER reports any bit errors at the end of the qualification period during a PRBS test.

Once BER_SYNC is detected, the MPU monitors BER_DONE (o determine the end of the test measurement
interval. BER_METER results are updated in real-time during the measurement interval and latched at the end
of the interval. The MPU can restart the test measurement interval and thereby extend the measurement indefi-
nitely by applying another BER_RST command before BER_DONE is activated.

0xFO - Reset PRBS Generator (PRBS_RST)

Writing any data value to PRBS_RST loads an 8-bit pattern from the FILL_PATT register (addr OxEA) into the
least significant byte of the PRBS generator’s 23-stage LFSR and clears all other LFSR bits. The MPU writes
PRBS_RST prior to the start of a PRBS or fixed pattern test. Note that before issuing PRBS_RST to start a
PRBS test, the MPU must initialize the FILL._PATT value to something other than 0x00, or else the LFSR out-
put is stuck at all zeros.

0xF1 - Reset Receiver (RX_RST)

For B(t8953A, writing any data value to RX_RST forces the PCM formatier to align the PCM receive timebase
with respect to the master HDSL channel’s receive 6 ms frame by reloading the RFIFO_WL value (addr 0xCD).
For Bt8953, it also forces the DPLL to restart frequency acquisition by reloading the DPLL_RESID value (addr
0xD5). The MPU must write RX_RST after modifying the RFIFO_WL value in Bt8953A, and after modifying
RFIFO_WL or DPLL_RESID values in Bt8953. Bt8953A automatically performs RX_RST each time the mas-
ter HDSL channel’s receive framer changes alignment and transitions to the IN_SYNC state.

Issuing RX_RST while the PCM formatter is aligned causes no change in alignment of the PCM receive
timebase. For Bt8953, RX_RST may cause DPLL errors or RCLK phase jitter if the current DPLL residual (see
RESID_OUT; addr 0x20, 0x28) is not near the programmed DPLL_RESID value. The MPU may wish to
update DPLL_RESID to equal the currently reported RESID_OUT value when issuing RX_RST only to realign
the receive timebase.
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Bt8953A

Receive/Transmit Status

Receive/Transmit Status

HDSL Channel 1

(GH1)

HDSL Channel 2
{CH2)

HDSL Channel 3
(CH3)

Base Address

0x00

0x08

0x10

Table 18. Receive and Transmit Stalus Read Registers

CH1 CH2 CH3 Register Label Bits Register Description

0x00 0x08 0x10 REOG_LO 8 Receive EOC bits

0x01 0x09 0x11 REOG_HI 8 Receive EOC bits

0x02 0x0A 0x12 RIND_LO 8 Receive IND bits

0x03 0x0B 0x13 RIND_H]I 8 Receive IND bits

0x04 0x0C 0x14 RZBIT_1 8 Receive Z-bits
0x18 RZBIT_2 8 Common Receive Z-bits (CHn = ZBIT_SEL)
0x19 RZBIT_3 8 Common Receive Z-bits (CHn = ZBIT_SEL)
Ox1A RZBIT_4 8 Common Receive Z-bits (CHn = ZBIT_SEL)
0x1B RZBIT_b5 8 Common Receive Z-bits (CHn = ZBIT_SEL)
0x1C RZBIT_6 8 Common Receive Z-bits (CHn = ZBIT_SEL)

0x05 0x0D 0x15 STATUS_1 8 Receive Status

0x06 0OxO0E 0x16 STATUS_2 8 Receive Status

0x07 OxOF 0x17 STATUS_3 8 Transmit Status

0x21 0x29 0x31 CRC_CNT 8 CRC Error Count

0x22 Ox2A 0x32 FEBE_CNT 8 Far End Block Error Count

The MPU may read all receive and transmit status registers non-destructively at any time. All status registers
are updated coincident with their respective HDSL channel’s receive or transmit 6 ms frame interrupts indicated
in the Interrupt Request Register (IRR; addr 0x1F). Therefore, the MPU may poll the IRR or enable interrupts
to determine if a status update has occurred. Real-time receive status (REOC, RIND and RZBIT) register
updates are suspended when the respective HDSL channel’s receive framer reports an OUT_OF_SYNC state

(STATUS_1; addr 0x05).

96

Brookiree®



Bt8953A Registers

0x00 - Receive Embedded Operations Channel (REOC_LO)

0x00 - Receive Embedded Operations Channel (REOC_LO)

7 6 5 4 3 2 1 0
REOC[7] . . . . . . REOC[0]
0x01 - Receive Embedded Operations Channel (REOC_HI)
7 6 5 4 3 2 1 0
CH_NUM[2:0] REOC[12] . . . REOC[8]
REOC[12:0]1 Receive EOC holds 13 EOC bits received during the previous HDSL frame.
Refer to Table 4 on page 34 (Overhead Bit Allocation) for EOC bit positions
within the frame. The least significant bit REOC]0] is received first.
CH_NUMI[2:0]  Channel Number corresponds to the physical HDSL channel. If channels 1, 2 and

3 connect to wire pairs 1, 2 and 3 respectively, the MPU can identify crossed wire
pairs by comparing CH_NUM to the received loop identification channel number
reported in the received Z-bits (E1 mode) or the received SYNC words (T1

mode).
001 CHI1 (address 0x01)
010 CH2 (address 0x09)
100 CH3 (address 0x11)

0x02 - Receive Indicator bits (RIND_LO)

7

5 4 3 2 1 0

RIND[7]

RIND[O]

0x03 - Receive Indicator bits (RIND_HI)

7 b 5 4 3 2 1 0
MFG[2:0] RIND[12] . . . RIND[8]
RIND[12:0]  Receive IND holds 13 IND bits received during the previous HDSL frame. Refer
to Table 4 on page 34 (Overhead Bit Allocation) for the IND bit positions within
the frame. The receive framer updates the RIND registers on receive frame inter-
rupt boundaries. The least significant bit RIND[0] is received first.
MFGI[2:0] Manufacture Code - MPU may read to verify device manufacture.
000 CH1 (address 0x03)
010 CH2 (address 0x0B)
000 CH3 (address 0x13)
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Bt8953A

0x04 - Receive Z bits (RZBIT_1)

0x04 - Receive Z hits (RZBIT_1)

7 6 5 0
RZBIT[7] RZBIT[0]
0x18 - Receive Z hits (RZBIT_2)
7 6 5 0
RZBIT[15] RZBIT[8]
0x19 - Receive Z bits (RZBIT_3)
7 6 5 0
RZBIT[23] RZBIT[16]
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0x1A - Receive Z-hits (RZBIT_4) %

0x1A - Receive Z-hits (RZBIT_4)

7 6 5 4 3 2 1 0
RZBIT[31] . . . . . . RZBIT[24]
0x1B - Receive Z-bits (RZBIT_5)
7 6 5 4 3 2 1 0
RZBIT[39] . . . . . . RZBIT[32]
0x1C - Receive Z-bits (RZBIT_6)
7 6 5 4 3 2 1 0
RZBIT[47] . . . . . . RZBIT[40]

RZBIT[47:01  Receive Z-bits is applicable only in EI_MODE (CMD_1; addr 0xES). RZBIT
holds 48 Z-bits received during the previous HDSL frame. Refer to Figure 30 on
page 39 and Figure 35 on page 44 for Z-bit positions within the frame. The least
significant bit RZBIT[0] is received first. The first 8 received Z-bits from each
HDSL channel are monitored individually in the RZBIT 1 registers. The last 40
received Z-bits are monitored in the RZBIT_2-RZBIT_6 registers from only the
single receive channel selected by ZBIT_SEL (CMD_S5; addr 0xE9). Systems
which desire individual channel monitoring of the last 40 Z-bits may use external
circuitry to capture the Z-bits from the receive HDSL Auxiliary channel
(RAUXn) outputs.
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0x05 - Receive Status 1 (STATUS_1)

0x05 - Receive Status 1 (STATUS_1)

5 4 3 2 1 0

VER[1:0]

RFIFO_SLIP | RFIFO_MPTY | RFIFO_FULL RX_STUFF TR_INVERT SYNC_AB

SYNC_AB

TR_INVERT

RX_STUFF

SYNC_WORD_A or SYNC_WORD_B Acquired reports which one of the two
programmed SYNC words is detected by the receive framer. Updated each time
the receive framer state transitions from OUT _OF_SYNC to
SYNC_ACQUIRED.

0 =SYNC_ACQUIRED with SYNC_WORD_A
1 =SYNC_ACQUIRED with SYNC_WORD_B

Tip/Ring Inversion indicates the receive framer acquired an inverted SYNC word
A or B, indicating the receive Tip and Ring wire pair connections are reversed.
Bi8953A automatically inverts the sign bits of all received data as it is presented
on the RDATn input when inversion is detected. TR_INVERT is updated each
time the receive framer state transitions from OUT_OF_SYNC 1o
SYNC_ACQUIRED.

0 = SYNC_ACQUIRED with expected SYNC word
1 =SYNC_ACQUIRED with inverted SYNC word

Receive STUFF indicates whether the receive framer detected four STUFF bits or
no STUFF bits in the previous frame.

0 = No STUFF bits detected
1 = Four STUFF bits detected
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RFIFO_FULL

RFIFO_MPTY

RFIFO_SLIP

VERI[1:0]

0x05 - Receive Status 1 (STATUS_1)

Receive FIFO Full Error indicates the RFIFO has overflowed. Also reported in
ERR_STATUS and IRR (if RX_ERR_EN) and generates an RX_ERR interrupt
(if RX_ERR in IMR is enabled). RFIFO_FULL is indicative of clock problems
and may be triggered by DPLL acquisition, DPLL switchover or changes to the
receive combination table or the receive payload map.

0 = RFIFO normal
1 = RFIFO overflowed

Receive FIFO Empty Error indicates the RFIFO has underrun. Also reported in
ERR_STATUS and IRR (if RX_ERR_EN) and generates an RX_ERR interrupt
(if RX_ERR in IMR is enabled). RFIFO_MPTY is indicative of clock problems
and may be triggered by events similar to those which cause RFIFO_FULL
errors.

0 = RFIFO normal
1 = RFIFO underrun

Receive FIFO Slip indicates the number of payload bytes mapped into the RFIFO
is not equal to the number of PCM timeslots mapped out of the RFIFO over a
6 ms period. Also reported in ERR_STATUS and IRR (if RX_ERR_EN) and gen-
erates an RX_ERR interrupt (if RX_ERR in IMR is enabled). RFIFO_SLIP
errors are caused by a receive framer OUT_OF_SYNC condition, or by improper
configuration of the receive payload map or the receive combination table.

0 = RFIFO normal
1 = RFIFO unbalanced

Version Number contains the device revision level which the MPU can read to
determine the installed device, enable new software features and remove unnec-
essary software corrections from older versions.

Bt8953 Bt8953A
CH1 01 01
CH2 01 01
CH3 01 10

Brookiree®
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0x06 - Receive Status 2 (STATUS 2)

0x06 - Receive Status 2 (STATUS_2)

7 6

5 4 3 2 1 0

FEBE_OVR CRC_OVR

CRC_ERR SYNC_STATE[1:0] STATE_CNT[2:0]

STATE_CNT[2:0]

SYNC_STATE[1:0]

CRC_ERR

CRC_OVR

FEBE_OVR

Intermediate State Count is applicable only if SYNC_STATE (see below) reports
SYNC_ACQUIRED or SYNC_ERRORED states. STATE_CNT indicates the
framer’s progress through the intermediate states.

000 1 frame

001 2 consecutive frames
010 3 consecutive frames
011 4 consecutive frames
100 5 consecutive frames
101 6 consecutive frames
110 7 consecutive frames
111 8 consecutive frames

Receive Framer Synchronization State reports the state of the receive framer.
Refer to the Framer Synchronization State Diagram (Figure 32 on page 41).

00 OUT_OF_SYNC
01 SYNC_ACQUIRED
10 IN_SYNC

11 SYNC_ERRORED

When the framer enters OUT_OF_SYNC, the RFIFO is automatically reset,
FEBE and CRC error counts are suspended, and RX_ERR is activated.

When the framer reports SYNC_ACQUIRED, the RFIFO and the payload
mapper are enabled, and RX_ERR is activated.

When the framer enters IN_SYNC, the RFIFO water level (RFIFO_WL; addr
0xCD) is re-established, FEBE and CRC counting resumes, and RX_ERR is acti-
vated.

When the framer reports SYNC_ERRORED, STATE_CNT indicates the num-
ber of consecutive frames in which SYNC was not detected.

CRC Error shows that the CRC comparison in the previous frame resulted in a
mismatch of one or more CRC bits. CRC_ERR is invalid in the OUT_OF_SYNC
state. The MPU may copy CRC_ERR into the first transmit IND (TIND_LO;
addr 0x02) to report FEBE.

0 = CRC pass

1 = CRC error detected

CRC Error Count Overflow indicates the CRC error count (CRC_CNT;, addr
0x21) has reached its maximum value of 255, and enerates an RX_ERR interrupt.
0 = CRC error count below maximum
1 = CRC error count equals maximum 255 (0xFF)

Far End Block Error Count Overflow - Indicates the FEBE count (FEBE_CNT;
addr 0x22) has reached its maximum value of 255. Generates an RX_ERR inter-
rupt.

0 = FEBE count below maximum

1 = FEBE count equals maximum 255 (0xFF)
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0x07 - Transmit Status (STATUS_3)

0x07 - Transmit Status (STATUS_3)

7 6 5 4 3 2 1 0
- - - STUFF_ERR | TFIFO_SLIP | TFIFO_MPTY | TFIFO_FULL | TX_STUFF
TX_STUFF  Transmit STUFF Decision indicates whether the last transmitted HDSL frame
was output with four STUFF bits or none.
0 = No STUFF bits output
1 = Four STUFF bits output
TFIFO_FULL  Transmit FIFO Full Error indicates the TFIFO has overflowed. This is also
reported in ERR_STATUS and IRR (if TX _ERR_EN) and generates a TX_ERR
interrupt (if TX_ERR in IMR is enabled). TFIFO_FULL errors may result from a
change of transmit PCM frame alignment, MPU writes to TFIFO_RST, changes
in TCLK or BCLKn frequency, or changes to the transmit routing table or the
transmit payload map.
0 = TFIFO normal
1 = TFIFO overflowed
TFIFO_MPTY  Transmit FIFO Empty Error indicates the TFIFO has underrun. This is also
reported in ERR_STATUS and IRR (if TX _ERR_EN) and generates a TX_ERR
interrupt (if TX_ERR in IMR is enabled). TFIFO_MPTY errors may be triggered
by events similar to those which cause TFIFO_FULL errors.
0 = TFIFO normal
1 = TFIFO underrun
TFIFO_SLIP  Transmit FIFO Slip indicates the number of PCM timeslots routed into the TFIFO
is not equal to the number of payload bytes mapped out of the TFIFO over a 6 ms
period. This is also reported in ERR_STATUS and IRR (if TX_ERR_EN) and
generates a TX_ERR interrupt (if TX_ERR in IMR is enabled). TFIFO_SLIP
errors may be triggered by events similar to those which cause TFIFO_FULL
errors. Repeated TFIFO_SLIP errors may indicate improper configuration of
either the transmit payload map or the transmit routing table.
0 = Transmit FIFO normal
1 = Transmit FIFO unbalanced
STUFF_ERR  Transmit Stuffing Error indicates when the phase difference measured from PCM

to HDSL 6ms frames exceeds the maximum bit stuffing threshold
(STF_THRESH_C; addr 0xD3). This is also reported in ERR_STATUS and IRR
(if TX_ERR_EN) and generates a TX_ERR interrupt (if TX_ERR in IMR is
enabled). STUFF_ERR may be triggered by events similar to those which cause
TFIFO_FULL errors. The STUFF generator is automatically reset when
STUFF_ERR is detected.

0 = STUFF generator normal
1 = STUFF generator error

Brookiree®
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0x21 - CRC Error Count (CRC_CNT)

0x21 - CRC Error Count (CRC_CNT)

1

6

5 4 3 2 1 0

CRC_CNT[7] .

CRC_CNT[0]

CRC_CNT[7:0]

CRC Error Count indicates the total number of received CRC errors detected by
the receive framer and increments by one for each received HDSL 6 ms frame
that contains CRC_ERR (STATUS_1; addr 0x06). CRC_CNT is cleared to zero
by ERR_RST (addr 0x67) and error counting is suspended while the receive
framer is OUT_OF_SYNC or SYNC_ACQUIRED. CRC_CNT also sets
CRC_OVR (STATUS_2; addr 0x06) upon reaching its maximum count value of
255.

0x22 - Far End Block Error Count (FEBE_CNT)

7

6

5 4 3 2 1 0

FEBE_CNT[7] .

FEBE_CNT[O]

FEBE_CNT[7:01

Far End Block Error Count indicates the total number of received FEBE errors
sent by the far end transmitter and increments by one for each received HDSL
6 ms frame that contains an active (low) FEBE bit. FEBE is the second IND bit
received within the Indicator bit group and can be monitored separately as the
RINDIJ1] bit in the RIND_LO (addr 0x02) receive status register. Refer to Table 4
on page 34 for the FEBE bit position within the frame. FEBE_CNT is reset (o
zero by ERR_RST (addr 0x67) and error counting is suspended while the receive
framer is OUT_OF_SYNC or SYNC_ACQUIRED. FEBE_CNT also sets
FEBE_OVR (STATUS_2; addr 0x06) upon reaching its maximum count value of
255.
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Common Status

Table 19. Common Status Read Registers

Common Status

Address Register Label Bits Name/Description
0x1D BER_METER 8 Bit Error Rate Meter

Ox1E BER_STATUS 3 BER Meter Status

Ox1F IRR 8 Interrupt Request Register
0x20 RESID_OUT_HI 8 DPLL Residual

0x28 RESID_OUT_LO 8 DPLL Residual

0x30 IMR 8 Interrupt Mask Register
0x38 PHS_ERR 8 DPLL Phase Error

0x39 MSYNC_PHS_LO 8 Multiframe Sync Phase
0x3A MSYNC_PHS_HI 5 Multiframe Sync Phase
0x3B SHADOW_WR 8 Shadow Write

0x3C ERR_STATUS 7 Error Status

0x1D - Bit Error Rate Meter (BER_METER)

The receive BER meter and the transmit PRBS generator work in conjunction to perform characterization,
installation, maintenance and diagnostic testing on PCM and HDSL channels. PRBS_MODE and PRBS_DIS
(CMD_3; addr 0xE7) determine which of the four PRBS patterns or constant pattern is checked by the BER

meter.

7 6

5 4

3

2 1

0

BER[7] .

BER[O]

BER[7:0]

Bit Error Ratio contains the total number of logical bit errors counted in real time
during the test measurement interval defined by BER_SCALE (CMD_3; addr
0xE7). BER stops counting when the test measurement interval is completed or
the counter reaches its maximum value of 255, after which the BER_ METER
result is latched until the meter is reset (BER_RST; addr 0xEF). Note that BER
doesn’t suspend error counting when the HDSL receive framer loses frame align-
ment. Anytime after test completion (see BER_DONE in BER_STATUS; addr
0x1E), the MPU can calculate an exact Bit Error Ratio as follows:

BER_SCALE Bit Error Ratio
00 BER[7:0] = 23!
01 BER[7:0] + 228
10 BER][7:0] =+ 23
11 BER[7:0] + 22!

Brookiree®
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%‘ Ox1E - BER Status (BER_STATUS)

Ox1E - BER Status (BER_STATUS)

6

5 4 3 2 1 0

SYNC_DONE | BER_DONE BER_SYNC

BER_SYNC

BER_DONE

SYNC_DONE

BER Pattern SYNC is applicable only if SYNC_DONE (see below) is active.
BER_SYNC reports whether the BER meter acquired test pattern sync during the
128 bit test pattern qualification period. The BER meter must see fewer than 8 bit
errors during examination of the first 128 bits in order to assert BER_SYNC.

0 = No pattern sync
1 = Pattern sync detected

BER Measurement Complete signifies the BER meter has completed examination
of the total number of test pattern bits programmed by BER_SCALE. When
BER_DONE is set, the BER meter stops counting bit errors.

0 = BER measurement in progress
1 = BER measurement complete

Sync Qualification Period Complete indicates the BER meter has examined 128
bits and has updated BER_SYNC. SYNC_DONE reports the end of the test pat-
tern qualification period.

0 = Qualification period in progress

1 = Qualification period complete
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Ox1F - Interrupt Request Register (IRR)

0x1F - Interrupt Request Register (IRR)

The INTR* output pin is activated and the corresponding IRR bit latched whenever an interrupt event transition
is detected from one of eight sources. Interrupt sources that are masked (see IMR; addr OxEB) don’t activate the
INTR* output, but are latched and reported in the IRR. Latched IRR bits are reset and the INTR* output deacti-
vated by writing a zero to the corresponding Interrupt Clear Register bits (ICR; addr OXEC). However, if IRR is
reporting a persistent error condition such as framer OUT_OF_SYNC, then writing ICR deactivates the INTR*
pin but doesn’t clear the IRR bit unless the error condition has ended. INTR* output activation is triggered by
an event edge, therefore persistent or multiple error conditions only generate one INTR* request.

7 6 5 4 3 2 1 0
RX_ERR TX_ERR RX3 RX2 RX1 X3 X2 X1
TX1-TX3  Transmit HDSL 6 ms Frame Interrupt is reported coincident with the start of the
transmit 6 ms frame for the respective HDSL channel. This allows the MPU to
synchronize read access of the transmit status (STATUS_3; addr 0x07) and write
access to the real time transmit HDSL registers (see Table 10 on page 52).
0 = No interrupt
1 = Transmit frame interrupt
RX1-RX3  Receive HDSL 6 ms Frame Interrupt is reported coincident with the start of the
receive 6 ms frame for the respective HDSL channel. This allows the MPU to
synchronize read access of the real time receive status (see Table 18 on page 96)
and the DPLL status of the master HDSL receive channel (see Table 19 on
page 105).
0 = No interrupt
1 =Receive frame interrupt
TX_ERR Transmit Error Interrupt - The (ransmit stuffing and TFIFO errors from all
enabled error sources are logically ORed to form TX_ERR. When active, the
MPU reads the error status register (ERR_STATUS; addr 0x3C) to determine
which source caused the interrupt.
0 = No interrupt
1 = Transmit error interrupt
RX_ERR  Receive Error Interrupt - Framer state transitions, RFIFO errors, CRC and FEBE

counter overflows and DPLL errors from all enabled error sources are logically
ORed to form RX_ERR. When active, the MPU reads the error status register
(ERR_STATUS; addr 0x3C) to determine which source caused the interrupt.

0 = No interrupt
1 =Receive error interrupt

Brookiree®
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0x28 - DPLL Residual Output (RESID_OUT_L0)

0x28 - DPLL Residual Output (RESID_OUT_LO)

7

5 4 3 2 1 0

RESID_OUT[7]

RESID_OUT[0]

0x20 - DPLL Residual Output (RESID_OUT_HI)

1

6

5 4 3 2 1 0

RESID_OUT[15]

RESID_OUT[8]

RESID_0OUTI[15:0]

DPLL Residual Output - The NCO’s residual phase output equals the synthesized
phase needed to construct 1/2 cycle of the recovered clock, given as a fractional
result, in units of HFCLK. During DPLL closed loop operation, the RESID_OUT
value should converge to approximately equal the programmed DPLL_RESID
(addr 0xD6) value. The MPU can calculate the recovered clock frequency by sub-
stituting the measured value of RESID_OUT in the synthesis equation given on
page 74 and solving for RCLK. RESID_OUT is updated coincident with the RXn
interrupt (where n = master HDSL channel number) and is provided for diagnos-
tics only.

0x30 - Interrupt Mask Register (IMR)

This register contains data written to IMR (addr OxEB) and is provided as an MPU read back register. The MPU
interrupt service routine may wish to use the IMR read value to mask read data from the IRR and avoid process-
ing of masked interrupts.

0x38 - DPLL Phase Error (PHS_ERR)

1

6

5 4 3 2 1 0

PHS_ERR[7]

PHS_ERRI[O0]

PHS_ERR[7:0]

DPLL Phase Error - The DPLL phase detector error output is given in 2’s com-
plement format in units of GCLK cycles, where minimum (negative) phase is
reported as 0x80 and maximum (positive) phase as Ox7F. The result of the PCM
to HDSL 6 ms phase comparison is updated coincident with the RXn interrupt
(where n = master HDSL channel number). During DPLL closed loop operation,
the phase error’s long term average equals zero. PHS_ERR is provided for diag-
nostic testing only.
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0x39 - Multiframe Sync Phase Low (MSYNC_PHS_LO)

0x39 - Multiframe Sync Phase Low (MSYNC_PHS_LO)

7

5 4 3 2 1 0

MSYNC_PHS[7]

MSYNC_PHS]O0]

0x3A - Multiframe Sync Phase High (MSYNC_PHS_HI)

5 4 3 2 1 0

MSYNC_PHS[12] . . . MSYNC_PHSI8]

MSYNC_PHS[12:0]

Multiframe Sync Phase contains the number of elapsed TCLK cycles measured
from the rising edge of the TMSYNC or the RMSYNC signal selected by
MSYNC_MEAS (CMD_6; addr 0xF3) to the rising edge of MSYNC. A value of
zero indicates the phase equals 1 TCLK cycle. Maximum phase equals 1 PCM
multiframe. For example, Nx64 multiframe equals 16 frames times N=64
timeslots per frame times 8 bits per timeslot for a total length equal to 8192 PCM
bits (Ox1FFF).

For unframed or asynchronously mapped applications, knowing the TMSYNC
to MSYNC phase simplifies far-end reconstruction of RMSYNC, in which case,
each terminal measures TMSYNC phase and sends it to the far-end for calcula-
tion of the RFRAME_LOC (addr 0xC3) and the RMF_LOC (addr 0xC5) delays
needed to recreate RMSYNC. TMSYNC phase measurement iS unnecessary
when PCM and HDSL frames are synchronized or the far-end doesn’t need to
create RMSYNC.

- _(IMP)
RMF_LOC.RFRAME_LOC = ETEN

Where: FRAME_LEN = bits per frame (FRAME_LEN; address 0xC8)
RMF_LOC = frame delay (integer part of result)
RFRAME_LOC= bit delay (fractional part of result)
t(TMP) =TMSYNC to MSYNC Phase (in PCM bits)

The NTU in a P2ZMP application uses both measurements to monitor the phase
difference between incoming and outgoing HDSL frames, adjust its output frame
location accordingly to align with other remote sites and communicate the result-

ing transmit frame offset to the LTU for grooming purposes. Refer to the receive
signaling location register description (RSIG_LOC; addr 0xF4).

Brookiree®
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0x3B - Shadow Write (SHADOW_WR)

0x3B - Shadow Write (SHADOW_WR)

1 6 5 4 3 2 1 0
WR [7] . . . . . . WR [O]
WRI7:01 Most Recent Write Data contains the data latched during the last MPU write cycle

to any location within the Bt8953A address space. System diagnostics may wish
to read verify the data written to validate MPU access over the address/data bus.

0x3C - Error Status (ERR_STATUS)

ERR_STATUS is the only read-clear register in Bt8953A. Reading ERR_STATUS forces its contents to zero.
Transmit and receive HDSL channel errors and DPLL errors are reported individually in ERR_STATUS where
they are latched indefinitely until cleared. The MPU reads ERR_STATUS to determine the cause of a TX_ERR
or RX_ERR interrupt. Each source has independent interrupt error enables (TX_ERR_EN, RX _ERR_EN and
DPLL_ERR_EN) which prevent it from setting the corresponding IRR interrupt. See error interrupt enables in
TCMD_1 (addr 0x06), RCMD_2 (addr 0x61) and CMD_7 (addr OxF4).

7

b

5 4 3 2 1 0

DPLL_ERR

RX3_ERR RX2_ERR RX1_ERR TX3_ERR TX2_ERR TX1_ERR

TX1_ERR-TX3_ERR

RX1_ERR-RX3_ERR

DPLL_ERR

Transmit Channel Error is reported coincident with the TX_ERR interrupt to indi-
cate which of the three HDSL transmit channels caused the TX_ERR. The MPU
reads the respective channel’s transmit status (STATUS_3; addr 0x07) to deter-
mine the specific error.

0 = No error
1 = Transmit error

Receive Channel Error is reported coincident with the RX_ERR interrupt to indi-
cate which of the three HDSL receive channels caused the RX_ERR. The MPU
reads the respective channel’s receive status (STATUS_1-STATUS_2; addr
0x05-0x06) to determine the specific error.

0 = No error
1 =Receive error

DPLL Phase Detector Error is reported coincident with the RX_ERR interrupt to
indicate when the DPLL phase detector output reached the maximum or mini-
mum phase error limit.

0 = No error
1 =DPLL error
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Applications

This chapter shows typical interconnections of the Bt8953A HDSL Channel Unit.

* External PLL Loop Filter
* Bt18952 HDSL Transceiver

* Bi8360 DS1 Primary Rate Framer
* Bi8510 CEPT Primary Rate Framer
*  Motorola 68302 16-bit Processor

e Intel 8051 8-bit Processor.

External PLL Loop Filter

The Bt8953A HDSL Channel Unit requires an external Loop Filter connected as

shown in Figure 37.

Figure 37. Loop Filter Components

LP1

LP2

BT8953A

PLLAGND

R1

Loop
Rzi FILTER
c

T

The values of the Loop Filter components are as follows:

R1=3KQ, £ 10%, 1/8W
R2 =100 Q, £ 10%, 1/8W
C=0.01 uF, +20%, >5V

Brookiree®
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Interfacing to the Bi8952 HDSL Transceiver

Figure 38. Bi8953A HDSL Channel Unit to Bi8952 HDSL Transceiver Interconnection

Interfacing to the Bt8952 HDSL Transceiver

A typical interconnection between the Bt8953A HDSL Channel Unit and the

Bt8952 is shown in Figure 38.

Ta[0] BT8952
TDATT TQ[1]
QCLK1 [-e QCLK
RDAT1 |-e Ra[1]
BCLK1 |~ Ra[0]
BT8953A
Ta[0] BT8952
TDAT2 TQ[1]
QCLK2 | QCLK
RDAT2 |- Ra[1]
BCLK2 |« Ra[0]
70[0] B18952
TDAT3 1a[1]
QCLK3 |2 QCLK
RDAT3 RQ[1]
BCLK3 | Ra[0]

OPTIONAL

Note that the Loop Quat Clock (QCLKn) when low qualifies the sign bit on the

Loop Receive Data (RDATn).
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Figure 39. Bi8953A HDSL Channel Unit to Bi18360 DS1 Framer Interconnection

Interfacing to the Bt8360 DS1 Framer

Interfacing to the Bt8360 DS1 Framer

A typical interconnection between the Bt8953A HDSL Channel Unit and the
Bt8360 DS1 Framer is shown in Figure 39.

BT8360

RCKO
RPCMO

RSFSYO

XPCMI
XBCKI/XCKI

XBSY

TCLK

TSER

TMSYNC

RSER

RCLK

RMSYNC

BT8953A

Brookiree®
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Interfacing to the Bi8510 CEPT Framer

Interfacing to the Bt8510 CEPT Framer

A typical interconnection between the Bt8953A HDSL Channel Unit and the
Bt8510 CEPT Framer is shown in Figure 40.

Figure 40. Bi8953A HDSL Channel Unit to Bi8510 CEPT Framer Interconnection

RCKO » TCLK
RPCMO »| TSER
RSYNCO »| TMSYNC
BT8510 BT8953A
XPCMI RSER
XCKI RCLK
XSYNCI RMSYNC
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Interfacing to the 68302 Processor

A typical interconnection between the Bt8953A HDSL Channel Unit and the
68302 Processor is shown in Figure 41.

Figure 41. Bi8953A to 68302 Processor Interconnection

vee
»|  MPUSEL
A[15] - cs*
MC68302 A o BT8953A
DS > RD*
RIW » WR*
A[7:0] Mux
Loic | = AD[7:0]
b[7:0] -
1RGB INTR*
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Interfacing to the 8051 Controller

A typical interconnection between the Bt8953A HDSL Channel Unit and the

8051 Controller is shown in Figure 42.

Figure 42. Bi8953A HDSL Channel Unit to 8051 Coniroller Interconnection

h MPUSEL
8051 = BT8953A
AD[15] cs*
ALE » ALE
WR = WR*
RD RD*
AD[7:0] > AD[7:0]
INTO INTR*
References

Applicable Specifications

* Bellcore TA-NWT-001210

¢ Bellcore FA-NWT-001211

* ETSIRTR/TM-03036

e  CCITT Recommendation G.704
* Bellcore TR-NWT-000499
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”@ Electrical and Timing Specifications

Absolute Maximum Ratings

Table 20. Absolute Maximum Ratings

Symbol Parameler Minimum Maximum Units

VCC Supply Voltage -0.3 7 v

Vi Voltage on any Signal Pin -1.0 VCC+0.3 v

Tt Storage Temperature -40 125 C

TvsoL Vapor Phase Soldering 220 C
Temperature (1 minute)

O)n Thermal Resistance (68 PLCC), still air 39.8 °C/W
NOTE: Stresses greater than those listed in this table may cause permanent damage to the device. This is a stress rating only.
Functional operation of the device at these or any other conditions beyond those listed in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Table 21. Recommended Operating Conditions

Symbol Parameter Minimum Maximum Units
VCC Supply Voltage 4,75 5.25 v
Tamp Ambient Operating Temperature -40 85 C

Viy High-Level Input Voltage 2.0 VCC+0.3 v
Vi Low-Level Input Voltage -0.3 0.8 v
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Electrical Characteristics
Electrical Characteristics
Table 22. Electrical Characteristics
Symbol Parameter Minimum Maximum Units
lee Supply Current 80 mA
Vou High-Level Output Voltage 2.4 v
loH High-Level Output Current Source 200 uA
VoL Low-Level Output Voltage 0.4 v
loL Low-Level Output Current Sink 2 4 mA
lop Open Drain Output Current Sink 4 mA
lpR Resistive Pullup Current 40 500 uA
I Input Leakage Current -10 10 uA
loz Three-State Leakage Current -10 10 uA
Cin Input Capacitance 2.5 pF
Cip Output Capacitive Loading 70 pF
C; High-Impedance Output Capacitance 85 pF
losc Short Circuit Output Current 37 160 mA
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Timing Requirements

Figure 43. Input Clock Timing

INPUT CLOCK / \ 7/
- — = TF — =—TR
e T T ———
- Tp >
Table 23. Clock Timing Requiremenis
Symbol Parameter Minimum Maximum Units
1/Tp MCLK frequency (PLL_DIS = 0; PLL_MUL = 16) 3.75 5.0 MHz
MCLK frequency (PLL_DIS = 0; PLL_MUL = 8) 7.5 10 MHz
MCLK frequency (PLL_DIS =1) 60 80 MHz
TCLK, EXCLK frequency 0.064 4.1 MHz
BCLKn frequency 0.080 2.1 MHz
TCK frequency 0 25 MHz
TH Clock Width High 0.4xTpP 06xTpP ns
TL Clock Width Low 0.4xTpP 0.6xTp ns
TR Clock Rise Time 20 ns
TF Clock Fall Time 20 ns

Figure 44. Input Setup and Held Timing

INPUT CLOCK J \ /.

¥

TS —= :
THLD — -— '
FALLING EDGE - - '
INPUT SAMPLE : :
Ts —» -—
THD —+ ey g

RISING EDGE . '
INPUT SAMPLE ' '
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Timing Requirements
Table 24. Data Timing Requirements
Symbol Parameter Minimum Maximum Units
Ts Input Setup Time 35 ns
THLD Input Hold Time 10 ns
Table 25. Input Clock Edge Selection
Clock Edge Inputs TCLK SEL | RCLK SEL | RCLK INV
(CMD 2) (CMD _2) (CMD 7)
HDSL Channel Inputs
BCLK1 Falling QCLK1, RDAT1, TAUX1
BCLK2 Falling QCLK2, RDAT2, TAUX2 i
BCLK3 Falling QCLK3, RDAT3, TAUX3
PCM Channel Inputs
TCLK Falling TSER, INSDAT, TMSYNC 00 - -
TCLK Rising TSER, INSDAT, TMSYNC 01 - -
RCLK Falling TSER, INSDAT, TMSYNC 1x 00 0
RCLK Rising TSER, INSDAT, TMSYNC 1x 00 1
EXCLK Falling TSER, INSDAT, TMSYNC 1x 01 0
EXCLK Rising TSER, INSDAT, TMSYNC 1x 01 1
EXCLK Falling TSER, INSDAT, TMSYNC 1x 10 0
EXCLK Rising TSER, INSDAT, TMSYNC 1x 10 1
Test Access Inputs
TCK Rising TMS, TDI -
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Switching Characteristics

Figure 45. Output Clock and Data Timing

Switching Characteristics

y

FALLING EDGE

OUTPUT CLOCK /7

OUTPUTS
- TOLY :
THLD — el : .
RISING EDGE ' ) . .

OUTPUTS ' :

Table 26. Clock and Data Switching Characteristics

Symbol Parameler Minimum Maximum Units
1/Tp SCLK frequency 15 20 MHz
RCLK frequency 0.064 41 MHz

TH Clock Width High P20 TrP+20 ns

TL Clock Width Low Tr-20 TP+20 ns

TR Clock Rise Time 15 ns

TF Clock Fall Time 15 ns
THLD Output Data Hold 0 ns
ToLy Output Data Delay 25 ns
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Switching Characteristics

Table 27. Output Clock Edge Selection

Clock Edge Outputs TCLK SEL RCLK SEL RCLK INV
(CMD _2) (CMD _2) (CMD _7)
HDSL Channel Outputs
BCLK1 Rising TDAT1, TLOAD1, RAUX1, ROH1
BCLK2 Rising TDAT2, TLOAD2, RAUX2, ROH2 )
BCLK3 Rising TDAT3, TLOAD3, RAUX3, ROH3
PCM Transmit Channel Outputs
TCLK Rising MSYNC, INSERT 00 - -
TCLK Falling MSYNC, INSERT 01 - -
RCLK Rising MSYNC, INSERT 1x 00 0
RCLK Falling MSYNC, INSERT 1x 00 1
EXCLK Rising MSYNC, INSERT 1x 01 0
EXCLK Falling MSYNC, INSERT 1x 10 0
PCM Receive Channel Outputs
RCLK Rising RSER, RMSYNC, DROP - 00 0
RCLK Falling RSER, RMSYNC, DROP - 00 1
EXCLK Rising RSER, RMSYNC, DROP - 01 0
EXCLK Falling RSER, RMSYNC, DROP - 10 0
TCLK Rising RSER, RMSYNC, DROP 00 11 0
TCLK Falling RSER, RMSYNC, DROP 01 11 0
Test Access Outputs
TCK Falling TDO -
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MPU Interface Timing
Motorola (MPUSEL=1) and Intel (MPUSEL=0) style microprocessor bus timing is shown below:

Table 28. MPU Interface Timing Requirements

Symbol Parameter Minimum Maximum Units
1 ALE High Pulse Width 20 ns
2 Address Input Setup to ALE Falling 10 ns
3 Address Input Hold after ALE Low 7 ns
4 ALE Low to Read or Write Pulse 8 ns
5 Data Input Setup to end of Write Pulse 10 ns
6 Data Input Hold after Write Pulse 8 ns
7 WR* Setup to start of Read or Write Pulse 10 ns
8 WR* Hold after Read or Write Pulse 10 ns
9 ALE Hold after Read or Write Pulse 8 ns
10 Write Pulse Width: 1 ns

WR**, RD* a*nd CS* I_*ow (MPUSEL=0) 2x 7
RD*=1, WR* and CS* Low (MPUSEL=1) GCLK
11 Read Pulse Width (WR*=1, RD* and CS* Low.) 26 ns

Table 29. MPU Interface Switching Characteristics

Symbol Parameter Minimum Maximum Units
12 Data Out Enable (Low Z) after start of Read Pulse 2 ns
13 Data Out Valid after start of Read Pulse (Access Time) 26 ns
14 Data Out Hold after end of Read Pulse 1 ns
15 Data Out Disable (High Z) after end of Read Pulse 25 ns
16 INTR* Hold after end of Write Pulse 5 ns

(when writing interrupt mask or clear registers)
17 INTR* Delay from end of Write Pulse 20 ns

(when writing interrupt mask or enable registers)
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%‘ MPU Interface Timing

Figure 46. MPU Write Timing, MPUSEL=1
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Figure 47. MPU Read Timing, MPUSEL=1
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MPU Interface Timing %

Figure 48. MPU Write Timing, MPUSEL=0
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Figure 49. MPU Read Timing, MPUSEL=0
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Mechanical Specifications

Mechanical Specifications

Figure 50. 68-Pin PLCC Package Drawing
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Software Upgrades

New Signals

Addendum: Bt8953 Prototypes

This addendum describes the differences between Bt8953 and Bt8953A devices,
details software modifications needed to perform a minimal Bt8953A upgrade
without enabling new features and lists Bt8953 errata. Bt8953EPF engineering
samples and limited production quantities are available now in a 160-pin PQFP
(see Figure 51) for prototype, proof of concept or HDSL system certification.
Bt8953EPF devices are not offered in production volumes and all customers are
advised that Bt8953EPF shall be obsoleted by Bt8953AEPJ in 68-pin PLCC after
Bt8953AEPJ enters production (May 1995). Bt8953A contains a superset of
Bt8953 functions. Unless stated otherwise, Bt8953 and Bt8953A functions are
identical and perform as defined in the attached Bt8953A datasheet.

Bt8953A registers require software modification to upgrade from Bt8953. The
software must change CMD_5 (addr OxE9; page 90) to match the new
STUFF_SEL, ZBIT SEL and MASTER SEL bit codes and must write
HFRAME_LEN_HI (addr OxF5; page 70) to zero. Software that enabled DPLL
interrupts in bit 6 of IMR, must instead set the RX_ERR bit in IMR (addr OxEB;
page 94) and the DPLL_ERR_EN bit in CMD_7 (addr OxF4; page 92). DPLL
interrupt status is now reported in Bit 7 of IRR (addr 0x1F), instead of Bit 6. All
other command register bits automatically power up in a Bt8953 configuration.
Similarly, no other new status register bits require processing unless the new fea-
ture is used.

Several hardware signals have been added to Bt8953A to support boundary scan
test access, auxiliary HDSL channel I/O, PCM transmit sync bus mastering and
general purpose system clock options. Pinouts for Bt8953 and Bt8953A are
shown in Table 1 on page 10. The following signals aren’t present on Bt8953:

Bt8953A pin New Signals

7 ROHI1
67 ROH2
62 ROH3
40 RAUX1

22 RAUX2

58 MSYNC/RAUX3
36 TDI

38 T™MS

52 TLOADI1

53 TLOAD2

54 TLOAD3

55 TAUX1
56 TAUX2
57 TAUX3
59 SCLK

Brookiree®
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Bt8953A

Addendum: Bt8953 Prototypes

New Registers

New registers are added to Bt8953A (o improve error performance monitoring,
expand DPLL options, simplify error handling and to support emerging HDSL
applications such as point-to-multipoint, single-pair repeaters and single-pair
T1/E1 transport. Unless stated otherwise, the address map for Bt8953 and
Bt8953A are identical. The following registers are described in the Bt8953A

datasheet, but are not implemented on Bt8953:

Address RW Register Name
0x21 R CRG_CNT
0x22 R FEBE_CNT
0x29 R CRG_CNT
0x2A R FEBE_CNT
0x31 R CRG_CNT
0x32 R FEBE_CNT
0x39 R MSYNC_PHS_LO
0x3A R MSYNC_PHS_HI
0x3B R SHADOW_WR
0x3C R ERR_STATUS
0x67 W ERR_RST
0x87 W ERR_RST
0xA7 W ERR_RST
0x68 W RSIG_LOC
0x88 W RSIG_LOC
0xA8 W RSIG_LOC
0xF2 W RSIG_TBL
0xF3 W CMD_6
OxF4 W CMD_7
0xF5 W HFRAME_LEN_HI
0xF6 W DPLL_RST
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Bt8953A

Addendum: Bt8953 Prototypes

New Register Bits

New command and status register bits are added to Bt8953 A to supplement exist-
ing Bt8953 functions. Unless stated otherwise, register bit functions defined for
Bt8953 and Bt8953A are identical. The following register bits are described in

the Bt8953A datasheet, but are not implemented on Bt8953:

Address RMW Register Name Bit Name
0x06 W TCMD_1 TX_ERR_EN
0x26 W TCMD_1 TX_ERR_EN
0x46 W TCMD_1 TX_ERR_EN
0x07 W TCMD_2 TAUX_EN
0x27 W TCMD_2 TAUX_EN
0x47 W TCMD_2 TAUX_EN
0x07 W TCMD_2 REPEAT_EN
0x27 W TCMD_2 REPEAT_EN
0x47 W TCMD_2 REPEAT_EN
0x07 W TCMD_2 EXT_ZBIT
0x27 W TCMD_2 EXT_ZBIT
0x47 W TCMD_2 EXT_ZBIT
0x61 W RCMD_2 RX_ERR_EN
0x81 W RCMD_2 RX_ERR_EN
OxA1 W RCMD_2 RX_ERR_EN
OxE7 W CMD_3 RSIG_WR
OxEB W IMR RX_ERR
OxEB W IMR TX_ERR
0x06 R STATUS_2 FEBE_OVR
0x06 R STATUS_2 CRC_OVR
0x0E R STATUS_2 FEBE_OVR
0x0E R STATUS_2 CRC_OVR
0x16 R STATUS_2 FEBE_OVR
0x16 R STATUS_2 CRC_OVR
Ox1F R IRR RX_ERR
Ox1F R IRR TX_ERR
0x30 R IMR RX_ERR
0x30 R IMR TX_ERR
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Bt8953A

Addendum: Bt8953 Prototypes

Bt8953 Errata

Bt8953A includes corrections of the errata items listed below for Bt8953. Note
that these corrections may affect software compatibility when upgrading a design
from Bt8953 to Bt8953A. The following errata describe Bt8953 functions which
do not conform to their descriptions in the Bt8953A datasheet:

1

Receive Z-bit registers RZBIT_2 through RZBIT 6 aren’t filled in the
order expected, the last 40 Z-bits Z[47:8] actually map to RZBIT as fol-
lows:

RZBIT register Bit[7:4] Bit[3:0]
RZBIT_2 Z[35:32] Z[31:28]
RZBIT_3 Z[43:40] Z[39:36]
RZBIT_4 Z[11:8] Z[4T:44]
RZBIT_5 Z[19:16] Z[15:12]
RZBIT_6 Z[27:24] Z[23:20]

The PRBS generator uses non-standard tap selection. Test pattern selection
and BER scale differs from the CMD_3 (addr 0xE7) description. PRBS
mode and BER scale are programmed as follows:

CMD_3 value BER_SCALE PRBS_MODE
00 2% bits 220 =1 4 x19 4 x20
01 220 pits 215 =1 4 x4 4 x1®
10 217 bits 21221 4 x4 x12
1 214 bits %=1+ +x4

Transmit bit stuffing thresholds compare the phase difference between
PCM and HDSL frames at 12ms decision intervals, instead of the 6ms
intervals described (STF_THRESH; addr 0xCF-D4). STUFF bits are
inserted in successive HDSL frames according to the following rules:

Bt8953 Bt8953A

PCM to HDSL Phase STUFF bits inserted STUFF bits inserted
measured in frame M: in frames M/M+1: in frame M:

< STF_THRESH_A 0/0 Don’t Care

> STF_THRESH_A 0/4 Don’t Care

< STF_THRESH_B 0/4 0

> STF_THRESH_B 4/4 4

< STF_THRESH_C 4/4 4

> STF_THRESH_C STUFF_ERR STUFF_ERR

MPU writes to RFIFO_RST cause up to three RFIFO errors to be reported.
The RFIFO is properly reinitialized by the RFIFO_RST command, but the
MPU must ignore RFIFO errors reported for up to three successive HDSL
frames.

Interrupt Mask Register bits (IMR; addr OxEB) are not automatically set
high after power up or reset (RST*) signal assertion. Therefore, it is possi-
ble for Bt8953 to power up with the interrupt (INTR*) output active.
Setting an Interrupt Mask Register (IMR; addr 0x30) bit equal to one
forces the corresponding Interrupt Request Register (IRR; addr 0x1F) bit
to zero. Therefore, interrupts must be enabled in order for the MPU to
detect an event in the IRR. Bt8953A allows interrupt events to set associ-
ated IRR bits, regardless of IMR settings.

DPLL_GAIN parameters are limited to the selections shown on page 76.
STUFF_SEL, ZBIT_SEL and MASTER_SEL register values are not
assigned properly in CMD_5 (refer to page 90).
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Bt8953A

Figure 51. 160-Pin PQFP Package Drawing
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Arithmetic Notation

Bit Numbering

Acronyms and
Abbreviations

@ Acronyms, Abbreviations and Notation

The bits within a number are numbered with the LSB having the lowest number.

AIS
2B1Q
BER
CMOS
cre
DPLL
eoc
ESF
febe
JTAG
HDSL
hoh
hrp
HTU-C
HTU-R
LIU
LOSD
losw
LSB
LFSR
MSB
PQFP
PLCC
PRBS
quat
QRSS
SF

uib
VCXO

Alarm Indication Signal

2 Binary, 1 Quaternary

Bit Error Rate

Complementary Metal Oxide Semiconductor
HDSL Cyclic Redundancy Check

Digital Phase Lock Loop

HDSL Embedded Operations Channel
Extended Superframe

HDSL Far End Block Error

Joint Test Action Group

High-Bit-Rate Digital Subscriber Line
HDSL OverHead

HDSL Repeater Present

HDSL Terminal Unit at the Central Office
HDSL Terminal Unit at the Remote Distribution
Line Interface Unit

Loss of Signal - DS1

HDSL Loss of Sync Word

Least Significant Bit

Linear Feedback Shift Register

Most Significant Bit

Plastic Quad Flat Pack

Plastic Leaded Chip Carrier
Pseudo-Random Binary Sequence
Quaternary symbol

Quasi-Random Sequence Signal
SuperFrame

Unspecified Indicator Bit

Voltage Controlled Crystal Oscillator
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