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FEATURES

« Offline framer supports Standard and Frame
Hold-Off frame alignment with CRC-4 multiframe
check and selectable out of frame criteria, and
transparent non-framing mode

» Frame alignment detection and loss of frame
alighment declaration comply with ITU-T G.706

+ Dual unipolar (HDB3/AMI) or NRZ line interface

» Two-frame slip buffers in both receive and
transmit directions

» Supports channel-associated signaling in Time
Slot 16

 Detects and forces RAI and AIS alarms; detects
OOF and CFA framing conditions

» HDLC processing using national bits in Time Slot
0 (up to 20 kbit/s)

 Detects, counts and forces line code errors
(BPVs), CRC-4 errors, and frame bit errors

» System Interfaces

- 2 Mbit/s, 8 Mbit/s and 16 Mbit/s
Transmission Modes

- 2 Mbit/s MVIP® Mode, 8 Mbit/s H-MVIP®
Mode and 16 Mbit/s PCM Highway Mode

* Motorola/Intel compatible microprocessor
interface

» One-second interrupt input latches counter
values and line events into shadow registers

* Local and remote line loopbacks

* Boundary scan capability (IEEE 1149.1)

» Single +5V, £5 % power supply

+ 128-pin thin plastic quad flat package

QE1F Device
Quad E1 Framer

TXC-03104
DATA SHEET

DESCRIPTION
The QEI1F is a four-channel E1 (2048 kbit/s) framer
designed for voice and data communications

applications. A dual unipolar or NRZ line interface is
supported with full alarm detection and generation per
ITU-T G.703. The transmit and receive sections of each
of the four framers are independent, with individual two-
frame slip buffers, which allows operation with a wide
range of switching and transmission products. Access
and control for signaling and data are provided via a
Motorola/Intel-compatible microprocessor interface. For
HDLC Ilink applications, each framer supplies a full
duplex HDLC/bit-oriented message controller in addition
to on-board latching of all required performance
parameters; minimal software overhead is required.
Diagnostic, test, and maintenance functions are
provided, including loopbacks and boundary scan (IEEE
1149.1).

APPLICATIONS

» SDH terminal or add/drop multiplexers supporting E1
byte synchronous operation

» DCS, digital central office or remote digital terminals

* E1 multiplexers

« E1 and fractional E1 CSUs

» ATM products with integrated E1 interfaces

* LAN routers with integrated E1 interfaces

* Multichannel E1 test equipment
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* Note: Signaling and data for all four framers are multiplexed on framer 1 signaling
and/or data leads for all Modes with bit rates above 2 Mbit/s.

Figure 1. QE1F TXC-03104 Block Diagram
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BLOCK DIAGRAM DESCRIPTION

A simplified block diagram of the Quad E1 Framer (QE1F) is shown in Figure 1. The QE1F consists of the fol-
lowing major blocks: four Framer blocks, Line Interface Control, PRBS Generator, PRBS Analyzer, Micropro-
cessor Input/Output Interface, and Test Access Port.

Each of the four identical Framer blocks consists of the following blocks: Receive and Transmit Line Interface
blocks, Receive and Transmit Framer blocks, HDLC block, Receive and Transmit Slip Buffer blocks, and
Receive and Transmit Signaling blocks.

The Receive and Transmit Line Interface blocks connect each of the four framers to an external line interface
transceiver, which performs the LIU and clock recovety functions. The interface to the external line interface
transceiver can be configured for two interface modes: a dual unipolar (rail) interface or a NRZ interface.

When the dual unipolar interface mode is selected, input data from the external line interface transceiver is
clocked into the QE1F on pins RPOSnh and RNEGnN using the recovered receive clock present on the LRCLKn
input pin (where n=1-4 identifies one of the four framers). In the transmit direction, unipolar data is clocked out
of the QE1F on pins TPOSnh and TNEGn by the transmit line clock present on the LTCLKn output pin. For
reduced power dissipation in protection switching applications, the LTCLKn, TPOSn, and TNEGn pins for the
four framers may be forced low, by placing a low on the CSO pin. Control bits are provided in the memory map
which enable the unipolar data to be clocked in and out of the QE1F on either edge of the clocks. For the dual
unipolar interface mode, the QE1F provides either a High Density Bipolar of order 3 (HDB3), or an Alternate
Mark Inversion (AMI), coder and decoder function, and Loss Of Signal detection. The Loss Of Sighal detector
meets the requirements specified in the ITU-T Recommendation G.775. In addition, the detect and recovery
intervals for the Loss Of Signal detector circuit are programmable. A sixteen-bit performance counter is pro-
vided for each framer, for counting HDB3 coding violation errors. A power-down mode is also provided in the
transmit direction.

When the NRZ interface mode is selected, NRZ data is clocked in at the RLDATnN pin by the recovered
received clock present on the LRCLKn pin. The NRZ data is clocked out of the QE1F on the TLDATnN pin by
the transmit system clock present on the LTCLKn pin. Control bits are provided in the memory map which
enable the NRZ data to be clocked in and out of the QE1F on either edge of the clocks. In NRZ interface mode,
the HDB3 or AMI coder and decoder functions are bypassed. However, bipolar violations which are detected in
the external line interface transceiver may be clocked into the QE1F on the RLBPVn pin and counted in the
associated 16-bit coding violation performance counter. The Remote Line Loopback function for each framer is
also implemented in the Line Interface blocks.

The Receive Framer block for each framer performs two basic functions: frame synchronization and Channel-
Associated Signaling (CAS) multiframe alignment. The frame synchronization circuit has two framing options:
frame synchronization based on the frame alignment signal (FAS) carried in Time Slot 0, or frame synchroni-
zation based on the frame alignment signal and validation by the CRC-4 multiframe alignment signal. The
frame synchronizing circuit meets the framing requirements specified in ITU-T Recommendations G.704 and
G.732. The frame synchronization Out Of Frame alarm criteria can be programmed to use 3, 4, 5, or 6 framing
bits in error, with or without validation by the CRC-4 multiframe alignment signal. Framing bit errors and CRC-
4 errors are counted in performance counters. The Receive Framer block also monitors and detects a remote
alarm A-bit (bit 3) in Time Slot 0 as specified in ITU-T Recommendation G.732. A non-framing mode can be
enhabled when the QE1F is configured in the Transmission Modes. The non-framing mode bypasses the
Receive Framer block and the Receive Slip Buffer.

When frame alignment is acquired, the CAS multiframe pattern in Time Slot 16 is detected for alignment. After
multiframe alignment is established, the signaling bits are forwarded to the Receive Signaling block for buffer-
ing, microprocessor access, and formatting into the sighaling highway data stream.

Each Receive Slip Buffer controls time slot access and retiming for framer n by using a two-frame receive
buffer that can be optionally bypassed in the 2 Mbit/s Transmission Mode. When the receive buffer is enabled,
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received time slots are written into the buffer by recovered receive clock LRCLKn, and read out as data (RDA-
TAn) from the slip buffer by the system input clock RCLKn. A phase shift between the two clocks is detected in
this block and a deletion or repetition of one frame of data (31 time slots, or 30 time slots if Time Slot 16 is
assigned for signaling) is provided when the buffer reaches an almost full or almost empty condition, respec-
tively. Microprocessor access to the read and write pointers is also provided. Channel 0 and channel 16 (when
channel 16 is assighed for channel-associated sighaling) are not affected by a slip. Slip alarm indications are
provided for the microprocessor. The slip buffer may be recentered by the microprocessor, or automatically.
Individual time slots can be accessed by the microprocessor for the insertion of system idle or out of service
codes. When the receive slip buffer is bypassed, the receive clock (RCLKn) and data (RDATAN) are provided
as outputs, along with a receive sync sighal (RSYNCn).

For channel-associated signaling (in Time Slot 16), a 120-bit signaling buffer is used to store the signaling bits
which have been extracted by the Receive Framer. The signaling bits are stored sequentially in the signaling
buffer in the order that they were received. The sighaling buffer may be read, frozen and written to by the
microprocessor. If sighaling is disabled for a patrticular channel, the ABCD signaling bits for that time slot will
be frozen in their present states. When a loss of signal or an out of frame condition is detected, the signhaling
bits are also automatically frozen in their present states. The signaling bit states are held until framing has
been recovered.

On the terminal side, the system interface interconnects the four framers with the system. For each framer
there is a separate receive and transmit highway for the 2 Mbit/s Transmission and MVIP interface modes of
operation. The receive highway consists of a data bus (RDATAnN), a signaling bus (RSIGLn), a clock (RCLKn),
and a synchronization sighal (RSYNCnh). The transmit highway consists of a data bus (TDATAN), a sighaling
bus (TSIGLnN), a clock (TCLKn), and a synchronization signhal (TSYNCn). In the 2 Mbit/s Transmission Mode,
the system interface operates at 2.048 MHz, with time slots in the data highway, and signhaling and alarms on
the signaling highway. The receive and transmit system interfaces are synchronized by multiframe pulses that
occur at 2-millisecond intervals. Sixteen frames are sent on the data and signaling highways within the 2-milli-
second period, with each of the sixteen frames consisting of 32 time slots, which correspond to an E1 frame.
The receive and transmit slip buffers can be individually bypassed in this mode.

When the 2 Mbit/s MVIP Mode is selected, the system interface also consists of receive and transmit data
highways. However, the receive and transmit system interfaces are synchronized by pulses occurring at 125-
microsecond intervals in this mode. The receive and transmit slip buffers are always enabled in this mode.
Each frame consists of 32 time slots which correspond to an E1 frame on the data highway. The sighaling
highway also carries 32 time slots which contain the Channel-Associated Signaling states for each channel,
the signaling multiframe alignment pattern, the signaling channel spare bits and alarm, plus a time slot that
corresponds to Time Slot 0 from the E1 frame.

The system interface also supports four additional system interface modes: an 8 Mbit/s Transmission Mode, a
16 Mbit/s Transmission Mode, an 8 Mbit/s H-MVIP Mode, and a 16 Mbit/s PCM Highway Mode. For these
Modes, the four framers’ sighaling and data frames are either byte- or bit-multiplexed onto the signaling and/or
data highway leads that are used by framer 1. All of the six modes are described in detail in the Operation sec-
tion below.

The 8 Mbit/s Transmission Mode provides dual receive and transmit highways, which are shared by the four
framers. The receive highway consists of a data bus (RDATA1), a signhaling bus (RSIGL1), a clock (RCLK1),
and a synchronization sighal (RSYNC1). The transmit highway consists of a data bus (TDATA1), a sighaling
bus (TSIGL1), a clock (TCLK1), and a synchronization signal (TSYNC1). The data and signaling time slots for
each of the four framers are byte-interleaved on the data and signaling highways, starting with framer 1 bit 1 of
Time Slot 0, followed by framer 1 bits 2 through 8 of Time Slot 0, then framer 2 bits 1 through 8 of Time Slot O,
and so on, ending with framer 4 bits 1 through 8 of Time Slot 31. In this mode, the separate data and sighaling
highways operate at 8.192 Mbit/'s. However, the clock rate is 16.384 MHz. The receive and transmit system
interfaces are synchronized by multiframe pulses that occur at 2-millisecond intervals. The receive and trans-
mit slip buffers must be enabled in each of the framers. Within the 2-millisecond period, the 32 data and sighal-
ing time slots for each of the four framers are repeated 16 times.
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The 16 Mbit/s Transmission Mode provides single receive and transmit highways which are shared by the four
framers. The receive highway consists of a data bus (RDATAT1), a clock (RCLK1), and a synchronization signal
(RSYNCH1). The transmit highway consists of a data bus (TDATA1), a clock (TCLK1), and a synchronization
signal (TSYNC1). The data and signaling time slots for each of the four framers are bit-interleaved on the data
highway, starting with framer 1 data Time Slot 0 bit 1, followed by framer 1 signhaling Time Slot 0 bit 1, framer 2
data Time Slot 0 bit 1, framer 2 signaling Time Slot 0 bit 1, and so on, and ending with framer 4 signaling Time
Slot 31 bit 8. In this mode, the single data highway operates at 16.384 Mbit/s. The receive and transmit system
interfaces are synchronized by pulses that occur at 2-millisecond intervals. The receive and transmit slip buff-
ers must be enabled in each of the framers. Within the 2-millisecond period, the 32 data and signaling time
slots for each of the four framers are repeated 16 times.

The 8 Mbit/s H-MVIP Mode provides dual receive and transmit highways, which are shared by the four fram-
ers. The receive highway consists of a data bus (RDATA1), a signaling bus (RSIGL1), a clock (RCLK1), and a
synchronization signal (RSYNC1). The transmit highway consists of a data bus (TDATA1), a signaling bus
(TSIGL1), a clock (TCLK1), and a synchronization sighal (TSYNC1). The data and signaling time slots for each
of the four framers are byte-interleaved on the data and signaling highways, starting with framer 1 bit 1 of Time
Slot 0, followed by framer 1 bits 2 through 8 of Time Slot 0, then framer 2 bits 1 through 8 of Time Slot 0, and
s0 on, ending with framer 4 bits 1 through 8 of Time Slot 31. In this mode, the separate data and signaling
highways operate at 8.192 Mbit/'s. However, the clock rate is 16.384 MHz. The receive and transmit system
interfaces are synchronized by pulses that occur at 125-microsecond intervals. The receive and transmit slip
buffers must be enabled in each of the framers.

The 16 Mbit/s PCM Highway Mode provides single receive and transmit highways which are shared by the
four framers. The receive highway consists of a data bus (RDATA1), a clock (RCLK1), and a synchronization
signal (RSYNC1). The transmit highway consists of a data bus (TDATA1), a clock (TCLK1), and a synchroni-
zation signal (TSYNCH1). The data and signaling time slots for each of the four framers are bit-interleaved on
the data highway, starting with framer 1 data Time Slot 0 bit 1, followed by framer 1 signaling Time Slot 0 bit 1,
framer 2 data Time Slot 0 bit 1, framer 2 signaling Time Slot 0 bit 1, and ending with framer 4 sighaling Time
Slot 31 bit 8. In this mode, the single data highway operates at 16.384 Mbit/s. The receive and transmit system
interfaces are synchronized by pulses that occur at 125-microsecond intervals. The receive and transmit slip
buffers must be enabled in each of the framers.

For the framer 1 terminal side interface, multiplexers are used to distribute the data and signaling highways
from the 8 Mbit/s and 16 Mbit/s Transmission Modes, the 8 Mbit/s H-MVIP Mode, and the 16 Mbit/s PCM High-
way Mode, to the four individual framers. For the 2 Mbit/s Transmission Mode, and the 2 Mbit/s MVIP Mode,
separate data and signaling highways are used for the four framers.

A transmit buffer is provided to absorb low speed jitter in the transmit data. Each Transmit Slip Buffer block
controls time slot access and retiming for the framer by using a two-frame buffer that can be optionally
bypassed in the Transmission Modes. When the transmit buffer is enabled, transmit time slots are written into
the buffer by the transmit system clock (TCLKn), and they are read out from the buffer by the receive clock
(LRCLKn), local oscillator (LO), or transmit system clock (TCLKn). A phase shift between the two clocks is
detected in this block, and a deletion or repetition of one frame of data (i.e., 31 time slots, or 30 time slots if
Time Slot 16 is assigned for signaling) is provided when the buffer reaches an almost full or almost empty con-
dition, respectively. Microprocessor access to the read and write pointers is also provided. Buffer alarm indica-
tions are also provided. The slip buffer may be recentered by the microprocessor, or automatically. Individual
time slots can be accessed by the microprocessor for the insertion of system idle or out of service codes.

The Transmit Framer block forms the frame (with or without the CRC multiframe) with time slots read from the
Transmit Slip Buffer block, and signaling information from the Transmit Signaling block. The international bits
from the sighaling highway are inserted into Time Slot 0 via a buffer when the framing mode is selected. The
national bits in Time Slot 0 can be inserted from the HDLC block or from the system interface via a buffer. The
CRC-4 is calculated as specified in ITU-T Recommendation G.706 and inserted in Time Slot 0. The Remote
Alarm Indication for Time Slot 0 is inserted as a result of a receiver loss of frame alignment alarm, or by the
microprocessor, or via the signaling highway (TSIGLn). A single frame bit error, or CRC-4 error, can be gener-
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ated for test purposes. The Transmit Framer and Transmit Slip Buffer can be bypassed if the unframed mode
of operation is selected in the 2 Mbit/s Transmission Mode.

Each framer has a full duplex HDLC block. The HDLC block can be configured to send and receive messages
using any of the five spare bits reserved for national use (Sa bits) in Time Slot 0 in alternating frames. A 16-
byte FIFO is provided in each direction. Interrupt and status alarm support is provided to facilitate FIFO servic-
ing for long messages. The HDLC controller supports zero bit stuffing/destuffing, ITU-T CRC generation/
checking, flag generation/detection, abort generation/detection, start of frame detection, end of frame detec-
tion, and FIFO underflows and overflows.

The Line Interface Control block provides a serial port for communicating with an external line interface trans-
ceiver. This allows the system microprocessor to control the transceiver through the QE1F. The interface con-
sists of a data output pin (LSDO), clock output pin (LSCLK), and a data input pin (LSDI). These signals are
shared between all of the transceivers. Each transceiver is selected by the QE1F, using individual chip select
output signals (LCSn). In addition, a general purpose input pin (LINTnh) can be used to generate a maskable
interrupt.

The Test Access Port block includes a five-pin Test Access Port (TAP) that conforms to the IEEE 1149.1 stan-
dard. This Test Access Port block provides external boundary scan to read and write the QE1F input and out-
put pins from the TAP for board and component testing. In addition, a four-byte read only memory location is
provided for reading the JEDEC manufacturer ID, QE1F part number, and version number of the part.

To assist in testing, built-in Pseudo Random Binary Sequence (PRBS) Generator and Analyzer blocks are pro-
vided. The PRBS Generator and Analyzer support the 2151 pit pseudo random binary sequence which is
specified in the ITU-T Recommendation O.151. Each framer may select the PRBS Generator and Analyzer.
The output of the Analyzer is provided on pin PRBSOOL. The PRBS framed mode is selected by writing a 1 to
bit 6 in register 013H and is intended for use as a self-test feature. In this mode, the PRBS Generator and Ana-
lyzer can only communicate and frame up within the framer itself. The QE1F also provides local loopback and
remote line loopback options for each framer.

The QE1F can be configured to operate with either Intel or Motorola compatible microprocessors via the Micro-
processor Input/Output Interface block. Interrupt capability is provided with global and individual framer mask
bits. An option is provided in software which permits the interrupt polarity to be inverted. An external system
clock is used to run the internal state machines.
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Figure 2. QE1F TXC-03104 Pin Diagram
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QE1F

WA TXC-03104
PIN DESCRIPTIONS
Power Supply and Ground
Symbol Pin No. /O/P* Type Name/Function
VDD 14, 25, 45, 57, 78, 89, 116 P Power Supply: +5 volt supply voltage, +5%.
GND 20,30,44,47,52,73, 84, P Ground: 0 volt reference.
94, 111,121,124

* Note: | = Input; O = Output; P = Power; T=Tri-state.

Line Interface Signals

Symbol Pin No. I/O/P Type * Name/Function **

RPOSn/ 91 I CMOS |Receive Unipolar Positive Signal Input: When control bit

RLDATnNn 81 RAIL (bit 7 in X00H) is a 1, the dual unipolar mode is selected,

(n=4-1) 71 and the RPOSn pin carries the receive positive rail input signal.

63 RPOSn is high whenever a positive pulse is received by the

external line interface transceiver.
Receive Line (NRZ) Data Input: When control bit RAIL (bit 7 in
XO00H) is a 0, the NRZ mode is selected, and the RLDATN pin
carries the receive NRZ data input signal. RLDATn is normally
active high whenever a positive or negative pulse is received by
the external line interface transceiver. When control bit
RXNRZP (bit 0 in register X01H) is a 1, the QE1F accepts an
inverted data signal and RLDATN is active low.

RNEGn/ 92 I CMOS |Receive Unipolar Negative Signal Input: When control bit
RLBPVn/ 82 RAIL (bit 7 in X00H) is a 1, the dual unipolar mode is selected,
RFSn 72 and the RNEGn pin carries the receive negative rail input sig-
(n=4-1) 64 nal. RNEGn is high whenever a negative pulse is received by

the external line interface transceiver.

External Receive Bipolar Violation Indication Input: When
control bit RAIL (bit 7 in X00H) is a 0 and the fast sync option is
not selected (control bit RXFS, bit 1 in X06H, is a 0), the
RLBPVn pin provides an input for indications of external bipolar
violations detected in the external line interface transceiver. A
high indicates a bipolar violation, and increments the internal
16-bit coding violation counter once on a clock cycle. A bipolar
violation is clocked in on rising edges of the receive line clock
LRCLKn.

Receive Fast Sync: When control bit RAIL (bit 7 in X00H) is a0
and the fast sync mode is selected (control bit RXFS, bit 1 in
X06H, is 1), this pin is used for a fast sync feature. A pulse on
this pin is interpreted as identifying bit 256 of the last frame of
the multiframe.

* Note: See Input, Output and I/0O Parameters section for Type definitions.

** Note: The value of X (hex.), which is used as the MS digit of register addresses for per channel memory bits, such as
X01H, is equal to the value of n (dec.) used in pin symbols when both relate to the same channel or framer (num-
ber n, where n=1-4). Register addresses such as 006H, which have 0 as the MS digit instead of X, contain bits
that are common to all four framers.

-11 - PRELIMINARY TXC-03104-MB
Ed. 2, June 1997

This Material Copyrighted By Its Respective Manufacturer



max QE1F

WG TXC-03104

Symbol Pin No. 1/0/P Type Name/Function
LRCLKn 93 I CMOS |Receive Line Clock: An input for the 2048 kHz recovered clock
(n=4-1) 83 from the external line interface transceiver. Control bit RXCP

74 (bit 6 in X01H) determines the clock edge on which the receive

65 line signals RPOSN/RNEGnN and RLDATN are to be clocked in

(1 for rising edge). This pin is active only in the NRZ mode.

TPOSH/ 95 O CMOS |Transmit Unipolar Positive Signal Output: When control bit
TLDATN 85 2mA  |RAIL (bit 7 in X00H) is a 1, the dual unipolar mode is selected,
(n=4-1) 75 and the TPOSn pin carries the transmit positive rail output sig-

66 nal. TPOSn is high whenever a positive pulse is to be transmit-

ted by the external line interface transceiver.

Transmit Line (NRZ) Data Output: When control bit RAIL (bit 7
in XO0H) is a 0, the NRZ mode is selected, and the TLDATn pin
carries the transmit NRZ data output signal. TLDATn is normally
active high whenever a positive or negative pulse is to be trans-
mitted by the external line interface transceiver. When control
bit TXNRZP (bit 5 in register X01H) is a 1, the data output
TLDATN is inverted and it is active low.

TNEGH/ 96 O CMOS |Transmit Unipolar Negative Signal Output: When control bit

TMODEN/ 86 2mA |RAIL (bit 7 in X00H) is a 1, the dual unipolar mode is selected,
TFSn 76 and the TNEGn pin catries the transmit negative rail output sig-
(n=4-1) 67 nal. TNEGn is high whenever a negative pulse is to be transmit-

ted by the external line interface transceiver.

Transmit Mode General Purpose Output: When control bit
RAIL (bit 7 in X00H) is a 0 and the fast sync mode is not
selected (control bit TXFS, bit 0 in X06H, is a 0), the state writ-
ten into bit BE (bit 6 in X00H) is clocked out on rising edges of
the transmit line clock LTCLKn.

Transmit Fast Sync: When control bit RAIL (bit 7 in X00H) is a
0 and the fast sync mode is selected (control bit TXFS, bit 0 in

XO06H is a 1), this pin is used for a fast sync feature. A pulse is

sent on this pin every 2 ms, corresponding to bit 256 of the last
frame in the multiframe.

LTCLKn 97 O CMOS [Transmit Line Clock: A 2048 kHz clock output. Control bit
(n=4-1) 87 2mA |TXCP (bit 7 in X01H) determines the clock edge on which the
77 transmit line signals TPOSn/TNEGH and TLDATN are to be
68 clocked out (1 for rising edge).
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Line Interface Control Signals

Symbol

Pin No.

I/O/P

Type

Name/Function

LINTh
(n=4-1)

90
80
70
62

CMOS

General Purpose Interrupt Input Port: When enabled by
control bit LIE (bit 1 in X00H) being set to 1, the signal on
this pin is logically or-gated with the internal loss of signal
indication to cause a loss of signal alarm and (if enabled)
an interrupt. Control bit LPOL (bit 0 in XO0H) selects the
input sense of this pin (1 for active low).

LCSn
(n=4-1)

98
88
79
69

CMOS
2mA

Line Interface Transceiver Chip Select: An active low
signal that enables communications in both directions
between the external line interface transceiver for channel
n and the QE1F.

LSCLK/
MONCLK

61

CMOS
2mA

Line Interface Transceiver Clock Signal: The clock for
the transceiver is enabled when the CONFIG2 pin (pin 42)
is low. This clock is shared between the four external trans-
ceivers. It is used to clock input data, and output data,
between the external line interface transceiver and the
QE1F. Output data (LSDO) is clocked out of the QE1F on
falling edges of this clock. Input data (LSDI) is clocked into
the QE1F on rising edges of this clock.

Monitor Clock Signal: The monitor feature is enabled
when the CONFIG2 pin (pin 42) is high. The MONCLK pin
provides either a receive or transmit NRZ clock. The clock
in this mode can be tri-stated by writing a 0 to control bit
ESP/EMON (bit 4 in 013H).

LSDO/
MONDTO

60

CMOS
2mA

Line Interface Transceiver Data Output Signal: The out-
put data signal for the transceivers is enabled when the
CONFIG2 pin (pin 42) is low. The output data signal is
shared between the four transceivers.

Monitor Data Signal: The monitor feature is enabled
when the CONFIG2 pin (pin 42) is high. The MONDTO pin
provides either a NRZ receive or transmit data signal. This
pin can be tri-stated in this mode by writing a 0 to control
bit ESP/EMON (bit 4 in 013H).

LSDI

59

CMOS

Line Interface Transceiver Data Input Signal: The input
data signal from the transceivers is enabled when the
CONFIG2 pin (pin 42) is low. The input data signal is
shared between the four transceivers.

This Materi al
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Clock Reference Signals

Symbol Pin No. I/0/P

Type

Name/Function

CLKREF1 46 o(T)

CMOS
2mA

Clock Reference 1: This clock reference output is enabled
when control bit ENREF1 (bit 3 in 019H) is a 1. The clock refer-
ence signal can be either a 2048 kHz clock or an 8 kHz clock.
When control bit 2048KHZ (bit 4 in 019H) is a 1, the 2048 kHz
reference is selected. The framer from which the clock is
derived is determined by selection bits CR1S1 and CR1S0 (bits
1 and 0 in 019H). This pin is forced low when a loss of signal
alarm occurs for the framer selected.

CLKREF2 2

CMOS
2mA

Clock Reference 2: This clock reference output is enabled
when control bit ENREF2 (bit 5 in 019H) is a 1. The clock refer-
ence signal can be either a 2048 kHz clock or an 8 kHz clock.
When control bit 2048KHZ (bit 4 in 019H) is a 1, the 2048 kHz
reference is selected. The framer from which the clock is
derived is determined by selection bits CR2S1 and CR2S0 (bits
7 and 6 in 019H). This pin is forced low when a loss of signal
alarm occurs for the framer selected.

System Interface Signals

Symbol Pin No. I/O/P

Type

Name/Function

TSYNCn 3 |
(n=4-1) 12
22
32

CMOS

Transmit Sync Pulse: This signal is used to synchronize both
the frame sync and signaling multiframe sync counters within a
QE1F framer and is sourced by the system. The following table
is a summary of the sync pulse characteristics used for the vari-
ous system interfaces.

Width
1 Clk Cyc
2 Clk Cyc
1 Clk Cyc
1 Clk Cyc
4 Clk Cyc

1 Clk Cyc

Period Lead Used
2ms TSYNCnhn
2ms TSYNC1
2 ms TSYNC1
125us TSYNCn
125 us TSYNCH
125us TSYNCH

Interface

2 Mbit/s Trans

8 Mbit/s Trans
16 Mbit/s Trans
2 Mbit/s MVIP

8 Mbit/s H-MVIP
16 Mbit/s PCM

Polarity
High
High
High
Low
Low
High

Please note: The sync pulse is also programmable with respect
to the transmit data highway.

TCLKn 4 |
(n=4-1) 13
23
33

This Materi al

CMOS

Transmit Clock: This clock is sourced from the system. It is
used to clock in the TSYNCn, TSIGLn, and TDATAnN signals
from the system. The following table is a summary of the clock
rates and clock transitions used for clocking in data (D), signhal-
ing (S), and the sync pulse.

Clk in
Sync Lead Used

Clkin

Interface Rate D/S

2 Mbit/s Trans
8 Mbit/s Trans

16 Mbit/s Trans

2 Mbit/s MVIP

8 Mbit/s H-MVIP

16 Mbit/s PCM

2.048 MHz
16.384 MHz
16.384 MHz
2.048 MHz
16.384 MHz
16.384 MHz

Pos.
Pos.
Pos.
Neg.
Pos.
Pos.

Pos.
Pos.
Pos.
Pos.
Neg.
Pos.

TCLKn
TCLK1
TCLKA1
TCLKn
TCLK1
TCLKA1
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1/0/P

Type

Name/Function

CMOS

Transmit Data Highway Input: This lead carries the data time
slots from the system interface to the QE1F. The following table
is a summary of the transmit data highway format.

Interface Format

2 Mbit/s Trans E1 frame repeated 16 times on TDATAn

8 Mbit/s Trans Four E1 frames repeated 16 times,
byte-interleaved on TDATA1

16 Mbit/s Trans  Four E1 and signaling frames repeated 16
times, bit-interleaved on TDATA1

2 Mbit/s MVIP E1 frame on TDATAN

8 Mbit/s H-MVIP Four E1 frames, byte-interleaved on TDATA1

16 Mbit/s PCM  Four E1 and signaling frames, bit-interleaved
on TDATA1

TSIGLNn
(n=4-1)

15
24
34

CMOS

Transmit Signaling Highway Input: This lead carries from the
system the signals that represent the international bits, national
bits, and remote alarm associated with Time Slot 0, signaling
information, and system alarm information, according to the
table given below.

Interface Format

2 Mbit/s Trans 32 time slots repeated 16 times on TSIGLn

8 Mbit/s Trans 32 time slots for 4 framers repeated 16 times,
byte-interleaved on TSIGL1

16 Mbit/s Trans  Not Used

2 Mbit/s MVIP 32 time slots on TSIGLN

8 Mbit/s H-MVIP 32 time slots for 4 framers repeated 16 times,
byte-interleaved on TSIGL1

16 Mbit/s PCM  Not used

RSYNCn
(n=4-1)

17
27
36

o)

CMOS
2mA

Receive Sync Pulse: This signal is used to synchronize exter-
nal system circuitry from the QE1F. The following table is a
summary of the sync pulses used for the various system inter-
faces.

Interface Width Polarity Period Lead Used
2 Mbit/s Trans 1 Clk Cyc  High 2ms RSYNCnh
8 Mbit/s Trans 2 Clk Cyc High 2ms RSYNCH1
16 Mbit/s Trans 1 Clk Cyc High 2ms RSYNCH1
2 Mbit/s MVIP 1 Clk Cyc Low 125pus  RSYNCn
8 Mbit/s H-MVIP 4 Clk Cyc  Low 125pus  RSYNCH
16 Mbit/s PCM 1 Clk Cyc  High 125pus  RSYNCH

Please note that for the 2 Mbit/s Transmission Mode, the QE1F
can source the sync pulse and clock. The sync pulse is also
programmable with respect to the receive data highway.
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1/0/P

Type

Name/Function

e

CMOS
2mA

Receive Clock: This clock is used to clock the RDATAN,
RSIGLn, and RSYNCn signals from the system or (for
RSYNCN) into the system. The following table is a summary of
the clock rates and clock transitions used for clocking data (D),
signaling (S), and the sync pulse.

Clkkout Clkin

Interface Rate D/S Sync LeadUsed

2 Mbit/s Trans

8 Mbit/s Trans
16 Mbit/s Trans
2 Mbit/s MVIP

8 Mbit/s H-MVIP
16 Mbit/s PCM

2.048 MHz
16.384 MHz
16.384 MHz
2.048 MHz
16.384 MHz
16.384 MHz

RCLKn
RCLK1
RCLK1
RCLKn
RCLK1
RCLK1

Neg. Pos.
Neg. Pos.
Neg. Pos.
Pos. Pos.
Neg. Pos.
Neg. Pos.

Note: In the 2 Mbit/s Transmission Mode, RSYNCn is clocked
out on negative clock transitions when the sync pulse is an out-
put.

RDATAN
(n=4-1)

11
21
31
39

CMOS
2mA
for
n=4-2,

CMOS
8mA
for n=1

Receive Data Highway Output: This lead carries the time slots
from the QE1F to the system. The following table is a summary

of the receive data highway format.

Interface
2 Mbit/s Trans
8 Mbit/s Trans

16 Mbit/s Trans
2 Mbit/s MVIP

8 Mbit/s H-MVIP
16 Mbit/s PCM

Format
E1 frame repeated 16 times on RDATAN
Four E1 frames repeated 16 times,
byte-interleaved on RDATA1
Four E1 and signaling frames repeated 16
times, bit-interleaved on RDATA1
E1 frame on RDATAN
Four E1 frames, byte-interleaved on RDATA1
Four E1 and signaling frames, bit-interleaved
on RDATA1

RSIGLN
(n=4-1)

10

29
38

CMOS
2mA

Receive Signaling Highway Output: This lead carries to the
system the signals that represent the international bits, national
bits, and remote alarm associated with Time Slot 0, signaling
information, and system alarm information, according to the

table given below.

Interface
2 Mbit/s Trans
8 Mbit/s Trans

16 Mbit/s Trans
2 Mbit/s MVIP
8 Mbit/s H-MVIP

16 Mbit/s PCM

Format
32 time slots repeated 16 times on RSIGLn
32 time slots for 4 framers repeated 16 times,
byte-interleaved on RSIGL1
Not Used
32 time slots on RSIGLn
32 time slots for 4 framers repeated 16 times,
byte-interleaved on RSIGL1
Not used

LO

41

CMOS

Local Oscillator Input: This independent 2048 kHz clock is an
alternate clock source for the transmit line clock (LTCLKn), and
for clocking out data from the slip buffer. This clock is selected
as the transmit clock source when control bits TXC1 and TXCO
(bits 7 and 6 in X02H) are both set to 0.

This Materi al
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Other Signals
Symbol Pin No. 1/O/P Type Name/Function
T18I 40 I CMOS |One Second Shadow Register Signal: A positive pulse

occurring every second which operates the latched
performance counters and shadow registers when the
shadow register feature is enabled. The shadow register
feature is enabled when a 1 is written to control bit
ENPMFM (bit 3 in 006H).

CONFIG2 42 | CMOS |Configuration 2 Select Pin: A low enables the line control
interface for communications between the QE1F and the
external line interface transceivers. A high disables the line
control interface, and configures clock and data pins for a
monitor interface. The selection is common to all four fram-
ers.

CONFIG1 43 I CMOS |Configuration 1 Select Pin: A low configures the QE1F
for the Transmission Modes of operation (2, 8, and 16
Mbit/s) at the system interface. A high configures the

QE1F for the 2 Mbit/s MVIP, the 8 Mbit/s H-MVIP, and the
16 Mbit/s PCM Highway Modes of operation at the system
interface. The selection is common to all four framers.

CSO 49 I CMOS |Power Down: An active low on this pin forces the transmit
clock (LTCLKn), and the transmit unipolar leads (TPOSn
and TNEGN) for rail data output signals, of all four framers
to the active low state for protection switching purposes.

PRBSOOL 48 @) CMOS |PRBS Out Of Lock: Enabled only in the Transmission
2mA Modes (2 Mbit/s, 8 Mbit/s, and 16 Mbit/s) and the 8 Mbit/s
H-MVIP Mode, and when control bit PRBSEN (bit 5 in
013H) is a 1. A high indicates the analyzer is out of lock.
This pin is low when lock is acquired or when this feature is
disabled.

IOTRI 50 | TTL High Z State: An active low placed on this pin forces all
output pins (except TDO) to a high impedance state for
test purposes. This pin must be held high for normal opera-
tion.

SCAN_ENB 51 I CMOS |TranSwitch Test Pin: This pin is used for manufacturing
tests only and must be held low for normal operation.
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Boundary Scan

Symbol Pin No.

I/O/P

Type

Name/Function

TCK 53

TTL

IEEE 1149.1 Test Port Serial Scan Clock: This clock is
used to shift data in on pin TDI on rising edges, and to shift
data out on pin TDO on falling edges. The maximum clock
frequency is 10 MHz.

TMS 58

TTLp

IEEE 1149.1 Test Port Mode Select: This signal is
clocked in on rising edges of the clock TCK, and is used to
place the Test Access Port Controller into various states as
defined in the IEEE 1149.1 standard. This pin must be high
for normal framer operation.

TDI 55

TTLp

IEEE 1149.1 Test Port Serial Scan Data In: Serial test
instructions and data are clocked in to this pin on rising
edges of clock TCK.

TDO 54

TTL
4mA

IEEE 1149.1 Test Port Serial Scan Data Out: Serial test
instructions and data are clocked out of this pin on falling

edges of clock TCK. When inactive, this output is forced to
the high impedance state.

TRS 56

TTLp

IEEE 1149.1 Test Port Reset Pin: A low on this pin will
asynchronously reset the Test Access Port (TAP) controller
within the QE1F. This pin must be high for normal framer
operation.

Microprocessor Interface

Symbol Pin No.

1/0/P

Type

Name/Function

MOTO 99

TTL

Motorola / Intel Processor Select: This pin defines the
operating mode of the Microprocessor Input/Output Inter-
face. When it is high, Motorola (M) Mode is selected. When
it is low, Intel (1) Mode is selected.

ADDR(11-0)( 113,112

110-101

TTL

Address Bus (Motorola/Intel Buses): These pins are
address line inputs that are used for accessing a register
location for a read/write cycle. High is logic 1.

DAT(7-0) | 123,122,
120-117,

115, 114

IO

TTL
8mA

Data Bus: Bidirectional data lines used for transferring
data. High is logic 1.

SEL 127

TTLp

Select: A low enables data transfers between the micro-
processor and the QE1F during a read/write cycle.

RD or_ 126
RD/WR

TTL

Read (I Mode) or Read/Write (M Mode):

Intel Mode - An active low sighal generated by the micro-
processor for reading the QE1F register locations.
Motorola Mode - An active high signal generated by the
microprocessor for reading the QE1F register locations. An
active low signal is used to write to QE1F register loca-
tions.

This Materi al
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Symbol

Pin No.

1/0/P

Type

Name/Function

WR

128

TTL

Write (I Mode):

Intel Mode - An active low signal generated by the micro-
processor for writing to the QE1F register locations.
Motorola Mode - Not used (should be set high).

RDY/DTACK

TTL
8mA

Ready (I Mode) or Data Transfer Acknowledge

(M Mode):

Intel Mode - A high is an acknowledgment from the
addressed register location that the transfer can be com-
pleted. A low indicates that the QE1F cannot complete the
transfer cycle, and microprocessor wait states must be
generated.

Motorola Mode - During a read bus cycle, a low signal indi-
cates the information on the data bus is valid. During a
write bus cycle, a low signal acknowledges the acceptance
of data. This lead is tri-stated after the low signal.

INT/IRQ

125

TTL
4mA

Interrupt:

Intel Mode - A high on this output pin signals an interrupt
request to the microprocessor.

Motorola Mode - A low on this output pin sighals an inter-
rupt request to the microprocessor.

The interrupt sense is inverted when a 1 is written to con-
trol bit IPOL (bit 4 in 006H).

RESET

TTLp

Reset: A low placed on this pin resets the QE1F. The reset
must be placed on this pin after the clocks become stable,
and must have a minimum duration of 10 cycles of the
SYSCLK system clock.

SYSCLK

100

TTL

System Clock: This asynchronous clock is used by the
QE1F to run the internal state machines and counters. The
nominal frequency of this clock is 18-22 MHz with a duty
cycle of (50 + 10)%.
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ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Min* Max* Unit
Supply voltage Vpp -0.3 +7.0 \%
DC input voltage VIN -0.5 Vpp + 0.5 \Y
Operating junction temperature T, 150 °C
Storage temperature range Ts -55 150 °C

*Note: Operating conditions exceeding those listed in Absolute Maximum Ratings may cause permanent failure. Exposure
to absolute maximum ratings for extended periods may impair device reliability.

THERMAL CHARACTERISTICS

Parameter

Min

Typ

Max

Unit Test Conditions

Thermal Resistance:
junction to ambient

248

°C/W |0 ft/min linear airflow.

RECOMMENDED OPERATING CONDITIONS AND POWER REQUIREMENTS

Parameter Min Typ Max Unit Test Conditions
Ambient operating temperature -40 85 °C |0 ft/min linear airflow.
Vpp 4.75 50 5.25 \
Power dissipation, Ppp , with x
channels operating and remain-
ing channels powered down:
X = 4, with bit rate = 2 Mbit/s 835 mW (25 pF output loads. See Note 1.
x = 3, with bit rate = 2 Mbit/s 790 mW (25 pF output loads. See Notes 1, 2.
x = 4, with bit rate = 2 Mbit/s 700 mW [Outputs unloaded. See Note 1.
X = 4, with bit rate = 8 Mbit/s 855 mW (25 pF output loads. See Note 1.
x = 3, with bit rate = 8 Mbit/s 825 mW |25 pF output loads. See Notes 1, 2.
x = 4, with bit rate = 8 Mbit/s 795 mW [Outputs unloaded. See Note 1.
X = 4, with bit rate = 16 Mbit/s 860 mW |25 pF output loads. See Note 1.
x = 3, with bit rate = 16 Mbit/s 825 mW (25 pF output loads. See Notes 1, 2.
x = 4, with bit rate = 16 Mbit/s 800 mW [Outputs unloaded. See Note 1.

Note 1: SYSCLK input frequency at 20 MHz. Ambient temperature anywhere within its recommended range. Vpp = 5.25V.
Operating channels using either Transmission or MVIP mode at the bit rate indicated.
Note 2: Each additional channel powered down reduces the maximum power value by 15, 40 and 40 mW at 2, 8 and 16

Mbit/s bit rates, respectively.
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INPUT, OUTPUT AND I/O PARAMETERS

Input Parameters For CMOS

Parameter Min Typ Max Unit Test Conditions
ViH 3.15 \Y 4.75<Vpp<525
Vi 1.65 % 4.75 <Vpp<5.25
Input leakage current 10 nA Vpp=5.25
Input capacitance 35 pF
Input Parameters For TTL
Parameter Min Typ Max Unit Test Conditions
ViH 2.0 \Y% 4.75 <Vpp<5.25
Vi 0.8 \% 4.75 <Vpp<5.25
Input leakage current 10 pA Vpp =5.25
Input capacitance 35 pF
Input Parameters For TTLp
Parameter Min Typ Max Unit Test Conditions
Viy 20 % 4.75 <Vpp<5.25
Vi 0.8 % 475 <Vpp<5.25
Input leakage current 05 14 mA Vpp = 5.25; Input = 0 volts
Input capacitance 35 pF

Note: Input has a 9k (hominal) internal pull-up resistor.
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Parameter Min Typ Max Unit Test Conditions
Vou Vpp - 0.5 v Vpp = 4.75; loy = -2.0/-8.0
VoL 0.4 v Vpp = 4.75; I = 2.0/8.0
loL 2.0/8.0 mA
lon -2.0/-8.0 mA
trisE 10 ns Croap = 15pF
traLL 10 ns Croap = 15pF
Leakage Tri-state +10 pA 0 to 5.25 V input
Output Parameters For TTLAmA

Parameter Min Typ Max Unit Test Conditions
Von 2.4 Vbb v Vpp = 5.0; loy = -2.0
VoL 0.4 v Vpp =5.0; o, =4.0
loL 40 mA
loH 2.0 mA
tRISE 8 ns CLoap = 15 pF
teaLL 5 ns CLoap = 15 pF
Output Parameters For TTL8mA

Parameter Min Typ Max Unit Test Conditions
Vou 24 Vbb v Vpp = 5.0; loy = 4.0
VoL 0.4 v Vpp = 5.0; Io. = 8.0
loL 8.0 mA
lox -4.0 mA
trisE 10 ns CLoap =25 pF
traLL 5 ns Coap =25 pF

-09. PRELIMINARY TXC-03104-MB
Ed. 2, June 1997
This Material Copyrighted By Its Respective Manufacturer



WAL

QE1F

TXC-03104

Input/Output Parameters For CMOS2mA

Parameter Min Typ Max Unit Test Conditions
Vi 3.15 \% 4.75 <Vpp < 5.25
VL 1.65 \Y 4.75<Vpp< 525
Input leakage current 10 A Vpp=5.25
Input capacitance 7.0 pF
Vou Vpp - 0.5 v Vpp = 4.75; loy = 2.0
VoL 0.4 % Vpp = 4.75; Io. = 2.0
loL 20 mA
lon 2.0 mA
trisE 10 ns Croap = 15pF
traLL 10 ns CLoap = 15 pF
Leakage Tri-state +10 LA 0 to 5.25 V input
Input/Output Parameters For TTL8mA (slew rate controlled)

Parameter Min Typ Max Unit Test Conditions
Viy 2.0 v 4.75 <Vpp < 5.25
VL 0.8 v 4.75 <Vpp<5.25
Input leakage current 10 pA Vpp =5.25
Input capacitance 7.0 pF
Von 2.4 Vbb v Vpp =5.0; loy = -4.0
VoL 0.4 v Vpp =5.0; lo, = 8.0
loL 8.0 mA
lon -4.0 mA
tRiSE 10 ns CLoap = 25 pF
tEALL 5 ns CLoap =25 pF
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TIMING CHARACTERISTICS

Detailed timing diagrams for the QE1F are illustrated in Figures 3 through 30, with values of the timing inter-
vals tabulated below the waveform diagrams in each figure. All output times are measured with a maximum 25
pF load capacitance. Timing parameters are measured at voltage levels of (V|4 + V| )/2 for input signals or
(Von + Voo)/2 for output signals, unless otherwise indicated.

Figure 3. Dual Unipolar (RAIL) Receive Interface Timing

+— tcyc —»

P t
PwH TP
LRCLKn /S
(Input) /
T
—> sy —
RPOSn
RNEGn >< ><
(Input)
Note: n=1, 2, 3, 4
Parameter Symbol Min Typ Max Unit
LRCLKn clock period teve 422 488.3 ns
LRCLKn high time tpwH 190 24415 ns
LRCLKnN low time tpwi 190 24415 ns
RPOSN/RNEGnN set-up time to LRCLKn{ tsu 10 15 ns
RPOSN/RNEGnN hold time after LRCLKnl tH 10 15 ns

Note: LRCLKn is shown for control bit RXCP (bit 8) in register X01H set to 0. Data (RPOSn/RNEG) is clocked in on the
rising edges of LRCLKn when control bit RXCP is a 1.
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Figure 4. Dual Unipolar (RAIL) Transmit Interface Timing

LTCLKn

(Output) /
b—»

TPOSn

TNEGN

(Output)

Note: n=1,2, 3,4

Parameter Symbol Min Typ Max Unit
LTCLKn clock period tcve 480 488.3 495 ns
LTCLKn duty cycle (tpwh/tcyc) - 45 50 55 %
TPOSN/TNEGn delay after LTCLKnT to 0.0 5.0 20 ns

Note: LTCLKn is shown for control bit TXCP (bit 7) in register X01H set to 0.

LTCLKn when control bit TXCP is a 1.

Data is clocked out on falling edges of

-95.
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Figure 5. NRZ Receive Interface Timing (External Transceiver)

tcye >

«— pwH—pe— tpw. —»

LRCLKn / \
(Inpu) / AN //1

tsu ty .
RLDATN : \/
(Input) /\
sy My R
" g External Bipolar Violation

RLBPVn |2 e [ 4

(Input)

Note: n=1,2, 3, 4

Parameter Symbol Min Typ Max Unit

LRCLKn clock period teve 422 488.3 ns
LRCLKn high time tpwH 190 24415 ns
LRCLKn low time tpwL 190 24415 ns
RLDATN/RLBPVn set-up time to LRCLKnl tsu 10 15 ns
RLDATN/RLBPVn hold time after LRCLKnl tH 10 15 ns

Note: LRCLKn is shown for control bit RXCP (bit 6 in register X01H) set to 0. RLDATn and RLBPVn are clocked in on ris-
ing edges of LRCLKn when control bit RXCP is a 1. The QE1F accepts an inverted RLDATn signal when control bit
RXNRZP (bit 0 in register X01H) is a 1. Control bit RXFS (bit 1 in register X06H) must be set to 0 to use the RLBPVn
input.
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Figure 6. NRZ Transmit Interface Timing (External Transceiver)

tcye

State Determined by Control bit BE (Bit 6 in X00H)

LTCLKnN

(Output) / tow
b—» «— E

TLDATN

(Output) /
ID—p —

TMODEN

(Output)

Note: n=1, 2, 3, 4

Parameter* Symbol Min Typ Max Unit
LTCLKn clock period tcve 480 488.3 495 ns
LTCLKn duty cycle (tpwr/tcyc) - 45 50 55 %
TLDATn/TMODERN delay after LTCLKnT tp 0.0 50 20 ns

Note: LTCLKn is shown for control bit TXCP (bit 7 in register X01H) set to 0. TLDATn and TMODEn are clocked out on fall-
ing edges of LTCLKn when control bit TXCP is a 1. The QE1F provides an inverted TLDATn signal when control bit
TXNRZP (bit 5 in register X06H) is a 1. Control bit TXFS (bit O in register X06H) must be set to 0 to obtain the

TMODERN output.
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Figure 7. NRZ Receive Interface Timing (Fast Sync Mode)

—teyc)y—

H

tpwHen ¢ tPwi(n)
LRCLKn J m
(Input) / / \ «
> e

vl D M . &

RFSn
(Input)

Note: n=1, 2, 3, 4

Parameter Symbol Min Typ Max Unit
LRCLKn clock period teye() 422 488.3 ns
LRCLKn high time trwH(1) 190 24415 ns
LRCLKn low time trwL(1) 190 24415 ns
RLDATN/RFSn set-up time to LRCLKn{ tsu 10 15 ns
RLDATN/RFSn hold time after LRCLKnl th 10 15 ns
RFSn period teyce) 256 * 16 " tcyc(1) ns
RFSn pulse width high time tew 0.5 " toyeqr) 1 * toyeq) 1.5 * tcyeq) ns

Note: LRCLKn is shown for control bit RXCP (bit 6 in register X01H) set to 0. Data is clocked in on rising edges when con-
trol bit RXCP is a 1. The QE1F will accept an inverted RLDATnN signal when a 1 is written to control bit RXNRZP (bit
0 in register X01H). The fast sync mode is selected by writing a 1 to control bit RXFS (bit 1 in register X06H).
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Figure 8. NRZ Transmit Interface Timing (Fast Sync Mode)

<+——Icyc()—

LTCLKn " \
(Output) /e WHD,

frame fx tp % /— frame f+1 \
)
TLDATn . ; . -
(Output) >< Bit 256 >< Bit 1 « >< Bit 256 ><

«— bw —»
tb—» < *

55
TFS = e
(OutBut) Ry \ //—

£

<«— oo :

Note: n=1, 2, 3, 4

Parameter Symbol Min Typ Max Unit
LTCLKn clock period teve() 480.0 488.3 495.0 ns
LTCLKn duty cycle tpwh1y/tcyc) 45 50 55 %
TLDATN/TFSn delay after LTCLKnT tp 0.0 50 20 ns
TFSn pulse width high time tpw 1 * teye) ns
TFSn period teverz) 256 * 16 * tcyc() ns

Note: LTCLKn is shown for control bit TXCP (bit 7 in register X01H) set to 0. TLDATn/TFSn are clocked out on falling
edges of LTCLKn when control bit TXCP is set to 1. The QE1F will output an inverted TLDATn signal when control
bit TXNRZP (bit 5 in register X06H) is a 1. The fast sync mode is selected by writing a 1 to control bit TXFS (bit 0 in
register XO6H).
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Figure 9. Serial Port Write Timing
tbw
LCSn ; \
(Output) A\ )
\ 3 n
ton ‘_4— toye —b ey
Lsok TN tew R
(Output) tpwH \.
AT GICED G T G G |
LSB LSB MSB
[, Address/Command P Data Byte N|
[ Byte h i
Note: n=1, 2, 3, 4
Parameter Symbol Min Typ Max Unit
LCSn pulse width high time tpw 300 ns
LSCLK clock period teve 480 488.3 ns
LSCLK high time tpwH 190 24415 ns
LSCLK low time tewlL 190 244 15 ns
LCSn! delay after LSCLK{ to() 10 15 20 ns
LSDO delay after LSCLK{ tp(3) 15 25 50 ns
LCSnT delay after LSCLK{ toe) 10 15 20 ns

Note: The serial port interface for the line interface transceiver is selected when an active low is placed on the CONFIG2

pin (pin 42).
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Figure 10. Serial Port Read Timing

LCSn /
(Output) SS
R PTG
by |
LSCLK \ -
Quipu) | \_[ \ /W\_/
tsu—» —
P> N—tH

= OO OO

Parameter Symbol Min Typ Max Unit
LSDI set-up time to LSCLKT tsu 10 15 ns
LSDI hold time after LSCLKT tyy 10 15 ns
LCSn! delay after LSCLK{ toe1) 50 10 15 ns
LCSnT delay after LSCLK{ toe) 5.0 10 15 ns

Note: The serial port interface for the line interface transceiver is selected when an active low is placed on the CONFIG2
pin (pin 42).
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Figure 11. Monitor Mode Timing
<+« lcvc —
MONCLK
(Output)
—> §<—tD
MONDTO \
(Output) /
Parameter Symbol Min Typ Max Unit

MONCLK clock period teve 422 488.3 ns
MONCLK high time tpwH 190.0 24415 ns
MONCLK low time tpwiL 190.0 24415 ns
MONDTO delay after MONCLKT tp 70 75 90 ns

Note: The Monitor port is enabled when an active high is placed on the CONFIG2 pin (pin 42). Control bits E1CHCS1 and
E1CHCSO (bits 1, 0 in register 013H) select the channel to be monitored. Control bit RXTX (bit 3 in register 013H)
selects either the receive side or transmit side to be monitored. Writing a 0 to control bit ESP/EMON (bit 4 in register

013H) tri-states both outputs.
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Figure 12. Receive Highway Timing - 2 Mbit/s Transmission Mode (Recovered Receive Line Clock)

RCLKn N

+—— lcyc ——»
«— fpwL —pe— tPwH —>

(Output) AN /

tD—bw—

~___~

>< Bit 1 (first bit of Time Slot 0)

by ——>

RDATAN
RSIGLn Bit 255 X Bit 256
(Outputs)
‘—
RSYNCnh
(Output)
—p tD(‘I) —

Note: n=1, 2, 3, 4

Parameter Symbol Min Typ Max Unit
RCLKn clock period tcye 465 488.3 ns
RCLKn low time tPwL 232.5 24415 ns
RCLKn high time tpwH 2325 24415 ns
RDATAN/RSIGLn delay after RCLKn{ tp 10 15 20 ns
RSYNCn delay after RCLKnJ toe1y 10 15 20 ns
RSYNCn pulse width tpw 465 490 495 ns

Note: The 2 Mbit/s Transmission Mode is selected when a low is placed on the CONFIG1 pin (pin 43) and control bits
HMVIP and MTP16M (bits 2 and 1 in register 006H) are 00. The recovered receive line clock (RCLKn) and an inter-
nal sync pulse are used to clock out data (RDATAn), signaling (RSIGLn), and the sync pulse (RSYNCn) to the sys-
tem, when control bits RXC and RSE (bits 5 and 3 in register X02H) are 10 or 11. Control bit RXC selects the clock
source, while RSE enables/disables the receive slip buffer. The position of RSYNCn with respect to the RDATAn/
RSIGLn signals can be offset. The values written to register 018H will determine the offset. RSYNCn is shown for an

offset value equal to zero.
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Figure 13. Receive Highway Timing - 2 Mbit/s Transmission Mode (System Clock)

+— locyo ——»

«— w. —>e— lPwH —»
RCLKn N / N\
(Input) AN /

Ip —» —
RDATAN

RSIGLn Bit 255 X Bit 256 >< Bit 1 (first bit of Time Slot 0)
(Outputs)

— fsu —pe—tH —p

RSYNCn /
(Input) / :

Note: n=1,2, 3, 4

Parameter Symbol Min Typ Max Unit
RCLKn clock petiod tcye 465 488.3 ns
RCLKn low time tpwL 232.5 24415 ns
RCLKn high time tpwH 2325 24415 ns
RDATAN/RSIGLn delay after RCLKnJ{ to 20 25 35 ns
RSYNCn setup time to RCLKnT tsu 50 10 15 ns
RSYNCnh hold time after RCLKnT ty 5.0 10 15 ns

Note: The 2 Mbit/s Transmission Mode is selected when a low is placed on the CONFIG1 pin (pin 43) and control bits
HMVIP and MTP16M (bits 2 and 1 in register 006H) are 00. The system clock (RCLKn) and sync pulse (RSYNCn)
are used to clock data out of the slip buffer when control bits RXC and RSE (bits 5 and 3 in register X02H) are 01.
Control bit RXC selects the clock source, while RSE enables/disables the receive slip buffer. The position of
RSYNCn with respect to the RDATAn/RSIGLn signals can be offset. The value written to register 018H compen-
sates for any offset. RSYNCn is shown for an offset equal to zero.
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Figure 14. Receive Highway Timing - 8 Mbit/s Transmission Mode

o SN\ N\
(Input) g
> <« tPwH
oWl |
— §<—tD
RDATA1 X Framer No. 4 X Framer No. 1 X
RSIGL1 Time Slot 31 Bit 8 Time Slot 0 Bit 1
(Outputs) .
lsu—» «—
e
RSYNC1 / \
(Input) «— thw ——»

Note: All frame time slots are byte-interleaved on data and signaling highways.

Parameter Symbol Min Typ Max Unit
RCLK1 clock petiod tcve 55 62.5 ns
RCLK1 low time thwL 275 31.25 ns
RCLK1 high time tewH 275 31.25 ns
RDATA1/RSIGL1 delay after RCLK1{ [15) 20 25 35 ns
RSYNC1 set-up time to RCLK1T tsu 50 10 15 ns
RSYNC1 hold time after RCLK1T ty 5.0 10 15 ns
RSYNCH1 pulse width high time tew 2% teve 2% teve 3 *tcye ns

Note: The 8 Mbit/s Transmission Mode is selected when a low is placed on the CONFIG1 pin (pin 43) and control bits
HMVIP and MTP16M (bits 2 and 1 in register 006H) are 10. The receive slip buffer must be enabled for this mode.
The position of RSYNC1 may be offset with respect to the RDATA1 and RSIGL1 signals. The value written to regis-
ter 018H compensates for any offset. RSYNC1 is shown for an offset equal to zero.
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Figure 15. Transmit Highwav Timing - 8 Mbit/s Transmission Mode
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£

Parameter Symbol Min Typ Max Unit
TCLK1 clock period tcve 55 62.5 ns
TCLK1 low time tewL 275 31.25 ns
TCLK1 high time tPwH 275 31.25 ns
TDATA1/TSIGL1 set-up time to TCLK1T tsue 50 10 15 ns
TDATA1/TSIGL1 hold time after TCLK1T t(1) 5.0 10 15 ns
TSYNC1 set-up time to TCLK1T tsu(z) 50 10 15 ns
TSYNC1 hold time after TCLK1T the2) 5.0 10 15 ns
TSYNC1 pulse width tpw 2% teve 2% teve 3% teve ns

Note: The 8 Mbit/s Transmission Mode is selected when a low is placed on the CONFIG1 pin (pin 43) and control bits
HMVIP and MTP16M (bits 2 and 1 in register 006H) are 10. The position of TSYNC1 may be offset with respect to
the TDATAT1 signal. The value written to register 017H compensates for any offset. TSYNC1 is shown for an offset
equal to zero.
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Figure 16. Receive Highway Timing - 16 Mbit/s Transmission Mode

multiframe m multiframe m+1
«—— loye —»
+—— 2ms — retpwL —V<—tPWH+
RCLK1
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(Output) Signaling TS31 Bit 8 Data TSO Bit 1 Signaling TSO Bit 1
; <>
«lsu—»
RSYNC1 :
(Input) /«— tew >

Note: All four framers’ data and signaling time slots are bit-interleaved. A multiframe is 16 frames long (2 ms).

Parameter Symbol Min Typ Max Unit
RCLK1 clock period teve 55 62.5 ns
RCLK1 low time towl 275 3125 ns
RCLK1 high time tewH 275 31.25 ns
RDATA1 delay after RCLK1.l to 20 25 35 ns
RSYNC1 set-up time to RCLK1T tsu 50 10 15 ns
RSYNC1 hold time after RCLK1T ty 50 10 15 ns
RSYNCH1 pulse width high time tew 1 *teye 1 *teve 2 *teve ns

This Materi al

Note: The 16 Mbit/s Transmission Mode is selected when a low is placed on the CONFIG1 pin (pin 43) and control bits
HMVIP and MTP16M (bits 2 and 1 in register 006H) are 01. The receive slip buffer must be enabled for this mode.
The position of RSYNC1 may be offset with respect to the RDATA1 signal. The value written to register 018H com-
pensates for any offset. RSYNC1 is shown for an offset equal to zero.
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Figure 17. Transmit Highway Timing - 16 Mbit/s Transmission Mode
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Note: All four framers’ data and signaling time slots are bit-interleaved. A multiframe is 16 frames long (2 ms).

Parameter Symbol Min Typ Max Unit
TCLK1 clock period tcve 55 62.5 70 ns
TCLK1 low time tewL 27.5 31.25 35 ns
TCLK1 high time tpwH 275 31.25 35 ns
TDATA1 set-up time to TCLK1T tsu(t) 50 10 15 ns
TDATAT1 hold time after TCLK1T tH(1) 50 10 15 ns
TSYNC1 set-up time to TCLK1T tsue) 50 10 15 ns
TSYNC1 hold time after TCLK1T tHe2) 50 10 15 ns
TSYNC1 pulse width high time tpw 1 *teve 1 *tove 2 *tcye ns

Note: The 16 Mbit/s Transmission Mode is selected when a low is placed on the CONFIG1 pin (pin 43) and control bits
HMVIP and MTP16M (bits 2 and 1 in register 006H) are 01. The position of TSYNC1 may be offset with respect to
the TDATAT1 signal. The value written to register 017H compensates for any offset. TSYNC1 is shown for an offset
equal to zero.
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Figure 18. Transmit Highway Timing - 2 Mbit/s Transmission Mode
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H

Note: n=1,2, 3, 4

Parameter Symbol Min Typ Max Unit
TCLKn clock period teve 420 488.3 ns
TCLKn low time tpwiL 210 24415 ns
TCLKn high time tpwH 210 24415 ns
TDATAN/TSIGLN set-up time to TCLKNT tsu() 5.0 10 15 ns
TDATAN/TSIGLn hold time after TCLKnT tHe1) 50 10 15 ns
TSYNCn set-up time to TCLKnT tsu() 50 10 15 ns
TSYNCnh hold time after TCLKnT thee) 5.0 10 15 ns

Note: The 2 Mbit/s Transmission Mode is selected when a low is placed on the CONFIG1 pin (pin 43) and control bits
HMVIP and MTP16M (bits 2 and 1 in register 006H) are 00. The position of TSYNCn may be offset with respect to
the TDATANn/TSIGLn signals. The value written to register 017H compensates for any offset. TSYNCn is shown for
an offset equal to zero.
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Figure 19. Receive Highway Timing - 2 Mbit/s MVIP Mode
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(Outputs) :

—lsue—
RSYNCn . — %
(Input) /

H

Note: n=1,2, 3, 4

Parameter Symbol Min Typ Max Unit
RCLKn clock period toye 465 488.3 ns
RCLKn low time tpwi 2325 24415 ns
RCLKn high time tewH 2325 24415 ns
RDATAN/RSIGLn delay after RCLKNnT tp 25 35 50 ns
RSYNCh set-up time to RCLKnT tsu 0.0 50 10 ns
RSYNCn hold time after RCLKnT t 10 15 20 ns
RSYNCn pulse width low time tew 1 *teye 1 *teve 2 *teve ns

This Materi al

Note: The 2 Mbit/s MVIP Mode is selected when a high is placed on the CONFIG1 pin (pin 43) and control bits HMVIP and
MTP16M (bits 2 and 1 in register 006H) are 00. The receive slip buffer is always enabled in this mode. The position
of RSYNCn may be offset with respect to the RDATAn/RSIGLn signals. The value written to register 018H compen-
sates for any offset. RSYNCn is shown for an offset equal to zero.
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Figure 20. Transmit Highway Timing - 2 Mbit/s MVIP Mode

¢— lcyc ——»
«—PWH— pe— P —»
TCLKn / .

(Input) /. N /

«— su) —pe— iy —»

TDATAnN ;
TSIGLn Bit 256/i Bit 1 (first bit of Time Slot 0) ><Bit 2 (second bit of Time Slot 0)
(Inputs)
—rlsye—
TSYNCn — | +— WH—>
(Input) N
—— tpW —V:

Note: n=1, 2, 3, 4

Parameter Symbol Min Typ Max Unit
TCLKn clock period teve 480 488.3 ns
TCLKn low time tpwiL 240 24415 ns
TCLKn high time tpwH 240 24415 ns
TDATAN/TSIGLN set-up time to TCLKn tsu() 0.0 5.0 10 ns
TDATAN/TSIGLnN hold time after TCLKnJ. tHe1) 50 10 15 ns
TSYNCn set-up time to TCLKnT tsu 15 20 25 ns
TSYNCn hold time after TCLKnT ty 15 20 25 ns
TSYNCnh pulse width low time tew 1 *teve 1 *teve 2 *teve ns

Note: The 2 Mbit/s MVIP Mode is selected when a high is placed on the CONFIG1 pin (pin 43) and control bits HMVIP and
MTP16M (bits 2 and 1 in register 006H) are 00. The transmit slip buffer is always enabled in this mode. The position
of TSYNCn may be offset with respect to the TDATAn/TSIGLn signals. The value written to register 017H compen-
sates for any offset. TSYNCnh is shown for an offset equal to zero.
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Figure 21. Receive Highway Timing - 8 Mbit/s H-MVIP Mode

This Materi al

RCLK1
(Input)
frame f > frame f + 1
RDATAT — o
F No. 4 F No. 1

tants) X mmemoens | K mmesmea: X '@

t = tbwy ———»
RSYNC1 \ 4— tH — > J
(Input) A /

Note: All four framers’ time slots are byte-interleaved.

Parameter Symbol Min Typ Max Unit
RCLK1 clock period teve 60 61 ns
RCLK1 low time tpwL 30 30.5 ns
RCLK1 high time towH 30 30.5 ns
RDATA1/RSIGL1 delay after RCLK1l to 10 15 20 ns
RSYNC1 set-up time to RCLK1T tsu 9.0 10 15 ns
RSYNC1 hold time after RCLK1T th 50 10 15 ns
RSYNC1 pulse width low time tew 4" tcye 4" tcye 5% tcye ns

Note: The 8 Mbit/'s H-MVIP Mode is selected when a high is placed on the CONFIG1 pin (pin 43) and control bits HMVIP
and MTP16M (bits 2 and 1 in register 006H) are 10. The receive slip buffer must be enabled for this mode. The posi-
tion of RSYNC1 may be offset with respect to the RDATA1 and RSIGL1 signals. The value written to register 018H
compensates for any offset. RSYNC1 is shown for an offset equal to zero.
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Figure 22. Transmit Highway Timing - 8 Mbit/s H-MVIP Mode
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et A A X X X A X
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(Input)

A

Note: All four framers’ time slots are byte-interleaved.

Parameter Symbol Min Typ Max Unit
TCLK1 clock period teve 60 61 ns
TCLK1 low time tewL 30 30.5 ns
TCLK1 high time tewn 30 305 ns
TDATA1/TSIGL1 set-up time to TCLK1T tsue) 50 10 15 ns
TDATA1/TSIGL1 hold time after TCLK1T th1) 2.0 5.0 10 ns
TSYNCH set-up time to TCLK1T tsuee) 10 12 15 ns
TSYNC1 hold time after TCLK1 T thee) 5.0 10 15 ns
TSYNC1 pulse width low time tew 4* toye 4 * toye 5*tcve ns

Note: The 8 Mbit/s H-MVIP Mode is selected when a high is placed on the CONFIG1 pin (pin 43) and control bits HMVIP
and MTP16M (bits 2 and 1 in register 006H) are 10. The position of TSYNC1 may be offset with respect to the
TDATAT1 signal. The value written to register 017H compensates for any offset. TSYNC1 is shown for an offset equal
to zero.
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Figure 23. Receive Highway Timing - 16 Mbit/s PCM Highway Mode

frame f frame f + 1
«—loye —>
12508 —— wtpwL > etpwH>
RCLK1 :
(Input) !
th —» 4_
RDATA1 Framer No. 4 * Framer No. 1 Framer No. 1
(Output) Signaling TS31 Bit 8 Data TSO Bit 1 Signaling TSO Bit 1
«— tw —>
—tsu—petip |
RSYNC1 H
(Input) \
Note: All four framers’ data and signaling time slots are bit-interleaved.
Parameter Symbol Min Typ Max Unit
RCLK1 clock period teve 60 61 ns
RCLK1 low time tPWL 30 30.5 ns
RCLK1 high time tPwH 30 30.5 ns
RDATA1 delay after RCLK1.l to 15 25 30 ns
RSYNC1 set-up time to RCLK1T tsu 50 10 15 ns
RSYNC1 hold time after RCLK1T ty 0.0 50 10 ns
RSYNC1 pulse width high time tpw 1= tcye 1= tcye 2* tcye ns

This Materi al

Note: The 16 Mbit/s PCM Highway Mode is selected when a high is placed on the CONFIG1 pin (pin 43) and control bits
HMVIP and MTP16M (bits 2 and 1 in register 006H) are 01. The receive slip buffer must be enabled for this mode.
The position of RSYNC1 may be offset with respect to the RDATA1 signal. The value written to register 018H com-
pensates for any offset. RSYNC1 is shown for an offset equal to zero.
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Figure 24. Transmit Highway Timing - 16 Mbit/'s PCM Highway Mode
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Note: All four framers’ data and signaling time slots are bit-interleaved.

Parameter Symbol Min Typ Max Unit
TCLK1 clock period tcye 60 61 ns
TCLK1 low time tewiL 30 305 ns
TCLK1 high time tpwH 30 30.5 ns
TDATAT1 set-up time to TCLK1T tsu() 5.0 10 15 ns
TDATAT1 hold time after TCLK1T tH(1) 0.0 50 10 ns
TSYNC1 set-up time to TCLK1T tsue) 20 50 10 ns
TSYNCH1 hold time after TCLK1T the2) 0.0 50 10 ns
TSYNC1 pulse width high time tpw 1 *tcve 1 *tcve 2 *teve ns

Note: The 16 Mbit/s PCM Highway Mode is selected when a high is placed on the CONFIG1 pin (pih 43) and control bits
HMVIP and MTP16M (bits 2 and 1 in register 006H) are 01. The transmit slip buffer must be enabled for this mode.
The position of TSYNC1 may be offset with respect to the TDATA1 signal. The value written to register 017H com-
pensates for any offset. TSYNC1 is shown for an offset equal to zero.
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Figure 25. Shadow Register Timing
(Input) / \ f \22] «
—> iy
P tgy —
E < tcve
T1SI & \\
(Input) «
«— tpyy ——Pe—— thw. —>
Parameter Symbol Min Typ Max Unit
T18I pulse width high (Note 1) tPwH 20 50 ms
T1SI pulse width low tpwiL 950 980 ms
T18SI cycle time tcve 1000 ms
T1SI pulse set-up time to SYSCLKT (Note 2) tsu 7.0 ns
T1SI pulse hold time after SYSCLKT (Note 2) ty 7.0 ns
Notes:
1. Aduty cycle (tpwr/tcyc) of 50 % for the T1SlI signal is permitted.
2. These set-up and hold times may be achieved by using an external circuit to
synchronize the rising edge of T18I with the falling edge of SYSCLK.
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Figure 26. Boundary Scan Timing
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— e
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(Input) /\ g / /
S PR

TDO
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Parameter Symbol Min Max Unit
TCK clock high time tpwH 50 ns
TCK clock low time tpwL 50 ns
TMS setup time to TCKT tsu() 5.0 ns
TMS hold time after TCKT they 5.0 ns
TDI setup time to TCKT tsu) 5.0 ns
TDI hold time after TCKT thee) 10 ns
TDO delay from TCK{ tp 6.5 10 ns
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Figure 27. Intel Microprocessor Read Cycle Timing

ADDR(11-0) \<
/

(Input)
DAT(7-0) iV
(Output) \ \
1) e «— tF —p

<« lsu) —

SEL \ /
(Input) /

<« fsuE) —» «—HE—>
ﬁut) ﬁ tpwy(1)
to@) —p s — §4—to(4)
RDY tri-state thw(2) —, / tri-state
(Output)
Parameter Symbol Min Typ Max Unit
ADDR valid set-up time to SEL{ tsuq) 10 ns
DAT valid delay after RDYT to() -1/2 cycle of [-1/4 cycleof | ns
SYSCLK SYSCLK
DAT float time after RDT te 5.0 10 15 ns
SEL set-up time to RD{ tsu) 10 ns
SEL hold time after RDT th(a) 10 ns
RD pulse width low time tew(1) 25 50 75 ns
RDY! delay after RD to(e) 0.0 20 25 ns
RDY pulse width low time trw(2) 2 cycles of | 10 cycles of | 15 cycles of ns
SYSCLK SYSCLK SYSCLK
RDY tri-state to high delay after SEL{ tp(3) 17 20 25 ns
RDY high to tri-state delay after SELT tp(a) 17 20 25 ns
Notes:

1. The Intel microprocessor bus is selected by placing a low on the MOTO pin (pin 99).
2. The system clock has a nominal frequency of 18-22 MHz.
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Figure 28. Intel Microprocessor Write Cycle Timing

ADDR(11-0) §
(Input) :
<— tsuity —» \ ‘_tH(1)_’§ \
E ~<— tsue) —>e— tHe) —>
DAT(7-0) 5 E
(Input)
SEL
(Input) /
<«— [su@E) —p
WR
(Input)
—> le—to
o) —»  «—
RDY tri-state X \_tri-state
(Qutput) !
Parameter Symbol Min Typ Max Unit
ADDR valid set-up time to SEL{ tsu() 50 ns
ADDR hold time after WRT th(ty 10 ns
DAT valid set-up time to WRT tsu) 10 ns
DAT hold time after WR™T th) 10 ns
SEL set-up time to WRJ tsu) 5.0 ns
WR pulse width low time tow(1) 25 30 50 ns
RDY/ delay after WR to) 15 20 25 ns
RDY pulse width low time trw(2) 0.0 7 cycles of | 10 cycles of ns
SYSCLK* SYSCLK*
RDY tri-state to high delay after SEL{ tp) 17 20 25 ns
RDY high to tri-state delay after SELT tp(a) 17 20 25 ns
Notes:
1. The Intel microprocessor bus is selected by placing a low on the MOTO pin (pin 99).
2. The system clock has a nominal frequency of 18-22 MHz.
3. * Wait states only occur if a write cycle immediately follows a previous read/write cycle
(e.g., read modify write or word wide write).
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Figure 29. Motorola Microprocessor Read Cycle Timing
ADDR(11-0) /
(Input) \
DAT(7-0)
(Output)
«—— tsu) —»
< lpE) >
SEL t /
(Input) PW() 7
«—1sU@z) —»
RD/WR
(Input) 4/ tD(1)
«— Pwe —p F
DTACK tri-state \ tri-state
(Output) —> /
o)
Parameter Symbol Min Typ Max Unit
ADDR valid set-up time to SEL{ tsu() 10 ns
DAT delay to tri-state after SELT to@) 10 ns
DAT valid output delay after DTACK{ to(1) -1 cycle of | -1/2 cycle of |-1/4 cycle of ns
SYSCLK SYSCLK SYSCLK
SEL pUlSG width low time tPW(1) 50 ns
RD/WR set-up time to SEL{ tsu() 10 ns
DTACK pulse width high time trw(2) 2 cycles of | 10 cycles of | 15 cycles of ns
SYSCLK SYSCLK SYSCLK
DTACK float time after SELT te 7.0 8.0 12 ns
DTACK delay after SEL o) 9.0 10 12 ns
Notes:

1. The Motorola microprocessor bus is selected by placing a high on the MOTO pin (pin 99).
2. The system clock has a nominal frequency of 18-22 MHz.
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Figure 30. Motorola Microprocessor Write Cycle Timing

ADDR(11-0) \
(Input) /

=<— lsue) —pe—>

DAT(7-0)
(Input)

SEL
(Input) \‘7 tpw(1) ———»

RD/WR \E /
(Input) \

—V thw(2) tr -
DTACK tri-state tri-state
(Output) R :‘_ /
to(2)
Parameter Symbol Min Typ Max Unit

ADDR valid set-up time to SELL tsu(1) 10 ns
ADDR hold time after SELT th(t) 10 ns
DAT valid set-up time to SELT tsu) 15 ns
SEL pulse width low time tow(1) 50 ns
DAT hold time after SELT the) 10 ns
RD/WR set-up time to SEL{ tsu() 10 ns
DTACK pulse width high time tow(2) 0.0 1 g \(/)é(élnej( 9f 1 g \(/)é(élnej( 9f ns
DTACK float time after SELT te 7.0 7.0 10 ns
DTACK delay after SEL{ to) 10 12 15 ns
Notes:

1. The Motorola microprocessor bus is selected by placing a high on the MOTO pin (pin 99).

2. The system clock has a nominal frequency of 18-22 MHz.

3. * Wait states only occur if a write cycle immediately follows a previous read or write cycle
(e.g., read modify write or word wide write).
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OPERATION

The following sections detall the internal operation of the QE1F.

LINE INTERFACE SELECTION

Each of the four framers in the QE1F can be programmed to provide either a dual unipolar interface or a NRZ
interface. The dual unipolar interface is selected when a 1 is written into control bit RAIL (bit 7) in the Framer
Configuration register located at address X00H in the memory map. The X stands for the framer selected, and
will be equal to the value n used to identify the framer (1 for framer 1, 2 for framer 2, etc.). The HDBS3 line
coder/decoder (CODEC) feature is usually selected for the dual unipolar interface. The HDB3 CODEC is
selected by writing a 1 to control bit BE (bit 6) in the Framer Configuration register X00H. A 0 will select an AMI
CODEC. The HDB3 stands for High Density Bipolar of Order 3, which is described in ITU-T Recommendation
G.703.

The clock polarity of the input and output line clocks is selectable by writing the sense required to control bits
TXCP and RXCP (bits 7 and 6) in the Framer Configuration register X01H. When a framer is configured for the
dual unipolar mode, the line signal is monitored for loss of signal. The LOS detection and recovery periods for
all four framers are programmable by writing the two consecutive pulse count values to the Global Configura-
tion registers 01AH and 01BH. Typical values are 255 for detection and 32 for recovery. The connections
between a QE1F framer and external line interface transceivers are shown in Figure 31 below for dual unipolar
mode.

— RPOSn |
_RXTIP__ _ RNEGh
. receive P
RXRING Line Interface LRCLKn
TXTIP Transceiver — 1. TPOSN
< for Channel n
 TXRING transmit |  f¢——TNEGN
P LTCLKn
SDO _SDI _SCLK LOS CS QE1E
LCSn
LINTh
LSCLK
Other LSDO
Transceivers LSDI |

Note: n is the channel number (1, 2, 3, 4)

Figure 31. Line Interface For Dual Unipolar Mode
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The NRZ interface is selected when a 0 is written into control bit RAIL (bit 7) in register X00H. The clock
polarity of the line input and output clocks is selectable by writing to control bits TXCP and RXCP (bits 7 and 6)
in the Framer Configuration register X01H. Options are provided for inverting the polarity of the transmit and
receive data pins. A 1 written to control bit TXNRZP (bit 5) in register X01H inverts the polarity of the transmit
data signal, TLDATnN, while a 1 written to control bit RXNRZP (bit 0) in the same register inverts the polarity of
the receive data signal RLDATn. In NRZ mode, the RNEGn pin may be used to input an external indication of
coding violations (RLBPVN) or a fast sync pulse for testing purposes (RFSn). External coding violations are
counted in a 16-bit performance counter when control bit RXFS (bit 1) in register X06H is a 0. Coding violations
are counted when the input is high for rising edges of the line clock LRCLKn. When control bit RXFS is a 1, this
pin is used for inputting a receive fast sync pulse.

In the transmit direction, when the NRZ mode is selected, the TNEGh pin becomes a TFSn or TMODER pin.
The pin may be used to output a fast sync pulse (TFSn), or it may be used as a general purpose output pin
(TMODEN). When control bit TXFS (bit 0) in register X06H is a 1, a fast sync output pulse is provided on this
pin. When control bit TXFS is a 0, this pin can be used as a general purpose output pin. The output state is
defined by the value written to bit BE (bit 6) in register XO0H. A typical interface between a framer in the QE1F
and an external line transceiver is shown in Figure 32 below for NRZ mode.

| RLDATNn
RXTIP > . RLBPVn
. receive
RXRING N Line Interface LRCLKn
TXTIP Transceiver —_ 1. TLDATn
] for Channel n N
TXRING transmit|  je—TMODEN
< | LTCLKn
SDO SDI SCLK LOS CS QE1F
A
LCSn
LINTn
LSCLK
Other LSDO
Transceivers LSDI

Note: n is the channel number (1, 2, 3, 4)

Figure 32. Line Interface For NRZ Mode
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LINE INTERFACE CONTROL

This interface permits the microprocessor to have complete control of the four external line interface transceiv-
ers through the QE1F. This interface is selected by placing a low on the CONFIG2 pin (pin 42). The line inter-
face control leads are common to all four framers and comprise a data input pin (LSDI), a data output pin
(LSDO), and a clock output pin (LSCLK). Individual chip select pins (LCSn) are used between the QE1F and
the external transceivers to determine which of the four external transceivers is to be accessed through the
QE1F. In addition, general purpose input leads (LINTn) are provided. The signal on this lead is locally or-gated
with the internal loss of signal alarm when control bit LIE (bit 1) in the Framer Configuration register X00H is a
1. The operating sense of this lead is programmable by control bit LPOL (bit 0) in the Framer Configuration
register XO0H. The status indication of this pin is given by the LINT status bit (bit 0) in register X15H. A typical
interface between the QE1F and external line interface transceivers using the line interface control pins is
shown in Figures 31 and 32, for the dual unipolar and NRZ interface modes respectively.

Data to be written to the external transceiver is formatted as a two-byte message. The first byte is an address/
command byte and the second byte contains the data to be written. Figure 33 illustrates the message and con-
trol formats associated with the transceiver serial /0 timing.

csn /
RV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAWEE

LSDO RN addraddraddpXadapX adanaddraddrX Do X D1 X D2 X 03 )X D4 X D5 X D6 X D7 >

Address/Command Byte FI4 Data Input/Output —>|
LSDI Do X1 X D2 X 03 X 04 X D5 X D6 X D7)

Figure 33. Transceiver Serial /O Timing

The format of the address/command byte depends upon the external transceiver being controlled. Please refer
to the transceiver's data sheet for the command/data formats. The interface for controlling the external trans-
ceiver operates in the following way. The external transceiver selection (via LCSn) is determined by the value
written to two E1CHCS bits (bits 1 and 0) in register 013H. For example, a 00 value selects the transceiver for
framer 1 while a 11 value selects the transceiver for framer 4. The microprocessor writes the command byte to
LCB7-LCBO in the Line Interface Control register 010H. This is followed by writing the data byte to LDO7-
LDOO in Line Interface Control register 011H. The serial message is sent on LSDO when a 1 is written to
replace the 0 in the ESP/EMON bit (bit 4) in register 013H. The ESP/EMON bit must be first written with a 0,
followed by a 1, before another transfer can take place between the QE1F and the external transceiver
selected. Broadcast capability to all transceivers is enabled when the control bit BDCST (bit 7) in register 013H
is written with a 1. Eight clock cycles later, the selected transceiver will respond by sending serial data on the
LSDI input pin. The data is shifted in LSB first to LDI7-LDIO in the Serial Port Data Input Register 012H.

MONITOR MODE

The monitor mode interface permits the QE1F to provide an external receive or transmit NRZ signal from one
of the framers to an external device. This interface is selected by placing a high on the CONFIG2 pin (pin 42).
Please note that the pins for this mode are shared with the line control interface, and if the monitor mode is
selected, these pins cannot be used to provide a serial interface between the external transceivers and the
QE1F. In addition, a 1 must be written into the ESP/EMON control bit (bit 4) in the Global Configuration regis-
ter 013H to enable the monitor mode intetface output pins. A 0 written into this control bit causes these data
and clock pins to be tri-stated.
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A 1 written to control bit RXTX (bit 3) in register 013H selects the receive side, while a 0 selects the transmit
side. The framer to be monitored is selected by the value written into the two E1CHCS bits (bits 1 and 0) in
register 013H. For example, a value of 00 selects framer 1, and a value of 11 selects framer 4. The selected
framer NRZ signal is provided on output pin MONDTO (pin 60). The NRZ receive or transmit data is clocked
out on rising edges of the clock MONCLK (pin 61).

SYSTEM INTERFACE

The system interface connects each of the four framers within the QE1F to and from the system. The system
interface is selected by one input pin and two control bits, according to the table given below.

CONFIG1 HMVIP MTP16M
Pin 43 Bit2 006H | Bit 1 006H System Interface
Low 0 0 2 Mbit/s Transmission Mode. Data highway, signaling highway,

2 MHz clock and 2 ms sync pulse for each framer in both transmit
and receive directions. Sync pulse is positive, and one clock cycle
wide. The system receive clock and sync pulse may be outputs
when slip buffer is bypassed.

Low 0 1 16 Mbit/s Transmission Mode, bit-interleaved. One shared data
highway, 16 MHz clock and 2 ms sync pulse in both transmit and
receive directions. The system receive clock and sync pulse must
be inputs to the QE1F. The positive sync pulses are one clock
cycle wide. The slip buffers for each framer must be enabled.

Low 1 0 8 Mbit/s Transmission Mode, byte-interleaved. One shared data
highway, signaling highway, 16 MHz clock and 2 ms sync pulse in
both transmit and receive directions. The positive sync pulses are
two clock cycles wide. The system receive clock and sync pulse
must be inputs to the QE1F. The slip buffers for each framer must
be enabled.

High 0 0 2 Mbit/s MVIP Mode: Data highway, sighaling highway, 2 MHz
clock, and 125 microsecond sync pulse for each framer in both
transmit and receive directions. The slip buffers are always
enabled. The system receive and transmit clock and sync pulses
are inputs to the QE1F. The negative sync pulses are one clock
cycle wide.

High 0 1 16 Mbit/s PCM Highway Mode, bit-interleaved. One shared data
highway, 16 MHz clock and 125 microsecond sync pulse in both
transmit and receive directions. The slip buffers are always
enabled. The system receive and transmit clock and sync pulses
are inputs to the QE1F. The positive sync pulses are one clock
cycle wide.

High 1 0 8 Mbit/s H-MVIP Mode, byte-interleaved. One shared data high-
way, sighaling highway, 16 MHz clock and 125 microsecond sync
pulse in both transmit and receive directions. The slip buffers are
always enabled. The system receive and transmit clock and sync
pulses are inputs to the QE1F. The negative sync pulses are four
clock cycles wide.

X 1 1 lllegal State. Do not use this combination.
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For the 2 Mbit/s Transmission and 2 Mbit/s MVIP Modes, each framer has separate transmit and receive inter-
faces that are referred to as receive and transmit highways. Each highway consists of a data bus (i.e., data
highway) RDATAN/TDATARN, a signaling bus (i.e., signhaling highway) RSIGLn/TSIGLn, a clock RCLKn/TCLKn,
and a synchronization sighal RSYNCh/TSYNCn. Internally, each data bus is connected to a two-frame slip
buffer, and each signaling bus is connected to a 120-bit signaling buffer. Please note that control bits are pro-
vided which enable the slip and signhaling buffers to be bypassed when the 2 Mbit/s Transmission Mode is
selected. For the 8 Mbit/s and 16 Mbit/s Transmission Modes, 2 Mbit/s MVIP Mode, 8 Mbit/s H-MVIP Mode
and 16 Mbit/s PCM Highway Mode, the receive and transmit slip buffers must be enabled.

For the 8 Mbit/s Transmission Mode system interface, and the 8 Mbit/s H-MVIP Mode system interface, com-
mon data (RDATA1 and TDATA1) and sighaling (RSIGL1 and TSIGL1) buses are used to interface the four
framers, as shown in Figure 34.

< RSYNCH1
Receive
. < RCLK1
Slip
Buffer N
| ——» RDATA1
. .| F—» RSIGL1
Receive >
Signaling >
<t
FRAMER #1 Buffer =
)
T
Transmit x
Signaling o
Buffer [« ™
l——— TSIGLA1
P < TDATA1
Transmit -
Slip TCLKA
Buffer
< TSYNC1
>-
<C
=
= I
FRAMER #2 O]
......................................................... T
>
F—— =
FRAMER #3
FRAMER #4

Note: The time slots of all four framers are byte-interleaved, with separate data and
signaling buses, for both receive and transmit.

Figure 34. 8 Mbit/s Transmission Mode and 8 Mbit/s H-MVIP Mode System Interfaces
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For the 16 Mbit/s Transmission Mode system interface and the 16 Mbit/s PCM Highway Mode system inter-
face, acommon data bus (RDATA1 and TDATAT1) is used to intetface the four framers, as shown in Figure 35.

< RSYNCH1
Receive
. < RCLK1
Slip
Buffer
RDATA1
Receive »
Signaling >
<C
FRAMER #1 Buffer =
o
- T
T_ransrmt é
Signaling
Buffer [«
TDATA1
Transmit h
Slip TCLK1
Buffer
< TSYNC1
>_
<C
=
R T
FRAMER #2 (0]
T
>
= l_
FRAMER #3
FRAMER #4

Note: The time slots of all four framers are bit-interleaved, with the data and signaling
combined on the data bus, for both receive and transmit.

Figure 35. 16 Mbit/s Transmission Mode and 16 Mbit/'s PCM Highway Mode System Interfaces
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2 MBIT/S TRANSMISSION MODE

The 2 Mbit/s Transmission Mode is enabled when a low is placed on the CONFIG1 pin (pin 43), and control
bits 2 (HMVIP) and 1 (MTP16M) in register 006H are set to 0.

Transmit Highway

When the 2 Mbit/s Transmission Mode is selected, the transmit highway carries information from the system to
the QE1F for each framer. The highway is subdivided into two time division multiplexed buses, one for data
(TDATAN), and the other one for signaling, alarms, and selected bits that may be multiplexed into Time Slot 0
(TSIGLn). The n in the TDATAN and TSIGLn sighals represents one of the four framers. The two buses are
synchronous with respect to the highway clock (TCLKn), which has a clock rate of 2048 kHz. The data high-
way is a single bit-serial bus organized into 256-bit groups called frames, with the bits in each group numbered
1 through 256. Each frame consists of 32 time slots, humbered from 0 to 31, as shown in Figure 36. Also note
that sixteen frames form a multiframe, with the beginning of each multiframe identified by an active high syn-
chronization pulse (TSYNCnh), one (TCLKn) clock cycle wide, which occurs every 2 ms, hormally at the end of
frame 16. The position of the TSYNCnh pulse is programmable to any bit position within the data bus frame
using control bits TSD7-TSDO in register 017H as described below in the Transmit and Receive Synchroniza-
tion subsection. The synchronization pulse is aligned to bit 8 in Time Slot 31 in frame 16 when a value of 00H
is written into this register.

The signaling bus (TSIGLN) is also divided into 256-bit frames. Each signaling frame consists of 256 bits of sig-
naling and alarm information for the 30 telephone data channels, numbered from 1 to 30, that are carried on
the data bus (i.e., Time Slots 1-15 and 17-31). The first time slot (Time Slot 0) is assigned to carry the two
international bits in bit 1 of alternate frames (bit Si), and the five national bits in bits 4 through 8 and the remote
alarm indication bit (A-bit) in bit 3 of alternate (NFAS) frames. The positions of the Time Slot 0 bits in this frame
are the same as found in Time Slot 0 of the E1 frame format. It is not required that the Time Slot 0 from the sig-
naling bus carry the frame alignment pattern in FAS frames, or have bit 2 in the alternating NFAS frames set to
1. Time Slot 1 in the signaling bus carries the Channel-Associated Signaling (CAS) multiframe format. The
multiframe is repeated every 16 frames. The multiframe alignment pattern (0000), and the spare and multi-
frame alarm bits (X0, Y, X1, X2) occur in frame 1, followed by the ABCD signaling bits for channels 1 through
30 (starting with channels 1 and 16 in frame 2, and ending with channels 15 and 30 in frame 16). The remain-
ing bits, which are marked "A" in Time Slots 2 through 31, carry a system AIS indication. Status bits TUAIS (bit
3) and TURAI (bit 2) in register X14H provide the active states of the AIS bit and the remote failure alarm indi-
cation (RFI) bit on the transmit signaling bus in the Transmission Mode. These TU alarms correspond to a sys-
tem SDH byte-synchronous interface.
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2 ms (multiframe)

»l
1€ »
TSYNCn H SS |
| 125 ps |
| frame 1 | frame 2 frame 3 | S | frame 16 |
Le one frame (256 bits) R
1€ »|
1 8 1 8 1 8 SS 1 8
TDATAN | TimeSloto | TimeSlot1 | TimeSlot2 | « | Time Slot31 |
|‘ 8 bits per 'l
channel
FASINFAS (forsiSa |S|S|s[S|S[s[S[sS Sg
TSIGLn heon RAT 26y I1Iz|3|4|s|sI7IsIA|AIA|AIAIAIAIAIAIAIAIAIAS [A[a]a[a[a]a]a]A[A]A]
3 H S
J .\\\
=" Odd Frames R
Si XX X X X X X ‘\\
e
Si X R Sad4 Sa5 Sa6 Sa7 Sa8 T
Even Frames 1
Frame TSIGL; S1 - S8 Notes:
1 0,0,0,0, X0, Y, X1, X2, Si = International Bits
R = Remote Alarm Indication (RAI)
2 A1,B1,C1,D1, A16,B16,C16, D16 ) ;
25 B2 C2. D2 A17 B17 C17 D1 bit, known as TSO A-bit
3 2,B2,C2,D2, A17,B17, C17, D17 San = National bits (n = 4-8)
4 A3, B3, C3,D3, A18,B18,C18, D18 X = don't care bit state
5 A4,B4,C4,D4,A19,B19,C19, D19 Xb = Spare bits (b = 0-2)
6 A5, B5, C5, D5, A20, B20, C20, D20 X=BM“g'erm° ﬁ'sgg b
cbclLCcbC= sigha S
7 A6, B6, C6, D6, A21, B21, C21, D21 for channel ¢ (1-30)
8 A7,B7,C7,D7, A22,B22, C22, D22 A = Alarm Bits (AIS)
9 A8, B8, C8, D8, A23, B23, C23, D23
10 A9, B9, C9, D9, A24, B24, C24, D24
11 A10, B10, C10, D10, A25, B25, C25, D25
12 A11,B11, C11, D11, A26, B26, C26, D26
13 A12,B12, C12, D12, A27, B27, C27, D27
14 A13, B13, C13, D13, A28, B28, C28, D28
15 A14,B14,C14, D14, A29, B29, C29, D29
16 A15,B15, C15, D15, A30, B30, C30, D30

Figure 36. Transmit Highway - 2 Mbit/s Transmission Mode
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Receive Highway

In the 2 Mbit/s Transmission Mode, the receive highway for each framer carries information from the QE1F to
the system. Like the transmit path, the receive highway is subdivided into two time division multiplexed buses,
one for data (RDATAN), and one for signaling and alarms (RSIGLn), where n represents one of the four fram-
ers. The two buses are synchronous with the highway clock (RCLKn), which has a clock rate of 2048 kHz. The
clock (RCLKn) is either an output to the system or an input from the system. The system clock (RCLKn) or the
line clock (LRCLKn) may be the input clock source for the slip buffer when it is enabled. Usually the system
clock (RCLKn) is used. The QE1F sources the clock (RCLKnN) as an output when the slip buffer is bypassed.
The receive slip buffer for a framer is disabled when a 0 is written to the RSE bit (bit 3) in the Framer Configu-
ration register X02H. The clock source selection is determined by the RXC bit (bit 5) in register X02H, when
the signaling buffer is enabled. A 0 written into this bit position selects the system clock (RCLKn) as the source
clock. In addition to controlling the source of the clock, control bit RXC also controls the source of the sync
pulse.

The data bus is a single bit-serial bus organized into 256-bit groups called frames, as shown in Figure 37.
Each frame consists of 32 time slots, as shown for the transmit interface. Sixteen frames form a multiframe,
with the beginning of each multiframe identified by an active high synchronization pulse (RSYNCnh), one
(RCLKnN) clock cycle wide, which occurs every 2 ms, normally at the end of frame 16. The position of the
RSYNCh pulse is programmable to any bit position within the frame using control bits RSD7-RSDO in register
018H. The synchronization pulse is aligned to bit 8 in Time Slot 31 in frame 16 when a value of O0H is written
into this register.

The signaling bus (RSIGLn) is also divided into 256-bit frames. Each signhaling frame consists of 256 bits of
signaling and alarm information for the 30 data channels carried on the data bus. The first eight bits (which cor-
respond to Time Slot 0 in the received frame) are assigned to carry the two international bits in bit 1 of alter-
nate frames, and the five national bits in bits 4 through 8 and the remote alarm indication bit (A-bit) in bit 3 of
alternate (NFAS) frames. The other (FAS) frames carry the frame alignment pattern in Time Slot 0. Time Slot 1
in the sighaling bus carries the Channel-Associated Signaling multiframe format. The multiframe is repeated
every 16 frames. The multiframe alignment pattern (0000), and the spare and multiframe alarm bits (X0, Y, X1,
X2) occur in frame 1 followed by the ABCD signaling bits for channels 1 through 30 (starting with channels 1
and 16 in frame 2, and ending with channels 15 and 30 in frame 16). The remaining bits, which are marked "A"
in Time Slots 2 through 31, carry a system AIS indication.
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Notes:

Si = International Bits

R = Remote Alarm Indication (RAI)
bit, known as TSO A-bit

San = National bits (n = 4-8)

Xb = Spare bits (b = 0-2)

Y = Multiframe Alarm

Ac Bc Cc Dc = ABCD signal bits

for channel c (1-30)
A = Alarm Bits (AIS)

Figure 37. Receive Highway - 2 Mbit/s Transmission Mode
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8 MBIT/S TRANSMISSION MODE

The 8 Mbit/s Transmission Mode is enabled when a low is placed on the CONFIG1 pin (pin 43), and a 1 is writ-
ten to control bit HMVIP (bit 2) and a 0 is written to control bit MTP16M (bit 1) in register 006H.

Transmit Highway

When the 8 Mbit/s Transmission Mode is selected, a common transmit highway carries information for the four
framers from the system to the QE1F. The single highway is subdivided into two time division multiplexed
buses, one for data (TDATA1), and the other (TSIGL1) for signaling, alarms, and selected bits. The two buses
are synchronous with respect to the single highway clock (TCLK1), which has a clock rate of 16.384 MHz (two
cycles per bit time). The data bus is a single bit-serial bus organized into sixteen 1024-bit frames. Each frame
contains byte-interleaved E1 frames of 32 time slots each for the four framers, starting with framer 1 Time Slot
0, followed by framer 2 Time Slot 0, and ending with framer 4 Time Slot 31, as shown in Figure 38. Each frame
for each framer consists of thirty-two bytes, which represent the 32 time slots in an E1 frame. Also note that the
beginning of the 16-frame multiframe is identified by an active high, two clock cycle (TCLK1) wide synchroniza-
tion pulse (TSYNC1), which occurs every 2 ms, normally at the end of frame 16. The position of the TSYNC1
pulse is programmable using control bits TSD7-TSDO in register 017H. The synchronization pulse is alighed to
bit 8 in Time Slot 31 of framer 4 in frame 16 when a value of 00H is written into this register.

The signaling bus (TSIGL1) is also divided into sixteen 1024-bit frames, each consisting of 32 byte-interleaved
time slots for each framer. Each of the four framer’s signaling time slots are interleaved on a byte (or time slot)
boundary, starting with framer 1 Time Slot 0, followed by framer 2 Time Slot 0, and ending with framer 4 Time
Slot 31. The format of the signaling frame is exactly the same as found in the 2 Mbit/s Transmission Mode.

¢ 2 ms (multiframe) |
TSYNCH1 | SS M
—»| 125 us j— «
Frame 1| Frame 2 | Frame 3 | Frame 4 gg Frame 15|Frame 16| Frame 1
| =
TDATA1 |FNo.1|FNo.2|FNo.3|FNo.4 SS |FNo.2|FNo.3 F No. 4
DTSO0 DTS0 DTS0 DTSO0 gg DTS31 DTS31 | DTS31
Framer Number n
Data Time Slot t
TSIGL1 FNo.1 | FNo.2 | FNo.3 | FNo. 4 gg FNo.2 | FNo.3 | FNo. 4
STSO STS0 STSO STSO gg STS31 STS31 | STS31

Framer Number n
Signaling Time Slot t

Note: The frame formats for a framer Data frame (F No. n, DTSt) and Signaling
frame (F No. n, STSt) are the same as for the 2 Mbit/s Transmission format.

Figure 38. Transmit Highway - 8 Mbit/s Transmission Mode
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Receive Highway

The receive highway has the same structure as the transmit highway. A common receive highway carries
information for the four framers from the QE1F to the system. The single highway is subdivided into two time
division multiplexed buses, one for data (RDATA1), and the other (RSIGL1) for signaling, alarms, and selected
bits. The two buses are synchronous with respect to the single highway clock (RCLK1), which has a clock rate
of 16.384 MHz. The data bus is a single bit-serial bus organized into sixteen 1024-bit frames. Each frame con-
tains byte-interleaved E1 frames of 32 time slots each for the four framers, starting with framer 1 Time Slot 0,
followed by framer 2 Time Slot 0, and ending with framer 4 Time Slot 31, as shown in Figure 39. The beginning
of the 16-frame multiframe is identified by an active high, two clock cycle (RCLK1) wide synchronization pulse
(RSYNCH1), which occurs every 2 ms, hormally at the end of frame 16. The position of the RSYNC1 pulse is
programmable using control bits RSD7-RSDO in register 018H. The synchronization pulse is alighed to bit 8 in
Time Slot 31 of framer 4 in frame 16 when a value of 00H is written into this register.

The signaling bus (RSIGL1) is also divided into sixteen 1024-bit frames. Each frame contains byte-interleaved
E1 frames of 32 time slots each for the four framers, starting with framer 1 Time Slot 0, followed by framer 2
Time Slot 0, and ending with framer 4 Time Slot 31. The format of a signaling frame is exactly the same as
found in the 2 Mbit/s Transmission Mode format.

|« 2 ms (multiframe) >
RSYNCH1 | gg M
—»| 125 us j&— gg
| Frame 1 | Frame 2 | Frame 3 | Frame 4| gg |Frame 15|Frame 16| Frame 1 |
| L
RDATA1 FNo.1 | FNo.2 | FNo.3 | FNo.4 SS FNo.2 | FNo.3 | FNo. 4
DTSO0 DTSO DTSO DTSO gg DTS31 | DTS31 | DTS31
Framer Number n
Data Time Slot t
RSIGL 1 |FNO.1|FNO.2|FNO.3|FNO.4 gg |FNo.2|FNo.3|FNo.4
STSO STSO STSO STSO gg STS31 | STS31 | STS31

Framer Number n
Signaling Time Slot t

Note: The frame formats for a framer Data frame (F No. n, DTSt) and Signaling
frame (F No. n, STSt) are the same as for the 2 Mbit/s Transmission format.

Figure 39. Receive Highway - 8 Mbit/s Transmission Mode
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16 MBIT/S TRANSMISSION MODE

The 16 Mbit/s Transmission Mode is enabled when a low is placed on the CONFIG1 pin (pin 43), and a 0 is
written to control bit HMVIP (bit 2) and a 1 is written to control bit MTP16M (bit 1) in register 006H.

Transmit Highway

When the 16 Mbit/s Transmission Mode is selected, a common time division multiplexed bus (TDATA1) carries
data, signaling, alarms, and selected bits in a bit-interleaved format. The bus is synchronous with respect to
the single highway clock (TCLK1), which has a clock rate of 16.384 MHz (one cycle per bit time). The data bus
is a single bit-serial bus organized into sixteen 2048-bit frames. Each frame contains bit-interleaved data and
signaling bit-pairs from the E1 frames (32 time slots) of the four framers, starting with framer 1 Time Slot 0 data
bit 1, then framer 1 Time Slot 0 signaling bit 1, followed by framer 2 Time Slot 0 data bit 1, and ending with
framer 4 Time Slot 31 signaling bit 8, as shown in Figure 40. Each 16-frame multiframe is identified by an
active high, one clock cycle (TCLK1) wide synchronization pulse (TSYNC1), which occurs every 2 ms, notr-
mally at the end of frame 16. The position of the TSYNC1 pulse is programmable using control bits TSD7-
TSDO in register 017H. The synchronization pulse is aligned to framer 4, Time Slot 31 signaling bit 8 in frame
16 when a value of 00H is written into this register. The formats for each of the framer’s data frame and signal-
ing frame are exactly the same as found in the 2 Mbit/s Transmission Mode format.

[« 2 ms (multiframe) »|
TSYNC1 __[] Sg [
—»| 125 us |&— s
TDATA1 Frame 1 | Frame 2 | Frame 3 g Frame 15|Frame 16
| | Sg Repeated 16 times
e ETE Y
D bit 1 S bit 1 D bit 1 gg Dbit8 | Shbit8

t Framer Number n
Time Slot Number t
Data/Signaling Bit Number

Note: The frame formats for a framer data frame and signaling
frame are the same as for the 2 Mbit/s Transmission Mode.

Figure 40. Transmit Highway - 16 Mbit/s Transmission Mode
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Receive Highway

The receive highway has the same structure as the transmit highway. When the 16 Mbit/s Transmission Mode
is selected, a single time division multiplexed bus (RDATA1) carries data, signaling, alarms, and selected bits
in a bit-interleaved format for each of the four framers. The bus is synchronous with respect to the single high-
way clock (RCLK1), which has a clock rate of 16.384 MHz. The data bus is a single bit-serial bus organized
into sixteen 2048-bit frames. Each frame contains bit-interleaved data and signaling bit-pairs from the E1
frames (32 times slots) of the four framers, starting with framer 1 Time Slot 0 data bit 1, then framer 1 Time
Slot 0 signhaling bit 1, followed by framer 2 Time Slot 0 data bit 1 and ending with framer 4 Time Slot 31 signal-
ing bit 8, as shown in Figure 41. The beginning of each 16-frame multiframe is identified by an active high, one
clock cycle wide (RCLK1) synchronization pulse (RSYNC1), which occurs every 2 ms, normally at the end of
frame 16. The position of the RSYNC1 pulse is programmable using control bits RSD7-RSDO in register 018H.
The synchronization pulse is aligned to framer 4 Time Slot 31 signaling bit 8 in frame 16 when a value of 00H
is written into this register. The formats for each of the framer’s data frame and signaling frame are exactly the
same as found in the 2 Mbit/s Transmission Mode format.

| 2 ms (multiframe) »|
RSYNC1 __] « [
—»| 125 us | g
RDATA1 | Frame 1 | Frame 2 | Frame 3 S |Frame 15|Frame 16|
| L gg Repeated 16 times
FNo.1 | FNo.1 | FNo.2 SS FNo.4 | FNo. 4 /
o1 | shitt | o1 | (| obis | Shis

t Framer Number n
Time Slot Number t
Data/Signaling Bit Number

Note: The frame formats for a framer data frame and signaling
frame are the same as for the 2 Mbit/s Transmission Mode.

Figure 41. Receive Highway - 16 Mbit/s Transmission Mode

2 MBIT/S MVIP MODE

The 2 Mbit/s MVIP Mode is enabled when a high is placed on the CONFIG1 pin (pin 43) and control bits
HMVIP (bit 2) and MTP16M (bit 1) in register 006H are both written with a 0.
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Transmit Highway

In the 2 Mbit/s MVIP Mode, the transmit highway for each framer in the QE1F carries input information from
the system. The highway for framer n is subdivided into two time division multiplexed buses, one for data
(TDATAN), and one for signaling (TSIGLn). The two buses are synchronous with the highway clock (TCLKn),
which has a clock rate of 2048 kHz. The data bus is a single bit-serial bus organized into 256-bit groups called
frames. Each frame consists of thirty-two bytes, which represent the 32 time slots, as shown in Figure 42. Time
Slot 0 is used for frame alignment. Time Slot 16 carries either the channel-associated signaling multiframe, or
a clear channel. The other time slots in the frame carry the 30 telephone data channels.

The frame start is identified by a synchronization pulse (TSYNCn), which is one (TCLKn) clock cycle wide and
occurs every 125 microseconds. The position of the TSYNCn pulse is programmable to any bit position within
the frame using control bits TSD7-TSDO in register 017H. The synchronization pulse is aligned to bit 1 in Time
Slot 0 when a value of O0H is written into this register.

The signaling bus (TSIGLn) is also divided into 256-bit frames. Each signaling frame consists of 32 time slots,
of which 30 time slots (1-15 and 17-31) carry the ABCD signaling bits associated with the 30 telephone chan-
nels. The sighaling information in Time Slot t on the sighaling bus corresponds to Time Slot t on the data bus.
The signaling information (ABCD) is carried in the last four bits of a signaling bus time slot. The first four bits in
each signaling bus time slot are 0000. For Time Slot 16 on the signaling bus, the spare bits (X0, X1, X2) from
the signaling multiframe occupy the ACD bits. Bit position B, which corresponds to the multiframe alarm Y-bit,
is ighored by the QE1F.

The signaling buffer is updated every other frame by the signaling information present in Time Slot 1 on the
signaling bus. In alternating frames, Time Slot 0 must carry the frame alignment sequence (FAS), which is a
framing pattern in bits 2 through 8 (0011011) and an international bit in bit 1. The other alternating frames
(NFAS) carry the second international bit in bit 1, a 1 in bit 2, an RAI bit (A-bit) in bit 3, and five national bits in
bits 4 through 8. Bit 2 identifies the frame alternations for Time Slot 0. The state of the RAI bit in Time Slot 0
from the system is ignored. (Note: If the international, RAl and Sa bits are forced internally by the microproces-
sor or FDL, then the TS0 may be left unformatted.)

125 us (frame)

»l

I~ 1
TSYNCnh —J j
seue [T LA AL
n
«
1 8 1 8 1 8 1 SS 8 1 8
TDATAN TimeSlot0 | TimeSlot1 [ TimeSlot2 | | Time Slot 31
I‘_ Scsiatf] r;]);r > | ¢ Datghb;j for ) I ¢ Datghbzz for 22 I‘_Da(t;ah bj#tssofor
TSIGLn FAS/NFAS 0[0|0|0]|A|B|C|D|0|0o|0|0|A[B|C|D|0|0]|0, |A|B|C|D|0|0O|O|O|A|B|C|D
«
ABCCE:—] ilzs for ) I ¢ AB%E:—] L;ltzs for k_ABgE 52(5) for

et Notes:

Si = International Bits

: R = Remote Alarm Indication (RAI) bit, known as TS0 A-bit.
Framef |SI 00 1 1 0 1 f San = National bits (n = 4-8) (RAD

Framef+1 | Si 1 R Sa4 Sa5 Sa6 Sa7 Sa8 ABCD = Signaling bits for Channel c (1-30).

Time Slot 16 in the TSIGLn signals has

the same format as frame O of the CAS

multiframe (see Figure 36).

Figure 42. Transmit Highway - 2 Mbit/s MVIP Mode
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Receive Highway

In the 2 Mbit/s MVIP Mode, the receive highway for each framer carries output information from the QE1F to
the system. The highway for framer n is subdivided into two time division multiplexed buses, one for data
(RDATAN), and one for signaling (RSIGLn). The two buses are synchronous with the highway clock (RCLKn),
which has a clock rate of 2048 kHz. The data bus is a single bit-serial bus organized into 256-bit groups called
frames. Each frame consists of thirty-two bytes, which represent the 32 time slots, as shown in Figure 43. Time
Slot 0 is used for frame alignment. Time Slot 16 carries either the channel-associated signaling multiframe, or
a clear channel. The other time slots carry the 30 telephone data channels.

The frame start is identified by a synchronization pulse (RSYNCn), which is one (RCLKn) clock cycle wide and
occurs every 125 microseconds. The position of the RSYNCnh pulse is programmable to any bit position within
the frame using control bits RSD7-RSDO in register 018H. The synchronization pulse is aligned to bit 1 in Time
Slot 0 when a value of O0H is written into this register.

The signaling bus (RSIGLn) is also divided into 256-bit frames. Each signaling frame consists of 32 time slots,
of which 30 time slots (1-15 and 17-31) carry the ABCD signaling bits associated with the 30 telephone chan-
nels. The sighaling information in Time Slot t on the sighaling bus corresponds to Time Slot t on the data bus.
The signaling information (ABCD) is carried in the last four bits of a signaling bus time slot. The first four bits in
each time slot are 0000. For Time Slot 16 on the signaling bus, the spare bits (X0, X1, X2) from the signaling
multiframe occupy the ACD bits. The multiframe alarm Y-bit is carried in bit position B in Time Slot 16.

The signaling bus is updated from the signaling buffer every frame. In alternating frames, Time Slot O carries
the frame alighment sequence (FAS), which is a framing pattern in bits 2 through 8 (0011011) and an interna-
tional bit in bit 1. The other alternating frames carry the second international bit in bit 1, a 1 in bit 2, an RAI bit
(A-bit) in bit 3, and five national bits in bits 4 through 8. Bit 2 identifies the frame alternations for Time Slot 0.

125 us (frame)

e q
RSYNCn _|_| f
RCLK |_H|||||||||||||||||||||||||||%||||||||||||||
n
€S
1 8 1 8 1 8 1 « 8 1 8
RDATAN TimeSloto | TimeSlot1 | TimeSlot2 | | Time Siot 31
e S e e ) 23 e
RSIGLn [ FAS/NFAS |0|0|0|0|A|B|C|D|0|0|0|0|A|B|C|D|O|O|Og2|A|B|C|D|O|0|0|0|A|B|C|D|
ABCCDh L;'gs for > AB%Dh L;iizs for_’l k_/—\B(éE ;g(s) for_’|
Notes:

Si = International Bits

- R = Remote Alarm Indication (RAI) bit, known as TS0 A-bit.
Framef |Si OO0 1 1 0 1 1 San = National bits (n = 4-8)

Framef+i | Si 1 R Sa4 Sa5 Saé Sa7 Sa8 ABCD = Signaling bits for Channel c (1-30).

Time Slot 16 in the RSIGLn signals has

the same format as frame 0 of the CAS

multiframe (see Figure 37).

Figure 43. Receive Highway - 2 Mbit/s MVIP Mode
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8 MBIT/S H-MVIP MODE

The 8 Mbit/s H-MVIP Mode is enabled when a high is placed on the CONFIG1 pin (pin 43) and a 1 is written to
control bit HMVIP (bit 2) and a 0 to control bit MTP16M (bit 1) in register 006H.

Transmit Highway

When the 8 Mbit/s H-MVIP Transmission Mode is selected, a common transmit highway carries information for
the four framers from the system to the QE1F. The single highway is subdivided into two time division multi-
plexed buses, one for data (TDATAT1), and the other (TSIGL1) for sighaling and selected bits. The two buses
are synchronous with respect to the single highway clock (TCLK1), which has a clock rate of 16.384 MHz. The
data bus is a single bit-serial bus organized into 1024-bit frames. Each frame contains byte-interleaved E1
frames of 32 time slots each for the four framers, starting with framer 1 Time Slot 0, followed by framer 2 Time
Slot 0, and ending with framer 4 Time Slot 31, as shown in Figure 44. Each frame for each framer consists of
thirty-two bytes, which represent the 32 time slots in an E1 frame. Also note that the frame is identified by an
active low, four clock cycle (TCLK1) wide synchronization pulse (TSYNC1), which occurs every 125 microsec-
onhds. The position of the TSYNC1 pulse is programmable using control bits TSD7-TSDO in register 017H. The
synchronization pulse is aligned with framer 4 Time Slot 31 bit 8 and framer 1 Time Slot 0 bit 1 in the next
frame when a value of 00H is written into this register.

The signaling bus (TSIGL1) is also divided into 1024-bit frames, each consisting of 32 byte-intetleaved time
slots for each framer. Each of the four framer’s signaling time slots are interleaved on a byte (time slot) bound-
ary, starting with framer 1 Time Slot O, followed by framer 2 Time Slot 0, and ending with framer 4 Time Slot
31. The format of the signaling frame is exactly the same as found in the 2 Mbit/s MVIP Mode.

/ 4 clock cycles (2 bits) wide
TSYNC1 gg

L] L]
je 125 us »|
FNo.1 | FNo.2 | FNo.3 SS FNo.3 | FNo.4 | FNo.1
TDATA1 DTSO DTSO0 DTSO gg DTS31 | DTS31 DTSO

| Framer Number n

Data Time Slot Number t 16 clock cycles (8 bits) wide

TSIGL1 FNo.1 | FNo.2 | FNo.3 SS FNo.3 | FNo.4 | FNo. 1
STSO STSO STSO 33 STS31 | STS31 STSO

| Framer Number n

Signaling Time Slot Number t

Note: The data and signaling frame formats for each framer are the same as found
in the 2 Mbit/s MVIP Mode.

Figure 44. Transmit Highway - 8 Mbit/s H-MVIP Mode
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Receive Highway

The receive highway has the same structure as the transmit highway. A common receive highway carries
information for the four framers from the QE1F to the system. The single highway is subdivided into two time
division multiplexed buses, one for data (RDATA1), and the other (RSIGL1) for sighaling and selected bits.
The two buses are synchronous with respect to the single highway clock (RCLK1), which has a clock rate of
16.384 MHz. The data bus is a single bit-serial bus organized into 1024-bit frames. Each frame contains byte-
interleaved E1 frames of 32 time slots each for the four framers, starting with framer 1 Time Slot 0, followed by
framer 2 Time Slot 0, and ending with framer 4 Time Slot 31, as shown in Figure 45. The beginning of the
1024-bit frame is identified by an active low, four clock cycle (RCLK1) wide synchronization pulse (RSYNC1),
which occurs every 125 microseconds. The position of the RSYNC1 pulse is programmable using control bits
RSD7-RSDO in register 018H. The synchronization pulse is alighed with framer 4 Time Slot 31 bit 8 and framer
1 Time Slot 0 bit 1 in the next frame when a value of 00H is written into this register.

The signaling bus (RSIGL1) is also divided into 1024-bit frames, each consisting of 32 byte-intetleaved time
slots for each framer, starting with framer 1 Time Slot 0, followed by framer 2 Time Slot 0, and ending with
framer 4 Time Slot 31. The format of a signaling frame is exactly the same as found in the 2 Mbit/s MVIP Mode

format.
/ 4 clock cycles (2 bits) wide
RSYNCH1 gg
LI L]
] 125 us »|
FNo.1|[FNo.2 | FNo.3 gs |FNo.3|FNo.4|FNo.1
RDATA1 | | DTSO | DTSO | DTSO Sg DTS31 | DTS31 DTSO
Framer Number n | ; ;
Data Time Slot Number 1 16 clock cycles (8 bits) wide
RSIGL1 FNo.1|[FNo.2 | FNo.3 SS | F No. 3 | F No. 4 | F No. 1
STSO STSO STSO STS31 | STS31 STSO

Framer Number n
Signaling Time Slot Number t

Note: The data and signaling frame formats for each framer are the same as found
in the 2 Mbit/s MVIP Mode.

Figure 45. Receive Highway - 8 Mbit/s H-MVIP Mode
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16 MBIT/S PCM HIGHWAY MODE

The 16 Mbit/s PCM Highway Mode is enabled when a high is placed on the CONFIG1 pin (pin 43) and a 0 is
written to control bit HMVIP (bit 2) and a 1 to control bit MTP16M (bit 1) in register 006H.

Transmit Highway

When the 16 Mbit/s PCM Highway Mode is selected, a common transmit highway carries information for the
four framers from the system to the QE1F. The single highway is a single time division multiplexed bus
(TDATAT1) that is used to carry data, signhaling, and selected bits. The bus is synchronous with respect to the
single highway clock (TCLK1), which has a clock rate of 16.384 MHz (one cycle per bit time). The data bus is
a single bit-serial bus organized into 2048-bit frames. Each frame contains bit-intetleaved data and signaling
bit-pairs from the E1 frames (32 time slots) of the four framers, starting with framer 1 Time Slot O data bit 1,
then framer 1 Time Slot 0 sighaling bit 1, followed by framer 2 Time Slot 0 data bit 1, and ending with framer 4
Time Slot 31 signaling bit 8, as shown in Figure 46. Each 2048-bit frame is identified by an active high, one
(TCLK1) clock cycle wide synchronization pulse (TSYNC1), which occurs every 125 microseconds. The posi-
tion of the TSYNC1 pulse is programmable using control bits TSD7-TSDO in register 017H. The synchroniza-
tion pulse is aligned to framer 4 Time Slot 31 signaling bit 8 when a value of 00H written into this register. The
formats for each of the framer's data frame and sighaling frame are exactly as found in the 2 Mbit/s MVIP
Mode format.

| 125 us »
TSYNC1 ] gg L
FNo.1 | FNo. 1 SS FNo.3 | FNo.4 | FNo.4 | FNo.1
TDATAA1 TS0 TS0 TS31 TS31 TS31 TSO
DBit1 | SBit1 33 SBit8 | DBit8 | SBit8 | DBit1

‘ Framer Number n
Time Slot Number t

Data/Signaling Bit Number

Note: The frame formats for a framer data frame and signaling frame are
the same as for the 2 Mbit/s MVIP Mode.

Figure 46. Transmit Highway - 16 Mbit/s PCM Highway Mode
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Receive Highway

The receive highway has the same structure as the transmit highway. When the 16 Mbit/s PCM Highway Mode
is selected, a single time division multiplexed bus (RDATA1) carries data, signaling, and selected bits in a bit-
interleaved format for each of the four framers. The bus is synchronous with respect to the single highway
clock (RCLK1), which has a clock rate of 16.384 MHz. The data bus is a single bit-serial bus organized into
2048-bit frames. Each frame contains bit-interleaved data and signaling bit-pairs from the E1 frames (32 time
slots) of the four framers, starting with framer 1 Time Slot 0 data bit 1, then framer 1 Time Slot 0 signaling bit 1,
followed by framer 2 Time Slot 0 data bit 1 and ending with framer 4 Time Slot 31 sighaling bit 8, as shown in
Figure 47. The beginning of each 2048-bit frame period is identified by an active high, one (RCLK1) clock cycle
wide synchronization pulse (RSYNC1), which occurs every 125 microseconds. The position of the RSYNC1
pulse is programmable using control bits RSD7-RSDO in register 018H. The synchronization pulse is aligned
to framer 4 Time Slot 31 signaling bit 8 when a value of 00H written into this register. The formats for each of
the framer’s data frame and signaling frame are exactly as found in the 2 Mbit/s MVIP Mode format.

| 125 us b
RSYNC1 ] (S I
F No.1 | FNo.1 SS FNo.3 | FNo.4 | FNo.4 | FNo.1
RDATA1 TS0 TS0 TS31 TS31 TS31 TS0
D Bit 1 S Bit 1 SS SBit8 | DBit8 | SBit8 | DBit1

‘ Framer Number n
Time Slot Number t

Data/Signaling Bit Number

Note: The frame formats for a framer data frame and signaling frame are
the same as for the 2 Mbit/s MVIP Mode.

Figure 47. Receive Highway - 16 Mbit/s PCM Highway Mode
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TRANSMIT AND RECEIVE SYNCHRONIZATION

Control bits TSD7-TSDO in register 017H specify the humber of transmit clock cycles (TCLKn) that the transmit
sync input signal (TSYNCn) can be advanced with respect to the data and signaling signals TDATAn and
TSIGLn. The programmability is common to all four framers. The default value is 00H. The following table lists
the default position of the sync pulse in relationship to the TDATAnN or TSIGLn signals. Control bits RSD7-
RSDO in register 018H have a corresponding function with respect to RCLKn, RSYNCh, RDATAn and
RSIGLn.

System Interface Synchronization

2 Mbit/s Transmission |Default Location (00H): Bit 8 in Time Slot 31 in frame 16. Each binary value allows
the sync pulse to occur one bit earlier. For example, a count of 1 corrects for a sync
pulse that occurs in bit 7 instead of 8 in Time Slot 31 in frame 16.

8 Mbit/s Transmission |Default Location (00H): Framer No.4 bit 8 in Time Slot 31 in frame 16. Each binary
value in increments of 8 allows the sync pulse to occur one time slot earlier. For
example, a count of 8 corrects for a sync pulse that occurs in framer No.4 bit 8 in
Time Slot 30 in frame 16. Not valid for values which are not multiples of 8.

16 Mbit/s Transmission |[Default Location (00H): Framer No.4 signaling bit 8 in Time Slot 31 in frame 16.
Each binary value in increments of 8 allows the sync pulse to occur one time slot
earlier. For example, a count of 8 corrects for a sync pulse that occurs in framer
No.4 signaling bit 8 in Time Slot 30 in frame 16. Not valid for values which are not
multiples of 8.

2 Mbit/s MVIP Default Location (OOH): Bit 1 in Time Slot 0. Each binary value allows the sync
pulse to occur one bit earlier. For example, a count of 1 corrects for a sync pulse
that occurs in bit 8 in Time Slot 31.

8 Mbit/s H-MVIP Default Location (00H): Framer No.4 bit 8 in Time Slot 31, and framer No. 1 bit 1 in
Time Slot 0 of next frame (4 clock cycles wide). Each binary value in increments of
8 allows the sync pulse to occur one time slot earlier. For example, a count of 8
corrects for a sync pulse that occurs in framer No.4 bit 8 in Time Slot 30 and framer
No.1 bit 1 in Time Slot 31. Not valid for values which are not multiples of 8.

16 Mbit/s PCM Highway |Default Location (00H): Framer No.4 signaling bit 8 in Time Slot 31. Each binary
value in increments of 8 allows the sync pulse to occur one time slot earlier. For
example, a count of 8 corrects for a sync pulse that occurs in framer No.4 sighaling
bit 8 in Time Slot 30. Not valid for values which are not multiples of 8.

FRAMING
Frame Structure

The basic frame structure of the 2048 kbit/s E1 signal consists of thirty-two 8-bit time slots, or 256 bits, and has
a duration of 125 microseconds (8,000 frames per second). Each time slot provides a 64 kbit/s channel. The
thirty-two time slots are numbered 0 to 31, and the time slot bits are numbered 1 to 8. The first bit in a time slot
to be received and transmitted is bit 1. Framing information is carried in Time Slot 0, and signaling information,
if it is assigned for Channel-Associated Signaling (CAS), is carried in Time Slot 16.
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Framing information for aligning the E1 frame is carried in Time Slot 0, using a two-frame sequence that alter-
nates for consecutive frames. Time Slot 0 in the first frame carries the frame alignment pattern of X0011011.
The second frame carries the pattern of X1XXXXXX, so that bit 2 identifies the first and second frames. The
other bits in Time Slot 0, which are designated as X and are not used for frame alignment, are assigned for
national, alarm and international use. The following table illustrates the framing pattern and bit assignment for
Time Slot 0 when assighed to carry the basic framing format.

Frame Bit 1 2 3 4 5 6 7 8
Si (#1) 0 0 1 1 0 1 1
2 Si (#2) 1 RAI Sa4 Sab Sab Sa7 Sa8

Where: Siis reserved for international use.
RAl is defined as a Remote Alarm Indication Y-bit (true state is equal to 1)
Sa4-Sa8 bits are reserved for national use.

To provide additional framing protection against the emulation of a frame alignment pattern in the data stream,
Time Slot 0 can be assigned to carry a 16-frame multiframe. The 16-frame multiframe carries a 001011 multi-
frame alignment pattern, CRC-4 check, and two E-bits in the bit 1 position of two sub-multiframes designated
as SF | and SF 1l, as shown below:

Sub-F Frame Bit 1 2 3 4 5 6 7 8
0 C1 0 0 1 1 0 1 1
1 0 1 RAI Sa4 Sab Sa6 Sa7 Sa8
2 C2 0 0 1 1 0 1 1
3 0 1 RAI Sa4 Sab Sa6 Sa7 Sa8
SF 4 C3 0 0 1 1 0 1 1
5 1 1 RAI Sa4 Sab Sa6 Sa7 Sa8
6 C4 0 0 1 1 0 1 1
7 0 1 RAI Sa4 Sab Sa6 Sa7 Sa8
8 C1 0 0 1 1 0 1 1
9 1 1 RAl Sa4 Sab Sa6 Sa7 Sa8
10 C2 0 0 1 1 0 1 1
SE I 11 1 1 RAI Sa4 Sab Sa6 Sa7 Sa8
12 C3 0 0 1 1 0 1 1
13 E 1 RAI Sa4 Sab5 Sa6 Sa7 Sa8
14 C4 0 0 1 1 0 1 1
15 E 1 RAI Sa4 Sab5 Sa6 Sa7 Sa8

Where: C1-C4 are the CRC-4 bits.
RAIl is defined as a Remote Alarm Indication A-bit (true state is equal to 1)
Sa4-Sa8 are reserved for national use.
E-bits are used for a CRC-4 error indication

-73 - PRELIMINARY TXC-03104-MB
Ed. 2, June 1997

This Material Copyrighted By Its Respective Manufacturer



QE1F
TXC-03104

Sy

Frame Alignment

The QE1F supports two frame alignment operating modes in each framer: basic frame alignment detection,
and frame alignment detection with a CRC-4 validation. The receive framer circuit also employs an offline
framing algorithm, where the payload is sent to the terminal side output even during loss of frame (together
with RSYNC and RCLK, if these are framer outputs). This is advantageous, since re-framing usually occurs at
the same frame position.

Basic frame alignment detection has two algorithms: Standard and Frame Hold-Off. The selection is deter-
mined by control bit BFAA (bit 5) in the Framer Configuration Register (X04H) for each framer. When control
bit BFAA is written with a 0, the Standard algorithm is selected. When written with a 1, the Frame Hold-Off
algorithm is selected. The Standard framing algorithm operates continuously according to the following steps:

- Avalid frame alignment signal X0011011 is detected in Time Slot 0 of frame f (FAS frame).
- The absence of a frame alignment signal is verified by checking that bit 2 is a
1 in Time Slot 0 of frame f+1 (NFAS frame).
- Avalid frame alignment signal X0011011 is detected in Time Slot 0 of frame f+2 (FAS frame).

If these criteria are met by three consecutive frames, then the framer is declared to be aligned. Thereafter, if
any step fails at frame x, a new search for frame alignment is started in the next bit position of frame x. The
Frame Hold-Off algorithm uses the same steps as found in the Standard frame alignment search, except that
the new search is initiated in the next bit position in frame x+2.

The QE1F also supports frame alignment detection by validating a CRC-4 multiframe check sequence in addi-
tion to either of the basic frame alignment detection sequences. Each framer in the QE1F can be configured
for two types of CRC-4 multiframe check: manual or an automatic mode. The manual mode is selected by writ-
ing a 0 to control bit CRCA (bit 3) in register X04H. In the manual mode, after frame alignment has been
achieved, multiframe alighment occurs if two valid CRC multiframe signhals are detected within 8 milliseconds
(see table above). After CRC multiframe is established the QE1F begins checking the CRC bits. If multiframe
cannot be achieved within the 8 millisecond period, a new search for frame alignment is initiated, and an Out
Of CRC-4 Multiframe status indication (OOCRCM) is declared (bit 3 in register X1BH). When control bits
CRCMD1 and CRCMDO (bits 2 and 1) in register X04H are set to 10, an indication of CRC-4 multiframe align-
ment loss is sent to the distant end by setting the two E-bits in Time Slot 0 to zero.

The automatic mode is selected by writing a 1 to control bit CRCA (bit 3) in register X04H. If multiframe is not
found by the process described above within a 400 millisecond search period, the framer assumes that the dis-
tant end is not configured for CRC multiframe pattern, and sets a status bit, NCRC4 (bit 7) in register X1BH.
The QE1F then inhibits further CRC-4 processing. When control bits CRCMD1 and CRCMDO (bits 2 and 1) in
register X04H are set to 10, an indication of CRC-4 multiframe alignment loss is sent to the distant end by set-
ting the two E-bits in Time Slot 0 to zero.

The CRC-4 pattern is checked, and an excessive CRC error indication ECRCE (bit 6) in register X1BH is set
when 915 or more of the last 1000 CRCs were received in error. The following table summarizes the control
bits associated with selection of the frame alignment algorithm for one of the four framers.

This Materi al
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CRCMD1 | CRCMDO BFAA CRCA Action
X04H:2 X04H:1 X04H:5 X04H:3

0 0 X X Transparent (unframed mode). Frame alignment detector is
bypassed. Please note that the slip buffers and signaling
buffers are also disabled in this mode.

0 1 0 X Frame alignment detector is enabled using the Standard
algorithm. The CRC-4 multiframe detector and generator are
disabled.
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CRCMD1
X04H:2

CRCMDO
X04H:1

BFAA
X04H:5

CRCA
X04H:3

Action

0

1

Frame alignment detector is enabled using the Frame Hold-
Off algorithm. The CRC-4 multiframe detector and generator
are disabled.

Frame alignment detector is enabled using the Standard
algorithm. The CRC-4 multiframe detector and generator are
enabled for manual operation. In addition, the receive 10-bit
CRC counter is enabled. The transmit E-bits are sent as
zeros when the CRC-4 multiframe is lost. The 10-bit E-bit
performance counter is also enabled, to count E-bit errors.

Frame alignment detector is enabled using the Frame Hold-
Off algorithm. The CRC-4 multiframe detector and generator
are enabled for manual operation. In addition, the receive
10-bit CRC counter is enabled. The transmit E-bits are sent
as zeros when the CRC-4 multiframe is lost. The 10-bit E-bit
petformance counter is also enabled, to count E-bit errors.

Frame alignment detector is enabled using the Standard
algorithm. The CRC-4 multiframe detector and generator are
enabled for automatic operation. In addition, the receive 10-
bit CRC counter is enabled. Transmit E-bits are sent as zero
when CRC-4 multiframe is lost. The 10-bit E-bit performance
counter is also enabled for counting E-bit errors.

Frame alignment detector is enabled using the Frame Hold-
Off algorithm. The CRC-4 multiframe detector and generator
are enabled for automatic operation. In addition, the receive
10-bit CRC counter is enabled. The transmit E-bits are sent
as zero when CRC-4 multiframe is lost. The 10-bit E-bit per-
formance counter is also enabled for counting E-bit errors.

Frame alignment detector is enabled using the Standard
algorithm. The CRC-4 multiframe detector and generator are
enabled for manual operation. In addition, the receive 10-bit
CRC counter is enabled. The E-bits are always transmitted
as 1s, and the 10-bit E-bit performance counter is disabled.

Frame alignment detector is enabled using the Frame Hold-
Off algorithm. The CRC-4 multiframe detector is enabled for
manual operation. In addition, the receive 10-bit CRC
counter is enabled. The E-bits are always transmitted as 1s,
and the 10-bit E-bit performance counter is disabled.

Frame alignment detector is enabled using the Standard
algorithm. The CRC-4 multiframe detector and generator are
enabled for automatic operation. The E-bits are always
transmitted as 1s. The CRC-4 counter is enabled.

Frame alignment detector is enabled using the Frame Hold-
Off algorithm. The CRC-4 multiframe detector and generator
are enabled for automatic operation. The E-bits are always
transmitted as 1s. The CRC-4 counter is enabled.
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Loss Of Frame Alignment

An Out Of Frame (OOF) alarm is declared when a selected number of consecutive incorrect frame alignment
patterns in Time Slot 0 is detected, or when more than 915 out of 1000 CRC-4 are received in error (ECRCE,
bit 6 in register X1BH). The OOF alarm is indicated at bit 5 in register X10H. An incorrect frame alighment pat-
tern is defined as an incorrect bit in at least one of the seven framing bits in an FAS Time Slot 0, or an error
(i.e., a 0) in bit 2 in Time Slot 0 in the next (NFAS) frame. The number of incorrect frame alignment patterns in
error is programmable using the OOF1 and OOFO0 control bits (bits 7 and 6) in register X04H. The Out Of
Frame alignment condition starts the resynchronization process for frame alignment. In addition, the software
can also initiate a resynchronization of the frame alignment detector by writing a one to control bit RSYC (bit 0)
in register X04H. The following table lists the selection options for declaring an Out Of Frame (OOF) alarm.

OOF1

OOFO0

X04H:7 | X04H:6 Action
0 0 Three consecutive incorrect frame alignment patterns in the seven-bit framing
sequence in an FAS Time Slot 0.
0 1 Four consecutive incorrect frame alignment patterns in the seven-bit framing
sequence in an FAS Time Slot 0.
1 0 Three consecutive incorrect frame alignment patterns in the seven-bit framing

sequence in an FAS Time Slot 0, or three consecutive incorrect bit 2 values of 0 in a
NFAS Time Slot 0.

Four consecutive incorrect frame alignment patterns in the seven-bit framing
sequence in an FAS Time Slot 0, or four consecutive incorrect bit 2 values of 0 in a
NFAS Time Slot 0.

Loss Of CRC-4 Multiframe Alignment

When the CRC-4 feature is enabled, a CRC-4 loss of multiframe indication OOCRCM (bit 3 in register X1BH)
is generated when basic frame alignment is lost, as indicated by the OOF alarm, bit 5 in register X10H.

Transmit Framer

Each of the four transmit framers performs the following functions, unless the framer is configured for the
transparent (unframed) mode of operation using the 2 Mbit/s Transmission Mode interface only:

- Generates the framing pattern (X0011011) in alternating (FAS) frames for Time Slot 0.

- Sets bit 2 to 1 in Time Slot 0 in (NFAS) frames not carrying the framing pattern.

- Inserts either the international bits for the basic format, or the CRC-4/E-bits into Time Slot 0.
- Inserts the national bits, and Remote Alarm Indication bit, into NFAS Time Slot 0.

- Inserts Time Slots 1-15 and 17-31 into the transmitted frame.

- Inserts Time Slot 16 as either a clear channel, or channel-associated signaling information.

The transparent mode is not valid for other system interface highway modes. These five modes require the slip
buffers and framed mode to be enabled. Please note that when a framer is configured for the transparent
mode, all the time slots in the frame are transmitted from the data bus transparently through the QE1F,
bypassing the slip buffer.
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Time Slot 0

The basic framed mode of operation is selected by writing control bits CRCMD1 (bit 2) and CRCMDO (bit 1) in
register X04H to 01. The selection is common to both the transmit and receive sides of a framer channel. The
international bits from the transmit signaling highway are inserted into bit 1 of Time Slot 0, unless the CRC-4
feature is selected. The microprocessor can disable this path by writing a 0 to control bit TSIS (bit 7) in register
X2CH, which freezes the values of the two international bits, located at bit 7 in registers X90H and XBOH, and
allows them to be written by the microprocessor.

The CRC-4 framing mode is selected by writing control bits CRCMD1 (bit 2) and CRCMDO (bit 1) in register
X04H to 10 or 11. The insertion of the international bits from the signaling highway is disabled, and the trans-
mit framer inserts the calculated CRC-4 value and the E-bits. The E-bit generation is internal to the framer
within the QE1F, and is hot accessible by the microprocessor in the transmit direction.

The Remote Alarm Indication (RAI) A-bit is assigned to bit 3 in alternating frames in both the framed and
CRC-4 mode of operation. When control bit AUTRAI (bit 6) in register X1AH is set to 1, a loss of frame
alignment on the receive side sets the transmitted RAI bit to 1 for the duration of the alarm. The
microprocessor can also write the state of the RAI bit, independent of automatic RAI insertion. When the
microprocessor writes a 1 to control bit RAIE (bit 2) in register X07H, the RAI bit is transmitted as a 1. In
addition, when control bit ENSRAI (bit 4) in register X00 is written with a 1, a 1 in bit RFI (bit 3) in Time Slot 0
from the signaling highway in the Transmission Mode only will also result in an RAI alarm being transmitted.
The RAI alarm from the system highway is desighated as a Remote Failure Indication (RFI).

The transmitted path for the individual national bits (Sa4 to Sa8) in Time Slot 0 in either framing mode can be
assigned from the HDLC link or from the signaling highway. When control bit BNAL (bit 1) in register X01H is a
1, all the national bits are transmitted from the signaling highway via a buffer. The microprocessor can disable
any of the national bits by writing a 0 to one more control bits TSA4S-TSA8S (bits 4-0) in register X2CH and
insert the software values for Sa4-Sa8 into the transmitted bits by writing the values to bits 4-0 in register
XBOH. When control bit BNAL is written with a 0, the transmitted path will be either via the data link or via the
signaling highway through the buffer. The bandwidth of the HDLC channel is controlled by control bits SA4-
SA8 (bits 4-0) in register XOCH. A 1 written to one or more bits selects those bits as the HDLC channel. For
example, if control bits SA4-SA7 are set with a 1, then bits Sa4 to Sa7 in Time Slot 0 will transmit the HDLC
channel. The Sa8 bit Time Slot 0 path will be from the signaling highway via the buffer.

The seven-bit framing pattern (X0011011) in alternating (FAS) frames for Time Slot 0, and the 1 value for bit 2
in Time Slot 0 in (NFAS) frames not carrying the framing pattern (X1XXXXXX), are generated by the framer.

Each framer also has the capability of generating framing pattern errors in FAS frames, Bit 2 errors in alternat-
ing (NFAS) frames, and CRC-4 errors. When control bit FASE (bit 3) in register X07H is set to 1, the transmit-
ter sends the frame alignment pattern (in FAS Time Slot 0 in alternating frames) in error continuously. All the
bits in the frame alignment sequence are inverted (X0011011 becomes X1100100). The frame alignment
sequence error condition is transmitted until this bit is written with a 0. When control bit NFASE (bit 4) in X06H
is set to 1, the transmit framer sends bit 2 (in NFAS Time Slot 0 in alternating frames) as a 0. Bit 2 in Time Slot
0 of the NFAS frames is transmitted in error as a 0 until this bit is written with a 0. When control bit CRC (bit 4)
in register X07H is set to 1, the CRC-4 bits in Time Slot 0 are transmitted in the inverted state once. To send
another CRC-4 error, this bit must be first written with a 0, and then a 1.

Time Slot 16

Time Slot 16 may be assighed for Channel-Associated Signaling or as a clear channel. Different modes of
Channel-Associated Signaling are selected when control bits TYP1 and TYPO (bits 7 and 6) in register X0O3H
are equal to 01, 10, or 11. When control bits TYP1 and TYPO are equal to 00, Time Slot 16 is designated as a
clear channel, and the transmitted path is from the data bus. The selection is common for the receive side of
the same framer (n = X).
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Channel-Associated Signaling is inserted into Time Slot 16 of the transmitted frame from the sighaling highway
via buffer locations when the buffer is enabled, or directly from the signaling highway when it is bypassed (2
Mbit/s Transmission Mode Option only). The buffer location for reading the multiframe pattern, spare bits, and
multiframe alarm is register XDOH. The buffer locations for the ABCD bits of the signaling channels are regis-
ters XD1H through XDFH. The signaling channel (i.e., ABCD signaling bits) states can be frozen by writing a 1
to control bit TXF (bit 4) in register X03H. The contents of an individual signaling channel (C = 1-30) in buffer
locations XD1H through XDFH can be frozen by writing a 0 to one or more of control bits SE1-SE30 in regis-
ters XE8-XEBH. When signaling channel ¢ is frozen, the transmitted signaling state is the value sitting in the
buffer at the time the SEc bit was set to 0. The microprocessor can write a new sighaling state, or a service
code, for the frozen channel.

Frame 0 in the 16-frame multiframe carries the 4-bit multiframe pattern, 3 spare bits, and the remote multi-
frame alarm. The QE1F regenerates the multiframe alignment pattern. These bits from the signaling highway
can be read by the microprocessor in register XDOH. However, the value sitting in the transmit signaling buffer
cannot be frozen, and a hew value substituted for it. A loss of multiframe alignment will result in a remote mul-
tiframe alarm being transmitted when control bit AUTY (bit 7) in register X1AH is a 1. In addition, the micropro-
cessor can also generate a remote multiframe alarm by writing a 1 to control bit TS16YE (bit 5) in register
X06H.

Time Slots 1-15 and 17-31

The Time Slots 1-15 and 17-31 are inserted into the transmitted frame from the slip buffer when it is enabled,
or directly from the data highway when it is bypassed (2 Mbit/s Transmission Mode only). The slip buffer loca-
tions are registers X91H - XAFH (frame 1) and XB1H - XCFH (frame 2). An individual time slot in the buffer can
be frozen by writing a 0 to one or more control bits TDE1-TDES31 in registers XE4H - XE7H. This permits the
microprocessor to write idle or service codes for one or more framers.

Fast Sync Mode

The QE1F provides a fast sync mode which may be used for testing purposes. The fast sync mode for the
receiver side is selected when control bit RXFS (bit 1) in register X06H is written with a 1 in the NRZ mode. A
pulse that is one clock cycle wide in bit position 256 of the last frame in the CRC-4 multiframe forces the framer
into synchronization. It can occur repetitively at 2 ms intervals, or it can be pulsed once provided the received
framing sequence is valid afterwards.

The fast sync mode for the transmitter side is selected when control bit TXFS (bit 0) in register X06H is written
with a 1 in the NRZ mode. The TFSn output in this mode is a one clock cycle wide pulse in bit position 256 of
the last frame in the CRC-4 multiframe that occurs every 2 ms. This allows an external device to be synchro-
nized to the QE1F framer.

Slip Buffers

Each framer contains a two-frame slip buffer in both the transmit and receive data directions. Either of the slip
buffers can be bypassed, if required, in the 2 Mbit/s Transmission Mode only. The slip buffers must be enabled
in the 2 Mbit/s MVIP Mode, the 8 Mbit/'s H-MVIP Mode, the 16 Mbit/'s PCM Highway Mode, and the 8 Mbit/s
and 16 Mbit/s Transmission Modes. Only the transmit and receive data time slots (Time Slots 1-15 and 17-31)
are passed through the slip buffers. Channel 16 may also be present in the slip buffer when it assigned as a
clear channel. The signaling channel in Time Slot 16 and selected bits in Time Slot 0 are buffered in a separate
memory location and are not subjected to slips. Each buffer is organized as a circular queue two frames in
length. Each buffer is initialized or recentered by filling it to its half full level. This is accomplished by clocking in
one frame of data without clocking data out. Once the buffer is recentered, data is allowed to be shifted out. At
this point, if data is arriving faster than it is being removed, the buffer will begin to fill. Before the buffer
becomes totally full, a controlled slip will occur and one frame of data will discarded. This is accomplished by
moving the write pointer back one frame and overwriting the previous frame that was written. If, after recenter-
ing, the data is being removed faster than it is arriving, the buffer will begin to empty. Before the buffer
becomes completely empty, a controlled slip occurs in the opposite direction, and a frame of data is added to
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the buffer. This is accomplished by moving the read pointer back one frame and repeating the last frame sent.

Each buffer may be manually recentered by setting the TSR or RSR control bits (bit 2 and 1) in the Framer
Clock Control register X02H.

The transmit slip buffer is used to absorb low speed jitter in the transmit direction. The transmit slip buffer is
enabled by writing a 1 to control bit TSE (bit 4) in the Framer Clock Control register X02H. When enabled, time
slots are written into the transmit slip buffer by the system clock (TCLKn), and read out by the recovered
receive clock (LRCLKn) or the local oscillator (LO). Control bits TXC1 and TXCO (bits 7 and 6) in X02H select
the clock source. The time slots (t = 1-31) from the transmit data bus are written into the slip buffer when their
respective enable bits (TDEY) in registers XE4H, XES5H, XE6H, and XE7H are written with a 1.

A phase shift between the two clocks is detected, and the deletion or repetition of one frame of data (31 time
slots, or 30 time slots if Time Slot 16 signaling is enabled) occurs if the buffer reaches an almost full or almost
empty threshold. A transmit slip error is indicated by status bit TXSLIP (bit 1) in register X10H, with a latched
event LTXSLIP (bit 1) indicated in X11H. The transmit slip buffer status is indicated by reading status bits
TXS1 and TXSO0 (bits 7 and 6) in register X14H.

The individual time slots in both frames can be accessed by the microprocessor, as well as written by the
microprocessor in place of data. When a time slot enable control bit in register location XE4-XE7H is written
with a 0, the content of the two-frame slip buffer location is frozen. The microprocessor can write an idle or ser-
vice code to be transmitted to the line. The transmit slip buffer data locations are X91H (Time Slot 1) to XAFH
(Time Slot 31) for frame 1, and XB1H (Time Slot 1) to XCFH (Time Slot 31) for frame 2. Please note that both
buffer locations (i.e., frame 1 and frame 2) must be written with the service or idle code. A simplified schematic
of the transmit slip buffer is shown in Figure 48.

TSE (Bit 4 in X02H) Framer n
0 TDATAN
Transmit Data« |
TXCA, TXCO (Control Bits, Bits 7 and 6 in X02H) k Trz‘li)mit
»> Buffer <
LO (Local Osc:illator!| 0
TCLKn P 1 > < TCLKn
Slip Buffer Control
LRCLKn —’d > P t ¢ . TSYNCn
Synchronization divé%esby TSR
(Bit 2 in X02H)
dIVIde by ““““““““““““““““““““
8/16
Note: n is the framer number (1, 2, 3, 4)
Figure 48. Transmit Slip Buffer
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The receive buffer is used when the receive clock (RCLKN) is provided from an external source. The receive
slip buffer controls the time slot access and retiming, providing a two-frame buffer that is optionally bypassable
in the 2 Mbit/s Transmission Mode only. The slip buffer must be enabled in the other system highway modes.
Time slots from the line interface are written into the slip buffer by the recovered receive clock (LRCLKn), and
read out by the system clock (RCLKn). A phase shift between the two clocks is detected, and deletion or repe-
tition of one frame of data (31 time slots, or 30 time slots if Time Slot 16 signaling is enabled) occurs if the
buffer reaches an almost full or almost empty threshold. The time slots from the receive line signal are written
into the slip buffer when their respective enable bits (RDEn) in registers XEOH, XE1H, XE2H, and XE3H are
written with a 1.

Individual time slots can be accessed by the microprocessor, and they can be written by the microprocessor in
place of data. When a time slot enable control bit in register location XEO-XE3H is written with a 0, the content
of the two-frame slip buffer location is frozen. The microprocessor can write an idle or service code in the loca-
tion that will be transmitted to the receive data highway. The receive slip buffer data locations are X41H (Time
Slot 1) to X5FH (Time Slot 31) for frame 1, and X61H (Time Slot 1) to X7FH (Time Slot 31) for frame 2. Please
note that both buffer locations (i.e., frame 1 and frame 2) must be written with the service or idle code. A sim-
plified schematic of the receive slip buffer is shown in Figure 49.

A receive slip error is indicated by status bit RXSLIP (bit 0) in register X10H, with a latched event LRXSLIP (bit
0) indicated in X11H. The receive slip buffer status is indicated by reading status bits RXS1 and RXSO0 (bits 5
and 4) in register X14H.

" QE1F
Framer n

Receive Data ﬁ
‘ » RDATAN
Receive 1

\ 4

Slip
»D> Buffer <«
RSE
(Bit 3 in X02H)
LRCLKN ———————¢—p < y RCLKn
Slip Buffer Control
recovered SYNC < RSYNCn

., SR | éx
(Bit 1 in X02H) Bve

(Bit 5in X02H)

Note: n is the framer number (1, 2, 3, 4)

Figure 49. Receive Slip Buffer
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SIGNALING

There are two types of sighaling schemes used for the E1 telephone channels: Common Channel Signaling
(CCS), and Channel-Associated Sighaling (CAS). Common Channel Signhaling, such as CCS No. 7, can be
assigned to be carried in one or more of the time slots, including Time Slot 16. The QE1F does not process
any part of the Common Channel Signaling format. Instead, it is passed transparently through the system to
the data bus. The clear channel capability for Time Slot 16 is selected when control bits TYP1 and TYPO (bits
7 and 6) in register XO3H are written with 00.

Time Slot 16 may be used to carry Channel-Associated Signhaling. The Channel-Associated Signhaling feature
is selected when control bits TYP1 and TYPO (bits 7 and 6) in register XO3H are written with a value other than
00. The signaling information is carried as ABCD signaling bits that are associated with Time Slots 1 through
15, and 17 through 31. A sixteen-frame format, referred to as a signaling multiframe, is used to carry the sig-
naling information. Please note that the signaling multiframe is arbitrary with respect to the multiframe struc-
ture carried in Time Slot 0. The following table shows the signaling multiframe structure for Time Slot 16.

Frame Bit 1 2 3 4 5 6 7 8
0 0 0 0 0 X0 Y X1 X2
1 Ad B1 C1 D1 A16 B16 Cci6 D16
2 A2 B2 C2 D2 Al17 B17 C17 D17
3 A3 B3 C3 D3 A18 B18 C18 D18
4 A4 B4 C4 D4 A19 B19 C19 D19
5 A5 B5 C5 D5 A20 B20 C20 D20
6 A6 B6 C6 D6 A21 B21 C21 D21
7 A7 B7 C7 D7 A22 B22 C22 D22
8 A8 B8 C8 D8 A23 B23 C23 D23
9 A9 B9 C9 D9 A24 B24 C24 D24
10 A10 B10 C10 D10 A25 B25 C25 D25
11 A1l B11 C11 D11 A26 B26 C26 D26
12 A12 B12 C12 D12 A27 B27 ca7 D27
13 A13 B13 C13 D13 A28 B28 C28 D28
14 Al4 B14 C14 D14 A29 B29 C29 D29
15 A15 B15 C15 D15 A30 B30 C30 D30

Where: Ac Bc Cc Dc represents the signaling information associated with the telephone channel number (¢ =
1-30). Channel 1 corresponds to Time Slot 1, while channel 16 corresponds to Time Slot 17, since Time Slot
16 is assigned to carry the signhaling information.

The Y-bit is used for a multiframe alarm indication. A 1 indicates an alarm.

The X0, X1 and X2 spare bits are not used, and are normally set to 1.
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Channel-Associated Signaling Multiframe Alignment

The QE1F supports two CAS multiframe alignment operating modes for each framer: Standard, or Enhanced.
The Standard algorithm is selected by writing a 0 to control bit CASA (bit 4) in register X04H. The Enhanced
algorithm is selected when a 1 is written to the control bit CASA. The Standard multiframe alignment algorithm
is compatible with ITU-T Recommendation G.732. Standard Channel-Associated Signaling multiframe align-
ment is declared when the QE1F detects a 0000 pattern in bits 1 to 4 in Time Slot 16 and this was preceded by
a Time Slot 16 with a non-zero pattern in bits 1-4. For the Enhanced algorithm, multiframe alignment is
declared only when the 0000 pattern is found after the previous 15 frames contained a Time Slot 16 that did

not carry the 0000 pattern in bits 1-4.

The status bit TS16ME (bit 4) in register X1BH is assigned for a multiframe error indication for each framer.
When a 1 is written to control bit ENOO16M (bit 2) in register X1AH, TS16ME is used to provide unlatched and
latched status indications at OOFM (bit 2) in register X10H and LOOFM (bit 2) in register X11H. The TS16ME
status indication is set when any of the following conditions occurs:

- The 4-bit all zero pattern (bits 1-4) In Time Slot 16 is lost for two consecutive multiframes.
- Time Slot 16 is all zeros for 16 consecutive frames.
- Frame alignment is lost (OOF alarm)
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Signaling Buffers

120-bit transmit and receive signaling buffers are used to interface the QE1F to the system. In the receive
direction, the signaling bits are extracted from the data stream and placed in the receive signaling buffer after
the multiframe sequence is detected in the receive framer block. A simplified schematic of the receive signal-
ing buffer is shown in Figure 50. In the 2 Mbit/s, 8 Mbit/s and 16 Mbit/s Transmission Modes, eight signhaling
bits are sent each frame. Receive signaling bits are clocked out by the system clock (RCLKn), which is
sourced by either the system or the QE1F. Please note that the signaling buffer is bypassed when QE1F
sources the system clock (RCLKn). The signaling bits on RSIGLn are sent such that they will meet the system
requirements for formatting a Tributary Unit (TU) in an SDH format in the next multiframe. These bits can be
extracted using the receive sync signal RSYNCnh. In the 2 Mbit/s MVIP Mode, the 8 Mbit/s H-MVIP Mode and
the 16 Mbit/'s PCM Highway Mode, all the signaling bits are sent for every framer every frame (125 microsec-
onds) from the receive signaling buffer by using the system clock (RCLKn) and sync pulse (RSYNCn).

QEIF |
from framing hardware 'l> Framer n
- - parallel RSIGLn
RX |s:;%\r;\;hng to serial "
DATA A ¢ >
110
w RSYNCn
d \5 \5 h
ADDR N % <—] read address < RCLKn
5
recovered RXSYNC > 5
N AN
recovered RXFSYNC ) write address =
v
CPU data CPU addr

Note: n is the framer number (1, 2, 3, 4)

Figure 50. Receive Signaling Buffer

The received signaling bits are stored sequentially in the receive signaling buffer in the order they are
received. The storage sequence starts with 0 0 0 0 X0 Y X1 X2 (in X80H), followed by A1 B1 C1 D1 A16 B16
C16 D16 (in X81H) and so on, ending with A15 B15 C15 D15 A30 B30 C30 D30 (in X8FH). The signaling bits
in the receive signhaling buffer (register locations X80H-X8FH) may be read at any time by the microprocessor
in order to monitor the signaling states, or to modify the outgoing values. Since the buffer is accessed by mul-
tiple asynchronous processes, the read and write cycles for the signaling buffer are synchronous to the internal
clocks. Simultaneous accesses are serviced sequentially. The priority of service depends on the amount of
latency acceptable between when the request was received and when the data is required to be available.
When the corresponding (receive and transmit) signaling enable bits (SE1-SE30 bits) in register locations
XE8H (channels 1 - 8), XE9H (channels 9 - 16), XEAH (channels 17 - 24), and XEBH (channels 25 - 30) are
written with a 1, the signaling bits are sent on the signaling highway (and data highway) in Time Slot 16. For
example, a 1 written to control bit SE1 enables the signaling bits for channel 1 to be written into the signaling
buffer. When a 0 is written into control bit SE1, the signaling buffer for channel 1 signaling is frozen. The frozen
states will be sent on the sighaling highway until the SE1 bit is written with a 1 or the microprocessor writes a
new value into bits A1B1C1D1 (bits 7-4) in register location X81H. The hex value written into register X81H for
bits 3-0 (signaling for A16 B16 C16 D16) will be ignored by the QE1F unless the SE16 bit is set to 1.
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The signaling bits in the receive direction are automatically frozen in their present states when loss of signal or
loss of synchronization occurs. A signhaling freeze may also be initiated manually by writing a 1 to control bit
RXF (bit 5) in register X03H. A receive sighaling freeze indication is given by status bit RXSF (bit 7) in register
X15H.

A simplified schematic of the transmit signaling buffer is shown in Figure 51. Transmit signaling bits on the sig-
naling pin TSIGLn are clocked into the transmit signaling buffer using the transmit system clock TCLKn and
sync pulse TSYNCnh. In the 2 Mbit/s, 8 Mbit/s, and 16 Mbit/s Transmission Modes, eight signaling bits are pro-
vided each frame. In the 2 Mbit/s MVIP Mode, the 8 Mbit/s H-MVIP Mode and the 16 Mbit/s PCM Highway
Mode, all signaling bits are exchanged for every channel every frame (125 microseconds).

_ " QETF
 to framing hardware Framer n
serial P TSIGLn
TX signaling to parallel
RAM
DATA = <
110

TSYNCn

5 5 ) <
ADDR N write address TCLKn

<

5

Y 4

TXSYNC

TXESYNC read address

v
CPUdata CPU addr

Note: n is the framer number (1, 2, 3, 4)
Figure 51. Transmit Signaling Buffer

The transmit signaling bits from the signaling highway are stored sequentially in the transmit signaling buffer in
the order they are received. The storage sequence starts with 0 00 0 X0 Y X1 X2 (in XDOH), A1 B1 C1 D1 A16
B16 C16 D16 (in XD1H) and so on, ending with A15 B15 C15 D15 A30 B30 C30 D30 (in XDFH). The signaling
bits in the transmit signaling buffer (register locations XDOH-XDFH) may be read at any time by the micropro-
cessor in order to monitor the signaling states, or to modify the outgoing values. Since the buffer is accessed
by multiple asynchronous processes, the read and write cycles for the signaling buffer are synchronous to the
internal clocks. Simultaneous accesses are serviced sequentially. The priority of service depends on the
amount of latency acceptable between when the request was received and when the data is required to be
available. When the corresponding signaling enable bits (SE1-SE30 bits) in register locations XE8H (channels
1 -8), XE9H (channels 9 - 16), XEAH (channels 17 - 24), and XEBH (channels 25 - 30) are written with a 1, the
signaling bits are written into the transmit signaling buffer. For example, a 1 written to control bit SE1 enables
the signaling bits from the signhaling highway for channel 1 to be written into the signaling buffer. When a 0 is
written into control bit SE1, the signaling buffer for channel 1 signaling is frozen. The frozen states will be
transmitted until the SE1 bit is written with a 1 or the microprocessor writes a hew value into bits A1B1C1D1
(bits 7-4) in register XD1H. The hex value written into register XD1H for bits 3-0 (signhaling for A16 B16 C16
D16) is ignored by the QE1F unless the SE16 bit is set to 1.

A transmit signaling freeze indication occurs when control bit TXF (bit 4) in register X03H is written with a 1
(manual freeze), or when AIS is detected on the signaling highway (2 Mbit/s, 8 Mbit/s, and 16 Mbit/s Transmis-
sion Modes only). A transmit signhaling freeze indication is given by status bit TXSF (bit 6) in register X15H.
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CLOCKING AND SYNCHRONIZATION

The clocking and synchronization portion of the QE1F includes the receive clock configuration, transmit clock
synchronization, and the slip buffers for each of the framers. The following table provides a summary of the
RCLKn clock operation in the receive direction (RCLK1 above 2 Mbit/s).

Sync Data/Sig
Interface Mode | Clock Rate Edge In | Edge Out Comments
2 Mbit/s Trans. 2.048 MHz Pos. Neg. Clock and sync pulse may be outputs.” RCLKn
clock is derived from the recovered received clock
(LRCLKn).
8 Mbit/s Trans. 16.384 MHz Pos. Neg. System clock and sync pulse must be inputs.
16 Mbit/s Trans.| 16.384 MHz Pos. Neg. System clock and sync pulse must be inputs.
Signaling highway is hot used.
2 Mbit/s MVIP 2.048 MHz Pos. Pos. System clock and sync pulse must be inputs.
8 Mbit/s H-MVIP| 16.384 MHz Pos. Neg. System clock and sync pulse must be inputs.
16 Mbit/s PCM 16.384 MHz Pos. Neg. System clock and sync pulse must be inputs.
Signaling highway is not used.

* Note: Control bit RXC (bit 5) in the Framer Clock Control Register X02H configures RCLKn as an input or
output for each of the framers. In the 8 Mbit/s and 16 Mbit/s Transmission Modes, the 2 Mbit/s MVIP Mode, the
8 Mbit/s H-MVIP Mode and the 16 Mbit/s PCM Highway Mode, the system clock must be an input.

In the transmit direction, the system clock TCLKn and sync pulse TSYNCh are always inputs to the QE1F. The
transmit data TDATAn is clocked out of the slip buffer by either the transmit system clock (TCLKn), the local
oscillator input (LO), or the recovered receive clock (LRCLKn). The clock selection for each framer is con-
trolled by TXC1 (bit 7), and TXCO (bit 6) in Framer Clock Control Register X02H. The local oscillator input (LO)
has a hominal frequency of 2.048 MHz.

The following table provides a summary of the TCLKn clock operation in the transmit direction (TCLK1 above
2 Mbit/s).

This Materi al
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Interface Mode | Clock Rate Eﬁé:ﬁn %zt;ésliﬁ Comments

2 Mbit/s Trans. 2.048 MHz Pos. Pos.

8 Mbit/s Trans. 16.384 MHz Pos. Pos.

16 Mbit/s Trans.| 16.384 MHz Pos. Pos. Signaling bus is not used.

2 Mbit/s MVIP 2.048 MHz Pos. Neg.
8 Mbit/'s H-MVIP| 16.384 MHz Neg. Pos.

16 Mbit/s PCM 16.384 MHz Pos. Pos. Signaling bus is not used.
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Clock Reference

For system applications that require the recovered receive clock, the QE1F can provide two reference clocks
derived from any of the four clock inputs (LRCLKn), when enabled. The recovered receive clock input LRCLKn
that is used to derive the reference clock CLKREF1 (pin 46) is determined by the value written to control bits
CR1S81 and CR1S0 (bits 1 and 0) in the Clock Reference Selection Register (019H). The recovered receive
clock that is used to derive the reference clock CLKREF2 (pin 2) is determined by the value written to control
bits CR2S1 and CR2S0 (bits 7 and 6) in the Clock Reference Selection Register (019H).

The following table lists the various conditions for enabling/disabling the clock reference signal on the
CLKREF1 pin. The ENREF1 and 2048KHZ control bits are located at bits 3 and 4 in the Clock Reference
Selection Register (019H). The LIE control bit is located in the Frame Configuration Register (X00H). The LOS
alarm status bit (bit 7) is located in the E1 Status Register (X10H).

ENREF1 LOS(n) LIE(n) 2048KHZ Action
(Control) (Alarm) (Control) (Control)
0 X X X CLKREF1 pin tri-stated.
1 0 0 0 8 kHz Reference provided on CLKREF1. The 8

kHz signal is derived from the recovered clock
that is selected (LRCLKn).

1 0 0 1 2048 kHz Reference provided on CLKREF1. The
2048 kHz signal is derived from the recovered
clock that is selected (LRCLKnN).

1 1 X X CLKREF1 pin is forced low.

1 X 1 X CLKREF1 pin is forced low when LINTn is in the
active true state.

X can be either state.

The following table lists the various conditions for enabling/disabling the clock reference signal on the
CLKREF2 pin. The ENREF2 and 2048KHZ control bits are located at bits 5 and 4 in the Clock Reference
Selection Register (019H). The LIE control bit (bit 1) is located in the Frame Configuration Register (X00H).
The LOS alarm status bit (bit 7) is located in the E1 Status Register (X10H).

ENREF2 LOS(n) LIE(n) 2048KHZ Action
(Control) (Alarm) (Control) (Control)

0 X X X CLKREF2 pin tri-stated.

1 0 0 0 8 kHz Reference provided on CLKREF2. The 8

kHz signal is derived from the recovered clock
that is selected (LRCLKn).

1 0 0 1 2048 kHz Reference provided on CLKREF2. The
2048 kHz signal is derived from the recovered
clock that is selected (LRCLKnN).

1 1 X X CLKREF2 pin is forced low.

1 X 1 X CLKREF2 pin is forced low when LINTn is in the
active true state

X can be either state.
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AIS DETECTION AND GENERATION

Both frame AIS and Time Slot 16 AIS are detected in the received E1 line sighal. A line AlS is detected when
the received line sighal has two or less zeros in each of two consecutive double-frame periods (512 bits).
Recovery occurs when each of two consecutive double-frame periods contains three or more zeros after frame
alignment has been detected. The status of line AIS is given by the LINEAIS status bit (bit 0) in register X1BH.

An AIS in Time Slot 16 is detected when the received time slot has three or less zeros in each of two consecu-
tive multiframe periods. Recovery occurs when each of two consecutive multiframe periods contains four or
more zeros or when the multiframe alignment signal has been detected. The status of Time Slot 16 AIS is
given by the TS16AIS status bit (bit 1) in register X1BH.

Two enable bits are provided for or-gating the line AIS and Time Slot 16 AIS status bits together to provide
unlatched and latched AIS indications, and an interrupt when the associated mask bit is 0. Control bit ENLAIS
(bit 0) in X1AH enables a line AIS alarm. Control bit E16AIS (bit 1) in X1AH enables a Received Time Slot 16
AIS alarm.

The QE1F also provides control bits and enable bits for alarms to generate AlS for the receive highway. When
control bit STUAIS (bit 6) in register X07H is written with 1, the AIS, OOF and LOS alarms, if enabled by their
respective ENAIS (bit 2), ENOOF (bit 1), and ENLOS (bit 0) control bits in the Signaling and Time Slot Control
register X03H, cause the generation of AIS according to the following table. The table reflects the AIS actions
taken on Out Of Frame (OOF) alarm when enabled by ENOOF and STUAIS. Control bits ENAIS for AIS and
ENLOS for loss of signal function in the same manner. Please note that the microprocessor can force AlS to
be generated for the receive data highway independent of the three control bits by writing a 1 to control bit
SYSALL1 (bit 5) in register X07H.

Transmission Modes (2 Mbit/s, 8 Mbit/s and 16 Mbit/s)

ENOOF STUAIS Action
0 0 Normal operation. No AlIS generated on signaling or data highway.
0 1 Normal operation. No AlS generated on signaling or data highway.
1 0 AIS generated only on signaling highway when OOF alarm is detected. A-bits
are equal to 1.
1 1 AIS generated on sighaling and data highways when OOF alarm is detected.
A-bits on the signaling highway are equal to 1.

2 Mbit/s MVIP Mode, 8 Mbit/s H-MVIP Mode and 16 Mbit/s PCM Highway Mode

ENOOF STUAIS Action
0 0 Normal operation. No AIS generated on data highway.
0 1 Normal operation. No AlS generated on data highway.
1 0 Normal operation. No AIS generated on data highway when OOF alarm is
detected.
1 1 AIS generated on data highway when OOF alarm is detected.
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In the transmit direction, from the transmit highway to the line, line AIS and Time Slot 16 AIS can be generated.
When the microprocessor writes a 1 to control bit AIS16 (bit 7) in register X07H, the all ones AIS pattern is
transmitted in Time Slot 16 continuously until the control bit is written with a 0. When the microprocessor writes
a 1 to control bit AISE (bit 1) in register X07H, the all ones AIS pattern is transmitted in all the time slots of the
frame continuously until the control bit is written with a 0. When the microprocessor writes a 1 to control bit
ENSAIS (bit 2) in register X00H, in the Transmission Modes only, the all ones AIS pattern is transmitted in all
time slots of the frame when the A-bits in the signhaling highway are detected as ones. In addition, a status bit
TUAIS (bit 3) in register X14H indicates when the A-bits are set to 1 in the Transmission Modes. The following
table summarizes the various enable bits and actions for generating AIS in the transmit direction.

Transmit AIS Generation

ENSAIS AIS16 AISE Action

0 0 0 Normal operation.

X X 1 AIS generated. All ones inserted into all time slots.

0 1 0 AIS generated for Time Slot 16. All ones inserted into Time Slot
16.

1 X X AIS generated when the A-bits in the transmit signaling highway
are equal to ones in the Transmission Modes. All ones inserted
into all time slots.

HDLC CHANNEL

A HDLC message frame is composed of four parts: an opening flag, the message (which consists of multiple
bytes), a two-byte CRC-16 frame check sequence, and a closing flag, as shown in Figure 52 below.

Bit 8 7 6 5 4 3 2 1
Opening Flag 0 1 1 1 1 1 1 0
Address
Message and
Control Information
CRC-16
Closing Flag 0 1 1 1 1 1 1 0

Figure 52. HDLC Format

The opening and closing flags are represented by a single, unique 8-bit character defined as 01111110, which
contains six contiguous ones. To avoid the occurrence of a false flag within the data stream, a zero is inserted
(stuffed) after each string of five contiguous ones in the message. Reception of more than six contiguous ones
is interpreted as a frame abort sequence. When an abort sequence is received, the remainder of the current
frame is ignored and the received portion is discarded as an invalid frame. A two-byte CRC-16 frame check
sequence is computed across the contents of the message (after the opening flag), and appended to the end
of the message. The time between consecutive frames is filled with one or more flags. When two or more flags
occur in sequence, they may share the boundary zero between them (011111101111110).
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A 16-byte FIFO is provided in each direction for each framer, which permits short messages to be transmitted
and received without having the microprocessor service the FIFOs. For long messages, interrupts and status
information are provided to facilitate FIFO servicing by the microprocessor. For both short and long messages,
the HDLC controller performs the following functions:

- Zero bit stuffing/destuffing (11111 to 111110/111110to 11111)
- ITU-T CRC-16 generation/checking (16-bit sequence)

- Flag generation/detection (01111110)

- Abort generation/detection (01111111..)

- Start of frame detection

- End of frame detection

- FIFO overflow and underflow

The bandwidth of the HDLC channel is determined by the spare bits in Time Slot 0. The five spare bits, labeled
Sa4-Sas8, in bit positions 4-8 of Time Slot 0 in alternating (NFAS) frames that do not carry the frame alignment
sequence, each have a bandwidth of 4 kbit/s. Any or all of the Sa bits (Sa4-Sa8) can be programmed to build
up the bandwidth of the HDLC channel from 4 kbit/s to 20 kbit/s. Writing a 1 to an SA4-SA8 bit (bits 4-0) in
HDLC Link Control Register XOCH enables the corresponding Sa bit to be used as part of the HDLC channel
bandwidth for both the transmit and receive directions.

The HDLC receiver is enabled when a 1 is written to control bit EHR (bit 7) in the HDLC Link Control Register
XO08H. When enabled, the HDLC receiver will remove the stuffed zero bits, search for the opening flag and
place the message contents in a 16-byte FIFO. The HDLC Controller will compute a CRC and compare it
against the CRC that is received. The received CRC is not stored in the FIFO and is discarded after being
received.

The receive FIFO is monitored for fill level, with maskable interrupts and latched indications provided. Bits
RXFS1 and RXFSO0 (bits 3 and 2) in the HDLC Link Status Register X16H indicate when the receive FIFO is
less then half full, equal to or greater than half full, full and overflowed. An interrupt may also be set at the end
of the message, or when the FIFO is half full, using the RHIE control bit (bit 3) in the HDLC Link Control Regis-
ter X08H. Thus, when the messages are always expected to be shorter than the maximum FIFO depth of 16
bytes, the HDLC controller will generate an interrupt on the completion of the message. When the messages
are expected to exceed the maximum FIFO depth of 16 bytes, the controller will generate an interrupt when
the FIFO is half filled.

Bits C4-CO0 (bits 4-0) in the HDLC Link Receive Data Register (X18H) provide the number of bytes presently
stored in the receive FIFO. Bits RHIS2-RHISO (bits 7-5) in the HDLC Link Status Register (X16H) provide mes-
sage status and error indications. The HDLC controller will generate a maskable interrupt for start of message
detected, valid message received, CRC in error, and message aborted. The message bytes are read by the
microprocessor at bits RHD7-RHDO in register X17H for each framer. Bit 0 corresponds to the first bit received
in a byte.

The HDLC transmitter is enabled when a 1 is written to control bit EHT (bit 6) in the HDLC Link Control Regis-
ter X08H. When enabled, the HDLC controller will transmit flags until data is placed in the transmit FIFO. Up to
16 bytes can be placed in the 16-byte FIFO. The message bytes are written into bits THD7-THDO in the HDLC
Link Transmit Data Register XOAH. Bit 0 corresponds to the first bit transmitted. The transmit bytes are read
from the transmit FIFO and a 16-bit CRC is computed until the end of message is detected. When the last byte
of the message is written into the FIFO, the microprocessor will set the end of message status bit EOM (bit 4)
in the HDLC Link Control Register X08H. The computed 16-bit CRC will be appended to the end of the mes-
sage followed by at least one flag before another message is transmitted. When the transmit FIFO is emptied
without setting the EOM bit, the FIFO will set an underflow indication, and an abort character will be transmit-
ted, thereby terminating the message.

The transmit HDLC controller provides latched event bits and maskable interrupt bits related to the transmit
FIFO status. Information such as underflow, overfill, and fill status is provided by reading status bits TXFS1-
TXFSO0 (bits 1-0) in the HDLC Link Status Register X16H.
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Transmit HDLC FIFO setrvice interrupts may be programmed to occur when the transmit FIFO is half empty, or
when the last byte is sent, by setting control bit THIE (bit 2) in register X08H. For short messages, the entire
message may be written into the FIFO, and the controller will generate an interrupt, indicated by status bit
THIS (bit 4) in register X16H, when the message has been sent. For longer messages, the controller will gen-
erate an interrupt when the FIFO is ready to accept more data.

There are four general types of message transfers, which are described below: transmitting long and short
messages, and receiving long and short messages. The difference between the long and short messages is
primarily in how the 16-bit FIFOs are setviced. With short messages, the entire message will fit into the FIFOs
and interrupts will be generated when the end of the message occurs. With long messages, the message will
not fit into the FIFO, and the message will have to be transmitted or received in several segments. Since long
and short received messages are similar, their processing is described under the same heading.

Transmit Short Message

To transmit a short message, first configure the transmitter to generate an interrupt at the end of message by
writing a 0 to control bit THIE (bit 2) in the HDLC Link Control Register X08H. Then write a 1 to control bit EHT
(bit 6) in register X08H to enable the transmitter. The HDLC controller will transmit flags until data is written into
the transmit HDLC FIFO.

Write the message into the transmit FIFO by writing each byte in turn to THD7-THDO in register XOAH. Bit 0
represents the first bit in the byte to be transmitted. The bytes written into THD7-THDO are transferred auto-
matically into the FIFO. After the last byte is written into the FIFO, the EOM (bit 4) in register X08H is written
with a 1. The transmitter will then begin to send the message bytes until the FIFO is empty. Since the EOM bit
was set, the completion of the message will generate an interrupt, if not masked, indicated by the latched THIS
status bit ETHIS, (bit 4) in XOEH. This latched status indication indicates that the message is complete or the
FIFO is half full. After the CRC-16 is sent, the HDLC controller will start to send flags.

Transmit Long Message

To transmit a long message, first configure the transmitter to generate an interrupt at the half full level of the
FIFO by writing a 1 to control bit THIE (bit 2) in the HDLC Link Control Register X08H. Then write a 1 to control
bit EHT (bit 6) in register X08H to enable the transmitter. The HDLC controller will transmit flags until data is
written into the transmit HDLC FIFO.

Write the first 16-byte message segment into the transmit FIFO by writing each byte in turn to THD7-THDO in
register XOAH. Bit 0 represents the first bit in the byte to be transmitted. The bytes written into THD7-THDO are
transferred automatically into the FIFO. The HDLC controller will then start to send the message bytes. When
the FIFO empties to the half full level, the ETHIS bit (bit 4) in register XOEH will be latched, and an interrupt
generated, if the corresponding mask bit MTHIS (bit 4) in register XOFH is set to 0. This is an indication for the
microprocessor to write another 8 bytes into the transmit HDLC FIFO. This process of sending and refilling is
repeated, 8 bytes at a time, until the last byte in the message is written into the FIFO, when the EOM (bit 4) in
register X08H is written with a 1. The transmitter continues to send the final message bytes until the FIFO is
empty. When the last byte is transmitted and the FIFO is empty, the ETHIS bit will latch while EOM=1, indicat-
ing completion of the message. After the CRC-16 is sent, the HDLC controller will start to send flags. Status
bits TXFS1-TXFSO0 (bits 1-0) in register X16H indicate the fill level of the transmit FIFO.
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Receive Message

To receive a message, first configure the receiver to generate an interrupt at the half full level of the FIFO by
writing a 1 to control bit RHIE (bit 3) in the HDLC Link Control Register X08H. Then enable the receiver by writ-
ing a 1 to control bit EHR (bit 7) in register X08H.

The receiver will generate an interrupt (provided the corresponding mask bit is written with a 0), when the FIFO
is half full or when an end of message is detected. The receive message is read from the FIFO by reading the
bytes RHD7-RHDO in register X17H. Bit 0 represents the first bit in the byte to be received. The bytes in RHD7-
RHDO are transferred automatically from the receive FIFO. When the interrupt occurs, the RHIS2-RHISO sta-
tus bits (bits 7 - 5) in register X16H are also set in the ERHIS2-ERHISO0 bits (bits 7-5) in the latched register
XOEH, indicating the message status. If the message in progress status is set, the microprocessor should read
the message bytes from RHD7-RHDO using the FIFO Depth bits C4-CO0 in register X18H to detect the number
of bytes stored in the receive FIFO. Please note that the FIFO depth count is updated when the event indica-
tion is latched and interrupt generated, and will not be modified until it is read and cleared by the microproces-
sor. During long messages, the count is allowed to change after the half full indication. If the microprocessor
fails to read out the FIFO in time, a second interrupt indication is generated. The reason for interrupt is indi-
cated by status bits RXFS1-RXFSO0 (bits 3-2) in register X16H. These control bits provide status information
about the fill level of the receive FIFO. An end of message is also indicated by the RHIS2-RHISO status bits.

ALARMS

The following line level alarms for each of the four framers are detected in the QE1F: Loss Of Signal (LOS),
Alarm Indication Signal (AlS), Out Of Frame (OOF), Remote Alarm Indication (RAIl), Change Of Frame Align-
ment (CFA), Out Of Multiframe (OOFM), transmit slip (TXSLIP) and receive slip (RXSLIP). These alarms are
provided by the E1 Status and Mask Registers (registers X09H-X13H). In addition, the following HDLC link
level alarms are supported by the QE1F: Receive HDLC event, Transmit HDLC event, Receive FIFO event,
Transmit FIFO event (registers X0EH, X0FH, X16H). Each condition can cause an interrupt when the corre-
sponding mask bit is set to 0.

The latched status event indication (which can also be referred to as a software interrupt indication) for an
alarm or condition is latched on either positive transitions, negative transitions, or both transitions. Control bits
RISE (bit 6), and FALL (bit 5) in the Global Configuration register 006H determine the transitions that cause an
event bit to latch for all four framers, as shown in the following table:

RISE (bit 6) | FALL (bit 5) Action

0 0 Latched status bit indications in all registers disabled. Hardware and software
interrupt indications disabled.

1 0 Latched status indication sets on positive alarm transition, along with generating
a hardware interrupt provided the corresponding mask bit and the global interrupt
bit GIM (bit 7 in 006H) are both 0.

0 1 Latched status indication sets on negative alarm transition, along with generating
a hardware interrupt provided the corresponding mask bit and the global interrupt
bit GIM (bit 7 in 006H) are both 0.

1 1 Latched status indication sets on both positive and negative alarm transitions,
along with generating a hardware interrupt provided the corresponding mask bit
and the global interrupt bit GIM (bit 7 in 006H) are both 0.
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The latched event is cleared by writing a 0 to the associated bit position in the latched status indication regis-
ter. The QE1F also provides a Global Interrupt Mask (GIM) bit for the microprocessor interrupt pin (pin 125,
INT/IRQ). When a 1 is written to control bit GIM (bit 7) in the Global Configuration Register 006H, this hard-
ware interrupt indication pin is tri-stated when a latched indication (event) bit is set. When a 0 is written into the
GIM bit, the hardware interrupt pin is enabled. When enabled, the polarity of the interrupt pin can be inverted
by writing a 1 to control bit IPOL (bit 4) in the Global Configuration Register 006H.

Besides providing individual unlatched and latched alarm status indications, and interrupt mask bits, on a per
framer basis, the QE1F provides global interrupt status indication bits, as well as global interrupt mask bits and
framer pointer bits in the Global Register segment (registers 00AH-00EH). An indication bit is set in register
00AH if the same type of alarm occurs in any of the four framers. Registers 00CH and 00EH provide pointers
to the framer which caused the line event or HDLC link event that triggered the interrupt.

For example, assuming a loss of signal alarm occurred in framer 1 only, the LOS alarm will set the LOS bit (bit
7) in the unlatched register 110H. This alarm indication bit will be set to 1 for the duration of the alarm. Assum-
ing that control bits RISE and FALL (bits 6 and 5) in the Global Configuration Register 006H are set to 10
(latched event set on a positive transition), the transition from 0 to 1 of the LOS alarm will cause the LLOS bit
(bit 7) in register 111H to latch. A hardware interrupt will be generated on pin 125 if the interrupt mask bit
MLOS (bit 7) in register 109H is a 0, and the global interrupt mask bit GIM (bit 7) in register 006H is a 0. If
either of these bits is set to 1, the hardware interrupt will hot occur. In addition, the latched LOS indication will
also cause a Global LOS indication (bit 7) in register 00AH. The framer in which the loss of signal alarm was
detected can be found by reading bits 3-0 in register 00CH. The interrupt will be reset by first reading the LLOS
latched alarm bit position (bit 7) in 111H and then writing a 0 into the bit position. This will also clear the global
LOS indication bit. Reading the register confirms that the loss of signal alarm occurred in framer 1. If the LOS
alarm persists, it will not cause the latched bit position to relatch. The alarm status can be determined by now
reading the unlatched status bit (bit 7) in register 110H, until it becomes 0, indicating that recovery has taken
place.

Shadow Registers

The QE1F also provides shadow registers for the alarms of each of the four framers. By applying a pulse at
ohe second intervals to T1SI (pin 40), an indication bit will be set in register X12H if the corresponding alarm
occurred at any time in the last one second interval. In addition, an indication bit will be set in register X13H if
the alarm is active, but the transition to the active state did not occur in the last one second interval (i.e., the
alarm has persisted for longer than one second). The rising edge of the T1SI pulse will also reset a latched
event bit position in register X11H independent of the microprocessor.
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Figure 53 illustrates the operation of the shadow registers for a loss of signal (LOS) alarm for framer 1. The
behavior shown in the diagram also applies to the other line signal alarms in the same registers (AIS, OOF,
RAI, CFA, OOFM, TXSLIP, and RXSLIP). This figure assumes that control bits RISE and FALL (bits 6 and 5)
in the Global Configuration Register 006H are set to 10 (latched event set on a positive transition). Please note
that the LOS alarm causes a latched status indication LLOS (bit 7) in register 111H, and that the latched bit is
reset by the rising edge of the T1SI pulse. The PLOS status bit (bit 7) in register 112H is a 1 whenever an LOS
alarm has been present in the previous one-second interval. The FLOS status bit (bit 7) in register 113H is a 1
if the LOS alarm is active but did not become active during the previous one-second interval.

e | A | N | | | | |
(Input on Pin 40) _ |
é??in 110H) | | | |_| |

LLOS
(Bit 7 in 111H)

PLOS
(Bit 7 in 112H)

FLOS
(Bit 7 in 113H)

t=0 sec t=1 sec t=2 sec t=3 sec t=4 sec t=5 sec t=6 sec

Note: For this example, latched events are set only on positive event transitions.

Figure 53. Shadow Register Operation

In addition, shadow registers have been provided for monitoring the number of line errors that have occurred in
ohe second intervals. The following shadow registers are updated with the count from the previous one-sec-
ond interval on the rising edges of the one-second pulse provided at the T1SI pin: a 10-bit register for a CRC-
4 count, a 16-bit register for coding violations, a 10-bit register for E-bit errors, and a 13-bit register for frame
errors. The rising edge of the one-second pulse also clears the counters that were holding the count for the
transfer to the shadow registers.

For example, the shadow registers for monitoring frame bit errors in framer 1 work in the following way. The
13-bit framing bit error counter FBE12-FBEO in registers 1TFCH and 1FDH counts the number of frame bit
errors over a one-second interval, which is determined by the T1SlI signal. At the rising edge of the pulse on
the T18SI pin, the count in registers 1FCH and 1FDH is transferred to the shadow register LFBE12-LFBEDO in
locations 1FAH and 1FBH. The frame bit error counter in registers 1FCH and 1FDH is cleared at the same
instant and it starts the error count for the next one-second interval. At the end of the next one-second interval,
the shadow register is updated with the new count. A counter overflow bit FBEO is also provided (bit 7 in
1FDH), with a corresponding shadow overflow bit LFBEO (bit 7) in register 1FBH. The microprocessor can
also clear the counter in registers 1TFCH and 1FDH by writing 00H to these registers. The shadow register
holds its count during a microprocessor read cycle.
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MAINTENANCE

The QE1F provides two loopback modes. Local and remote line loopbacks are available for each of the four
framers. In addition, a payload remote loopback may be implemented by using external circuitry. This circuitry
is described in TranSwitch Application Note AN-524, "Implementation of Payload Remote Loopback for Chan-
nels of the QE1F Device", document humber TXC-03104-AN1. These loopback modes allow the user to sec-
tion a network path and isolate a specific failure. In addition, a pseudo-random test generator and analyzer are

provided.

Local Loopback

Local loopback for a framer is enabled when a 1 is written to control bit LLP (bit 0) in register X05H. Local loop-
back connects the transmit path with the receive path in the direction toward the line, as illustrated in Figure 54
below. The loopback is independent of the line intetface selected, NRZ or dual unipolar (rail). When control bit
TX18S (bit 2) in register XO5H is written to 1, an AIS (all ones signal) is transmitted to the line instead of data.
Please note that transmit line AlS can be enabled independent of the local loopback feature.

Internal
Transmit

Data

HDB3 —
Line Interface CODEC

(if RAIL=1) Internal
Receive

Data

Receive Line
Note: Bold/dashed lines show paths used for TX1S=1 and LLP=1.
Figure 54. Local Loopback
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Remote Line Loopback

Remote line loopback for a framer is enabled when a 1 is written to control bit RLP (bit 1) in register X05H.
Remote line loopback connects the receive line data back to the transmitter, as illustrated in Figure 55 below.
The loopback is performed before the HDB3 CODEC. The loopback is independent of the line interface

selected, NRZ or dual unipolar (rail).

Internal
Transmit
Data

Transmit Line «¢
HDB3

CODEC
(if RAIL=1) Internal }

Receive
Data

Line Interface

Receive Line

Note: Bold/dashed lines show paths used for RLP=1.

Figure 55. Remote Line Loopback

Payload Remote Loopback

A payload remote loopback capability may be implemented with external circuitry. Please refer to TranSwitch
Application Note AN-524, "Implementation of Payload Remote Loopback for Channels of the QE1F Device",

document humber TXC-03104-AN1.
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BOUNDARY SCAN

Introduction

The IEEE 1149.1 Standard defines the requirements of a boundary scan architecture that has been specified
by the IEEE Joint Test Action Group (JTAG). Boundary scan is a specialized scan architecture that provides
observability and controllability for the interface pins of the device. The Test Access Port block, which imple-
ments the boundary scan functions, consists of a Test Access Port (TAP) controller, instruction and data regis-
ters, and a boundary scan register path bordering the input and output pins, as illustrated in Figure 56. The
boundary scan test bus interface consists of four input signals (i.e., the Test Clock (TCK), Test Mode Select
(TMS), Test Data Input (TDI) and Test Reset (TRS) input signals) and a Test Data Output (TDO) output signal.

The TAP controller receives external control information via a Test Clock (TCK) signal, a Test Mode Select
(TMS) signal, and a Test Reset (TRS) signal, and it sends control signals to the internal scan paths. The scan
path architecture consists of a two-bit serial instruction register and two or more serial data registers. The
instruction and data registers are connected in parallel between the serial Test Data Input (TDI) and Test Data
Output (TDO) signals. The Test Data Input (TDI) signal is routed to both the instruction and data registers and
is used to transfer serial data into a register during a scan operation. The Test Data Output (TDO) is selected
to send data from either register during a scan operation.

When boundary scan testing is not being performed, the boundary scan register is transparent, allowing the
input and output signals at the device pins to pass to and from the QE1F device’s internal logic, as illustrated in
Figure 56. During boundary scan testing, the boundary scan register disables the normal flow of input and out-
put signals to allow the device to be controlled and observed via scan operations. A timing diagram for the
boundary scan feature is provided in Figure 26.

Boundary Scan Support

The maximum frequency the QE1F device will support for boundary scan is 10 MHz. The QE1F device per-
forms the following boundary scan test instructions:

- EXTEST
- SAMPLE/PRELOAD
- BYPASS
- IDCODE

EXTEST Test Instruction:

One of the required boundary scan tests is the external boundary test (EXTEST) instruction. When this instruc-
tion is shifted in, the QE1F device is forced into an off-line test mode. While in this test mode, the test bus can
shift data through the boundary scan registers to control the external QE1F input and output leads.

SAMPLE/PRELOAD Test Instruction:

When the SAMPLE/PRELOAD instruction is shifted in, the QE1F device remains fully operational. While in this
test mode, QE1F input data, and data destined for device outputs, can be captured and shifted out for inspec-
tion. The data is captured in response to control signals sent to the TAP controller.

BYPASS Test Instruction:

When the BYPASS instruction is shifted in, the QE1F device remains fully operational. While in this test mode,
a scan operation will transfer serial data from the TDI input, through an internal scan cell, to the TDO pin. The
purpose of this instruction is to abbreviate the scan path through the circuits that are not being tested to only a
single clock delay.

IDCODE Test Instruction:
The format of the IDCODE test instruction is "10".
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Figure 56. Boundary Scan Schematic
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Boundary Scan Chain

There are 131 scan cells in the QE1F boundary scan chain. Bidirectional signals require two scan cells. Addi-
tional scan cells are used for direction control as needed. The following table shows the listed order of the scan
cells and their function.

Scan Cell No. /0 Pin No. Symbol Comments
130 CONTROL NA XIOTRI_B A ‘1’ enables the outputs of I/0 type
OUTPUTS.
129 OUTPUTS3 39 RDATA1_039
128 OUTPUT3 38 RSIGL1_038
127 CONTROL NA XRXC1_B A ‘0’ makes Pins 37, 36 to be OUTPUT.
126 BIDIR_IN 37 RCLK1_1037
125 BIDIR_OUT 37 RCLK1_1037
124 BIDIR_IN 36 RSYNC1_lO36
123 BIDIR_OUT 36 RSYNC1_lO36
122 INPUT 35 TDATA1_I35
121 INPUT 34 TSIGL1_134
120 INPUT 33 TCLK1_133
119 INPUT 32 TSYNC1_I32
118 OUTPUTS3 31 RDATA2_031
117 OUTPUTS3 29 RSIGL2_029
116 CONTROL NA XRXC2_B A ‘0’ makes Pins 28, 27 to be OUTPUT.
115 BIDIR_IN 28 RCLK2_1028
114 BIDIR_OUT 28 RCLK2_1028
113 BIDIR_IN 27 RSYNC2_1027
112 BIDIR_OUT 27 RSYNC2_l027
111 INPUT 26 TDATA2_126
110 INPUT 24 TSIGL2_ 124
109 INPUT 23 TCLK2_123
108 INPUT 22 TSYNC2_|22
107 OUTPUTS3 21 RDATA3_021
106 OUTPUT3 19 RSIGL3_019
105 CONTROL NA XRXC3_B A ‘0’ makes Pins 18, 17 to be OUTPUT.
104 BIDIR_IN 18 RCLK3_I018
103 BIDIR_OUT 18 RCLK3_1018
102 BIDIR_IN 17 RSYNC3_IO17
101 BIDIR_OUT 17 RSYNC3_1017
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Scan Cell No. /0 Pin No. Symbol Comments
100 INPUT 16 TDATA3_ 116
99 INPUT 15 TSIGL3_I15
98 INPUT 13 TCLK3 113
97 INPUT 12 TSYNC3-112
96 OUTPUT3 11 RDATA4_O11
95 OUTPUT3 10 RSIGL4_010
94 CONTROL NA XRDY_ENB A ‘0’ makes Pin 9 to be OUTPUT, “1* to be tri-
stated.
93 OUTPUT3 9 RDY_09
92 CONTROL NA XRXC4_B A ‘0’ makes Pins 8, 7 to be OUTPUT.
91 BIDIR_IN 8 RCLK4 108
90 BIDIR_OUT 8 RCLK4_108
89 BIDIR_IN 7 RSYNC4 107
88 BIDIR_OUT 7 RSYNC4_107
87 INPUT 6 TDATA4_I6
86 INPUT 5 TSIGL4 15
85 INPUT 4 TCLK4 14
84 INPUT 3 TSYNC4 I3
83 CONTROL NA |XREF_CLK_EN2_ B|A ‘0’ makes Pin 2 to be OUTPUT enabled.
82 OUTPUT3 2 CLKREF2_02
81 INPUT 1 RESET_H
80 INPUT 128 WR_I128
79 INPUT 127 SEL 1127
78 INPUT 126 RD_I126
77 OUTPUT3 125 INT_O125
76 CONTROL NA XDT_EN A ‘0’ makes Pins 123-114 to be OUTPUT.
75 BIDIR_IN 123 DAT7_IO0123
74 BIDIR_OUT 123 DAT7_I0123
73 BIDIR_IN 122 DAT6_IO122
72 BIDIR_OUT 122 DAT6_IO0122
71 BIDIR_IN 120 DAT5_10120
70 BIDIR_OUT 120 DAT5_I0120
69 BIDIR_IN 119 DAT4_10119
68 BIDIR_OUT 119 DAT4_10119
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Scan Cell No. /0 Pin No. Symbol Comments

67 BIDIR_IN 118 DAT3 10118
66 BIDIR_OUT 118 DAT3_10118
65 BIDIR_IN 117 DAT2_10117
64 BIDIR_OUT 117 DAT2_ 10117
63 BIDIR_IN 115 DAT1_l0115
62 BIDIR_OUT 115 DAT1_10115
61 BIDIR_IN 114 DATO_IO114
60 BIDIR_OUT 114 DATO_1O114
59 INPUT 113 ADDR11_1113
58 INPUT 112 ADDR10_1112
57 INPUT 110 ADDR9_1110
56 INPUT 109 ADDRS8_1109
55 INPUT 108 ADDR7_1108
54 INPUT 107 ADDR6 1107
53 INPUT 106 ADDR5_1106
52 INPUT 105 ADDR4 1105
51 INPUT 104 ADDR3_1104
50 INPUT 103 ADDR2_1103
49 INPUT 102 ADDR1_1102
48 INPUT 101 ADDRO_1101

47 INPUT 100 SYSCLK_1100
46 INPUT 99 MOTO_199

45 OUTPUT3 98 LCS4_098

44 OUTPUT3 97 LTCLK4 097
43 OUTPUT3 96 TNEG4_096
42 OUTPUT3 95 TPOS4_095
41 INPUT 93 LRCLK4_193
40 INPUT 92 RNEG4_192

39 INPUT 91 RPOS4 191

38 INPUT 90 LINT4_I90

37 OUTPUT3 88 LCS3_088

36 OUTPUT3 87 LTCLK3_087
35 OUTPUT3 86 TNEG3_086
34 OUTPUT3 85 TPOS3_085
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Scan Cell No. 1/0 Pin No. Symbol Comments
33 INPUT 83 LRCLK3 183
32 INPUT 82 RNEG3_I82
31 INPUT 81 RPOS3_181
30 INPUT 80 LINT3_180
29 OUTPUT3 79 LCS2_079
28 OUTPUT3 77 LTCLK2_O77
27 OUTPUT3 76 TNEG2_076
26 OUTPUT3 75 TPOS2_075
25 INPUT 74 LRCLK2 174
24 INPUT 72 RNEG2_172
23 INPUT 71 RPOS2_|71
22 INPUT 70 LINT2_170
21 OUTPUT3 69 LCS1_069
20 OUTPUT3 68 LTCLK1_0O68
19 OUTPUT3 67 TNEG1_067
18 OUTPUT3 66 TPOS1_066
17 INPUT 65 LRCLK1_165
16 INPUT 64 RNEG1_I64
15 INPUT 63 RPOS1_163
14 INPUT 62 LINT1_I62
13 CONTROL NA XMON_ENB  |A ‘0’ enables Pins 61, 60.
12 OUTPUT3 61 LSCLK_O61
11 OUTPUT3 60 LSDO_060
10 INPUT 59 LSDI_I59
9 INPUT 51 SCAN_ENB_I51
8 INPUT 50 IOTRI_I50
7 INPUT 49 CSO_149
6 OUTPUT3 48 PRBSOOL_048
5 CONTROL NA [XREF_CLK_EN1_B|A ‘0’ enables Pin 46.
4 OUTPUT3 46 CLKREF1_046
3 INPUT 43 CONFIG1_143
2 INPUT 42 CONFIG2_142
1 INPUT 41 LO_I41
0 INPUT 40 T1SI_140
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MEMORY MAP

The QE1F memory map contains registers and counters which may be accessed by the microprocessor.
Addresses which are shown as spare, or are not listed in the memory map, must not be accessed by the
microprocessor. The status designation R stands for a read-only unlatched register location, R(L) a read-only
latched register location, and RW a read/write register location. R and R(L) register bit positions designated as
Reserved (R) will read out an indeterminate value unless a 0 or 1 read value is indicated. RW Reserved (R) bit
positions must be set to 0 unless otherwise noted.

Device ID Registers

Af':;i;‘“’s Status | Bit7 | Bit6 | Bit5 | Bit4a | Bit3 | Bit2 | Bit1 Bit 0
000 R 0 1 1 0 1 0 1 1
001 R 0 0 0 0 0 0 0 0
002 R 1 1 0 0 0 0 1 0
003 R Revision Level (currently 0000) 0 0 0 0

Customer Notebook Register

Af':;i)ss Status | Bit7 | Bit6 | Bit5 | Bit4a | Bit3 | Bit2 | Bit1 Bit 0
004 RwW Customer Defined Byte

Global Software Register

A?:;i)ss Status | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
005 RW QE1F Chip Reset (RESET byte)

Global Configuration Registers

A?I_‘l’;i)ss Status | Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0
006 RW GIM RISE FALL IPOL ENPMFM | HMVIP | MTP16M | ENHWM
007 Spare
008 Spare
009 Spare
01A RW LOSI7 - LOSIO (Loss Of Signal Detection Interval)
01B RwW R (0) | R (0) ONDS5 - ONDO (Ones Density Loss Of Sighal Recovery Interval)

01C-OFE Spare
OFF RwW WGDEC | Reserved (Set to 0)
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Global Status Indication, Interrupt Mask and Pointer Registers

A?I_‘l’;i)ss Status | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
00A R GLOS GAIS GOOF GRAI GCFA GOOFM GTXSLIP | GRXSLIP
00B RwW GMLOS GMAIS GMOOF GMRAI GMCFA | GMOOFM |GMTXSLIP |GMRXSLIP
00C R Reserved CHA4 CHA3 CHA2 CHA1
ooD Spare
00E R Reserved CHDL4 CHDL3 CHDL2 CHDL1
00F Spare

Line Interface Control And Monitoring Registers

A?:;i;‘s Status | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito
010 RwW LCB7 - LCBO (Command Byte)
011 RwW LDO7 - LDOO (Line Interface Data Output)
012 R LDI7 - LDIO (Line Interface Data Input)
013 RwW BDCST | PRBSFR | PRBSEN ESP/ RXTX R (0) E1CHCS1 | E1CHCSO0
EMON
014 RwW Reserved (Set to 0)
015 RW Reserved (Set to 0)
016 RwW Reserved (Set to 0)

Transmit And Receive Sync Delay Registers

A?:;i)ss Status | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
017 RwW TSD7 - TSDO (Transmit Sync Delay)
018 RW RSD7 - RSDO (Receive Sync Delay)

Clock Reference Selection Register

Af':;i)ss Status | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0
019 RwW CR2S1 CR2S0 ENREF2 | 2048KHZ | ENREF1 R (0) CR1S1 CR1S0
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PER CHANNEL CONTROL AND STATUS INDICATION REGISTERS

The following registers configure, control or provide status information on a per channel basis. When an
address location is written as XXXH, the first X indicates 1, 2, 3, or 4 to identify the associated channel, which
corresponds to the like-numbered framer (n=1, 2, 3 or 4).

Framer Configuration and Control Registers

c:‘;'drzesss 4 |Status| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
100 200 300 400 RwW RAIL BE R (0) ENSRAI R (0) ENSAIS LIE LPOL
101 201 301 401 RwW TXCP RXCP | TXNRZP | PWRD FDAT FPOL BNAL RXNRZP
102 202 302 402 RwW TXC1 TXCO RXC TSE RSE TSR RSR R (0)
103 203 303 403 RwW TYP1 TYPO RXF TXF RX_SIG_INV| ENAIS ENOOF | ENLOS
104 204 304 404 RwW OOF1 OOFO0 BFAA CASA CRCA |CRCMD1|CRCMDO| RSYC
11A 21A 31A 41A RwW AUTY AUTRAI | ENRAIA | ENRAIY |EOOCRC| EOO16M | E16AIS | ENLAIS

Software Reset and Loopback Control Register

Address . . . . . . . .
CH1,2 3,4 Status | Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
105 205 305 405 RwW SRST Reserved (Set to 0) TX1S RLP LLP

System AIS and Test Registers

Address

CH1,2 3,4 Status | Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

106 206 306 406 RW Reserved (Setto 0) | TS16YE | NFASE |INSPRBS SFZ RXFS TXFS
107 207 307 407 RW AlS16 | STUAIS [SYSALL1 CRC FASE RAIE AISE BPV

E1 Status and Mask Registers

cmdrzes‘ss 4 |Status| Bit7 | Biteé | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
109 209 309 409 RwW MLOS MAIS MOOF MRAI MCFA MOOFM | MTXSLIP | MRXSLIP
110 210 310 410 R LOS AlS OOF RAI CFA OOFM TXSLIP | RXSLIP
111 211 311 411 RwW LLOS LAIS LOOF LRAI LCFA LOOFM | LTXSLIP | LRXSLIP
112 212 312 412 RwW PLOS PAIS POOF PRAI PCFA POOFM | PTXSLIP | PRXSLIP
113 213 313 413 RwW FLOS FAIS FOOF FRAI FCFA FOOFM | FTXSLIP | FRXSLIP
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Counters and Counter Shadow Registers

cmdrzezs 4 |Status| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
1EC 2EC 3EC 4EC| RW LEBE7 - LEBEO (Latched E-bit Error Counter Shadow Register, 10 bits)
1ED 2ED 3ED 4ED| RW LEBEO | Reserved (Set to 0) | LEBE9 - LEBES8
1EE 2EE 3EE 4EE Rw EBE7 - EBEO (E-Bit Error Counter, 10 bits)
1EF 2EF 3EF 4EF RW EBEO | Reserved (Set to 0) | EBE9 - EBE8
1FO 2F0 3FO0 4FO0 RwW LCRC7 - LCRCO (Latched CRC-4 Error Counter Shadow Register, 10 bits)
1F1 2F1 3F1 4F1 RW LCRCO | Reserved (Set to 0) | LCRC9 - LCRC8
1F2 2F2 3F2 4F2 RwW CRC7 - CRCO (CRC-4 Error Counter, 10 bits)
1F3 2F3 3F3 4F3 | RW | CRCO | Reserved (Set to 0) | cRco-cRee
1F4 2F4 3F4 4F4 RW LCV7 - LCVO (Latched Coding Violation Counter Shadow Register, 16 bits)
1F5 2F5 3F5 4F5 RwW LCV15 - LCV8 (Latched Coding Violation Counter Shadow Register, 16 bits)
1F6 2F6 3F6 4F6 RW LCVO | Reserved (Set to 0)
1F7 2F7 3F7 4F7 RwW CV7 - CVO0 (Coding Violation Counter, 16 bits)
1F8 2F8 3F8 4F8 RwW CV15 - CV8 (Coding Violation Counter, 16 bits)
1F9 2F9 3F9 4F9 RW CVvO | Reserved (Set to 0)
1FA 2FA 3FA 4FA RwW LFBE7 - LFBEO (Latched Framing Bit Error Counter Shadow Register, 13 bits)
1FB 2FB 3FB 4FB RW LFBEO | Reserved (Set to 0) | LFBE12-LFBES
1FC 2FC 3FC 4FC RwW FBE7 - FBEO (Framing Bit Error Counter, 13 bits)
1FD 2FD 3FD 4FD RwW FBEO | Reserved (Set to 0) | FBE12-FBES8
1FE 2FE 3FE 4FE RW Reserved (Set to 0)
1FF 2FF 3FF 4FF RwW Reserved (Set to 0)

Operational Status Registers

cmdrzezs 4 |Status| Bit7 | Bit6é | Bit5 | Bit4 | Bit3 Bit2 | Bit1 | Bito
114 214 314 414 R TXSH TXS0 RXS1 RXS0 TUAIS TURAI Reserved
115 215 315 415 R RXSF TXSF Reserved LINT
11B 21B 31B 41B R NCRC4 | ECRCE RAIA | TS16ME | OOCRCM |OOTS16M| TS16AIS | LINEAIS
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Slip Buffer Pointer Status Registers

cmdrzezs 4 |Status| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

120 220 320 420 R TWP7 - TWPO (Transmit Slip Buffer Write Pointer)

121 221 321 421 R TRP7 - TRPO (Transmit Slip Buffer Read Pointer)

122 222 322 422 R TWSBS Reserved TWPF3 - TWPFO (Tx Write Pointer Frame)
123 223 323 423 R TRSBS Reserved TRPF3 - TRPFO (Tx Read Pointer Frame)
124 224 324 424 R RWP7 - RWPO (Receive Slip Buffer Write Pointer)

125 225 325 425 R RRP7 - RRPO (Receive Slip Buffer Read Pointer)

126 226 326 426 R RWSBS Reserved RWPF3 - RWPFO (Rx Write Pointer Frame)
127 227 327 427 R RRSBS Reserved RRPF3 - RRPFO (Rx Read Pointer Frame)
128 228 328 428 R Reserved

129 229 329 429 R Reserved

Receive Time Slot Control Registers

C:‘id’;‘? 4 |Status| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
12A 22A 32A 42A RwW RSIS Reserved (Set to 0) RSA4S - RSA8S (Rx National Bit Selection)
12B 22B 32B 42B RwW Reserved (Set to 0) RX2S - RX0S
1E0 2EO0 3EO0 4EO RwW RDE?7 - RDE1 (Rx Time Slots 7-1 Selection) R (0)
1E1 2E1 3E1 4EA1 RwW RDE15 - RDES8 (Rx Time Slots 15-8 Selection)
1E2 2E2 3E2 4E2 RwW RDE23 - RDE16 (Rx Time Slots 23-16 Selection)
1E3 2E3 3E3 4E3 RwW RDE31 - RDE17 (Rx Time Slots 31-17 Selection)

Receive Time Slot Registers

Address . . . - . . . -
CH1,2, 3,4 Status | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
140 240 340 440 RW RFAS - Receive Frame Alignment Pattern FAS (Time Slot 0 - Frame 1)
141 -15F Ch 1 RW Frame 1
241 -25F Ch 2 RTS1-RTS31 (Receive Time Slots TS1 - TS31)
341 -35F Ch 3 X41 - Time Slot 1
441 -45F Ch 4 X5F - Time Slot 31
160 260 360 460 RwW RNFAS - Receive No Frame Alignment Pattern NFAS (Time Slot O - Frame 2)
161 -17F Ch 1 RW Frame 2
261 -27F Ch 2 RTS1-RTS31 (Receive Time Slots TS1 - TS31)
361-37FCh 3 X61 - Time Slot 1
461 -47F Ch 4 X7F - Time Slot 31

This Materi al
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Transmit Time Slot Control Registers

cmdrzezs 4 |Status| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
12C 22C 32C 42C RwW TSIS Reserved TSA4S - TSAS8S (Tx National Bit Selection)
12D 22D 32D 42D RW Reserved (Set to 0) TX2S - TX0S
12E 22E 32E 42E RwW Reserved (Set to 0)
12F 22F 32F 42F RW Reserved (Set to 0)
1E4 2E4 3E4 4E4 RW TDE7 - TDE1 (Tx Time Slots 7-1 Selection) R (0)
1E5 2E5 3E5 4E5 RW TDE15 - TDE8 (Tx Time Slots 15-8 Selection)
1E6 2E6 3E6 4E6 RW TDE23 - TDE16 (Tx Time Slots 23-16 Selection)
1E7 2E7 3E7 4E7 RwW TDE31 - TDE24 (Tx Time Slots 31-24 Selection)

Transmit Time Slot Registers

Address . . . . . . . .
CH1,2, 3,4 Status | Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
190 290 390 490 RW TFAS - Transmit Frame Alignment Pattern FAS (Time Slot O - Frame 1)
191 - 1AF Ch 1 RwW Frame 1
291 -2AF Ch 2 TTS1-TTS31 (Transmit Time Slots TS1 - TS31)
391 -3AFCh 3 X91 - Time Slot 1
491 - 4AF Ch 4 XAF - Time Slot 31
1B0 2B0 3B0 4B0 RW TNFAS - Transmit No Frame Alignment Pattern NFAS (Time Slot 0 - Frame 2)
1B1-1CF Ch 1 RW Frame 2
2B1-2CF Ch 2 TTS1-TTS31 (Transmit Time Slots TS1 - TS31)
3B1-3CFCh3 XB1 - Time Slot 1
4B1-4CF Ch 4 XCF - Time Slot 31

Signaling Control Registers

chisaa |Status| Bt7 | Bite | Bits | Bit4 | Bit3 | B2 | Bit1 | Bito
1E8 2E8 3E8 4ES8 RwW SES8 - SE1 (Signaling Enable for Channels 8-1 Selection)
1E9 2E9 3E9 4E9 RwW SE16 - SE9 (Signaling Enable for Channels 16-9 Selection)
1EA 2EA 3EA 4EA RwW SE24 - SE17 (Signaling Enable for Channels 24-17 Selection)
1EB 2EB 3EB 4EB Rw Reserved SE30 - SE25 (Signaling Enable for Channels 30-25 Selection)
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Receive and Transmit Signaling Registers
Address . . . . . . . .

CH1,2, 3,4 Status Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
180 280 380 480 RW |Receive Multiframe Pattern RSIGMAS (0000)| RXO0 RY RX1 RX2

181 - 18F Ch 1 RW Receive Signaling Bits Receive Signaling Bits

281 -28F Ch 2 RA1-RD1 (A1 B1 C1 D1) RA16-RD16 (A16 B16 C16 D16)

381 -38FCh 3 to to

481 - 48F Ch 4 RA15-RD15 (A15 B15 C15 D15) RA30-RD30 (A30 B30 C30 D30)
1D0 2D0 3D0 4DO RW Transmit Multiframe Pattern TSIGMAS TX0 TY ™>1 TX2

(0000)

1D1 - 1DF Ch 1 RW Transmit Signaling Bits Transmit Sighaling Bits

2D1 -2DF Ch 2 TA1-TD1 (A1 B1 C1 D1) TA16-TD16 (A16 B16 C16 D16)

3D1-3DFCh3 to to

4D1 - 4DF Ch 4 TA15-TD15 (A15 B15 C15 D15) TA30-TD30 (A30 B30 C30 D30)

HDLC Link Control Registers

Address . . . . . . . .
CH1,2 3,4 Status | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
108 208 308 408 RwW EHR EHT TAB EOM RHIE THIE Reserved
10B 20B 30B 40B RW Reserved (Set to 0)
10C 20C 30C 40C RwW Reserved (Set to 0) | SA4 | SA5 | SA6 | SA7 | SA8
HDLC Link Transmit and Receive Data Registers
Address . . . . . . . .
CH1,2 3,4 Status | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
10A 20A 30A 40A RwW THD7-THDO (HDLC Transmit Data)
117 217 317 417 RwW RHD7-RHDO (HDLC Receive Data)
118 218 318 418 RwW Reserved (Set to 0) C4 - CO (HDLC Receive FIFO Depth)
HDLC Link Status Registers
Address . . . . . . . .
CH1,2 3,4 Status | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
10E 20E 30E 40E RwW ERHIS2 - ERHISO ETHIS ERXFS1 - ERXFS0O | ETXFS1 - ETXFSO0
10F 20F 30F 40F RwW MRHIS2 - MRHISO MTHIS | MRXFS1 - MRXFSO | MTXFS1 - MTXFSO
116 216 316 416 RwW RHIS2 - RHISO THIS RXFS1 - RXFS0 TXFS1 - TXFSO
119 219 319 419 RW Reserved (Set to 0)
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Spare Registers

The following registers are designated as spare. They must not be accessed for read or write operations by the
Microprocessor.

007H, 008H, 009H, 00ODH, 00FH, 01CH to OFEH, X0DH.
Reserved Registers

The following read/write registers and bit locations in read/write registers are desighated as reserved and
require zeros to be written into them. Some of these bits are designated as internal test bits, etc.

Global Registers

Register Bits Comments
013 2 Write a 0 to this bit location
014 7-0 Write a 0 to these bit locations
015 7-0 Write a 0 to these bit locations
016 7-0 Write a 0 to these bit locations
019 2 Write a 0 to this bit location
01B 7,6 Write a 0 to these bit locations
OFF 6-0 Write a 0 to these bit locations

Per Framer Registers (X =1, 2, 3, 4)

Register Bits Comments
X00 53 Write a 0 to these bit locations
X02 0 Write a 0 to this bit location
X05 6-3 Write a 0 to these bit locations
X06 7,6 Write a 0 to these bit locations
X08 1,0 Write a 0 to these bit locations
X0B 7-0 Write a 0 to these bit locations
X0C 7-5 Write a 0 to these bit locations
X15 5-1 Write a 0 to these bit locations
X18 7-5 Write a 0 to these bit locations
X19 7-0 Write a 0 to these bit locations
X2A 6,5 Write a 0 to these bit locations
X2B 7-3 Write a 0 to these bit locations
X2C 6,5 Write a 0 to these bit locations
xX2D 7-3 Write a 0 to these bit locations
X2E 7-0 Write a 0 to these bit locations
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WL/

Register Bits Comments
X2F 7-0 Write a 0 to these bit locations
XEO 0 Write a 0 to this bit location
XE4 0 Write a 0 to this bit location
XEB 7,6 Write a 0 to these bit locations
XED 6-2 Write a 0 to these bit locations
XEF 6-2 Write a 0 to these bit locations
XF1 6-2 Write a 0 to these bit locations
XF3 6-2 Write a 0 to these bit locations
XF6 6-0 Write a 0 to these bit locations
XF9 6-0 Write a 0 to these bit locations
XFB 6-5 Write a 0 to these bit locations
XFD 6-5 Write a 0 to these bit locations
XFE 7-0 Write a 0 to these bit locations
XFF 7-0 Write a 0 to these bit locations

This Materi al
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MEMORY MAP DESCRIPTIONS

GLOBAL REGISTERS
Device ID Registers

The manufacturer ID, part number and version of the QE1F are implemented in registers 000H - 003H with
read-only capability. The manufacturer ID is 107 (decimal), and has been assigned for TranSwitch by the Joint
Electron Device Engineering Council (JEDEC) of the Solid State Products Engineering Council. This field is 12
bits in length (06BH), and is assigned to bits 3 through 0 in register 001H, and bits 7 through 0 (LSB) in register
000H, as shown above in the Memory Map section. (Note: The IEEE 1149.1 standard specifies a slightly differ-
ent utilization of these 12 bits, with the 107 shifted one bit to the left and a fixed 1 bit in bit 0 of register 000H,
i.e., 0000 11010111 or OD7H.) The part humber is 16 bits long. The part humber for the QE1F is 03104 (deci-
mal). The binary value (0C20H) is assigned to bits 3-0 in register 003H, bits 7-0 in register 002H, and bits 7-4
(LSB) in register 001H. The Revision Level in bits 7-4 of register 003H represents the version number of the
device and will vary as the device evolves. The current value is OH.

Customer Notebook Register

The read/write bits in this register location are provided for use by the customer’s application software.

Address Bit Symbol Description

004 7-0 Notebook User Defined Register: The bits in this read/write register are provided
for use by the application software. The contents of this register will
have ho direct effect on the operation of the QE1F.

Global Software Register

The control bits in this read/write register location are used for resetting the QE1F.

Address Bit Symbol Description

005 7-0 RESET Software Reset: Writing a 91H into this location will reset the QE1F.
Writing a value other than 91H will remove the QE1F from the reset
state. Reading this location provides a value of 00H if the QE1F is not in
reset, and 01H if the QE1F is reset. The QE1F defaults to reset deacti-
vation on an external hardware reset (e.g., power-up). At least 40 ms
after power-up, a software reset should be applied to this register loca-
tion in order to clear the QE1F prior to programming the register posi-
tions. The software reset resets the performance counters, internal
state machines, and the latched/shadow registers. The control registers
are not affected by this reset. In addition to this global reset byte, each
of the four framers has an individual software reset bit, which is
assigned to bit 7 (SRST) in register location X05H (where X corre-
sponds to the framer’s number, n).
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Global Configuration Registers

The bits in these read/write registers control QE1F operations on a global basis for all four framers.

Address

Bit

Symbol

Description

006

7

GIM

Global Interrupt Mask Bit: A 1 disables (masks) the hardware interrupt
pin (pin 125). When not masked (0), any latched status event (if not
masked by the corresponding event mask bit) causes a hardware inter-
rupt to occur.

RISE

Rising Edge Latched Status Event Bits Enable: This bit works in
conjunction with the FALL control bit (bit 5) to provide the following
states for controlling the setting of the latched status event indication
bits for the four framers.

RISE FALL Action

0 0 Latched status bit indications for all framers dis-
abled. Hardware interrupt indication disabled.

0 1 Latched status indication bits for all framers set
on a hegative status event bit indication transi-
tion.

1 0 Latched status indication bits for all framers set
on a positive status event bit indication transition.

1 1 Latched status indication bits for all framers set
on both a positive and a negative status event bit
indication transition.

FALL

Falling Edge Latched Status Event Bits Enable: Works in conjunc-
tion with the RISE control bit according to the table given above.

IPOL

Hardware Interrupt Polarity Sense: When set to 1, the polarity of the
hardware interrupt pin (pin 125) is inverted from active high to active low
for the Intel microprocessor bus. When the Motorola microprocessor
bus is selected, the polarity of the hardware interrupt pin (pin 125) is
inverted from active low to active high.

ENPMFM

Enable Performance Monitoring and Fault Monitoring Feature:
When set to 1, the monitoring feature for the shadow registers (X12H
and X13H) is enabled. The register bits set on the rising edges of the
ohe second pulse, which must be present on the T1SI pin (pin 40).
When set to 0, the monitoring feature is disabled.

HMVIP

Multi-Vendor Integration Protocol: This control bit works in conjunc-
tion with the MTP16M control bit (bit 1) and the CONFIG1 lead (pin 43)
to provide the following system highway modes of operation.

CONFIGH HMVIP MTP16M  System Interface

Low 0 0 2 Mbit/s Transmission Mode
Low 1 0 8 Mbit/s Transmission Mode
Low 0 1 16 Mbit/s Transmission Mode
High 0 0 2 Mbit/s MVIP Mode
High 1 0 8 Mbit/s H-MVIP Mode
High 0 1 16 Mbit/s PCM Highway Mode
X 1 1 Not valid, do not use

112 - PRELIMINARY TXC-03104-MB

Ed. 2, June 1997

This Material Copyrighted By Its Respective Manufacturer



AT X . QE1F

Smf@ TXC-03104
Address Bit Symbol Description
006 1 MTP16M Multiplexed 16 Mbit/s Format: This control bit works in conjunction
(cont.) with the HMVIP control bit (bit 2) and the CONFIG1 lead (pin 43) to pro-
vide the system highway modes of operation, as listed in the table
above.

o

ENHWM Enable Hardware Mask Hierarchy: When this bit is set to 1, the mask-
ing hierarchy for the alarms is enabled according to the table below:

Alarm Suppression Table (Shaded Columns indicate suppressed alarms)

N Line CRC | TS16 | TS16
Direction | LOS AlS OOF | RAI oorMmloorm!| als SLIPS
Line Port X

to X

System X

When this bit is set to 1, all four channel status registers LINEAIS are
inhibited from being set to 1 to indicate Line AlS (see register X1BH, bit
0 for work around).

01A 7-0 LOSI7-LOSIO |Loss Of Signal Detection and Recovery Interval Select: The binary
value written to this register selects the number of consecutive missing
pulses used to declare loss of sighal. The normal range is between 10
and 255. Bit 0 is the LSB. This value is also used to set the duration of
the recovery interval (see register 01BH).

01B 7-6 Reserved Reserved: Set to 0.

5-0 OND5-ONDO (Ones Density Loss Of Signal Recovery Threshold Select: The
binary value written to this register selects the minimum number of ones
that must occur in the recovery interval set up by register 01AH to
recover loss of signal. For a loss of sighal recovery interval value of 255,
the recovery threshold value is normally set to 32. Bit O is the LSB.

OFF 7 WGDEC Test Equipment BPV Selection: A 1 enables the decoder to detect
coding violations as found in certain test equipment (e.g., Wandel &
Golterman™)_A 0 enables the decoder to detect coding violations as
found in other types of test equipment (e.g., Tberd™). The following
table summarizes the two decoding procedures of coding violations:

BPV HDB3 1 (W&G) 0 (Tberd)
++ Or -- 000 (preceding bit changed) 11
OBV or 000V 0000 1010 or 0001
BBOOV after odd 1000 1101
BBOOQV after even 1000 1001
6-0 Reserved Reserved: Set to 0.
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Global Status Indication, Mask and Pointer Registers

These registers are read-only, except for the mask register 00BH, which is read/write. The bits in the Global
Status Indication Register 00AH indicate an alarm caused by a line event on a global basis (i.e., in any framer),
provided the corresponding mask bit is written with a 0 in the E1 Mask Register (X09H). Each event bit is
formed by or-gating the corresponding event bits in each of the four framer channels (registers X10H) to pro-
vide the individual status indication in register 00AH. A 1 written into a bit position in the Global Mask Register
00BH will mask the interrupt indication for the corresponding bit position in register 00AH. The bits in register
locations 00CH and 00EH provide a pointer to the framer which caused the line or HDLC link latched event.

Global Status Indication Register

Address Bit Symbol Description
00A 7 GLOS Global Loss Of Signal (LOS) Indication: This bit is a 1 when any of
the four framer channels has detected a loss of signal alarm.

6 GAIS Global AIS Indication: This bit is a 1 when any of the four framer chan-
nels has detected an AIS alarm.

5 GOOF Global Out Of Frame (OOF) Indication: This bit is a 1 when any of the
four framer channels has detected an Out Of Frame alarm.

4 GRAI Global Remote Alarm Indication (RAI): This bit is a 1 when any of the
four framers has detected an RAI alarm.

3 GCFA Global Change In Frame Alignment (CFA) Indication: This bit is a 1
when any of the four framer channels has detected a change in frame
alignment.

2 GOOFM Global Out Of Multiframe Alignment (OOFM) Indication: This bit is a
1 when any of the framer channels has detected an out of multiframe
alignment alarm.

1 GTXSLIP Global Transmit Slip Indication: This bit is a 1 when any of the four
framer channels has detected a transmit slip.

0 GRXSLIP Global Receive Slip Indication: This bit is a 1 when any of the four
framer channels has detected a receive slip.
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Global Interrupt Mask Register

Address

Bit

Symbol

Description

00B

7

GMLOS

Global Loss Of Signal (LOS) Mask Bit: When set to 1, a loss of sighal
alarm detected in any framer channel (LLOS, registers X11H) is masked
from providing an interrupt indication.

GMAIS

Global AIS Mask Bit: When set to 1, an AlS condition detected in any
framer channel (LAIS, registers X11H) is masked from providing an
interrupt indication.

GMOOF

Global Out Of Frame (OOF) Mask Bit: When set to 1, an Out Of
Frame alarm detected in any framer channel (LOOF, registers X11H) is
masked from providing an interrupt indication.

GMRAI

Global Remote Alarm Indication (RAIl) Mask Bit: When set to 1, an
RAI in any framer channel (LRAI, registers X11H) is masked from pro-
viding an interrupt indication.

GMCFA

Global Change In Frame Alignment (CFA) Mask Bit: Whensetto 1, a
change in frame alignment indication in any framer channel (LCFA, reg-
isters X11H) is masked from providing an interrupt indication.

GMOOFM

Global Out Of Multiframe Alignment (OOFM) Mask Bit: When set to
1, an out of multiframe alarm detected in any framer channel (LOOFM,
registers X11H) is masked from providing an interrupt indication.

GMTXSLIP

Global Transmit Slip Indication Mask Bit: When set to 1, a transmit
slip detected in any framer channel (LTXSLIP, registers X11H) is
masked from providing an interrupt indication.

GMRXSLIP

Global Receive Slip Indication Mask Bit: When set to 1, a receive slip
detected in any framer channel (LRXSLIP, registers X11H) is masked
from providing an interrupt indication.

Global Pointer Registers

Address Bit Symbol Description
00C 7-4 R Reserved: Disregard these bits.

3-0 CHA4-CHA1 |Channel Activity Line Events for Channels 4-1: A 1 in a bit position
points to (indicates) the framer channel that caused the global status
indication because of a line event (e.g., loss of signal). For example,
0011 indicates that channels 2 and 1 have a latched line event.

00E 7-4 R Reserved: Disregard these bits.
3-0 [CHDL4-CHDL1 [Channel Activity HDLC Link Event for Channels 4-1: A 1 in a bit

position points to (indicates) the framer channel that caused the global
status indication because of a HDLC link event (e.g., receive FIFO
event). For example, 1000 indicates that channel 4 has a latched data
link event.
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Line Interface Control and Monitoring Registers

These registers are read/write, except for register 012H, which is read-only unlatched. The control bits in these
registers determine the Line Interface Control information flow between the QE1F and the external line inter-
face transceivers, enable the pseudo-random generator and analyzer, and enable the monitor mode for the
QE1F. The Line Interface Control feature is enabled by placing a low on the CONFIG1 pin (pin 43).

Address Bit Symbol Description

010 7-0 LCB7-LCBO |Line Interface Control Command Byte: The bits in this register con-
tain the command byte for the external line interface transceiver. The
contents of the command byte written into this location depend on the
transceiver selected. Please consult the transceiver data sheet for the
appropriate codes. The command byte is transmitted via the Line Inter-
face Control serial port output (LSDO). This byte is shifted out of this
register starting with bit LCBO first, and represents the first byte trans-
mitted on the LSDO pin (pin 60).

011 7-0 LDO7-LDO0 |[Line Interface Control Serial Data Output Byte: The bits in this regis-
ter contain the data byte which is written to the selected external line
interface transceiver. The data byte is transmitted via the Line Interface
Control serial port output (LSDO). This byte is shifted out of this register
starting with bit LDOO first, and represents the second byte transmitted
on the LSDO pin.

012 7-0 LDI7-LDIO Line Interface Control Serial Data Input Byte: The bits in this register
contain the data byte which is read from the selected external line inter-
face transceiver. The data byte is received via the Line Interface Control
serial port input (LSDI). This byte is shifted into this register starting with
bit LDIO first.

013 7 BDCST Broadcast Command: When this bit is set to 1, the two bytes in the
Line Interface Control Command and Serial Data Output Byte registers
are broadcasted to all external line interface transceivers. This is
accomplished by forcing all line interface chip select signals (LCSn)
active low. This feature is disabled in the Internal E1 Monitor Mode
(CONFIG2 pin is low).

6 PRBSFR PRBS Framed Mode: When this bit is set to 1, the internal 2'5-1 PRBS
generator and analyzer are configured to operate in the framed mode,
which means that the channel’s Transmit Framer block generates fram-
ing. When set to 0 for unframed mode, the internal 2'5-1 PRBS genera-
tor and analyzer are configured to operate on all of the bits in the
transmit and receive data highways.

5 PRBSEN PRBS Enable: This bit is enabled in the Transmission Mode only. When
this bit is set to 1, the internal 2'3-1 PRBS analyzer is enabled. The E1
Channel Selection bits (bits 1 and 0) in this register select which chan-
nel's receive data highway is connected to the analyzer. The state of the
analyzer is provided on pin PRBSOOL. A low on this pin indicates that
the analyzer is locked, while a high indicates the unlocked state. The
recovered line clock is the clock source for the analyzer. If the receive
slip buffer is enabled, its read clock source is the LRCLKn input pin. The
LO input pin is the clock source for the generator. If the transmit slip
buffer is enabled, then the input LO must be synchronous and in phase
with TCLKn.
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Address

Bit

Symbol

Description

013
(cont.)

4

ESP/EMON

Enable Serial Port: This feature is enabled when a low is placed on the
CONFIG2 pin. When set to 1, a single transfer takes place between the
external line interface transceiver and its associated QE1F framer via
the Line Interface Control serial port. The external transceiver is
accessed by an active low chip select signhal (LCSn) for the transceiver
selected by the E1 selection bits, bits 1 and 0 in this register. This bit
must be first set to 0 and then to 1 before another transfer is enabled.

Enable Monitor Port: When the Internal E1 Monitor mode is selected
by placing a high on the CONFIG2 pin, a 1 enables the NRZ data
stream via the MONCLK and MONDTO pins. A 0 causes the MONCLK
and MONDTO pins to be tri-stated.

RXTX

RX or TX Monitor Selection: When the internal E1 Monitor Mode is
selected (a high is placed on the CONFIG2 pin), a 0 enables the trans-
mit side to be monitored. A 1 enables the receive side to be monitored.

R

Reserved: Set to 0.

E1CHCS1-
E1CHCSO0

E1 Channel Selection: Selects the external line interface transceiver,
the internal E1 channel (framer) for monitoring and the receive data
highway channel for the internal 2'5-1 PRBS analyzer, according to the
table given below:

0

Channel 1
Channel 2
Channel 3

it 1 Bit 0 Transceiver/E1 Monitored/Analyzer
0
1
0
1 Channel 4

_L_Loo|

Transmit and Receive Sync Delay Registers

The values written in these two read/write registers control the number of clock cycles the transmit sync pulse
(TSYNCnh) and receive system sync pulse (RSYNCn) may be delayed relative to the transmit system clock
(TCLKn), and receive system clock (RCLKn).

Address

Bit

Symbol

Description

017

7-0

TSD7-TSDO

Transmit Sync Delay: The value written into this register location spec-
ifies the number of transmit clock cycles (TCLKn) that the transmit Sync
sighal (TSYNCNn) is delayed internal to the QE1F. The default value is
00 hex.

018

7-0

RSD7-RSDO

Receive Sync Delay: The value written into this register location speci-
fies the number of receive clock cycles (RCLKn) that the transmit Sync
sighal (RSYNCNn) is delayed internal to the QE1F. The default value is
00 hex.
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Clock Reference Selection Register

The control bits in this read/write register are used to control the clock references for the QE1F.

Address

Bit

Symbol

Description

019

7-6

CR2S1-
CR2S0

Reference Channel Clock 2 Selection: Selects the channel from
which the reference clock CLKREF2 (pin 2) is derived, according to the
table given below:

Bit 7 Bit 6 Reference clock derived from
0 Channel 1
1 Channel 2
0 Channel 3
1 Channel 4

_L_Loo|

ENREF2

Enable Reference Clock 2: When set to 1, the reference clock on
CLKREF2 (pin 2) is enabled. The reference clock is selected by the Ref
erence Channel Clock 2 Selection control bits (bits 7 and 6), and is
derived from receive clock (LRCLKn) for the selected channel. When
set to 0, CLKREF2 (pin 2) is tri-stated. Please note that when set to 1,
CLKREF2 will be forced low when a loss of signal is detected either
locally (LOS), or from the external line interface transceiver when con-
trol bit LIE in Framer Configuration register XO0H is a 1.

2048KHZ

2048 kHz Reference Clock Enable: When set to one, the 2048 kHz
reference clock selected by the Reference Channel Clock 2 Selection
control bits is provided on the pins CLKREF2 and/or CLKREF1, when
enabled. When set to zero, a divide by 256 circuit is placed between the
receive line clock (LRCLKn) and pins CLKREF2 and/or CLKREF1,
when enabled. The output will be 8 kHz reference signals.

ENREF1

Enable Reference Clock 1: When set to 1, the reference clock on
CLKREF1 (pin 46) is enabled. The reference clock is selected by the
Reference Channel Clock 1 Selection control bits (bits 1 and 0), and is
derived from receive clock (LRCLKn) for the selected channel. When
set to 0, CLKREF1 (pin 46) is tri-stated. Please note that when set to 1,
CLKREF1 will be forced low when a loss of signal is detected either
locally (LOS), or from the external line intetface transceiver when con-
trol bit LIE in bit 1 of Framer Configuration register X00H is a 1.

Reserved: Set to 0.

1-0

CR181-
CR1S0

Reference Channel Clock 1 Selection: Selects the channel from
which the reference clock CLKREF1 (pin 46) is derived, according to
the table given below:

Bit 1 Bit0 Reference clock derived from
0 0 Channel 1
0 1 Channel 2
1 0 Channel 3
1 1 Channel 4
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PER CHANNEL REGISTERS

Framer Configuration and Control Registers

The control bits in the following read/write registers are used to configure the QE1F for the various modes of
operation on a per channel basis. In the following table, n indicates the channel (framer) number 1-4.

Address Bit Symbol Description
100-Ch 1 7 RAIL Dual Unipolar/NRZ Mode Selection: When set to 1, the line interface
200-Ch2 for channel n is configured to operate in the dual unipolar mode (rall
300-Ch3 interface). When set to 0, the line interface for channel n is configured to
400-Ch4 operate in the NRZ mode.

6 BE HDB3 Enable: When set to 1 in the dual unipolar mode, the HDB3

CODEC is enabled. When set to 0, the interface CODEC is configured
for AMI. In the NRZ mode, the state of this bit sets the TMODERN output
bit value (e.g., to enable an external HDB3 CODEC) when the Fast
Sync feature is not selected.

R Reserved: Set to 0.

ENSRAI Enable Signaling Highway Remote Alarm: Enabled in the Transmis-
sion Mode. When set to 1, a remote alarm indication (bit 3 in Time Slot 0
of alternating frames) in the transmit signaling highway (TSIGLn)
causes the Remote Alarm Indication to be propagated to the line for
channel n.

R Reserved: Set to 0.

ENSAIS Enable Signaling Highway AIS: Enabled in the Transmission Mode.
When set to 1, an AIS alarm detected in the transmit signaling highway
(TSIGLnN) causes the AIS condition to be propagated to the line for
channel n.

1 LIE General Purpose Interrupt Input Port (LINT) Enable: When setto 1,
the active true state present on the General Purpose Interrupt Input Port
(LINTn pin) is logically or-gated with the internal LOS signal to form the
LOS event and interrupt for channel n. Control bit LPOL (bit 0 in this
register) determines the active true sense. An active true signal also
causes the clock reference pins CLKREF1 (pin 46) and/or CLKREF2
(pin 2), when enabled, to be tri-stated.

0 LPOL General Purpose Interrupt Input Port (LINT) Polarity Selection:
When set to 1, a low present on the General Purpose Interrupt Input
Port for channel n (LINTn pin) is the active true state. When setto 0, a
high present on the General Purpose Interrupt Input Port is the active
true state.
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Address Bit Symbol Description
101 -Ch1 7 TXCP Transmit Clock Polarity Selection: When set to 1, data for channel n
201 -Ch2 is clocked out to the line on the rising edges of the transmit clock
301-Ch3 (LTCLKnN). When set to 0, data is clocked out on the falling edges of the
401 -Ch4 transmit clock (LTCLKn).
6 RXCP Receive Clock Polarity Selection: When set to 1, data for channel n is

clocked in from the line on the rising edges of the receive clock
(LRCLKn). When set to 0, data is clocked in on the falling edges of the
receive clock (LRCLKn).

5 TXNRZP Transmit NRZ Data Polarity Selection: When set to 1, the polarity of
the transmit NRZ data for channel n (TLDATN) is inverted.

4 PWRD Power-Down Selection: When set to 0, the channel enters the inacti-
vated low power state in both the transmit and receive directions. The
transmit data value is determined by control bit FPOL when forcing is
enabled by control bit FDAT. Please note that control bit FDAT must be
set to 1 in the power-down mode, otherwise the transmit data output
state will be indeterminate.

3 FDAT Force Transmit Data Power-Down Mode: When set to 1 in power-
down mode, the transmit data state is forced to the state specified by
control bit FPOL.

2 FPOL Force Transmit Data Polarity Power-Down Mode: This control bit is
enabled when the FDAT control bit is set to 1. When set to 1, transmit
data output for channel n is set to 1 (AIS) in the power-down mode.
When set to 0, transmit data is set to 0 in the power-down mode. Please
note that the forcing function occurs prior to the selected line encoding
function. The following table is a summary of the actions taken by con-
trol bits PWRD, FDAT and FPOL.

PWRD EDAT FPOL Action
1 X X Normal Operation.
0 0 X Power down with indeterminate
transmit data (do not use).

0 1 0 Power down, with transmit data set to 0.
0 1 1 Power down, with transmit data set to 1.
1 BNAL Bypass National Bits: Enabled in the Transmission Mode. When set to

1, the national bits from the signhaling highway (TSIGLn) or microproces-
sor-written bits are used in place of the HDLC data link in the transmit
direction.

0 RXNRZP Receive NRZ Data Polarity Selection: When set to 1, the polarity of
the received NRZ data for channel n (RLDATN) is inverted.
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102-Ch1| 7-6 TXC1-TXCO |Transmit Clock Selection: These two bits select the clock source for
202-Ch2 clocking out data from the transmit slip buffer to the line interface
302-Ch3 according to the following table:
402 - Ch 4
TXCH IXC0 Transmit clock source

0 0 Local Oscillator (LO).

0 1 System Transmit Clock (TCLKn).

1 0 Recovered Receive Clock (LRCLKn).

1 1 Invalid combination (do not use).

5 RXC Receive Clock Select: This bit works in conjunction with control bit

RSE for selecting the clock (and sync) source for shifting data out of the
receive slip buffer to the system. See bit 3 below.

4 TSE Transmit Slip Buffer Enable: When set to 1, the transmit slip buffer is
enabled. When set to 0, the transmit slip buffer is disabled, and data
bypasses the slip buffer. This bit position must be written with a 1 in all
operating modes, except the 2 Mbit/s Transmission Mode.

3 RSE Receive Slip Buffer Enable: This bit works in conjunction with the RXC
bit for enabling and disabling the receive slip buffer according to the fol-
lowing table. This bit position must be written with a 1 in all operating
modes, except the 2 Mbit/s Transmission Mode.

RXC RSE Receive clock source/slip buffer

0 0 System Receive Clock (RCLKn) and Sync Pulse
(RSYNCNn); Slip buffer disabled.

0 1 System Receive Clock (RCLKn) and Sync Pulse
(RSYNCNn); Slip buffer enabled.

1 0 Recovered Receive Clock (LRCLKn) and internal
sync pulse; Slip buffer disabled.

1 1 Recovered Receive Clock (LRCLKnN) and internal

sync pulse; Slip buffer enabled.

2 TSR Transmit Slip Buffer Recenter: When set to 1, this bit forces the trans-
mit slip buffer to recenter. Afterwards this bit should be written with a 0.

While set to 0, the transmit slip buffer will recenter automatically to avoid
the loss of data (programmed slip).

1 RSR Receive Slip Buffer Recenter: When set to 1, this bit forces the
receive slip buffer to recenter. Afterwards this bit should be written with
a 0. While set to 0, the receive slip buffer will recenter automatically to
avoid the loss of data (programmed slip).

0 R Reserved: Set to 0.
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103-Ch1| 7-6 TYP1-TYPO |[Signaling Type Selection: The following table lists the signaling selec-
203-Ch2 tion formats in the transmit and receive directions that are controlled by
303-Ch3 bits TYP1 and TYPO.
403-Ch4

TYP1 TYPO Signaling type

0 0 Time Slot 16 assigned as a clear channel.

0 1 Invalid combination. Do not use.

1 0 Time Slot 16 assigned for CAS. ABCD bits
carried.

1 1 Time Slot 16 CAS invert mode. The ABCD bits will
be inverted from their present values. This option
is effective only for the transmit direction.

5 RXF Receive Signaling Freeze: When set to 1, the received line signaling

bits are disabled from being written into the receive signaling buffer. The
contents present in the receive signaling buffer before this bit was set
will be used for the receive sighaling highway until this bit is written with
a 0 by the microprocessor.

4 TXF Transmit Signaling Freeze: When set to 1, the transmit signaling high-
way bits are disabled from being written into the transmit signaling
buffer. The contents present in the transmit signaling buffer before this
bit was set will be used for the transmit line until this bit is written with a
0 by the microprocessor.

3 RX_SIG_INV |Time Slot 16 CAS Receive Signaling Invert: When set to 1, same as
for TYP1, TYPO = 11 above, except that it is effective for the receive
direction only.

2 ENAIS Enable AIS: When set to 1, detection of a line AlS causes the A-bits in
the receive sighaling highway RSIGLn to be set to 1 in the Transmission
Modes. The A-bits are present in Time Slots 2 through 31 in the signal-
ing highway format. When ENAIS=1, AIS will also be inserted on the
receive data highway when control bit STUAIS (bit 6) in register X07H is
a 1 in any of the Transmission, MVIP, H-MVIP or 16 Mbit/s PCM High-
way Modes.

1 ENOOF Enable OOF: When set to 1, detection of an Out Of Frame Alarm will
cause the A-bits in the receive signal highway bit RSIGLn to be setto 1.
The A-bits are present in Time Slots 2 through 31 in the signaling high-
way format. When ENOOF=1, AIS will also be inserted on the receive
data highway when control bit STUAIS (bit 6) in register X07H is a 1 in
any system interface Mode.

0 ENLOS Enable LOS: When set to 1, detection of a Loss Of Signal will cause the
A-bits in the receive signal highway bit RSIGLn to be setto 1. The A-bits
are present in Time Slots 2 through 31 in the signaling highway format.
When ENLOS=1, AIS will also be inserted on the receive data highway
when control bit STUAIS (bit 6) in register X07H is a 1 in any system
interface Mode.
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104-Ch1| 7-6 OOF1-O0OF0 [Out Of Frame Detection Criteria: The OOF bits determine the Out Of
204-Ch2 Frame detection criteria according to the following table:
304-Ch3
404 -Ch4 OOF1 OOF0  Out Of Frame detection criteria
0 0 Three consecutive FAS patterns in error.
0 1 Four consecutive FAS patterns in error.
1 0 Three consecutive FAS patterns in error or three

consecutive NFAS patterns in error.
1 1 Four consecutive FAS patterns in error or four
consecutive NFAS patterns in error.

The FAS pattern is defined as X0011011, and the NFAS pattern is
defined as X1XXXXXX. These two patterns occur in alternating frames.

5 BFAA Basic Frame Alignment Algorithm: When set to 0, the Standard algo-
rithm is selected. When set to 1, the Frame Hold-Off algorithm is
selected. Note: when in a particular mode, a change in state of this bit
will trigger a realignment procedure. The Operations section describes
the differences between the two modes (algorithms).

4 CASA Channel-Associated Signaling Alignment: When set to 0, the Stan-
dard G.732 algorithm is selected. When set to 1, an Enhanced algo-
rithm is selected. Note: when in a particular mode, a change in state of
this bit will trigger a realignment procedure. The Operations section
describes the differences between the two modes (algorithms).

3 CRCA Automatic CRC-4/Non-CRC-4 Mode Selection: When set to 0, the
non-CRC-4 mode is selected. A search for the multiframe frame align-
ment is started in consecutive 8 ms periods. If alignment is hot estab-
lished in the 8 ms period, a new search is started. When set to 1, the
automatic mode is selected for multiframe alignment. If alignment is not
achieved in 400 ms, a non-CRC-4 Interworking (NCRC4) alarm indica-
tion (bit 7 in register X1BH) is set. The alarm inhibits further CRC-4 pro-
cessing and causes the E-bits in Time Slot 0 to be transmitted as zeros.
Note: when in a particular mode, a change in state of this bit will trigger
a realignment procedure.

2-1 CRCMD1- |CRC Framing Mode: The CRCMD1 and CRCMDO control bits deter-
CRCMDO mine the CRC framing mode, according to the table given below:

CRCMD1 CRCMDO CRC framing mode

0 0 Transparent (Unframed) Mode.
0 1 Framed mode. CRC-4 disabled. Si bit used.
1 0 Framed mode. CRC-4 enabled. When in

sync the E-bits carry the results to the
distant end. When out of sync, the E-bits
are 0.

1 1 Framed mode. CRC-4 enabled. The E-bits
are always setto 1.

0 RSYC Resync Enable: A 1 causes the framer to reset the frame alignment cir-
cuit, and start the search for a new frame alignment pattern.
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11A-Ch 1 7 AUTY Automatic Y-Bit Response Enable: The Y-bit is defined as a Remote
21A-Ch2 Multiframe Alarm Indication in Time Slot 16. A 1 enables a loss of multi-
31A-Ch3 frame alignment, as selected by the EOO16M (bit 2) and EOOCRC (bit
41A-Ch4 3) bits, on the receive side to cause the Y-bit (bit 6) in Time Slot 16 in

frame 0 of the multiframe to be transmitted as a 1. A 0 disables this
automatic feature. Please note that the microprocessor can generate a
Remote Multiframe Alarm Indication independent of this feature by writ-
ing a 1 to control bit TS16YE (bit 5) in register X06H.

6 AUTRAI Automatic RAI Bit Response Enable: The RAI bit is defined as a
Remote Alarm Indication, and it is carried in bit 3 in Time Slot 0 in the
(NFAS) frames which are not carrying the frame alignment pattern. A 1
enables a loss of basic frame alignment on the receive side to be trans-
mitted as an RAI on the transmit side. Please note that the microproces-
sor can generate a Remote Alarm Indication independent of this feature
by writing a 1 to control bit RAIE (bit 2) in register X07H.

5 ENRAIA Enable RAI Status from A-Bit: A 1 enables the detection of the A-bit in
the TS0 of even-numbered frames to produce RAI status (bit 4 in regis-
ter X10H).

4 ENRAIY Enable RAI Status from Y-Bit: A 1 enables the detection of the Y-bit in
TS16 to produce RAI status (bit 4 in register X10H).

3 EOOCRC Enable Out Of Multiframe Alarm on Loss of CRC Multiframe: A 1

enables a Time Slot 16 loss of CRC multiframe to cause an Out Of Mul-
tiframe alarm. When enabled, an Out of Multiframe Alarm may also be
caused by a Time Slot 16 loss of multiframe alignment. The following
table summarizes the enable bits associated with the Out Of Multiframe
alarm.

EOOCRC EQO16M Action
0

0 Out Of Multiframe alarm disabled.

0 1 A Time Slot 16 Loss Of Multiframe
causes an Out Of Multiframe alarm.

1 0 A Time Slot 16 Loss Of CRC multiframe
causes an Out Of Multiframe alarm.

1 1 A Time Slot 16 Loss Of Multiframe or a

Time Slot 16 Loss Of CRC multiframe
causes an Out Of Multiframe alarm.

2 EOO16M Enable Out Of Multiframe Alarm on Time Slot 16 Loss of Multi-
frame: A 1 enables a Time Slot 16 loss of CRC multiframe to cause an
Out Of Multiframe alarm. When enabled, a Out of Multiframe Alarm may
also be caused by Time Slot 16 loss of CRC multiframe alignment. The
table given above summarizes the operation of this bit.
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11A-Ch 1 1 E16AIS Enable AIS Indication on AIS Detected in Time Slot 16: A 1 enables
21A-Ch2 an AIS detected in Time Slot 16 to cause an AIS alarm. When enabled,
31A-Ch3 detection of a line AIS may be enabled to cause an AIS alarm by setting
41A-Ch4 bit ENLAIS to 1. The following table summarizes the enable bits associ-
(cont.) ated with the AIS alarm.
E16AIS ENLAIS Action
0 0 AlS Alarm Disabled.
0 1 Line AIS detected causes an AlS alarm.
1 0 Time Slot 16 AIS detected causes an AlS
alarm.
1 1 Time Slot 16 AIS detected or line AIS
detected causes an AlS alarm.
0 ENLAIS Enable AIS Indication on Line AIS Detected: A 1 enables detection of
a line AIS to cause an AIS alarm, as shown in the above table.

Software Reset and Loopback Control Register

The control bits in the following read/write register are used to reset each of the channels, and to configure
each of the channels within the QE1F for the various loopback modes of operation.

Address Bit Symbol

Description

105-Ch 1 7 SRST
205-Ch2
305-Ch3

Software Reset Channel n: When set to 1, the channel is initialized
and held in the reset state until a 0 is written into this bit position to per-
mit commencement of channel operation.

405-Ch 4

Reserved: Set to 0.

2 TX1S

Transmit AIS (all ones): When set to 1, an AIS (all ones) is transmitted
instead of data. When set to 0, data is transmitted.

1 RLP

Remote Line Loopback Enable: When set to 1, the remote line loop-
back feature is enabled until this bit position is written with a 0. Receive
line data (prior to the HDB3 CODEQC) is looped back as transmit line
data when this loopback feature is enabled.

0 LLP

Local Loopback Enable: When set to 1, the local loopback feature is
enabled until this bit position is written with a 0. Transmit data (after the
HDB3 CODEC) is looped back as received data when this loopback
feature is enabled. When control bit TX1S (bit 2) is a 0 in X05H, data is
transmitted. When TX1S is a 1, AIS is transmitted. The AIS signal is

defined as an all ones signal.
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System AIS and Test Registers

The control bits in the following read/write registers are used to generate test conditions and to configure the
system interface for AIS in channel (framer) n.

Address

Bit

Symbol

Description

106 - Ch 1

7-6

R

Reserved: Set to 0.

206-Ch2
306-Ch3
406 - Ch 4

5

TS16YE

Generate Time Slot 16 Remote Alarm Indication: When set to 1, the
Remote Alarm Indication, which is carried in bit 6 (Y-bit) in Time Slot 16
in frame 0 of the multiframe, is transmitted as a 1 until the microproces-
sor writes a 0 into this bit position.

NFASE

Generate Bit 2 Error In Frames Not Carrying the Frame Alignment
Sequence: When set to 1, the transmit framer sends bit 2 in Time Slot 0
in alternating (NFAS) frames as a 0, instead of the normal 1 value, until
this bit is written with a 0.

INSPRBS

Insert Pseudo-Random Bit Sequence Enable: When set to 1, PRBS
is inserted for the terminal data on the transmit data highway. This fea-
ture is only available for Transmission Modes. To resume normal opera-
tion, this bit position must be written with a 0.

SFZ

System Freeze: When set to 1, the output clocks LTCLKn and RCLKn
are forced to zero. The input clocks LRCLKn and TCLKn are gated off.
To resume normal operation, this bit position must be written with a 0.

RXFS

Receive Fast Sync Enable: When set to 1, and the NRZ mode is
selected, a pulse received on the RNEGn lead will force the synchroni-
zation of this pulse to be interpreted as bit position 256 of the last frame
(16) of a multiframe. When set to 0, coding violations indicated on the
RNEGn lead are counted.

TXFS

Transmit Fast Sync Enable: When set to 1, and the NRZ mode is
selected, a synchronization pulse will be transmitted on the TNEGn lead
every two milliseconds in bit position 256 of frame 16.

107-Ch 1
207-Ch2
307-Ch3
407-Ch 4

AlS16

Transmit Time Slot 16 AIS Enable: When set to 1, AIS (all ones) is
transmitted in Time Slot 16, including the multiframe alignment pattern
in frame 0. AIS is defined as all ones. AIS is transmitted in Time Slot 16
until this bit is written with a 0.
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Address

Bit

Symbol

Description

107 - Ch 1
207-Ch2
307-Ch3
407 -Ch 4
(cont.)

6

STUAIS

System TUAIS: When set to 1, the AIS, OOF and LOS alarms, if
enabled by setting to 1 their respective ENAIS (bit 2), ENOOF (bit 1),
and ENLOS (bit 0) control bits in the Signaling and Time Slot Control
register X03H, cause the generation of AIS on the data highway for all
six system interface modes of operation. The AIS is sent until the alarm
has recovered, or the enable bit (e.g., ENAIS) is set to 0. The following
table lists the operation of control bit ENOOF and this bit. Control bits
ENAIS and ENLOS function in similar fashion.

2 Mbit/s, 8 Mbit/s and 16 Mbit/s Transmission Modes

ENOOF STUAIS Action

0 0 No AIS generated on signaling or data
highway.

0 1 No AIS generated on signaling or data
highway.

1 0 AlS generated only on signaling highway
when OOF alarm is detected.

1 1 AIS generated on signaling and data high-
ways when OOF alarm is detected.

2 Mbit/s MVIP Mode, 8 Mbit/s H-MVIP Mode
and 16 PCM Highway Mode

ENOOF STUAIS Action

0 0 No AIS generated on data highway.

0 1 No AIS generated on data highway.

1 0 No AIS generated on data highway even
when OOF alarm is detected.

1 1 AIS generated on data highway when
OOF alarm is detected.

Please note that the microprocessor can cause AlS to be generated for
the receive data highway independently of the two control bits by writing
a 1 to control bit SYSALL1 (bit 5) in this register.

SYSALL1

Send System AIS: When set to 1, AIS (all ones) is sent on the receive
data highway. AlIS will be transmitted on the receive data highway until
this bit is written with a 0.

CRC

Generate a CRC-4 Error: This feature is enabled when control bits
CRCMD1 and CRCMDO (bits 2 and 1) in register X04H are equal to 10,
or 11 (i.e., this enables the CRC-4 feature). When CRC is set to 1, the
CRC-4 bits in Time Slot 0 are transmitted in the inverted state once. To
send another CRC-4 error, this bit must be first written with a 0, and
thenai.

FASE

Generate a Frame Alignment Sequence Error: When set to 1, the
transmitter will send the 7-bit frame alignment pattern in Time Slot 0 in
alternating (FAS) frames in error once. All the bits in the frame aligh-
ment sequence are inverted once (X0011011 becomes X1100100). To
send another frame alignment sequence etrot, this bit must be first writ-
ten with a 0, and then a 1.
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107 -Ch 1 2 RAIE Generate Remote Alarm Indication: When set to 1, the Remote Alarm
207 -Ch2 Indication, which is carried in bit 3 in Time Slot 0 of those (NFAS)
307-Ch3 frames not carrying the frame alignment sequence, is transmitted as a 1
407 -Ch 4 until the microprocessor writes a 0 into this bit position.
(cont.) 1 AISE  |Transmit Line AIS Enable: When set to 1, a line AIS is transmitted. A
line AIS is defined as all ones transmitted in the frame. Line AlS is trans-
mitted until this bit is written with a 0.
0 BPV Generate Bipolar Violation (BPV) Error: When the dual unipolar

mode is selected by bit 7 in register XO0H, a 1 in this bit position causes
a single BPV error to be sent. The microprocessor must write a 0 to this
bit before another BPV error can be transmitted by setting it to 1.

E1 Status and Mask Registers

These registers are read/write, except for registers X10H, which are read-only unlatched. The status bits in the
X11H register represent the latched status indications generated by the channel alarms. The bits latch on
either the rising edge, the falling edge, or both edges of the current status or interrupt request event bits as
defined by the RISE/FALL control bits (bits 6 and 5) in the Global Configuration Register 006H. A latched bit
will cause a hardware interrupt indication when the global interrupt mask bit GIM (bit 7) in register 006H and
the corresponding mask bit in the mask register X09H are both written with a 0. The bits in register X10H rep-
resent the current (unlatched) alarm status. A latched status bit is reset by writing a 0 into the latched bit posi-
tion, or by the rising edge of the T1SI pulse when the performance monitoring/fault monitoring feature is
enabled. This feature activates the shadow registers X12H and X13H, and it is enabled by writing a 1 to control
bit ENPMFM (bit 3) in the Global Configuration register 006H.

Address Bit Symbol Description
109 - Ch 1 7 MLOS Loss Of Signal (LOS) Mask Bit: When set to 1, detection of a loss of sig-
209-Ch2 nal alarm is masked from providing a hardware interrupt.
809-Ch3 6 MAIS AIS Mask Bit: When set to 1, detection of an AIS condition is masked
409-Ch4 - :

from providing a hardware interrupt.

5 MOOF Out Of Frame (OOF) Mask Bit: When set to 1, detection of an Out Of
Frame alarm is masked from providing a hardware interrupt.

4 MRAI Remote Alarm Indication (RAI) Mask Bit: When set to 1, detection of a
remote alarm indication is masked from providing a hardware interrupt.

3 MCFA Change In Frame Alignment (CFA) Mask Bit: When set to 1, detection
of a change in frame alignment indication is masked from providing a
hardware interrupt.

2 MOOFM  |Out Of Multiframe Alignment (OOFM) Mask Bit: When set to 1, detec-
tion of an out of multiframe alarm is masked from providing a hardware
interrupt.

1 MTXSLIP [Transmit Slip Indication Mask Bit: When set to 1, detection of a transmit
slip is masked from providing a hardware interrupt.

0 MRXSLIP |Receive Slip Indication Mask Bit: When set to 1, detection of a receive
slip is masked from providing a hardware interrupt.
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110 -Ch 1
210-Ch2
310-Ch3
410-Ch 4

~

LOS

Loss Of Signal (LOS) Alarm (Unlatched): A 1 indicates a loss of signal
has been detected. A loss of signal alarm is detected when the incoming
signal for the rail interface only has no transitions for N consecutive pulse
positions, where the value of N is programmable between 10 and 255. The
binary value written to LOSI7-LOSIO (bits 7-0) in register 01AH selects the
value of N. The LOS alarm is cleared when at least M ones are detected in
an interval of N pulse positions, where M is the value written to OND5-
ONDO in bits 5-0 of register 01BH. In addition, an external LOS indication
from the external line transceiver (using the LINTh pin) can be or-gated
with this alarm by setting control bit LIE (bit 1) in register X00H to 1.

AlS

AIS Indication (Unlatched): A 1 indicates that a line Alarm Indication Sig-
nal (AIS) and/or an AIS in Time Slot 16 has been detected. Control bit
ENLAIS (bit 0) in register X1AH enables a line AIS alarm. Control bit
E16AIS (bit 1) in register X1AH enables a Receive Time Slot 16 AIS
alarm. A line AIS is detected when the received line signal has two or less
zeros in each of two consecutive double-frame periods (512 bits). Recov-
ery occurs when each of two consecutive double-frame periods contain
three or more zeros after frame alignment has been detected. An AlIS in
Time Slot 16 is detected when the received time slot has detected three or
less zeros in each of two consecutive multiframe periods. Recovery
occurs when each of two consecutive multiframe periods contains four or
more zeros or when the multiframe alignment signal has been detected.

OOF

Out Of Frame (OOF) Alarm (Unlatched): A 1 indicates that an Out Of
Frame alarm has been detected. The alarm is programmed using the
OOF1 and OOFO0 control bits (bits 7 and 6) in register X04H. The QE1F
supports two recovery schemes, with or without the CRC-4 check. This is
controlled by control bit BFAA (bit 5) in the register X04H.

RAI

Remote Alarm Indication (RAI) (Unlatched): A 1 indicates that the
received RAI bit is a 1 for four or more consecutive frames in which it is
carried. The RAI bit is bit 3 in Time Slot 0, in those alternate (NFAS)
frames that are not carrying the frame alignment pattern, or the Y-bit of
TS16. Recovery occurs when the RAI bit is 0 for four (NFAS) or three
(Y-bit) or more consecutive frames in which it is carried.

CFA

Change In Frame Alignment (CFA) Indication (Unlatched): A 1 indi-
cates that the frame alignment circuit has detected a change in the frame
alignment pattern only after frame alignment has been detected.

OOFM

Out Of Multiframe Alignment (OOFM) Alarm (Unlatched): A 1 indicates
that Time Slot 16 multiframe alignment has been lost and/or a CRC-4 mul-
tiframe alignment has been also lost. Control bit EOOCRC (bit 3) in regis-
ter X1AH enables a loss of CRC-4 multiframe alignment alarm. Control bit
EOO16M (bit 2) in X1AH enables a TS16 multiframe alarm.

TXSLIP

Transmit Slip Indication (Unlatched): This bit reflects the current status
of the transmit slip buffer with respect to a slip being executed in the previ-
ous 125 microseconds.

RXSLIP

Receive Slip Indication (Unlatched): This bit reflects the current status
of the receive slip buffer with respect to a slip being executed in the previ-
ous 125 microseconds.
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111 - Ch1 7 LLOS Latched Loss Of Signal (LOS): This bit is set to 1 on an active edge of
211 -Ch2 LOS which is selected by the RISE (bit 6) and FALL (bit 5) bits in the Glo-
311-Ch3 bal Configuration Register 006H. If hot masked by the corresponding
411 -Ch 4 mask bit in register X09H or the GIM bit in register 006H, an interrupt is

generated. This bit is cleared by writing a 0 into this bit position.

LAIS Latched AIS: This bit is set to 1 on an active edge of AIS which is
selected by the RISE (bit 6) and FALL (bit 5) bits in the Global Configura-
tion Register 006H. If not masked by the corresponding mask bit in regis-
ter XO9H or the GIM bit in register 006H, an interrupt is generated. This bit
is cleared by writing a 0 into this bit position.

5 LOOF Latched Out Of Frame (OOF): This bit is set to 1 on an active edge of
OOF which is selected by the RISE (bit 6) and FALL (bit 5) bits in the Glo-
bal Configuration Register 006H. If not masked by the corresponding
mask bit in register X09H or the GIM bit in register 006H, an interrupt is
generated. This bit is cleared by writing a 0 into this bit position.

4 LRAI Latched Remote Alarm Indication (RAI): This bit is set to 1 on an active
edge of RAI which is selected by the RISE (bit 6) and FALL (bit 5) bits in
the Global Configuration Register 006H. If not masked by the correspond-
ing mask bit in register X09H or the GIM bit in register 006H, an interrupt is
generated. This bit is cleared by writing a 0 into this bit position.

3 LCFA Latched Change In Frame Alignment (CFA) Mask Bit: This bit is set to
1 on an active edge of CFA which is selected by the RISE (bit 6) and FALL
(bit 5) bits in the Global Configuration Register 006H. If not masked by the
corresponding mask bit in register X09H or the GIM bit in register 006H,
an interrupt is generated. This bit is cleared by writing a 0 into this bit posi-
tion.

2 LOOFM |Latched Out Of Multiframe Alignment (OOFM): This bit is setto 1 on an
active edge of OOFM which is selected by the RISE (bit 6) and FALL (bit
5) bits in the Global Configuration Register 006H. If not masked by the cor-
responding mask bit in register X09H or the GIM bit in register 006H, an
interrupt is generated. This bit is cleared by writing a 0 into this bit position.

[o2]

1 LTXSLIP |Latched Transmit Slip Indication: This bit is set to 1 on an active edge of
TXSLIP which is selected by the RISE (bit 6) and FALL (bit 5) bits in the
Global Configuration Register, location 006H. If not masked by the corre-
sponding mask bit in register X09H or the GIM bit in register 006H, an
interrupt is generated. This bit is cleared by writing a 0 into this bit position.

0 LRXSLIP [Latched Receive Slip Indication: This bit is set to 1 on an active edge of
RXSLIP which is selected by the RISE (bit 6) and FALL (bit 5) bits in the
Global Configuration Register 006H. If not masked by the corresponding
mask bit in register X09H or the GIM bit in register 006H, an interrupt is
generated. This bit is cleared by writing a 0 into this bit position.
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112 - Ch 1
212-Ch2
312-Ch3
412-Ch 4

~

PLOS

Loss Of Signal (LOS) One Second Error: This bit is set to 1 if the LOS
alarm occurred at any time in the last one second interval. The T1SI signal
must be present and control bit ENPMFM (bit 3) in the Global Configura-
tion register X006H must be setto 1.

(o2]

PAIS

AIS One Second Error: This bit is set to 1 if the AIS indication occurred at
any time in the last one second interval. The T1SI signal must be present
and control bit ENPMFM (bit 3) in the Global Configuration register 006H

must be set to 1.

POOF

Out Of Frame (OOF) One Second Error: This bit is set to 1 if the OOF
alarm occurred at any time in the last one second interval. The T1SI signal
must be present and control bit ENPMFM (bit 3) in the Global Configura-
tion register 006H must be set to 1.

PRAI

Remote Alarm Indication (RAI) One Second Error: This bit is set to 1 if
the RAI indication occurred at any time in the last one second interval. The
T18I sighal must be present and control bit ENPMFM (bit 3) in the Global
Configuration register 006H must be set to 1.

PCFA

Change In Frame Alignment (CFA) One Second Error: This bit is set to
1 if the CFA indication occurred at any time in the last one second interval.
The T1SlI signal must be present and control bit ENPMFM (bit 3) in the
Global Configuration register 006H must be set to 1.

POOFM

Out Of Multiframe Alighment (OOFM) One Second Error: This bit is set
to 1 if the OOFM alarm occurred at any time in the last one second inter-
val. The T18SI sighal must be present and control bit ENPMFM (bit 3) in the
Global Configuration register 006H must be set to 1.

PTXSLIP

Transmit Slip Indication One Second Error: This bit is set to 1 if the
TXSLIP indication occurred at any time in the last one second interval.
The T18I signal must be present and control bit ENPMFM (bit 3) in the
Gilobal Configuration register X006H must be set to 1.

PRXSLIP

Receive Slip Indication One Second Error: This bit is set to 1 if the
RXSLIP indication occurred at any time in the last one second interval.
The T18lI signal must be present and control bit ENPMFM (bit 3) in the
Global Configuration register 006H must be set to 1.
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Address

Symbol

Description

113 -Ch 1
213-Ch2
313-Ch3
413-Ch4

~

FLOS

Loss Of Signal (LOS) Persistent Error: This bit is set to 1 if the LOS
alarm is active but did not become active in the last one second interval.
The T18SI signal must be present and control bit ENPMFM (bit 3) in the
Global Configuration register 006H must be set to 1.

(o2]

FAIS

AIS Persistent Error: This bit is set to 1 if the AIS indication is active but
did not become active in the last one second interval. The T1SlI signal
must be present and control bit ENPMFM (bit 3) in the Global
Configuration register 006H must be set to 1.

FOOF

Out Of Frame (OOF) Persistent Error: This bit is set to 1 if the OOF
alarm is active but did not become active in the last one second interval.
The T18lI signal must be present and control bit ENPMFM (bit 3) in the
Global Configuration register X006H must be set to 1.

FRAI

Remote Alarm Indication (RAI) Persistent Error: This bit is set to 1 if
the RAIl indication is active but did not become active in the last one sec-
ond interval. The T18SlI signal must be present and control bit ENPMFM (bit
3) in the Global Configuration register 006H must be set to 1.

FCFA

Change In Frame Alignment (CFA) Persistent Error: This bit is set to 1

if the CFA indication is active but did not become active in the last one sec-
ond interval. The T1SI signal must be present and control bit ENPMFM (bit
3) in the Global Configuration register X006H must be set to 1.

FOOFM

Out Of Multiframe Alignment (OOFM) Persistent Error: This bit is set to
1 if the OOFM alarm is active but did not become active in the last one
second interval. The T1SI sighal must be present and control bit ENPMFM
(bit 3) in the Global Configuration register 006H must be set to 1.

FTXSLIP

Transmit Slip Indication Persistent Error: This bit is set to 1 if the TXS-
LIP indication is active but did hot become active in the last one second
interval. The T18SI signal must be present and control bit ENPMFM (bit 3)
in the Global Configuration register 006H must be set to 1.

FRXSLIP

Receive Slip Indication Persistent Error: This bit is set to 1 if the
RXSLIP indication is active but did not become active in the last one
second interval. The T1SI signal must be present and control bit ENPMFM
(bit 3) in the Global Configuration register 006H must be set to 1.
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Counters and Counter Shadow Registers

The QET1F provides counter and counter shadow read/write registers for E-bit errors, CRC-4 bit errors, coding
violations, and framing bit errors. The counter shadow registers provide the microprocessor with an error count
for the previous one second interval. A counter and the corresponding counter shadow register (and their over-
flow bits) are cleared when the microprocessor writes 0 to their bits. The rising edges of a one second interval
pulse clear the counters (and the overflow bits, if set). The shadow registers for the various counters are also
updated at one second intervals by the rising edge of the pulse applied to the T1SI pin (pin 40).

Address Bit Symbol Description

1EC-Ch1| 7-0 |LEBE7-LEBEO |Latched E-Bit Error Counter Shadow Register: This register contains

2EC-Ch2 the lower 8 bits of the 10-bit shadow register assigned for holding the E-

3EC-Ch3 bit error count that occurred in the previous one second interval. This

4EC - Ch 4 location is updated from EBE7-EBEO with a new count at one second
intervals on the rising edges of the T1SI signal. Bit 0 is the LSB of the
10-bit count.

1ED - Ch 1 7 LEBEO Latched E-Bit Error Counter Overflow Bit: This bit contains the

2ED-Ch2 overflow indication associated with the 10-bit shadow register LEBE9-

3ED-Ch3 LEBEO assigned for holding the E-bit error count that occurred in the

4ED - Ch4 previous one second interval. This location is updated from EBEO at
one second intervals on the rising edges of the T1SlI signal.

6-2 R Reserved: Set to 0.

1-0 | LEBE9-LEBES |Latched E-Bit Error Counter Shadow Register: This register contains
the upper two bits of the 10-bit shadow register assigned for holding the
E-bit error count that occurred in the previous one second interval. This
location is updated from EBE9-EBES8 with a new count at one second
intervals on the rising edges of the T1SI signal. Bit 1 is the MSB of the

10-bit count.
1EE-Ch1| 7-0 EBE7-EBEO |E-Bit Error Counter: This register contains the lower 8 bits of the 10-bit
2EE-Ch 2 E-bit error counter. This location is cleared at one second intervals
3EE-Ch3 between the rising and falling edges of the T1SlI signal. Bit 0 is the LSB
4EE-Ch 4 of the 10-bit count.
1EF -Ch 1 7 EBEO E-Bit Error Counter Overflow Bit: This bit contains the overflow indi-
2EF-Ch2 cation associated with the 10-bit E-bit counter EBEQ-EBEO. This bit sets
3EF-Ch3 when the 10-bit counter overflows. It will remain set until the micropro-
4EF - Ch 4 cessor writes a 0 into this location. This location is also cleared at one
second intervals on the rising edges of the T1SI signal.
6-2 R Reserved: Set to 0.

1-0 EBE9-EBE8 |E-Bit Error Counter: This register contains the upper 2 bits of the 10-
bit E-bit error counter. This location is cleared at one second intervals
on the rising edges of the T1SI signal. Bit 1 is the MSB of the 10-bit

count.
1F0-Ch 1] 7-0 |LCRC7-LCRCO |Latched CRC-4 Error Counter Shadow Register: This register con-
2F0-Ch2 tains the lower 8 bits of the 10-bit shadow register assigned for holding
3F0-Ch3 the CRC-4 error count that occurred in the previous one second inter-
4F0-Ch 4 val. This location is updated from CRC7-CRCO with a new count at one

second intervals on the rising edges of the T1SlI signal. Bit 0 is the LSB
of the 10-bit count.
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1F1 - Ch 1 7 LCRCO Latched CRC-4 Error Counter Overflow Bit: This bit contains the
2F1-Ch2 overflow indication associated with the 10-bit shadow register LCRC9-
3F1-Ch3 LCRCO assigned for holding the CRC-4 error count that occurred in the
4F1-Ch4 previous one second interval. This location is updated from CRCO at
ohe second intervals on the rising edges of the T1SlI signal.

6-2 R Reserved: Set to 0.

1-0 |LCRC9-LCRCS8 |Latched CRC-4 Error Counter Shadow Register: This register con-
tains the upper two bits of the 10-bit shadow register assigned for hold-
ing the CRC-4 error count that occurred in the previous one second
interval. This location is updated from CRC9-CRC8 with a hew count at
ohe second intervals on the rising edges of the T1SlI signal. Bit 1 is the
MSB of the 10-bit count.

1F2-Ch1] 7-0 CRC7-CRCO0O |CRC-4 Error Counter: This register contains the lower 8 bits of the
2F2-Ch2 10-bit CRC-4 error counter. This location is cleared at one second inter-
3F2-Ch3 vals on the rising edges of the T18SlI signal. Bit 0 is the LSB of the 10-bit
4F2-Ch 4 count.
1F3-Ch 1 7 CRCO CRC-4 Error Counter Overflow Bit: This bit contains the overflow indi-
2F3-Ch2 cation associated with the 10-bit CRC-4 counter CRC9-CRCO. This bit
3F3-Ch3 sets when the 10-bit counter overflows. It will remain set until the micro-
4F3-Ch4 processor writes a 0 into this location. This location is also cleared at
ohe second intervals on the rising edges of the T1SlI signal.

6-2 R Reserved: Set to 0.

1-0 CRC9-CRC8 |CRC-4 Error Counter: This register contains the upper 2 bits of the
10-bit CRC-4 error counter. This location is cleared at one second inter-
vals on the rising edges of the T1SlI signal. Bit 1 is the MSB of the 10-bit
count.

1F4-Ch 1] 7-0 LCV7-LCVO |Latched Coding Violation Counter Shadow Register: This register
2F4-Ch?2 contains the lower 8 bits of the 16-bit shadow register assigned for hold-
3F4-Ch3 ing the HDB3 coding violation count that occurred in the previous one
4F4 -Ch 4 second interval. This location is updated from CV7-CV0 with a new
count at one second intervals on the rising edges of the T1SI signal. Bit
0 is the LSB of the 16-bit count.
1F5-Ch 1] 7-0 LCV15-LCV8 [Latched Coding Violation Counter Shadow Register: This register
2F5-Ch2 contains the upper 8 bits of the 16-bit shadow register assigned for
3F5-Ch3 holding the HDB3 coding violation count that occurred in the previous
4F5-Ch 4 one second interval. This location is updated from CV15-CV8 with a
new count at one second intervals on the rising edges of the T1SI sig-
nal. Bit 7 is the MSB of the 16-bit count.
1F6 - Ch 1 7 LCVO Latched Coding Violation Counter Overflow Bit: This bit contains the
2F6-Ch2 overflow indication associated with the 16-bit shadow register LCV15-
3F6-Ch3 LCVO assigned for holding the Coding Violation count that occurred in
4F6-Ch 4 the previous one second interval. This location is updated from CVO at
one second intervals on the rising edges of the T1SlI signal.
6-0 R Reserved: Set to 0.
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1F7-Ch 1] 7-0 CVv7-CV0 Coding Violation Counter: This register contains the lower 8 bits of the
2F7-Ch2 16-bit HDB3 coding violation counter. This location is cleared at one
3F7-Ch3 second intervals on the rising edges of the T1SI signal. Bit O is the LSB
4F7-Ch 4 of the 16-bit count.
1F8-Ch 1] 7-0 CV15-CV8 |Coding Violation Counter: This register contains the upper 8 bits of
2F8-Ch2 the 16-bit HDBS3 coding violation counter. This location is cleared at one
3F8-Ch3 second intervals on the rising edges of the T1SI signal. Bit 7 is the MSB
4F8-Ch 4 of the 16-bit count.
1F9-Ch 1 7 CVvO Coding Violation Counter Overflow Bit: This bit contains the overflow
2F9-Ch2 indication associated with the 16-bit coding violation counter CV15-
3F9-Ch3 CVO0. This bit sets when the 16-bit counter overflows. It will remain set
4F9-Ch 4 until the microprocessor writes a 0 into this location. This location is also
cleared at one second intervals on the rising edges of the T1SI signal.
6-0 R Reserved: Set to 0.
1FA-Ch1| 7-0 | LFBE7-LFBEO |Latched Framing Bit Error Counter Shadow Register: This register
2FA-Ch2 contains the lower 8 bits of the 13-bit shadow register assigned for hold-
3FA-Ch3 ing the framing bit errors that occurred in the previous one second inter-
4FA -Ch 4 val. This location is updated from FBE7-FBEO with a new count at one
second intervals on the rising edges of the T1SlI signal.
1FB - Ch 1 7 LFBEO Latched Framing Bit Error Counter Overflow Bit: This bit contains
2FB-Ch2 the overflow indication associated with the 13-bit shadow register
3FB-Ch3 LFBE12-LFBEO assigned for holding the framing bit error count that
4FB-Ch 4 occurred in the previous one second interval. This location is updated
from FBEO at one second intervals on the rising edges of the T1SI sig-
nal.

6-5 R Reserved: Set to 0.

4-0 |LFBE12-LFBES |Latched Framing Bit Error Counter Shadow Register: This register
contains the upper 5 bits of the shadow register assigned for holding the
framing bit errors that occurred in the previous one second interval. This
location is updated from FBE12-FBES8 with a hew count at one second
intervals on the rising edges of the T1SI signal. Bit 4 is the MSB of the
13-bit count.

1FC-Ch1| 7-0 FBE7-FBEO [Framing Bit Error Counter: This register contains the lower 8 bits of
2FC-Ch2 the 13-bit framing bit error counter. This location is cleared at one sec-
3FC-Ch3 ond intervals on the rising edges of the T1SI signal.

4FC-Ch4
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1FD - Ch 1 7 FBEO Framing Bit Error Counter Overflow Bit: This bit contains the over-
2FD-Ch2 flow indication associated with the 13-bit framing bit error counter
3FD-Ch3 FBE12-FBEO. This bit sets when the 13-bit counter overflows. It will
4FD -Ch 4 remain set until the microprocessor writes a 0 into this location. This

location is also cleared at one second intervals on the rising edges of
the T1SI signal.

6-5 R Reserved: Set to 0.

4-0 FBE12-FBE8 |[Framing Bit Error Counter: This register contains the upper 5 bits of
the 13-bit framing bit error counter. This location is cleared at one sec-
ond intervals on the rising edges of the T1SI signal. Bit 4 is the MSB of

the 13-bit count.
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Operational Status Registers

The status bits in the following read-only unlatched registers indicate various status information associated
with the transmit and receive two-frame slip buffers. The slip buffers are always enabled in the MVIP, H-MVIP
and 16 Mbit/s PCM Highway Modes (CONFIG1 pin is high - pin 43). The slip buffers are optional in the
Transmission Modes (CONFIG1 pin is low - pin 43). The transmit slip buffer is enabled when a 1 is written into
control bit TSE (bit 4) in register X02H. The receive slip buffer is enabled when a 1 is written into control bit
RSE (bit 3) in register X02H.

Address Bit Symbol Description
114-Ch1]| 7-6 TXS1-TSX0 [Transmit Slip Buffer Status: The following table indicates the direction
214-Ch2 of a transmit slip. A transmit slip indication (unlatched) is provided by
314-Ch3 status bit TXSLIP (bit 1) set to 1 in register X10H. A latched indication is
414 -Ch 4 given by LTXSLIP (bit 1) set to 1 in register X11H.
TXS1 IXSO Buffer Status

0 0 No slips have occurred.

0 1 Slip overflow. One frame dropped.

1 0 Slip underflow. One frame repeated.

1 1 Slip buffer error. Two slips in a row.

5-4 RXS1-RXS0 [Receive Slip Buffer Status: The following table indicates the direction
of a receive slip. A receive slip indication (unlatched) is provided by
status bit RXSLIP (bit 0) set to 1 in register X10H. A latched indication is
given by LRXSLIP (bit 0) set to 1 in register X11H.

RXS1 RXSO Buffer Status

No slips have occurred.

Slip overflow. One frame dropped.
Slip underflow. One frame repeated.
Slip buffer error. Two slips in a row.

3 TUAIS TU AIS Received: This status bit is enabled in the Transmission Modes
only. A 1 indicates that the (AIS) A-bits on the transmit signaling high-
way (TSIGLn) are set to 1. The response time and recovety times are
immediate.

2 TURAI TU RAI Received: This status bit is enabled in the Transmission Modes
only. A 1 indicates that the Remote Alarm Indication (RAI) bit (bit 3 in
Time Slot 0 in alternating NFAS frames) on the transmit signaling high-
way (TSIGLn) is set to 1. The response time and recovery times are
immediate.

- a0 0
- O =20

1-0 R Reserved: Disregard these bits.
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115-Ch 1 7 RXSF Receive Signaling Freeze Indication: When set to 1, this status bit
215-Ch2 indicates that the receive sighaling bits in the signaling buffer are frozen
315-Ch 3 as a result of a loss of signal or out of frame alarm, or that control bit
415-Ch 4 RXF (bit 5) in register X03H is a 1.
6 TXSF Transmit Signaling Freeze Indication: When set to 1, this status bit

indicates that the transmit signaling bits in the signaling buffer are fro-
zen as a result of receiving an AlS indication on the signaling highway in
the Transmission Mode, or that control bit TXF (bit 4) in register X03H is

ai.
5-1 R Reserved: Disregard these bits.
0 LINT General Purpose Input Status Indication: The status of this bit

reflects the state of the external input pin LINTn. The input polarity (i.e.,
active true state) of this pin is determined by control bit LPOL (bit 0) in

register X00H.
11B - Ch 1 7 NCRC4 Non-CRC4 Interworking: A 1 indicates that a CRC-4 to non-CRC-4
21B-Ch2 interworking has been established. When 0, this bit indicates that a
31B-Ch3 CRC-4 interworking has been established. The status becomes valid
41B-Ch4 after a one second interval when control bit CRCA (bit 3) in register
X04H is 1. The status of this bit should be disregarded when control bit
CRCA s 0.
6 ECRCE Receive Excessive CRC-4 Errors: A 1 indicates that 915 or more of

the last 1000 CRC-4 received were in error. A 0 indicates that the num-
ber of CRC-4 errors was below this level.

5 RAIA Remote Alarm Indication (RAI) from A-Bit: This bit is set to 1 when
RAI status occurs due to detection of the A-bit in the TS0 of even-
numbered frames.

4 TS16ME Time Slot 16 Multiframe Error: This bit is set to 1 when a multiframe
error is detected in the Time Slot 16 multiframe.
3 OOCRCM CRC-4 Multiframe Out Of Frame: This bit reflects the status of the

CRC-4 multiframe out of frame detector. A 1 indicates out of CRC-4
multiframe detection.

2 OOTS16M [Time Slot 16 Multiframe Out Of Frame: This bit reflects the status of
the channel-associated signaling multiframe detector. A 1 indicates out
of Time Slot 16 multiframe detection.

1 TS16AIS Time Slot 16 AIS Detection: This bit reflects the status of the AIS
detector for Time Slot 16. A 1 indicates Time Slot 16 AlS detection.
0 LINEAIS Line AIS Detection: This bit reflects the status of the line AIS detector

for the E1 frame format. A 1 indicates Line AIS detection. This bit is
inhibited from being set to 1 when control bit ENHWM (bit 0 in register
006H) is set to 1, preventing indication of Line AlS. However, if both
TS16AIS (bit 1) and LINEAIS are enabled by setting control bits E16AIS
and ENLAIS to 1 in bits 1 and 0 of register X1AH, the occurrence of Line

AlS is indicated by a 0, where in TS16AIS.

-138 - PRELIMINARY TXC-03104-MB
Ed. 2, June 1997

This Material Copyrighted By Its Respective Manufacturer



WAL

QE1F
TXC-03104

Slip Buffer Pointer Status Registers

The following read-only unlatched register locations provide receive read and write pointer information, and
transmit read and write pointer information, from the receive and transmit slip buffers respectively.

Address Bit Symbol Description
120-Ch1| 7-0 TWP7-TWPO [Transmit Slip Buffer Write Pointer: Bit 0 is the LSB. The value
220-Ch2 (between 0 and 255) is the current value of the transmit slip buffer write
320-Ch3 pointer.
420-Ch4
121 -Ch1| 7-0 TRP7-TRPO |Transmit Slip Buffer Read Pointer: Bit 0 is the LSB. The value
221 -Ch2 (between 0 and 255) is the current value of the transmit slip buffer read
321-Ch3 pointer.
421 -Ch4
122 - Ch 1 7 TWSBS Transmit Slip Buffer Write Side: A 1 indicates that the upper side of
222-Ch2 the transmit buffer is currently being written, A 0 indicates that the lower
322-Ch3 side of the transmit buffer is being written.
422 -Ch 4 T )

6-4 R Reserved: Disregard these bits.

3-0 |TWPF3-TWPFO|Transmit Slip Buffer Write Pointer Frame: The bits in these locations

indicate for which frame the transmit slip buffer write pointer is being
written. For the basic frame format, there will two values (0000 = frame
0 and 0001 = frame 1). For the CRC-4 multiframe format the value will
range between 0 and 15. Bit 0 is the LSB.

123-Ch 1 7 TRSBS Transmit Slip Buffer Read Side: A 1 indicates that the upper side of
223-Ch2 the transmit buffer is currently being read, A 0 indicates that the lower
323-Ch3 side of the transmit buffer is being read.
423 -Ch4 T .
6-4 R Reserved: Disregard these bits.
3-0 | TRPF3-TRPFO |Transmit Slip Buffer Read Pointer Frame: The bits in these locations
indicate for which frame the transmit slip buffer read pointer is being
read. For the basic frame format, there will two values (0000 = frame 0
and 0001 = frame 1). For the CRC-4 multiframe format the value will
range between 0 and 15. Bit 0 is the LSB.
124-Ch1| 7-0 RWP7-RWP0O [Receive Slip Buffer Write Pointer: Bit 0 is the LSB. The value
224 -Ch 2 (between 0 and 255) is the current value of the receive slip buffer write
324-Ch3 pointer.
424 - Ch 4
125-Ch1| 7-0 RRP7-RRP0O |Receive Slip Buffer Read Pointer: Bit 0 is the LSB. The value
225-Ch2 (between 0 and 255) is the current value of the receive slip buffer read
325-Ch3 pointer.
425-Ch 4
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126 - Ch 1 7 RWSBS Receive Slip Buffer Write Side: A 1 indicates that the upper side of the
226 -Ch2 receive buffer is currently being written. A 0 indicates that the lower side
326-Ch3 of the receive buffer is being written.
426 - Ch 4 T )
6-4 R Reserved: Disregard these bits.
3-0 RWPF3- Receive Slip Buffer Write Pointer Frame: The bits in these locations
RWPFO indicate for which frame the receive slip buffer write pointer is being writ-

ten. For the basic frame format, there will two values (0000 = frame 0
and 0001 = frame 1). For the CRC-4 multiframe format the value will
range between 0 and 15. Bit 0 is the LSB.

127 -Ch 1 7 RRSBS Receive Slip Buffer Read Side: A 1 indicates that the upper side of the
227 -Ch2 receive buffer is currently being read, A 0 indicates that the lower side of
327-Ch3 the receive buffer is being read.
427-Ch4 6-4 R Reserved: Disregard these bits.

3-0 | RRPF3-RRPFO |Receive Slip Buffer Read Pointer Frame: The bits in these locations
indicate for which frame the receive slip buffer read pointer is being
read. For the basic frame format, there will two values (0000 = frame 0
and 0001 = frame 1). For the CRC-4 multiframe format the value will
range between 0 and 15. Bit 0 is the LSB.

Receive Time Slot Control Registers

The control bits in the following read/write registers are used to enable or disable (freeze) the receive buffer
locations for the system highway, and to allow the microprocessor to write in service codes and idle codes.

Address Bit Symbol Description

12A - Ch 1 7 RSIS Receive International Bits (Si) Select: When set to 1, the two interna-
22A-Ch?2 tional bits received from the line (in bit 1 of Time Slot 0 in alternating
32A-Ch3 FAS and NFAS frames) are sent to the receive signaling highway (when
42A - Ch 4 operating in a Transmission Mode), and to the data highway, via a

buffer. When set to 0, the received international bits are disabled from
being written into the buffer, and the value sitting in the buffer is frozen.
The value of these bits in the buffer may be now rewritten by the micro-
processor. The buffer location of Time Slot 0 is register X40H for (FAS)
frames carrying the frame alignment pattern, and X60H for (NFAS)
frames not carrying the frame alignment pattern.

6-5 R Reserved: Set to 0.

4-0 | RSA4S-RSAS8S |Receive National Bits (Sa4-Sa8) Select: Bit 4 corresponds to the
received Sa4 bit in Time Slot 0 of NFAS frames. When a bit is set to 1,
the corresponding national bit received in Time Slot 0 is sent to the
receive signaling highway (when operating in the Transmission Mode),
and to the data highway, via a buffer. When set to 0, the received
national bit is disabled from being written into the buffer, and the value
sitting in the buffer is frozen. The value of the bit in the buffer may be
rewritten by the microprocessor. The buffer location is register X60H.
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Address Bit Symbol Description

12B-Ch1| 7-3 R Reserved: Set to 0.

22B-Ch2 2-0 RX2S-RX0S |Receive Time Slot 16 Spare Bits Select: Bits RX2S-RX0S correspond

32B-Ch3 . N . o

49B - Ch 4 to the spare bits X2-X0 in bit positions 8, 7 and 5 in Time Slot 16 of
frame 0 in the multiframe (see table following Figure 49). When a bit is
set to 1, the corresponding spare bit received in Time Slot 16 is sent to
the receive signaling highway via a buffer. When set to 0, the receive
spare bit in the multiframe is disabled from being written into the buffer,
and the value sitting in the buffer is frozen. The value of the bit in the
buffer may be rewritten by the microprocessor for sending to the receive
signaling highway. The buffer location is X80H.

1EO0-Ch1| 7-1 RDE7-RDE1 |Receive Time Slot Enable for Time Slots 7-1: When a bit in this regis-

2E0-Ch2 ter is set to 1, the corresponding received time slot is written into the slip

3E0-Ch3 buffer. The time slot is then read from the slip buffer for the receive data

4E0-Ch 4 highway. When a bit in this register is written with a 0, the corresponding
time slot will not be written into the slip buffer. Instead, the microproces-
sor writes the value of the time slot into the slip buffer and this value will
be read from the slip buffer for the receive data highway. Bit 7 is
assigned to receive Time Slot 7. The slip buffers are located in registers
X47H-X41H (frame 1) and X67H-X61H (frame 2).

0 R Reserved: Set to 0.

1E1-Ch1| 7-0 RDE15-RDE8 |Receive Time Slot Enable for Time Slots 15-8: When a bit in this reg-

2E1-Ch2 ister is set to 1, the corresponding received time slot is written into the

3E1-Ch3 slip buffer. The time slot is then read from the slip buffer for the receive

4E1-Ch 4 data highway. When a bit in this register is written with a 0, the corre-
sponding time slot will not be written into the slip buffer. Instead, the
microprocessor writes the value of the time slot into the slip buffer and
this value will be read from the slip buffer for the receive data highway.
Bit 7 is assigned to receive Time Slot 15. The slip buffers are located in
registers X4FH-X48H (frame 1) and X6FH-X68H (frame 2).

1E2-Ch 1| 7-0 | RDE23-RDE16 |Receive Time Slot Enable for Time Slots 23-16: When a bit in this

2E2-Ch2 register is set to 1, the corresponding received time slot is written into

3E2-Ch3 the slip buffer. The time slot is then read from the slip buffer for the

4E2 - Ch 4 receive data highway. When a bit in this register is written with a 0, the
corresponding time slot will not be written into the slip buffer. Instead,
the microprocessor writes the value of the time slot into the slip buffer
and this value will be read from the slip buffer for the receive data high-
way. Bit 7 is assigned to receive Time Slot 23. The slip buffers are
located in registers X57H-X50H (frame 1) and X77H-X70H (frame 2).

1E3-Ch1]| 7-0 | RDE31-RDE24 |Receive Time Slot Enable for Time Slots 31-24: When a bit in this

2E3-Ch2 register is set to 1, the corresponding received time slot is written into

3E3-Ch3 the slip buffer. The time slot is then read from the slip buffer for the

4E3 - Ch 4 receive data highway. When a bit in this register is written with a 0, the
corresponding time slot will not be written into the slip buffer. Instead,
the microprocessor writes the value of the time slot into the slip buffer
and this value will be read from the slip buffer for the receive data high-
way. Bit 7 is assigned to receive Time Slot 31. The slip buffers are
located in registers X5FH-X58H (frame 1) and X7FH-X78H (frame 2).
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Receive Time Slot Registers

The bits in these read/write registers are the receive time slots from the E1 frame format that are present in the
two-frame slip buffer, when enabled. Please note that, on loss of frame alignment, the states present in the slip
buffer will be frozen to the states existing prior to the loss of frame alignment.

Address Bit Symbol Description

140 - Ch 1 7-0 RFAS Receive Time Slot 0 FAS Buffer: The time slot bits for Time Slot 0
240-Ch2 in frames carrying the frame alignment pattern (FAS, frame 1) are
340-Ch3 written into this location from the line. When control bit RSIS (bit 7)
440 -Ch 4 in register X2AH, is written with a 0, the state of the international bit

from the line cannot be written into the buffer, and the buffer value
is frozen. The microprocessor can now write the value of the inter-
national bit for receive Time Slot 0 to the system. The other bits
represent the frame alignment sequence in Time Slot 0.

141-15F-Ch1 | 7-0 RTS1-RTS31 [Receive Time Slots 1-31: Register locations X41H-X5FH repre-

241-25F - Ch 2 sent frame 1 in the two-frame slip buffer for the data highway. The
341-35F - Ch 3 register locations for a time slot are enabled when the correspond-
441-45F - Ch 4 ing receive time slot enable bits (RDE1-RDES31) in registers XEOH,

XE1H, XE2H and XE3H are written with 1. When one or more con-
trol bits in XE1H-XE3H are written with a 0, the corresponding
receive time slot is disabled from being written into the buffer loca-
tion, and the corresponding values in the two buffer locations are
frozen. The microprocessor can now write an idle or service code
to the corresponding buffer location. Please note that both frame
locations in the slip buffer must be written for a time slot (see X61H
to X7FH below).

160 - Ch 1 7-0 RNFAS Receive Time Slot 0 NFAS Buffer: The Time Slot 0 bits for
260-Ch2 frames not carrying the frame alignment pattern (NFAS, frame 2)
360-Ch3 are written into this location from the line. When control bit RSIS
460 - Ch 4 (bit 7) and RSA4S-RSA8S (bits 4-0) in register X2AH are set to 0,

the states of the corresponding international bit and national bits
from the line cannot be written into the buffer, and the correspond-
ing buffer value is frozen. The microprocessor can now write the
value of the corresponding international bit and national bits for
receive Time Slot 0 to the system.

161-17F-Ch1 | 7-0 RTS1-RTS31 [Receive Time Slots 1-31: Register locations X61H-X7FH repre-

261-27F - Ch 2 sent frame 2 in the two-frame slip buffer for the data highway. The
361-37F - Ch 3 register locations for a time slot are enabled when the correspond-
461-47F - Ch 4 ing receive time slot enable bits (RDE1-RDE31) in registers XEOH,

XE1H, XE2H and XE3H are written with 1. When one or more con-
trol bits in XE1H-XE3H are written with a 0, the corresponding
receive time slot is disabled from being written into the buffer loca-
tion, and the corresponding values in the two buffer locations are
frozen. The microprocessor can now write an idle or service code
to the corresponding buffer location. Please note that both frame
locations in the slip buffer must be written for a time slot (see
X41H-X5FH above).
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Transmit Time Slot Control Registers

The control bits in the following read/write registers are used to enable or disable (freeze) the transmit slip
buffer locations for receiving input from the system highway, and to allow the microprocessor to write in service
codes and idle codes.

Address Bit Symbol Description

12C - Ch 1 7 TSIS Transmit International Bits (Si) Select: This bit is enabled when the
22C-Ch2 CRC framing mode bits CRCMD1 and CRCMDO (bits 2 and 1) in regis-
32C-Ch3 ter X04H are equal to 01. When set to 1, the two international bits for
42C -Ch4 frames 1 and 2 in Time Slot 0 from the signhaling highway are sent as the

transmit bits via a buffer. When set to 0, the transmit international bits
are disabled from being written into the buffer, and the value sitting in
the buffer is frozen. The value of these bits in the buffer may be rewrit-
ten by the microprocessor for sending to the line. The buffer locations
are registers X90H (FAS, frame 1) and XBOH (NFAS, frame 2).

6-5 R Reserved: Set to 0.

4-0 | TSA4S-TSA8S |Transmit National Bits (Sa4-Sa8) Select: Bit 4 corresponds to the
transmit Sa4 bit in Time Slot 0 of NFAS frames. When a bit is set to 1,
the corresponding transmit national bit of frame 2 received in Time Slot
0 on the transmit signaling highway is transmitted via a buffer when con-
trol bit BNAL (bit 1) in the Framer Configuration register X01H is a 1.
When a bit set to 0, the corresponding transmit national bit from the sig-
naling highway is disabled from being written into the buffer, and the
value sitting in the buffer is frozen. The value of the bit in the buffer may
be rewritten by the microprocessor for sending to the line. The buffer
location is register XBOH.

12D-Ch1] 7-3 R Reserved: Set to 0.

ggg gﬂ g 2-0 TX2S-TX0S |Transmit Time Slot _16 Spare_Bit_s Selept: Bits TX2S-TXOS corre-

49D - Ch 4 spond to th_e spare blt_s X2-X0 in bit posmons_s, 7 _and 5in Time Slot 1_6
of frame 0 in the multiframe (see table following Figure 49). When a bit
is set to 1, the corresponding spare bit in Time Slot 16 from the transmit
signhaling highway is transmitted via a buffer. When set to 0, the transmit
spare bit is disabled from being written into the buffer, and the value sit-
ting in the buffer will frozen. The value of the bit in the buffer may be
rewritten by the microprocessor for sending to the line. The buffer loca-
tion is XDOH.

1E4-Ch1] 741 TDE7-TDE1 |Transmit Time Slot Enable for Time Slots 7-1: When a bit in this

2E4-Ch2 register is set to 1, the corresponding transmit time slot from the

3E4-Ch3 transmit data highway is written into the slip buffer. The time slot is then

4E4 -Ch 4 read from the slip buffer for the transmit line. When a bit in this register

is written with a 0, the corresponding time slot from the data highway
will not be written into the slip buffer. Instead, the microprocessor writes
the value of the time slot into the slip buffer and this value will be read
from the slip buffer for the transmit line. Bit 7 is assigned to transmit
Time Slot 7. The slip buffers are located in registers X97H-X91H (frame
1) and XB7H-XB1H (frame 2).

0 R Reserved: Set to 0.
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1E5-Ch1| 7-0 TDE15-TDE8 [Transmit Time Slot Enable for Time Slots 15-8: When a bit in this
2E5-Ch2 register is set to 1, the corresponding transmit time slot from the
3E5-Ch3 transmit data highway is written into the slip buffer. The time slot is then
4E5-Ch 4 read from the slip buffer for the transmit line. When a bit in this register
is written with a 0, the corresponding time slot from the data highway
will not be written into the slip buffer. Instead, the microprocessor writes
the value of the time slot into the slip buffer and this value will be read
from the slip buffer for the transmit line. Bit 7 is assigned to transmit
Time Slot 15. The slip buffers are located in registers X9FH-X98H
(frame 1) and XBFH-XB8H (frame 2).
1E6-Ch1]| 7-0 | TDE23-TDE16 |Transmit Time Slot Enable for Time Slots 23-16: When a bit in this
2E6-Ch2 register is set to 1, the corresponding transmit time slot from the
3E6-Ch3 transmit data highway is written into the slip buffer. The time slot is then
4E6 - Ch 4 read from the slip buffer for the transmit line. When a bit in this register
is written with a 0, the corresponding time slot from the data highway
will not be written into the slip buffer. Instead, the microprocessor writes
the value of the time slot into the slip buffer and this value will be read
from the slip buffer for the transmit line. Bit 7 is assigned to transmit
Time Slot 23. The slip buffers are located in registers XA7H-XAOH
(frame 1) and XC7H-XCOH (frame 2).
1E7-Ch1]| 7-0 | TDE31-TDE24 |Transmit Time Slot Enable for Time Slots 31-24: When a bit in this
2E7-Ch2 register is set to 1, the corresponding transmit time slot from the
3E7-Ch3 transmit data highway is written into the slip buffer. The time slot is then
4E7 -Ch4 read from the slip buffer for the transmit line. When a bit in this register
is written with a 0, the corresponding time slot from the data highway
will not be written into the slip buffer. Instead, the microprocessor writes
the value of the time slot into the slip buffer and this value will be read
from the slip buffer for the transmit line. Bit 7 is assighed to transmit
Time Slot 31. The slip buffers are located in registers XAFH-XA8H
(frame 1) and XCFH-XC8H (frame 2).

Transmit Time Slot Registers

The bits in these read/write registers are the transmit time slots from the E1 frame format that are present in
the two-frame slip buffer, when enabled.

Address Bit Symbol Description
190 - Ch 1 7-0 TFAS Transmit Time Slot 0 FAS Buffer: The time slot bits for Time Slot
290-Ch2 0 in frames carrying the frame alignment pattern (FAS, frame 1)
390-Ch3 are written into this location from the signaling highway when a
490 - Ch 4 Transmission Mode is selected, and from the data highway when
the 2 Mbit/s MVIP Mode, 8 Mbit/s H-MVIP Mode or 16 Mbit/s PCM
Highway Mode is selected. When control bit TSIS (bit 7) in register
X2CH is written with a 0, the state of the international bit from the
system interface (signaling highway or data highway) cannot be
written into the buffer and the buffer value is frozen. The micropro-
cessor can how write the value of the international bit for transmit
Time Slot 0 that will be sent to the line.
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191-1AF-Ch 1| 7-0 TTS1-TTS31 |Transmit Time Slots 1-31: Register locations X91H-XAFH repre-
291-2AF - Ch 2 sent frame 1 in the two-frame slip buffer from the data highway.
391-3AF-Ch 3 The register locations for a time slot are enabled when the corre-
491-4AF - Ch 4 sponding transmit time slot enable bits (TDE1-TDE31) in registers
XE4H, XE5H, XE6H and XE7H are written with 1. When one or
more control bits in XE4H-XE7H are written with a 0, the corre-
sponding transmit time slot is disabled from being written into the
buffer location, and the corresponding values in the two buffer loca-
tions are frozen. The microprocessor can now write an idle or ser-
vice code to the corresponding buffer location. Please note that
both frame locations in the slip buffer must be written for a time slot
(see XB1H-XCFH below).
1B0 - Ch 1 7-0 TNFAS Transmit Time Slot 0 NFAS Buffer: The time slot bits for Time
2B0-Ch?2 Slot 0 in frames not carrying the frame alignment pattern (NFAS,
3B0-Ch3 frame 2) are written into this location from the signaling highway
4B0 -Ch 4 when a Transmission Mode is selected, and from the data highway
when the 2 Mbit/s MVIP Mode, 8 Mbit/s H-MVIP Mode or 16 Mbit/s
PCM Highway Mode is selected. When control bit TSIS (bit 7) and
TSA4S-TSAS8S (bits 4-0) in register X2CH are set to 0, the states of
the corresponding international bit and national bits from the sys-
tem interface (signaling highway or data highway) cannot be writ-
ten into the buffer, and the corresponding buffer value is frozen.
The microprocessor can now write the values of the corresponding
international bit and national bits for transmit Time Slot 0 that will
be sent to the line.
1B1-1CF-Ch 1| 7-0 TTS1-TTS31 [Transmit Time Slots 1-31: Register locations XB1H-XCFH repre-
2B1-2CF-Ch 2 sent frame 2 in the two-frame slip buffer from the data highway.
3B1-3CF-Ch 3 The register locations for a time slot are enabled when the corre-
4B1-4CF -Ch 4 sponding transmit time slot enable bits (TDE1-TDES31) in registers

XE4H, XE5H, XE6H, and XE7H are written with 1. When one or
more control bits in XE4H-XE7H are written with a 0, the corre-
sponding transmit time slot is disabled from being written into the
buffer location, and the corresponding values in the two buffer loca-
tions are frozen. The microprocessor can now write an idle or ser-
vice code to the corresponding buffer location. Please note that
both locations in the slip buffer must be written for a time slot (see
X91H-XAFH above).
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Signaling Control Registers

The bits in the following read/write registers control both the receive and transmit signaling buffer locations for
telephone channels 1 through 30. Please note that the signaling information for telephone channel 1 is carried
in Time Slot 1, and for telephone channel 30 in Time Slot 31. Time Slot 16 is used for a signaling channel, not
a telephone channel.

Address Bit Symbol Description

1E8-Ch1| 7-0 SE8-SE1 Signaling Enable for Channels 8-1: When a bit in this register is set to
2E8-Ch2 1, the transmit and receive signaling bits for the corresponding tele-
3E8-Ch3 phone channel are enabled. The ABCD signaling bits are written into
4E8 - Ch 4 the transmit and receive signaling buffers from the transmit signaling

highway and the receive line, and are inserted into the transmit line and
receive signaling highway. When set to 0, the signaling states in both
the transmit and receive sighaling buffers are frozen. The ability to inter-
nally write the signaling bits from the signaling highway and line into the
transmit and receive signaling buffers is disabled. This enables the
microprocessor to write the signaling states into the transmit and
receive signaling registers. Bit 7 is the enable bit for channel 8. Signal-
ing information for telephone channel ¢ is carried in Time Slot c.

1E9-Ch1| 7-0 SE16-SE9 [Signaling Enable for Channels 16-9: When a bit in this register is set

2E9-Ch2 to 1, the transmit and receive signaling bits for the corresponding tele-
3E9-Ch3 phone channel are enabled. The ABCD signaling bits are written into
4E9 - Ch 4 the transmit and receive signaling buffers from the transmit signaling

highway and the receive line, and are inserted into the transmit line and
receive signaling highway. When set to 0, the signaling states in both
the transmit and receive sighaling buffers are frozen. The ability to inter-
nally write the signaling bits from the signaling highway and line into the
transmit and receive signaling buffers is disabled. This enables the
microprocessor to write the signaling states into the transmit and
receive signaling registers. Bit 7 is the enable bit for channel 16. Signal-
ing information for telephone channel ¢ is carried in Time Slot ¢, except
for channel 16, which is carried in Time Slot 17.

1EA-Ch1| 7-0 SE24-SE17 |[Signaling Enable for Channels 24-17: When a bit in this register is set

2EA-Ch2 to 1, the transmit and receive signaling bits for the corresponding tele-
3EA-Ch3 phone channel are enabled. The ABCD signaling bits are written into
4EA - Ch 4 the transmit and receive signaling buffers from the transmit signaling

highway and the receive line, and are inserted into the transmit line and
receive signaling highway. When set to 0, the signaling states in both
the transmit and receive sighaling buffers are frozen. The ability to inter-
nally write the signhaling bits from the signaling highway and line into the
transmit and receive signaling buffers is disabled. This enables the
microprocessor to write the signaling states into the transmit and
receive signaling registers. Bit 7 is the enable bit for channel 24. Signal-
ing information for telephone channel ¢ is carried in Time Slot c+1.
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1EB-Ch1| 7-6 R Reserved: Set to 0.
ggg gﬂ g 5-0 SE30-SE25 |Signaling Enable for Channels 30-25: When a bit in this register is set

to 1, the transmit and receive signaling bits for the corresponding tele-
phone channel are enabled. The ABCD signaling bits are written into
the transmit and receive signaling buffers from the transmit signaling
highway and the receive line, and are inserted into the transmit line and
receive signaling highway. When set to 0, the signaling states in both
the transmit and receive sighaling buffers are frozen. The ability to inter-
nally write the signaling bits from the signaling highway and line into the
transmit and receive signaling buffers is disabled. This enables the
microprocessor to write the signaling states into the transmit and
receive signaling registers. Bit 5 is the enable bit for channel 30. Signhal-
ing information for telephone channel ¢ is carried in Time Slot c+1.

4EB-Ch 4

Receive and Transmit Signaling Registers

The following read/write register locations contain the ABCD signaling states associated with each of the tele-
phone channels carried in Time Slots 1 through 31. When the signaling states for a channel are frozen, the
microprocessor can write a new signaling state using the following registers.

Address Bit Symbol Description
180-Ch1| 74 RSIGMAS |Received Signaling Multiframe Alignment Signal: The bits in this
280-Ch2 register contain the states of the received multiframe alignment pattern
380-Ch3 (Time Slot 16 bits 1-4 in frame 0) in the receive signaling buffer. This
480 - Ch 4 pattern is normally 0000. Bit 7 is received bit 1.

3-0 RX0, RY, Received Signaling Spare Bits and Remote Alarm Bit: Bits 3, 1 and

RX1, RX2 |0 in this register contain the states of the received X0, X1, X2 bits (spare
bits) in Time Slot 16, which correspond to bits 5, 7, and 8 in frame 0 of
the multiframe. The RY bit (bit 2) is defined as the loss of multiframe
indication bit and is carried in bit 6 in frame 0 of the multiframe.

181 -Ch1| 74 RA1-RD1 Receive A1-D1 and A16-D16 Signaling Bits: The signaling bits in this
281 -Ch2| 3-0 RA16-RD16 |register are the states of the received A1 to D1 bits and the A16to D16
381-Ch3 bits in the receive signaling buffer. The bits correspond to the ABCD sig-
481 -Ch4 naling bits carried in Time Slot 16 for channels 1 (Time Slot 1) and 16

(Time Slot 17). Bit 7 is the A1 signaling bit value. Please note that a
receive signaling state is written into the signaling buffer when the corre-
sponding channel enable bit SEc is written with a 1 (where ¢ is the
channel number, from 1 to 30). When the corresponding enable bit is
written with a 0, a signaling freeze occurs, and the value read in a bit
position in this register represents the last value written into the buffer.
The microprocessor can write the state of the outgoing signaling bits for
channels 1 and 16 in this register.
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182-Ch1| 74 RA2-RD2 Receive A2-D2 and A17-D17 Signaling Bits: The signaling bits in this
282-Ch2| 3-0 RA17-RD17 [register are the states of the received A2 to D2 bits and the A17 to D17
382-Ch3 bits in the receive signaling buffer. The bits correspond to the ABCD sig-
482 -Ch 4 naling bits carried in Time Slot 16 for channels 2 (Time Slot 2) and 17

(Time Slot 18). Bit 7 is the A2 signaling bit value. Please note that a
receive signaling state is written into the signaling buffer when the corre-
sponding channel enable bit SEc is written with a 1. When the corre-
sponding enable bit is written with a 0, a signaling freeze occurs, and
the value read in a bit position represents the last value written into the
buffer. The microprocessor can write the state of the outgoing signaling
bits for channels 2 and 17 in this register.

183-Ch1| 74 RA3-RD3 Receive A3-D3 and A18-D18 Signaling Bits: The signaling bits in this
283-Ch2| 3-0 RA18-RD18 |[register are the states of the received A3 to D3 bits and the A18to D18
383-Ch3 bits in the receive sighaling buffer. The bits correspond to the ABCD sig-
483 - Ch 4 naling bits carried in Time Slot 16 for channels 3 (Time Slot 3) and 18

(Time Slot 19). Bit 7 is the A3 signaling bit value. Please note that a
receive signaling state is written into the signaling buffer when the corre-
sponding channel enable bit SEc is written with a 1. When the corre-
sponding enable bit is written with a 0, a signaling freeze occurs, and
the value read in a bit position represents the last value written into the
buffer. The microprocessor can write the state of the outgoing signaling
bits for channels 3 and 18 in this register.

184-Ch1| 7-4 RA4-RD4 Receive A4-D4 and A19-D19 Signaling Bits: The signaling bits in this
284-Ch2| 3-0 RA19-RD19 |register are the states of the received A4 to D4 bits and the A19 to D19
384-Ch3 bits in the receive signaling buffer. The bits correspond to the ABCD sig-
484 - Ch 4 naling bits carried in Time Slot 16 for channels 4 (Time Slot 4) and 19

(Time Slot 20). Bit 7 is the A4 signaling bit value. Please note that a
receive signaling state is written into the signaling buffer when the corre-
sponding channel enable bit SEc is written with a 1. When the corre-
sponding enable bit is written with a 0, a signaling freeze occurs, and
the value read in a bit position represents the last value written into the
buffer. The microprocessor can write the state of the outgoing signaling
bits for channels 4 and 19 in this register.

185-Ch1| 7-4 RA5-RD5 Receive A5-D5 and A20-D20 Signaling Bits: The signaling bits in this
285-Ch2| 3-0 RA20-RD20 |[register are the states of the received A5 to D5 bits and the A20 to D20
385-Ch3 bits in the receive signaling buffer. The bits correspond to the ABCD sig-
485-Ch 4 naling bits carried in Time Slot 16 for channels 5 (Time Slot 5) and 20

(Time Slot 21). Bit 7 is the A5 signaling bit value. Please note that a
receive signaling state is written into the signaling buffer when the corre-
sponding channel enable bit SEc is written with a 1. When the corre-
sponding enable bit is written with a 0, a signaling freeze occurs, and
the value read in a bit position represents the last value written into the
buffer. The microprocessor can write the state of the outgoing signaling
bits for channels 5 and 20 in this register.
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186-Ch1| 7-4 RA6-RD6 Receive A6-D6 and A21-D21 Signaling Bits: The signaling bits in this
286-Ch2| 3-0 RA21-RD21 [register are the states of the received A6 to D6 bits and the A21 to D21
386-Ch3 bits in the receive signhaling buffer. The bits correspond to the ABCD sig-
486 - Ch 4 naling bits carried in Time Slot 16 for channels 6 (Time Slot 6) and 21

(Time Slot 22). Bit 7 is the A6 signaling bit value. Please note that a
receive signaling state is written into the signaling buffer when the corre-
sponding enable bit SEc is written with a 1. When the corresponding
channel enable bit is written with a 0, a signaling freeze occurs, and the
value read in a bit position represents the last value written into the
buffer. The microprocessor can write the state of the outgoing signaling
bits for channels 6 and 21 in this register.

187-Ch1| 74 RA7-RD7 Receive A7-D7 and A22-D22 Signaling Bits: The signaling bits in this
287-Ch2| 83-0 RA22-RD22 |[register are the states of the received A7 to D7 bits and the A22 to D22
387-Ch3 bits in the receive sighaling buffer. The bits correspond to the ABCD sig-
487 -Ch 4 naling bits carried in Time Slot 16 for channels 7 (Time Slot 7) and 22

(Time Slot 23). Bit 7 is the A7 signaling bit value. Please note that a
receive signaling state is written into the signaling buffer when the corre-
sponding enable bit SEc is written with a 1. When the corresponding
channel enable bit is written with a 0, a signaling freeze occurs, and the
value read in a bit position represents the last value written into the
buffer. The microprocessor can write the state of the outgoing signaling
bits for channels 7 and 22 in this register.

188-Ch1| 74 RA8-RD8 Receive A8-D8 and A23-D23 Signaling Bits: The signaling bits in this
288-Ch2| 3-0 RA23-RD23 |register are the states of the received A8 to D8 bits and the A23 to D23
388-Ch3 bits in the receive signaling buffer. The bits correspond to the ABCD sig-
488 - Ch 4 naling bits carried in Time Slot 16 for channels 8 (Time Slot 8) and 23

(Time Slot 24). Bit 7 is the A8 signaling bit value. Please note that a
receive signaling state is written into the signaling buffer when the corre-
sponding enable bit SEc is written with a 1. When the corresponding
channel enable bit is written with a 0, a signaling freeze occurs, and the
value read in a bit position represents the last value written into the
buffer. The microprocessor can write the state of the outgoing signaling
bits for channels 8 and 23 in this register.

189-Ch1| 74 RA9-RD9 Receive A9-D9 and A24-D24 Signaling Bits: The signaling bits in this
289-Ch2| 83-0 RA24-RD24 [register are the states of the received A9 to D9 bits and the A24 to D24
389-Ch3 bits in the receive signaling buffer. The bits correspond to the ABCD sig-
489 -Ch4 naling bits carried in Time Slot 16 for channels 9 (Time Slot 9) and 24

(Time Slot 25). Bit 7 is the A9 signaling bit value. Please note that a
receive signaling state is written into the signaling buffer when the corre-
sponding enable bit SEc is written with a 1. When the corresponding
channel enable bit is written with a 0, a signaling freeze occurs, and the
value read in a bit position represents the last value written into the
buffer. The microprocessor can write the state of the outgoing signaling
bits for channels 9 and 24 in this register.
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18A-Ch 1
28A-Ch2
38A-Ch3
48A -Ch 4

7-4
3-0

RA10-RD10
RA25-RD25

Receive A10-D10 and A25-D25 Signaling Bits: The signaling bits in
this register are the states of the received A10 to D10 bits and the A25
to D25 bits in the receive signaling buffer. The bits correspond to the
ABCD signaling bits carried in Time Slot 16 for channels 10 (Time Slot
10) and 25 (Time Slot 26). Bit 7 is the A10 signaling bit value. Please
note that a receive signaling state is written into the signaling buffer
when the corresponding channel enable bit SEc is written with a 1.
When the corresponding enable bit is written with a 0, a signaling freeze
occurs, and the value read in a bit position represents the last value
written into the buffer. The microprocessor can write the state of the out-
going signaling bits for channels 10 and 25 in this register.

18B - Ch 1
28B-Ch2
38B-Ch3
48B - Ch 4

7-4
3-0

RA11-RD11
RA26-RD26

Receive A11-D11 and A26-D26 Signaling Bits: The signaling bits in
this register are the states of the received A11 to D11 bits and the A26
to D26 bits in the receive signaling buffer. The bits correspond to the
ABCD signaling bits carried in Time Slot 16 for channels 11 (Time Slot
11) and 26 (Time Slot 27). Bit 7 is the A11 sighaling bit value. Please
note that a receive signaling state is written into the signaling buffer
when the corresponding channel enable bit SEc is written with a 1.
When the corresponding enable bit is written with a 0, a signaling freeze
occurs, and the value read in a bit position represents the last value
written into the buffer. The microprocessor can write the state of the out-
going signaling bits for channels 11 and 26 in this register.

18C - Ch 1
28C-Ch2
38C-Ch3
48C -Ch 4

3-0

RA12-RD12
RA27-RD27

Receive A12-D12 and A27-D27 Signaling Bits: The signaling bits in
this register are the states of the received A12 to D12 bits and the A27
to D27 bits in the receive signaling buffer. The bits correspond to the
ABCD signaling bits carried in Time Slot 16 for channels 12 (Time Slot
12) and 27 (Time Slot 28). Bit 7 is the A12 signaling bit value. Please
note that a receive signaling state is written into the signaling buffer
when the corresponding channel enable bit SEc is written with a 1.
When the corresponding enable bit is written with a 0, a signaling freeze
occurs, and the value read in a bit position represents the last value
written into the buffer. The microprocessor can write the state of the out-
going signaling bits for channels 12 and 27 in this register.

18D - Ch 1
28D-Ch2
38D-Ch3
48D -Ch 4

7-4
3-0

RA13-RD13
RA28-RD28

Receive A13-D13 and A28-D28 Signaling Bits: The signaling bits in
this register are the states of the received A13 to D13 bits and the A28
to D28 bits in the receive signaling buffer. The bits correspond to the
ABCD signaling bits carried in Time Slot 16 for channels 13 (Time Slot
13) and 28 (Time Slot 29). Bit 7 is the A13 signaling bit value. Please
note that a receive signaling state is written into the signaling buffer
when the corresponding channel enable bit SEc is written with a 1.
When the corresponding enable bit is written with a 0, a signaling freeze
occurs, and the value read in a bit position represents the last value
written into the buffer. The microprocessor can write the state of the out-
going signaling bits for channels 13 and 28 in this register.
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18E - Ch 1
28E-Ch2
38E-Ch3
48E-Ch 4

7-4
3-0

RA14-RD14
RA29-RD29

Receive A14-D14 and A29-D29 Signaling Bits: The signaling bits in
this register are the states of the received A14 to D14 bits and the A29
to D29 bits in the receive signaling buffer. The bits correspond to the
ABCD signaling bits carried in Time Slot 16 for channels 14 (Time Slot
14) and 29 (Time Slot 30). Bit 7 is the A14 signaling bit value. Please
note that a receive signaling state is written into the signaling buffer
when the corresponding channel enable bit SEc is written with a 1.
When the corresponding enable bit is written with a 0, a signaling freeze
occurs, and the value read in a bit position represents the last value
written into the buffer. The microprocessor can write the state of the out-
going signaling bits for channels 14 and 29 in this register.

18F - Ch 1
28F -Ch2
38F-Ch3
48F - Ch 4

7-4
3-0

RA15-RD15
RA30-RD30

Receive A15-D15 and A30-D30 Signaling Bits: The sighaling bits in
this register are the states of the received A15 to D15 bits and the A30
to D30 bits in the receive signaling buffer. The bits correspond to the
ABCD signaling bits carried in Time Slot 16 for channels 15 (Time Slot
15) and 30 (Time Slot 31). Bit 7 is the A15 signaling bit value. Please
note that a receive signaling state is written into the signaling buffer
when the corresponding channel enable bit SEc is written with a 1.
When the corresponding enable bit is written with a 0, a signaling freeze
occurs, and the value read in a bit position represents the last value
written into the buffer. The microprocessor can write the state of the out-
going signaling bits for channels 15 and 30 in this register.

1DO0 - Ch 1
2D0-Ch2
3D0-Ch3
4D0-Ch 4

TSIGMAS

Transmit Signaling Multiframe Alignment Signal: The bits in this reg-
ister contain the states of the transmit multiframe alignment pattern
(Time Slot 16 bits 1-4 in frame 0) in the transmit signaling buffer. This
pattern is normally 0000. Bit 7 is transmitted bit 1.

3-0

TXO, TY,
TX1, TX2

Transmit Signaling Spare Bits and Remote Alarm Bit: Bits 3, 1 and 0
in this register contain the states of the transmit X0, X1, X2 bits (spare
bits) in Time Slot 16, which are carried in bits 5, 7, and 8 of frame 0 in
the multiframe. The TY bit (bit 2) is defined as the loss of multiframe
indication bit and is carried in bit 6 in frame 0 of the multiframe.

1D1-Ch 1
2D1-Ch2
3D1-Ch3
4D1-Ch 4

7-4
3-0

TA1-TD1
TA16-TD16

Transmit A1-D1 and A16-D16 Signaling Bits: The sighaling bits in this
register are the A1 to D1 and A16 to D16 signaling bits written into the
signaling buffer from the transmit signaling highway. The bits corre-
spond to the ABCD signaling bits carried in Time Slot 16 for channels 1
(Time Slot 1) and 16 (Time Slot 17). Bit 7 is the A1 sighaling bit value.
Please note that a transmit signaling state is written into the signaling
buffer when the corresponding channel enable bit SEc is written with a
1. When the corresponding enable bit is written with a 0, a signaling
freeze occurs, and the value read in a bit position represents the last
value written into the buffer. The microprocessor can write the state of
the transmitted signaling bits that correspond to channels 1 and 16 in
this register.
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1D2 - Ch 1
2D2-Ch2
3D2-Ch3
4D2 -Ch 4

7-4
3-0

TA2-TD2
TA17-TD17

Transmit A2-D2 and A17-D17 Signaling Bits: The sighaling bits in this
register are the A2 to D2 and A17 to D17 signaling bits written into the
signaling buffer from the transmit signaling highway. The bits corre-
spond to the ABCD signaling bits carried in Time Slot 16 for channels 2
(Time Slot 2) and 17 (Time Slot 18). Bit 7 is the A2 sighaling bit value.
Please note that a transmit signaling state is written into the signhaling
buffer when the corresponding enable bit SEc is written with a 1. When
the corresponding channel enable bit is written with a 0, a signaling
freeze occurs, and the value read in a bit position represents the last
value written into the buffer. The microprocessor can write the state of
the transmitted signaling bits that correspond to channels 2 and 17 in
this register.

1D3 - Ch 1
2D3-Ch2
3D3-Ch3
4D3-Ch 4

7-4
3-0

TA3-TD3
TA18-TD18

Transmit A3-D3 and A18-D18 Signaling Bits: The signaling bits in this
register are the A3 to D3 and A18 to D18 signaling bits written into the
signaling buffer from the transmit signaling highway. The bits corre-
spond to the ABCD signaling bits carried in Time Slot 16 for channels 3
(Time Slot 3) and 18 (Time Slot 19). Bit 7 is the A3 signaling bit value.
Please note that a transmit signaling state is written into the signaling
buffer when the corresponding channel enable bit SEc is written with a
1. When the corresponding enable bit is written with a 0, a signaling
freeze occurs, and the value read in a bit position represents the last
value written into the buffer. The microprocessor can write the state of
the transmitted signaling bits that correspond to channels 3 and 18 in
this register.

1D4 - Ch 1
2D4 -Ch 2
3D4-Ch3
4D4 -Ch 4

7-4
3-0

TA4-TD4
TA19-TD19

Transmit A4-D4 and A19-D19 Signaling Bits: The signaling bits in this
register are the A4 to D4 and A19 to D19 signaling bits written into the
signhaling buffer from the transmit signaling highway. The bits corre-
spond to the ABCD signaling bits carried in Time Slot 16 for channels 4
(Time Slot 4) and 19 (Time Slot 20). Bit 7 is the A4 signaling bit value.
Please note that a transmit signaling state is written into the signaling
buffer when the corresponding channel enable bit SEc is written with a
1. When the corresponding enable bit is written with a 0, a signaling
freeze occurs, and the value read in a bit position represents the last
value written into the buffer. The microprocessor can write the state of
the transmitted signaling bits that correspond to channels 4 and 19 in
this register.

1D5 - Ch 1
2D5-Ch 2
3D5-Ch3
4D5-Ch 4

7-4

TA5-TD5
TA20-TD20

Transmit A5-D5 and A20-D20 Signaling Bits: The signaling bits in this
register are the A5 to D5 and A20 to D20 signaling bits written into the
signhaling buffer from the transmit signaling highway. The bits corre-
spond to the ABCD signaling bits carried in Time Slot 16 for channels 5
(Time Slot 5) and 20 (Time Slot 21). Bit 7 is the A5 sighaling bit value.
Please note that a transmit signaling state is written into the signaling
buffer when the corresponding channel enable bit SEc is written with a
1. When the corresponding enable bit is written with a 0, a signaling
freeze occurs, and the value read in a bit position represents the last
value written into the buffer. The microprocessor can write the state of
the transmitted signaling bits that correspond to channels 5 and 20 in
this register.
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1D6 - Ch 1
2D6-Ch 2
3D6-Ch3
4D6 -Ch 4

7-4
3-0

TA6-TD6
TA21-TD21

Transmit A6-D6 and A21-D21 Signaling Bits: The sighaling bits in this
register are the A6 to D6 and A21 to D21 signaling bits written into the
signaling buffer from the transmit signaling highway. The bits corre-
spond to the ABCD signaling bits carried in Time Slot 16 for channels 6
(Time Slot 6) and 21 (Time Slot 22). Bit 7 is the A6 sighaling bit value.
Please note that a transmit signaling state is written into the signhaling
buffer when the corresponding channel enable bit SEc is written with a
1. When the corresponding enable bit is written with a 0, a signaling
freeze occurs, and the value read in a bit position represents the last
value written into the buffer. The microprocessor can write the state of
the transmitted signaling bits that correspond to channels 6 and 21 in
this register.

1D7 -Ch 1
2D7-Ch2
3D7-Ch3
4D7 -Ch 4

7-4
3-0

TA7-TD7
TA22-TD22

Transmit A7-D7 and A22-D22 Signaling Bits: The signaling bits in this
register are the A7 to D7 and A22 to D22 signaling bits written into the
signaling buffer from the transmit signaling highway. The bits corre-
spond to the ABCD signaling bits carried in Time Slot 16 for channels 7
(Time Slot 7) and 22 (Time Slot 23). Bit 7 is the A7 signaling bit value.
Please note that a transmit signaling state is written into the signaling
buffer when the corresponding channel enable bit SEc is written with a
1. When the corresponding enable bit is written with a 0, a signaling
freeze occurs, and the value read in a bit position represents the last
value written into the buffer. The microprocessor can write the state of
the transmitted signaling bits that correspond to channels 7 and 22 in
this register.

1D8 - Ch 1
2D8 -Ch 2
3D8-Ch3
4D8 - Ch 4

7-4
3-0

TA8-TD8
TA23-TD23

Transmit A8-D8 and A23-D23 Signaling Bits: The signaling bits in this
register are the A8 to D8 and A23 to D23 signaling bits written into the
signhaling buffer from the transmit signaling highway. The bits corre-
spond to the ABCD signaling bits carried in Time Slot 16 for channels 8
(Time Slot 8) and 23 (Time Slot 24). Bit 7 is the A8 sighaling bit value.
Please note that a transmit signaling state is written into the signaling
buffer when the corresponding channel enable bit SEc is written with a
1. When the corresponding enable bit is written with a 0, a signaling
freeze occurs, and the value read in a bit position represents the last
value written into the buffer. The microprocessor can write the state of
the transmitted signaling bits that correspond to channels 8 and 23 in
this register.

1D9 - Ch 1
2D9-Ch2
3D9-Ch3
4D9-Ch 4

7-4

TA9-TD9
TA24-TD24

Transmit A9-D9 and A24-D24 Signaling Bits: The signaling bits in this
register are the A9 to D9 and A24 to D24 signaling bits written into the
signhaling buffer from the transmit signaling highway. The bits corre-
spond to the ABCD signaling bits carried in Time Slot 16 for channels 9
(Time Slot 9) and 24 (Time Slot 25). Bit 7 is the A9 sighaling bit value.
Please note that a transmit signaling state is written into the signaling
buffer when the corresponding channel enable bit SEc is written with a
1. When the corresponding enable bit is written with a 0, a signaling
freeze occurs, and the value read in a bit position represents the last
value written into the buffer. The microprocessor can write the state of
the transmitted signaling bits that correspond to channels 9 and 24 in
this register.
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1DA - Ch 1
2DA-Ch2
3DA-Ch3
4DA -Ch 4

7-4
3-0

TA10-TD10
TA25-TD25

Transmit A10-D10 and A25-D25 Signaling Bits: The signaling bits in
this register are the A10 to D10 and A25 to D25 signaling bits written
into the signaling buffer from the transmit signaling highway. The bits
correspond to the ABCD signaling bits carried in Time Slot 16 for chan-
nels 10 (Time Slot 10) and 25 (Time Slot 26). Bit 7 is the A10 signaling
bit value. Please note that a transmit signaling state is written into the
signaling buffer when the corresponding channel enable bit SEc is writ-
ten with a 1. When the corresponding enable bit is written with a 0, a
signhaling freeze occurs, and the value read in a bit position represents
the last value written into the buffer. The microprocessor can write the
state of the transmitted sighaling bits that correspond to channels 10
and 25 in this register.

1DB - Ch 1
2DB-Ch2
3DB-Ch3
4DB-Ch 4

7-4
3-0

TA11-TD11
TA26-TD26

Transmit A11-D11 and A26-D26 Signaling Bits: The signaling bits in
this register are the A11 to D11 and A26 to D26 signaling bits written
into the signaling buffer from the transmit signaling highway. The bits
correspond to the ABCD signaling bits carried in Time Slot 16 for chan-
nels 11 (Time Slot 11) and 26 (Time Slot 27). Bit 7 is the A11 signaling
bit value. Please note that a transmit signaling state is written into the
signhaling buffer when the corresponding channel enable bit SEc is writ-
ten with a 1. When the corresponding enable bit is written with a 0, a
sighaling freeze occurs, and the value read in a bit position represents
the last value written into the buffer. The microprocessor can write the
state of the transmitted sighaling bits that correspond to channels 11
and 26 in this register.

1DC - Ch 1
2DC-Ch2
3DC-Ch3
4DC-Ch 4

7-4
3-0

TA12-TD12
TA27-TD27

Transmit A12-D12 and A27-D27 Signaling Bits: The signaling bits in
this register are the A12 to D12 and A27 to D27 signaling bits written
into the signaling buffer from the transmit signaling highway. The bits
correspond to the ABCD signaling bits carried in Time Slot 16 for chan-
nels 12 (Time Slot 12) and 27 (Time Slot 28). Bit 7 is the A12 signaling
bit value. Please note that a transmit signaling state is written into the
signaling buffer when the corresponding channel enable bit SEc is writ-
ten with a 1. When the corresponding enable bit is written with a 0, a
signhaling freeze occurs, and the value read in a bit position represents
the last value written into the buffer. The microprocessor can write the
state of the transmitted sighaling bits that correspond to channels 12
and 27 in this register.

1DD - Ch 1
2DD-Ch2
3DD-Ch3
4DD-Ch 4

7-4

TA13-TD13
TA28-TD28

Transmit A13-D13 and A28-D28 Signaling Bits: The signaling bits in
this register are the A13 to D13 and A28 to D28 signaling bits written
into the signaling buffer from the transmit signaling highway. The bits
correspond to the ABCD signaling bits carried in Time Slot 16 for chan-
nels 13 (Time Slot 13) and 28 (Time Slot 29). Bit 7 is the A13 signaling
bit value. Please note that a transmit signaling state is written into the
sighaling buffer when the corresponding channel enable bit SEc is writ-
ten with a 1. When the corresponding enable bit is written with a 0, a
signhaling freeze occurs, and the value read in a bit position represents
the last value written into the buffer. The microprocessor can write the
state of the transmitted sighaling bits that correspond to channels 13
and 28 in this register.
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1DE-Ch1]| 74 TA14-TD14 [Transmit A14-D14 and A29-D29 Signaling Bits: The signaling bits in
2DE-Ch2| 3-0 TA29-TD29 |this register are the A14 to D14 and A29 to D29 signaling bits written
3DE-Ch3 into the signaling buffer from the transmit signaling highway. The bits
4DE - Ch 4 correspond to the ABCD signaling bits carried in Time Slot 16 for chan-
nels 14 (Time Slot 14) and 29 (Time Slot 30). Bit 7 is the A14 signaling
bit value. Please note that a transmit signaling state is written into the
signaling buffer when the corresponding channel enable bit SEc is writ-
ten with a 1. When the corresponding enable bit is written with a 0, a
signhaling freeze occurs, and the value read in a bit position represents
the last value written into the buffer. The microprocessor can write the
state of the transmitted signhaling bits that correspond to channels 14
and 29 in this register.

1DF-Ch1| 7-4 TA15-TD15 |Transmit A15-D15 and A30-D30 Signaling Bits: The signaling bits in
2DF -Ch 2| 3-0 TA30-TD30 |this register are the A15 to D15 and A30 to D30 signaling bits written
3DF -Ch 3 into the signaling buffer from the transmit signaling highway. The bits
4DF - Ch 4 correspond to the ABCD signaling bits carried in Time Slot 16 for chan-
nels 15 (Time Slot 15) and 30 (Time Slot 31). Bit 7 is the A15 signaling
bit value. Please note that a transmit signaling state is written into the
signhaling buffer when the corresponding channel enable bit SEc is writ-
ten with a 1. When the corresponding enable bit is written with a 0, a
sighaling freeze occurs, and the value read in a bit position represents
the last value written into the buffer. The microprocessor can write the
state of the transmitted signhaling bits that correspond to channels 15
and 30 in this register.

HDLC Link Control Registers

The bits in the following read/write registers control the transmit and receive HDLC link that is carried in the Sa
bits (bits 4-8) of Time Slot 0 in NFAS frames (frame 2).

Address Bit Symbol Description
108 - Ch 1 7 EHR Enable HDLC Receiver: A 1 enables the HDLC receiver. After flag
208-Ch2 detection and zero bit destuffing the bytes are written into the receive
308-Ch3 HDLC FIFO. A 0 disables the HDLC controller, clears the FIFO, and dis-
408 - Ch 4 ables the HDLC receive interrupts.

6 EHT Enable HDLC Transmitter: A 1 enables the HDLC transmitter. The

transmitter will send flags when the transmit HDLC FIFO is empty. The
bytes are formatted into the message when the FIFO has bytes present.
A 0 disables the HDLC controller, clears the FIFO, and disables the
HDLC transmit interrupts.

5 TAB Transmit Abort: When set to 1, the transmit HDLC controller will trans-
mit the abort sequence (a zero followed by seven ones) after the next
data byte. This is followed by clearing the transmit HDLC FIFO, and
sending continuous flags.

4 EOM Transmit End Of Message Flag: When set to 1, the transmit HDLC
FIFO contains the last byte in the message. When the FIFO has emp-
tied, the 16-bit CRC is transmitted, and this followed by an interrupt.
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108 - Ch 1 3 RHIE Receiver Half Full Interrupt Enable: When set to 1, the Receive
208-Ch2 HDLC controller generates an interrupt when the receive HDLC FIFO is
308-Ch3 half full, or at the end of the message. When set to 0, the HDLC control-
408 - Ch 4 ler generates an interrupt request only at the end of the message or
(cont.) when the FIFO has overflowed.
2 THIE Transmit Half Full Interrupt Enable: When set to 1, the Transmit
HDLC controller generates an interrupt when the transmit HDLC FIFO is
half full, or at the end of the message. When set to 0, the HDLC control-
ler generates an interrupt request only at the end of the message or
when the FIFO has overflowed.
1-0 R Reserved: Set to 0.
10C-Ch 1| 7-5 R Reserved: Set to 0.
288 gn g 4-0 SA4-SA8 Enable Sa Bits: A 1 written to one or more bits selects the correspond-
40C - Ch 4 ing Sa bit in Time Slot 0 of NFAS frames (frame 2) to be included as part
of the HDLC link. For example, a value of 11111 selects all five of the
national bits Sa4 through Sa8 as the data link and provides a bandwidth
of 5x 4 =20 kbit/s.

HDLC Link Transmit and Receive Data Registers

The first two registers are used for writing the transmit bytes into the 16-byte transmit FIFO, and for reading the
receive bytes from the receive FIFO, for the HDLC message. Register X18H indicates the humber of bytes in
the receive FIFO. All registers are read/write.

Address Bit Symbol Description

10A-Ch1] 7-0 THD7-THDO [HDLC Transmit Data: The byte written to this location is written to the

20A-Ch2 transmit FIFO. Bit 0 corresponds to the first bit transmitted in the HDLC

30A-Ch3 message byte.

40A - Ch 4

117-Ch1| 7-0 RHD7-RHDO |HDLC Receive Data: A read cycle transfers one byte from the receive

217-Ch 2 FIFO into this location. Bit 0 corresponds to the first bit received in the

317-Ch3 HDLC message byte.

417-Ch 4

118-Ch1| 7-5 R Reserved: Set to 0.

312 82 g 4-0 C4-Co HDLC Receive FIFO Depth: This register indicates the number of data

418 - Ch 4 bytes currently present in the HDLC receive FIFO. The value read is in
binary. Bit 0 is the LSB value. For example, the value 00000 indicates
that the FIFO is empty, and the value 01111 indicates that there are 15
bytes present in the receive FIFO.
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HDLC Link Status Registers

These registers are all read/write. The status bits in the XOE registers represent the latched status and inter-
rupt request indications generated by the receive and transmit HDLC controllers and the FIFOs. The latched
event bits are a result of a receive or transmit status indication or interrupt request in the HDLC Link Status
register X16H. The bits latch on either the rising edge, the falling edge, or both edges of the current status or
interrupt request event bits as defined by the RISE/FALL control bits (bits 6 and 5) in the Global Configuration
Register 006H. A latched bit causes a hardware interrupt indication when the corresponding mask bit in the
HDLC Link Mask Register XOFH is written with a 0. The status bits in register X16H represent the current
(unlatched) status and interrupt request indications generated by the receive and transmit HDLC controllers
and FIFOs.

Address Bit Symbol Description

10E-Ch1| 7-5 ERHIS2- Latched Receive HDLC Interrupt Events: The latched bits in this loca-
20E-Ch2 ERHISO tion correspond to a receive HDLC interrupt status indication in bits 7-5
30E-Ch3 in register X16H. These bits are cleared by writing a 0 to any bit position
40E - Ch 4 that is set. A hardware interrupt is generated when any of these bits
latches and the corresponding mask bit position in register XOFH is writ-
ten with a 0.

4 ETHIS Latched Transmit HDLC Interrupt Event: The latched bit in this loca-
tion corresponds to a transmit HDLC interrupt status indication in bit 4 in
register X16H. This bit is cleared by writing a 0 to it. A hardware inter-
rupt is generated when this bit latches and the corresponding mask bit
position in register XOFH is written with a 0.

3-2 ERXFS1- Latched Receive HDLC FIFO Status Events: The latched bits in this
ERXFS0 location correspond to receive HDLC FIFO status indications in bits 3-2
in X16H. These bits are cleared by writing a 0 to any bit position that is
set. If not masked by the corresponding mask bit position in register
XOFH, a hardware interrupt is generated when any of these bits latches.

1-0 ETXFS1- Latched Transmit HDLC FIFO Status Events: The latched bits in this
ETXFS0 location correspond to transmit HDLC FIFO status indications in bits 1-0
in register X16H. These bits are cleared by writing a 0 to any bit position
that is set. A hardware interrupt is generated when this bit latches and

the corresponding mask bit position in register XOFH is written with a 0.

10F-Ch1] 7-5 MRHIS2- Receive HDLC Interrupt Mask: When one or more bits are settoa 1,
20F-Ch2 MRHISO0 the latched receive HDLC interrupt event indications in corresponding
30F-Ch3 bits 7-5 in register XOEH are masked from causing a hardware interrupt.
40F - Ch 4 For example, if 001 is written into this location, a start of message indi-
cation is masked from causing a hardware interrupt (see RHIS2-
RHISO0).

4 MTHIS Transmit HDLC Interrupt Mask: When set to 1, the latched transmit
HDLC interrupt event indication corresponding to bit 4 in register XOEH
is masked from causing a hardware interrupt (see THIS).

3-2 MRXFS1- Receive HDLC FIFO Status Interrupt Mask: When one or more bits
MRXFS0 are setto a 1, a latched receive HDLC FIFO event indication in corre-
sponding bits 3-2 in register XOEH is masked from causing a hardware
interrupt. For example, if a 01 is written into this location, a half or more
than half full indication is masked from causing a hardware interrupt
(see RXFS1-RXFS0).
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10F-Ch1] 1-0 MTXFS1- Transmit HDLC FIFO Status Interrupt Mask: When one or more bits
20F-Ch2 MTXFSO0 are setto a 1, a latched transmit HDLC FIFO status event that has
30F-Ch3 taken place in corresponding bits 1-0 in register XOEH is masked from
40F - Ch 4 causing a hardware interrupt. For example, if a 01 is written into this
(cont.) location, a less than half full indication is masked from causing a hard-

ware interrupt (see TXFS1-TXFS0).
116-Ch 1] 7-5 | RHIS2-RHISO |Receive HDLC Interrupt Status: The following table lists the various

216-Ch2 interrupt status indications for the receive HDLC message.
316-Ch3
416-Ch 4 RHIS2 RHIS1 RHISO Condition

0 0 0 Idle Condition.

0 0 1 Start of message indication.

0 1 0 Valid message received (CRC

checked OK, message is 16 bytes
or less), or FIFO needs servicing
(short message, receive half full
control bit set).

0 1 1 Message received with a CRC
error.
1 X X Abort detected.

X represents either value may be indicated.

4 THIS Transmit HDLC Interrupt Status: A 1 indicates that the transmit FIFO
needs servicing, either because the message is completed, or because
the FIFO is equal to or less than half full.

3-2 | RXFS1-RXFSO0 [Receive FIFO Status: The following table lists the various receive FIFO
status indications for the receive HDLC message.

RXFSHA RXFSO0 Condition
0 0 Normal. FIFO less than half full.
0 1 FIFO equal to or more than half full.
1 0 FIFO full.
1 1 FIFO overflowed.

1-0 | TXFS1-TXFSO0 [Transmit FIFO Status: The following table lists the various transmit
FIFO status indications for the transmit HDLC message.

IXES1 IXESO Condition

0 0 Normal. FIFO more than half full.

0 1 FIFO equal to or less than half full.

1 0 FIFO overwritten (attempt to write to full
FIFO).

1 1 FIFO underflowed (attempt to read an
empty FIFO).
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PACKAGE INFORMATION

The QE1F device is packaged in a 128-pin thin plastic quad flat package suitable for surface mounting, as
illustrated in Figure 57.
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Figure 57. QE1F TXC-03104 128-Pin Thin Plastic Quad Flat Package
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ORDERING INFORMATION

Part Number: TXC-03104-AITQ 128-pin Thin Plastic Quad Flat Package

RELATED PRODUCTS

TXC-02020, ART VLSI Device (Advanced STS-1/DS3 Receiver/Transmitter). ART
performs the transmit and receive line interface functions required for transmission of
STS-1 (51.840 Mbit/s) and DS3 (44.736 Mbit/s) signals across a coaxial interface.

TXC-02021, ARTE VLSI Device (Advanced STS-1/DS3 Receiver/Transmitter). ARTE
has the same functionality as ART, plus expanded features.

TXC-02302B, SYN155C VLSI Device (155-Mbit/s Synchronizer, Clock and Data Out-
put). Provides complete STS-3/STM-1 frame synchronization on incoming 155 Mbit/s
signals in a single low-power unit. It has both clock and data outputs on the line side.

TXC-03001 and TXC-03001B, SOT-1 VLSI Device (SONET STS-1 Overhead Termi-
nator). This device performs section, line and path overhead processing for STS-1
SONET signals. Has programmable STS-1 or STS-N modes.

TXC-03003 and TXC-03003B, SOT-3 VLSI Device (STM-1/STS-3/STS-3¢ Overhead
Terminator). This device performs section, line and path overhead processing for
STM-1/STS-3/STS-3c signals. Compliant with ANSI and ITU-T standards.

TXC-03011, SOT-1E VLSI Device (SONET STS-1 Overhead Terminator). This device
provides extended features relative to the 84-pin TXC-03001 and TXC-03001B
SOT-1 devices, and it has a 144-pin package.

TXC-04002B, ADMA-E1 VLSI Device (Dual E1 to VT1.5 or TU-12 Async Mapper-
Desync). Interconnects two E1 signals with any two asynchronous mode VT2 or
TU-12 tributaries carried in SDH AU-3 rate payload interface.

TXC-04252, QE1M VLSI Device (Quad E1 to AU-4/VT2 or TU-12 Async Mapper-
Desync). Interconnects four E1 sighals with any four asynchronous mode VT2 or
TU-12 tributaries carried in SDH AU-4/AU-3 rate payload interface.

TXC-05101C, HDLC VLSI Device (HDLC Controller, 36-Bit Terminal I/O). High Speed
High Level Data Link Controller that sends and receives packets at line rates up to
51.84 Mbit/s using either a nibble-parallel, byte-parallel, or serial interface.

TXC-05150, CDB VLSI Device (Cell Delineation Block). Provides cell delineation for
ATM cells carried in a physical line at rates of 1.544 to 155 Mbit/s.

TXC-05427 and TXC-05427B, COBRA VLSI Device (Constant Bit Rate ATM Adapta-
tion Layer 1). Provides ATM AAL1 Structured and Unstructured service for four T1, E1
or n x 64k constant bit rate interfaces.

TXC-06125, XBERT VLSI Device (Bit Error Rate Generator/Receiver). Programmable
multi-rate test pattern generator and receiver in a single chip with serial, nibble-paral-
lel, or byte-parallel interface capability.
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STANDARDS DOCUMENTATION SOURCES

Telecommunication technical standards and reference documentation may be obtained
from the following organizations:

ANSI (U.S.A):

American National Standards Institute (ANSI)
11 West 42nd Street
New York, New York 10036

Tel: 212-642-4900
Fax: 212-302-1286

Bellcore (U.S.A):

Bellcore

Attention - Customer Setrvice
8 Corporate Place
Piscataway, NJ 08854

Tel: 800-521-CORE (In U.S.A))
Tel: 908-699-5800
Fax: 908-336-2559

IEEE (U.S.A.)

The Institute of Electrical and Electronics Engineers, Inc.
Customer Service Department

445 Hoes Lane

P. O. Box 1331

Piscataway, NJ 08855-1331

Tel: 800-7014333 (In U.S.A)
Tel: 908-981-0060
Fax: 908-981-9667

ITU-T (International):

Publication Services of International Telecommunication Union (ITU)
Telecommunication Standardization Sector (T)

Place des Nations

CH 1211

Geneve 20, Switzerland

Tel: 41-22-730-5285
Fax: 41-22-730-5991

TTC (Japan):
TTC Standard Publishing Group of the
Telecommunications Technology Committee
2nd Floor, Hamamatsucho - Suzuki Building,
1 2-11, Hamamatsu-cho, Minato-ku, Tokyo
Tel: 81-3-3432-1551
Fax: 81-3-3432-1553
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LIST OF DATA SHEET CHANGES

This change list identifies those areas within this updated QE1F Data Sheet that have significant differences
relative to the previous and now superseded QE1F Data Sheet:

Updated QE1F Data Sheet: PRELIMINARY Ed. 2, June 1997

Previous QE1F Data Sheet: PRODUCT PREVIEW Ed. 1, May 1996

The page numbers indicated below of this updated Data Sheet include changes relative to the previous Data

Sheet.
Page Number of
Updated Data Sheet Summary of the Change

All Changed edition number and date. Changed status of the Data Sheet from
Product Preview to Preliminary.

All Changed Facility Data Link to HDLC (link).

1 Modified the first and twelfth items of the Features list. Added the second
item. Changed copyright and trademark information.

1,5 Changed Terminal Side to System (Terminal) Side in the graphic.
2-4 Updated Table of Contents and List of Figures. Added a note to Table of

Contents.

6 Clarified LRCLKn is an input pin and LTCLKn is an output pin in the first two
sentences of the fourth paragraph.

7 Modified the first sentence of the third paragraph.

9 Added to the fourth paragraph, and deleted payload remote loopback.

11 Made changes to Name/Function column for RNEGn/RLBPVn/RFSn.

12 Made changes to Name/Function column for TNEGn/TMODEN/TFSh.

13 Made changes to Name/Function column for LCSn, LSCLK/MONCLK,
LSDO/MONDTO and LSDI.

14 Made changes to Name/Function column for CLKREF1 and CLKREF2.

17 Made changes to Name/Function column for IOTRI.

18 Made changes to Name/Function column for TCK, TMS, TDI and TDO.

20 Made changes to power dissipation information in the Recommended
Operating Conditions and Power Requirements table.

22 Output Parameters For CMOS2mA / CMOS8mA - Made changes to Test

Conditions column for the first two rows.

Output Parameters For TTL4mA - Deleted Typ and added Max from/to the
last two rows.

Output Parameters For TTL4AmA and TTL8mA - Changed Min and Max val-
ues for Vou. Changed Test Conditions for the first two rows.
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Page Number of

dated Data Sheet
23

24 - 29
30
31
32

33 -40
41

42-45
46
47
48
49

50

51
52-53
54
55

56, 57
62
63
64
65
66

71
72

73
74

Summary of the Change

Input/Output Parameters For TTL8mA - Changed Min and Max values for
Von- Changed Test Conditions for rows 5 and 6.

Changed the first paragraph and made changes to the tables.

Modified the waveform diagram and changed the table.

Modified the waveform diagram and changed the last two rows of the table.
Made changes to the table. Changed EMON to ESP/EMON in the note.
Made changes to the tables.

Deleted t; from the waveform diagram and changed the table.

Made changes to the tables.

Changed the waveform diagram, the table and the notes.

Made changes to the table.

Made changes to the waveform diagram and the table.

Changed DAT(7-0) (Input/Output) to DAT(7-0) (Input) in the waveform dia-
gram. Made changes to the RDY in the waveform diagram. Made changes
to the table and modified the notes.

Changed DAT(7-0) (Input/Output) to DAT(7-0) (Output) and ty5) to tp(s) in
the waveform diagram. Made changes to DTACK in the waveform diagram.
Made changes to the table.

Made changes to the waveform diagram and the table.
Made changes to Line Interface Selection section.
Made changes to the eighth sentence of the third paragraph.

Modified the last sentence of the first paragraph.
Made changes to the last row of the table.

Modified Figures 34 and 35.

Modified the last sentence of the second paragraph.
Modified the last sentence of the first paragraph.
Modified the last two sentences of the second paragraph.
Modified the last two sentences of the first paragraph.

Changed Time Slot 0 to Time Slot 1 in the first sentence of the fourth para-
graph.

Deleted a sentence from after the second sentence.

Added TDATAN and TSIGLn to the end of the first sentence of the first
paragraph.

Changed Bit 3 of the Frame 2 on the first table from Y to RAI.

Added the last sentence to the first paragraph.
Changed NCRC4 (bit 5) to NCRC4 (bit 7) in the fifth paragraph.
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76

77
78
79
80
83
84

85

86

87
90

91-93

94-95

96
98-101
102
103

104

105

106

107

Summary of the Change

Made changes to the text of the Loss Of Frame Alignment, Loss Of CRC-4
Multiframe Alignment, and Transmit Framer sections.

Made changes to the fourth paragraph.

Made changes to the first paragraph.

Modified Figure 48.

Modified the first and third paragraphs.

Changed QE1M to QE1F in first paragraph. Modified Figure 50.

Changed (in X71H) to (in XD1H) on the second sentence of the third para-
graph. Changed Symbols for Receive and Transmit Signaling Freeze Indi-
cation bits from RXFS and TXFS to RXSF and TXSF in first and last
paragraphs (also changed on pages 106 and 138).

Modified the last sentence of the first paragraph. Changed "signaling high-
way/bus is disabled" to "signaling highway/bus is not used" in both tables.

Modified the first paragraph and deleted the last paragraph.
Changed "tri-stated" to "forced low" in the last two rows of both tables.

Modified the first sentences of the first two paragraphs.

Modified the second paragraph of the Transmit Short Message section.
Modified the second paragraph of the Transmit Long Message section.

Deleted last sentence of Receive Message section.
Modified Alarms section.

Made changes to both paragraphs on page 94. Changed HDB3 Transcoder
to HDB3 CODEC (if RAIL=1) in Figures 54 and 55. Deleted Payload
Remote Loopback section contents and replaced with a reference to Appli-
cation Note AN-524.

Added references to IDCODE in Boundary Scan Support section.
Made changes to Boundary Scan Chain section.
Made changes to Addresses 003 and 01B.

Changed the title for the first table. Changed Status column from RW to R
for Address 00A.

Framer Configuration and Control Registers table: changed R to R (0) in
first row. Software Reset and Loopback Control Register table: changed Bit
3 from PAYL to Reserved (Set to 0).

Changed Bits 5-0 of Addresses 1FE, 2FE, 3FE, 4FE to Reserved
(Set to 0).

Changed R to R (0) in the third row of the second table.
Modified the Bits columns of the third table.

Changed R to R (0) in the fifth row of the first table. Changed TDE17 to
TDE24 in the last row of the first table. Modified the Bits columns of the
other tables.
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108

109, 110

111

112

113

114

115

116
118
119
120

122
123

124
125

127
129
133-136

138
139
140

Summary of the Change

Modified the Bits column for the second and fourth rows of Receive and
Transmit Signaling Registers table.

Spare Register - Modified the last line.

Reserved Registers - Clarified the registers are read/write registers.
Added Register X15.
Made changes to Registers X05, XFB and XFD.

Modified the first paragraph.
Made changes to the Description column for Addresses 004 and 005.

Made changes to Description column for Bits 7, 6 and 3 of Address 006.
Please note that setting ENPMFM to 0 does not disable the counters and
latched counters in registers XECH - XFDH. However, this result can be
achieved by using an external circuit to turn off T1SI when ENPMFM is 0.

Made changes to Description column for Bit 0 of Address 006 and Address
01A. Added Bits 7-6 to Address 01B. Modified the Description column for
Bits 5-0 of Address 01B.

Modified the Global Status Indication, Mask and Pointer Registers section
text. Made changes to Description column for Bits 7-0 of Address 00A.

Changed the table title for the first table.
Made changes to Description column for Bits 7-0 of Address 00B.

Made changes to Description column for Bits 6 and 5 of Address 013.
Made changes to Description column for Bits 5 and 3 of Address 019.
Modified the first paragraph.

Made changes to Description column for Symbols PWRD, FDAT and
FPOL. The active polarity of PWRD is inverted from Ed. 1.

Made changes to Description column for Bits 7-0 of Addresses X03.

Changed (bit 5 in register X1BH) to (bit 7 in register X1BH) in Description
column for Symbol CRCA.

Made changes to Description column for Symbols ENRAIA and ENRAIY.

Made changes to Description column for Symbol ENLAIS.
Made changes to Bit 3 of Addresses X05 (was PAYL in Ed. 1, now 0).

Made changes to Description column for Symbols CRC and FASE.
Made changes to Description column for Symbol LOS.

Made changes to text and table columns in the Counters and Counter
Shadow Registers section.

Made changes to Description column for Symbols LINT and LINEAIS.
Made changes to Description column for Bits 6-4 of Addresses X22.

Made changes to Bit and Symbol columns for Addresses X26 and X27.
Modified the paragraph.
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142

143

143, 144

144, 145

146
157, 158

159
160

162-166
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Summary of the Change

Modified the last sentence of the Description column for Symbols RDE7-
RDE1, RDE15-RDE8, RDE23-RDE16 and RDE31-RDE17. Changed Sym-
bol and Description for Addresses XE3.

Made changes to Description column for Symbols RFAS, RTS1-RTS31,
RNFAS and RTS1-RTS31. Changed Address column for RNFAS from XB0
to X60.

Modified the paragraph. Made changes to Description column for Symbols
TSIS and TSA4S-TSAS8S.

Modified the last sentence of the Description column for Symbols TDE7-
TDE1, TDE15-TDES8, TDE23-TDE16 and TDE31-TDE24. Changed Sym-
bol and Description for Address XE7.

Made changes to the Symbol and Description columns for Addresses X90,
X91, XB0O and XB1.

Modified the paragraph.

Made changes to the Description column for Bits 7-0 of Addresses XOF.
Changed Description column for Symbol THIS.

Clarified Detail "A" in Figure 57.

In Related Products section, modified the product numbers for SOT-1,
SOT-3 and COBRA and added SOT-1E.

Added List of Data Sheet Changes.
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