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Features Pin Connections
¢ Compatible with ISDN U-Interface standard. tout- of 1+ — 28 |5 tin+
® Over5.5km (18 kft.) loop range. Lout+ [} 2 27 [ Llin-
o Full duplex transmission over single twisted pair. %‘ﬁg 0 i %g ] x:,eafs
e Advanced echo cancelling technology. CDSTi E 5 2 % AV'DD
® High performance 281Q line code. DSTi [] 6 23] Ic
e Frame and superframe synchronization. vss [ 7 22 ] VDD_
e Mitel ST-BUS compatible. cgg: E g % % ggg
® Single 5V power supply. Food [] 10 19 [ 0s5¢2
® Full activation/deactivation state machine. TsTout [} 11 18 [J Fob
. ically, 250 mW) Mso [ 12 17 11 S
® Low power consumption (typlcal Y, 2 . Ms1 [] 13 16 [] b
® QSNR and line attenuation diagnostics. NTAT [ 14 15 |1 TSTen
® On-chip 15 second timer. - -
e Insertion loss measurement test signal & quiet Ordering Informat'on_ 0°Cto +70°C
mode MT8910AC 28 Pin CERDIP
Applications transmission at 160 kbit/s on a single twisted pair is
o ISDN NT1and NT2 DSL interface. achieved using echo cancelling hybrid (ECH)
® Digital PABX line cards and telephone sets. technology. This, in conjunction with the high
¢ Digital multiplexers and concentrators. performance 2B1Q line code, allows the DSLIC to
® Pair gain system. meet the loop length requirements of the digital
. . subscriber loops at the U-interface over the entire
Description

non-loaded teiephone loop plant. The DSLIC is
The MT8910 Digital Subscriber Line Interface Circuit compatible with the complete range of Mitel
(DSLIC) is designed to provide ISDN basic rate access Semiconductor ISDN components through the use
(2B+D} at the U-interface. Full duplex digital of the ST-BUS interface.
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Figure 1 - Functional Block Diagram
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Absolute Maximum Ratings*

Parameters Symbol Min Max Units
1] Supply Voltage . Voo -0.3 7.0 v
2| Voltage onany /0 pin Vio -0.3 Vpp +0.3 Vv
3| Currentonany /O pin Wo 20 mA
4| Storage Temperature TsT -55 125 °C
5| Package Power Dissipation Pp 1000 mwW

*Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

T-75-11-17

Recommended Operating Conditions - voitages are with respect to ground (Vsg) unless otherwise stated.

Characteristics Sym | Min | Typ: | Max | Units |  TestConditions

1 Supply Voltage Vpp | 475 | 5.0 | 5.25 V  |(see Note 1) 7
2 Analog Supply Voltage AVpp | 4.75 5.0 5.25 V {Relative to AVss (Note 1)
3 Input Low Voltage (except

05C1, MRST, MSQ, MS1, NT/LT) | Vi 04 for 400mV noise margin
4 Input High Voltage (except __

0SC1, MRST, MSO, MS1, NT/LT) | Vin 24 \Y for 400mV noise margin
5 Input Low Voltage for 05C1/2,

MRST, MSO, MS1, NT/LT ViL 1.0 15 v
6 Input High Voltage for 05C1/2,

MRST, MS0O, MS1, NT/LT VIH 35 3.0 \
7 Operating Temperature Ta 0 70 °C

¢ Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
Note 1: To obtain optimum line performance, noise level on supply must be fess than 25 mVpp.

DC Electrical Characteristics - voitages are with respect to ground (V) unless otherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions

1 Input High Voltage (except __
0SC1, MRST, MSO, MS1,NT/LT) | Vi 2.0 \")
2| | |InputLow Voltage (except
N 0SC1, MRST, MS0O, MS1, NT/LT) ViL . 0.8 \ )
3| P |Input High Voltage for 0SC1/2, ‘
U | MRST, MSO, MS1, NT/LT Viy 3.0 35 \
4] T |Input Low Voltage for 05C1/2,
S | MRST, MS0, MS1, NT/LT VL 1.5 2.0 \Y
5 Input Leakage Current m 10 PA
6 Input Impedance (Lin-t0 Lin+) | Zin 100 kQ |@40kHz

t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
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DC Electrical Characteristics (continued) - voitages are with respect to ground (Vsg) unless otherwise stated.
Characteristics Sym | Min | Typt | Max [ Units |  Test Conditions
7 Vpias Voltage Vgias 0.5AVpp V | Relative to AVss,
C =1 pF minimum to AVss
[ 8] Vgef Voltage VRef —-1.8 V | Relative to Vgizs
Cp = 1puF minimum to AVgg
[ 9] o [Vaias and/or Vae load Ve | 1 MQ
_10_ y | Output High Voltage(") VoH 2.4 V  jloy=10mA
11| T [Output Low Voltage (1) Vou 0.4 VvV [loL=5.0mA
E G 05C2 Output High Voltage Vou 35 V. |lon=10yA
i T | ©SC2 Output Low Voltage Vou 1.5 \' loL=10pA
14 S | Differential Output Voltage
{(Lout + to Lour—) Vout 6.2 Vp-p | RL=80Q
15 | Output Impedance Measured by sourcing and
(Lout+ Lout—) Zout 0.5 Q |sinking 10 mA.
—1—6_ Output Capacitance
(Lout++ Lout—) Co 50 pF | (see Note 1)
[17] High Impedance Leakage loz 10 pA
18] Supply Current lop 50 mA | Line Drivers Active
lop 10 mA | Low Power Mode

t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

(1) except 0SC2

Note 1) Note that this is a specification on the maximum parallel capacitance to AC ground, connected directly to the pins. Higher
capacitance is acceptable when placed in series with resistor networks such as the line termination impedance.

. T-75-11-17
AC Electrical Characteristics' - ST-BUS Timing LT Mode (Ref. Figure 2)
Characteristics Sym | Min | Typt | Max | Units Test Conditions
1 | FOb Input Pulse Width trpw 244 ns
2 | Frame Pulse (FOB) Setup Time teps 50 ns
3 | Frame Pulse (FOb) Hold Time trpn 50 ns
4| T4b Input Clock Period trao 244 ns
5 | C4b Pulse Width High or Low tcaw 122 ns
6 | Superframe Setup Time tses 50 ns
7 | Superframe Hold Time tsrH 50 ns
8 | FOod Delay torp 45 ns | 150 pF Load (see Note 2)
9 | FOod Pulse Width torw 244 ns | 150 pF Load (see Note 2)
10 | Serial Input Setup Time tsis 30 ns |(seeNote 2)
11 [ Serial Input Hold Time tsiH 50 ns |(see Note 2)
12| Serial Output Delay Actto Act| tpaa 125 150 pF Load (see Note 2)
HighZ to Act| tpza 125 ns | 150 pF Load (see Note 2)
ActtoHighZ| tpaz 125 150 pF Load (see Notes 2 & 3)

' Timing 1s over recommended temperature & power supply voltages.
t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
Note 2) These timing parameters are mode independent (NT or LT).

3) Highimpedance is measured by pulling to the appropriate rail with R = 1kQ, with timing corrected to cancel time taken to
discharge C, .
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7 |
BIT 0, CHANNEL 31 BIT 7, CHANNEL 0 T-75-11-17

Fob

Cb

SFb

FOod

DSTi/
CDSTi

DSTo/
CDSTo

Figure 2. ST-BUS Timing LT Mode

AC Electrical Characteristics’ - ST-BUS Timing NT Mode (Ref. Figure 3)

Characteristics Sym | Min | Typ: | Max | Units Test Conditions
1 | FOb Output Pulse Width trpw 1 cycles | € =150 pF, T4b cycles
2 | FOb Output Delay terD 45 ns | 150 pF
3 | C4b Output Clock Period trao 244 ns | 150 pF
4 | Cab Pulse Width High tcan 88 ns | 150 pF
5 | C4b Pulse Width Low tcaL 137 ns | 150 pF (See Note 1)
6 | C4b Transition Time tcat 15 ns | 150 pF
7 | SFb Output Delay tsep 45 ns |C =150pF
8 | SFb Output Pulse Width tspw 1 cycles | C,= 150 pF, T4b cycles
9 | FOod Delay toFD 45 ns | C =150 pF (see Note 2)
10 | FOod Pulse Width toFw 1 cycles &:913)0 PF, C4b cycles (see
11| Serial Input Setup Time tsis 30 ns | C_ =150 pF (see Note 2)
12 | Serial Input Hold Time tiH 50 ns | C =150 pF (see Note 2) -
Serial Qutput Delay Actto Act| tpaa 125 ns | 150 pF load (see Note 2)
13 HighZto Act| tpza 125 ns | 150 pF load (see Note 2)
Actto HighZ | tpaz 125 ns | 150 pF load (see Notes 2 & 3)

* Timing is over recommended temperature & power supply voitages.
* Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
Notes 1) The C4b pulse width low will vary by +48ns during a phase-correction cycle.

2) These timing parameters are mode independent (NT or LT).

3) High impedance is measured by pulling to the appropriate rail with R = 1kQ, with timing corrected to cancel time taken
to discharge C_
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BIT 0, CHANNEL 31 BIT 7, CHANNEL 0 T-75-11-17
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Figure 3. ST-BUS Timing NT Mode
AC Electrical Characteristics'- External Clock Timing (Ref. Figure 4)
Characteristics Sym | Min | Typt | Max | Units Test Conditions
1| 0SC2 Clock Frequency 1tmcr 10.24 MHz | (see Notes 1,2 & 3)
2| 0SC2 Clock Duty Cycle ttoMccP::I 45 50 55 %
31 0SC2 Clock Transition Time toct 10 ns
4 | C4b Jitter (wrt 05C2) tic -15 +15 | ns |(see Note3)

t Timing is over recommended temperature & power supply voltages.

* Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

Notes: 1) External clock tolerance of £5 PPM in LT mode or £50 PPM in NT mode is required to meet ANSI specifications.
2)  Absolute jitter on OSC2 must be less than 2.0 ns RMS in order to meet the full line length specifications.

3) InLT mode the C4b and OSC2 clocks must be externally frequency locked (i.e., fosca = 2.5 X feap). The relative phase
between the clocks is not critical.

Figure 4. External Clock Timing in LT Mode
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Pin Description
Pin # Name Description Tf75'] 1-17
1 Lout— |Line Out Minus. One of a pair of differential analog outputs for the 80 kbaud/s 2B1Q
signal, biased at VBias.
2 Lout+ |Line OutPlus. One of a pair of differentiai analog outputs for the 80 kbaud/s 281Q
signal, biased at VBias.
3 AVSS | Analog Ground. Tie to VSS.

TSTin | I/O Structure Test Input. When TSTen is high, TSTin is used as a source to. all output
drivers. Refer to “1/0 Structure Test” in functional description for more details. Tie to
VSS for normal operation.

5 CDSTi | Control/Data ST-BUS Input. A 2048 kbit/s serial PCM/data input for the D- and
C-channels in Dual mode. Unused in Single mode and should be connected to VSS,
6 DSTi | Data ST-BUS Input. A 2048 kbit/s serial PCM/data input for the D-, C-, B1- and B2-

channels in Single mode. In Dual mode, only the B-channels are input.
VSs Ground.

8 DSTo |Data ST-BUS Output. A 2048 kbit/s serial PCM/data output for the D-, C-, 81- and B2-
channels in Single mode. In Dual mode, only the B-channels are output. This output is
placed in high impedance during the unused channel times.

9 CDSTo | Control/Data ST-BUS Output. A 2048 kbit/s serial PCM/data output for the D- and
C- channels in Dual mode. It is placed in high impedance in Single mode, and during
the unused channel times in Dual mode.

10 Food |Delayed Frame Pulse Output. A 244 ns wide negative going pulse indicating the end
of the active ST-BUS channel times of the device to allow for daisy-chaining of other
ST-BUS devices. Active after channel 0in Dual Port mode and Channel 3 in Single Port
Mode.

11 TSTout |I/0 Structure Test Qutput. When TSTen is high, the TSTout provides the output of an
XOR chain which is sourced from all digital inputs. Refer to “1/O Structure Test"” in
functional description for more details. Leave unconnected for normal operation.

12 MSO Mode Select 0. CMOS input. Refer to Table 1.

13 MS1 Mode Select 1. CMOS input. Refer to Table 1.

14 NT/CT | NT/LT Mode Select. CMOS Input. When high the DSLIC is set up in NT mode. When
low, the LT mode is selected.

15 TSTen |1/0 Structure Test Enable Input. This active high input enables the built-in test of all

digital input and output structures. Refer to “I/O Structure Test” in functional
description for more details. Tie to VSS for normal operation.

16 SFb Superframe Pulse. In LT mode, an input pulse once every superframe (12 ms) which,
when low during a falling edge of C4b within an FOb low pulse, sets the transmit
superframe boundary.

In NT mode, a 244 ns wide output pulse once every 12 ms indicating the boundary of
the transmit superframe. In NT mode, the superframe timing is generated from the
line signal time base and, as such, SFb will only be valid once the transceiver has
achieved full activation.

17 Cab 4096 kHz Data Clock. In LT mode, a 4096 kHz ST-BUS clock input. In NT mode, a 4096
kHz ST-BUS clock output frequency locked to the line signal.
18 FOb | Frame Pulse. In LT mode, an 8 kHz input pulse indicating the start of the active ST-BUS

channel times. In NT mode, an 8 kHz output pulse extracted from the line signal
indicating the start of the active ST-BUS channel times.

9-8
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Pin # Name Description 1-75-11-17

19 0SC2 | Oscillator Output. When the DSLIC operates with an External Clock (typically LT
mode) connect OSC2 to the output of an external inverter providing a 10.24 MHz
*5ppm clock (see “10.24 MHz Clock Interface” section).
When operating with a crystal (typically NT mode) connect one lead of the
fundamental mode parallel resonator crystal (10.24 MHz X 50ppm in case of NT
mode).

20 0SC1 | Oscillator Input. When the DSLIC operates with an External Clock (typically LT mode)
connect OSC1 to the input of an external inverter (see Fig.18).
When operating with a crystal (typically NT mode) connect the other lead of the
fundamental mode parallel resonator crystal (10.24 MHz *50ppm in case of NT
mode).

21 MRST | Master Reset. Active low CMOS input performs a master reset of the DSLIC.

22 VDD | Power Supply Input.

23 IC Internal Connection. Leave unconnected.

24 AVDD | Analog Power Supply. Connect to VDD.

25 VBias | Bias Voltage. Decouple to AVSS through a 1.0pF ceramic capacitor.

26 VRef | Reference Voltage. Decouple to AVSS through a 1.0uF ceramic capacitor,

27 Lin— Line Signal Input Minus. Internally biased at VBias.

28 Lin+ |Line Signal InputPlus. Internally biased at VBias.

Functional Description

The MT8910 Digital Subscriber Line Interface Circuit
(DSLIC) is a high performance, full duplex

transceiver which provides a complete interface to -

the U-reference point as specified in ANSI T1.601-
1988. Operating in either master Line Terminator
(LT) mode or slave Network Terminator (NT) mode,
the DSLIC can be configured to operate at either
end of the Digital Subscriber Line (DSL). The DSLIC
supports full duplex transmission of a 2B + D-
channel format at 160 kbit/s over a single twisted
pair with about 42 dB of loop attenuation at 40
kHz. To achieve this transmission performance, the
DSLIC uses a 2B1Q line code which is a four level
pulse amplitude modulated (PAM) signal with no
redundancy. This line code was approved by the
American National Standards Institute technical
subcommittee T1ID1.3/T1E1.4. Using this line code,
two binary bits are converted into one four level
quaternary symbol. This results in an effective baud
rate reduction from 160 to 80 kbaud/s allowing the
transmission to benefit from reduced line
attenuation and improved immunity to near end
crosstalk (NEXT).

To complement the performance of the 2B1Q line
code, the DSLIC uses an advanced echo cancelling
hybrid (ECH) technique, by means of a transversal
filter, that provides greater than 60 dB of echo
cancellation. This cancellation, along with all
equalization, is performed in the digital domain
using dedicated DSP hardware. Since a digital

transversal echo canceller gives a linear
representation of the echo, the MT8910 also has a
non-linear echo canceller which works in parallel
with the transversal filter to compensate for non-
linearities in the transmit path and the passive line
termination. In addition, a jitter compensator is
used to correct errors in the echo estimates which
are sourced from corrections in the received
timebase. The jitter compensator will interact
directly with the echo taps in the transversal filter.

A block diagram of the DSLIC is shown in Figure 1.
The DSLIC has two ports consisting of a serial system
interface (Mitel's standard ST-BUS), and a line port
which interfaces directly to the single twisted pair
via a passive termination hybrid and a line pulise
transformer.

The two B-channels and the D-channel to be
transmitted on the line are input to the DSLIC (on
the ST-BUS) into the transmit interface block, The
sync word and maintenance bits are added to the
data which is then formatted, scrambled and
digitally encoded into 2B1Q symbols. This digital
representation is passed through a finite impulse
response filter which converts the digital
representation into an analog waveform. The
transmitted pulse is then passed through a
smoothing filter whose output is passed to a
differential line driver which is capable of driving
the line directly through a passive hybrid and line
pulse transformer.

9-9
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On the receive side, the pre-cancelled signal drives a
balanced receiver which feeds the input to an over-
sampled second-order delta sigma A/D converter.
The digital representation of the received signal
yields a Pulse Density Modulated (PDM) stream
which is digitally filtered and decimated to the 80
kHz baseband. Intersymbol interference (ISI)
introduced by the loop is cancelled by a decision
feedback equalizer. This is achieved by taking a
convolution of the received pulse with the
estimated impulse response of the loop. The
cancellation of ISl is performed in parallel with the
echo cancellation. Estimated received echo is
obtained by taking the convolution of the transmit
signal with the estimated impulse response of the
loop. Feedback from the jitter compensator and
the non-linear corrector interact with the
coefficients of the echo canceller to reduce the
error introduced by jitter and non-linearities in the
analog circuitry. The output of all these blocks is
summed together and the resultis the received data
which is passed through a decoder and descrambler
before being sent out in TDM bursts on the ST-BUS.

Line Port

The DSLIC interfaces to the U-reference point as
defined in the ISDN Basic Access Reference model.
As such, the transceiver transfers full duplex, time
division multiplexed data at 160 kbit/s. This
includes two 64 kbit/s PCM voice or data channels
(B-channels), a 16 kbit/s signalling channel (D-
channel) and 16 kbit/s for synchronization and
overhead.

The two 64 kbit/s channels are defined as the B1-
and B2-channels and they carry subscriber
information such as digitally encoded voice, circuit
switched data or packet switched data. The DSLIC
will transfer both B-channels transparently from the
ST-BUS port to the line port and vice versa once the
device has acquired superframe synchronization®,

The 16 kbit/s D-channel is primarily intended to
carry signalling information for circuit switching the

35E D
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B-channels through the ISDN network. The D-
channel can optionally carry packetized
information and telemetry services. The D-channel
is transmitted transparently through the DSLIC from
the ST-BUS port to the line port and vice versa once
the device has acquired superframe synchro-
nization®. It is to be noted that the system
interface has dedicated a full 64 kbit/s for the D-
channel of which only the two first bits (D0 and D1)
are actually carrying information. The other bits of
the ST-BUS D-channel are reserved for future use.

Note @: Before superframe synchronization, data is not valid.

A third type of channel, the C-channel, is a non-
bearer channel which provides a means for the
system to control and monitor the functionality of
the DSLIC. This control/status channel is accessed by
the system through the ST-BUS. The C-channel
provides access to three control registers and four
status registers which provide complete control or
status of all built-in features. Access to the control
register is provided by two bits in the Control
Register itself (CRSO and CRS1). Selection of the
desired status register is performed using two bitsin
Control Register 1 (SRSO and SRS1). The C-channel
also carries a control and status register for the 4
kbit/s M-channel which can be used as an additional
maintenance channel. A detailed description of
these registers is discussed in the ST-BUS port
interface section.

T-75-11-17

Line Code

The DSLIC transceiver uses the 2B1Q line code which
is a four level Puise Amplitude Modulated (PAM)
code with no redundancy. The generation of the
2B1Q signal is achieved by grouping two
consecutive bits into a bit field of which the first bit
represents the sign bit and the second represents
the magnitude. This yields four possible output
codes as shown in Figure 5 (note that +3, +1, -1
and -3 are only symbols and they do not reflect
the voltage on the line).

+3
+1 -
-1 -
-3
time __,
QUATS —-1{+3|+1|—-3|-314+1]|+3}-3
BITS 0 1)1 0/1 10 0/0 0j1 1|1 0/0 0

-1

01

-1
01

+1
11

-1
01

-3
0 0oj1

-1
01

+1
11

0{10

Figure 5. Example of 281Q Quaternary Symbols
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The bit fields are grouped relative to the borders of
the defined channels where the first bit field
consists of bit 1 and bit 2 of the B1-channel, the
second bit field consists of bit 3 and bit 4 of the
B1-channel and so on.

Before converting the bit fields into output
symbols, all bits except the framing pattern are
scrambled with polynomials:

19 x5 & x23 forlT
1@ x-18@ x-23 forNT

(where @ is modulo two summation)

MT8910
B 5249370 000L562 T EEMITC

After encoding and scrambling, the bit fields are
then converted into a quaternary symbol which
conforms to the puise template shown in Figure 6
below. With a random signal on the output, the
DSLIC will transfer a nominal average power of
about 11.5 dBm to the line with the recommended

line circuit. T-75-11-17

The upper bound of the Power Spectral Density
(PSD) of the DSLIC transmitted signal falls below the
PSD plot shown in Figure 7.

Framing

The frame structure in the DSLIC is 1.5 ms long and
consists of twelve 2B +D-channels delimited by the

YA
Top Template Bottom Template
X Y X Y
-0.75T 0.01 -0.75T -0.01
-0.47 105 -0.5T -0.01
0.4T 1.05 0 0.95
T 0.03 0.56T -0.12
50T 0.03 141 -0.05
50T 0.01 50T -0.05
50T -0.01
i s ol
JJ JJ e - x
\% LL ‘
JJ
Figure 6. Normalized Pulse Template
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Figure 7. Power Spectral DensityTemplate
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| 12 ms
I A
Superframe Frame 1 | Frame2 ] Frame3 |Frame4 }frame5 liame 6 | Frame 7 I Frame 8
i 1.5 m$§ . ]

€

-1

Frame ISW|28+DIZB+DIZB+D|ZB+D|ZB+DTZB+D|ZB+D|7ZB+D(28+DIZB+DIZB+D[28+DIMI

T-75-11-17

Information
Channels

|B11 |B1ZIB13IB14 lB15lB16IB17 LB18|BZ1|BZZ [BZ3[BZ4| 5|826l827|828|01 rDZ I

| 50 us

50 us

| 125|.ISJ
1

Corresponding
ST-BUS

IB7 |86 IBS [84 IBS LBZ lB1 IJ IB7 |86 IBS IBd |B3 |BZ I81 ]J |DO |D1 I

Figure 8. Frame Structure

framing pattern at the start of the frame and the
maintenance channel at the end. Framing for both
the LT and the NT is performed using a 9 symbol
synchronization word. This sync word (SW) has the
following structure:
SyncWord: +3, +3, -3, -3, -3, +3, -3, +3, +3
Eight DSLIC frames are grouped into a superframe
delimited by inverting the syncword (ISW) : —3,-3,
+3, +3, +3, -3, +3, —3, —3. This second level of
framing is used to assign the M-channel bits as
defined in the ANSi T1.601-1988. The framing
structure is shown in Figure 8.

Transmission between the LT and NT is fully
synchronous. As such, the frame/superframe
boundaries between the NT receive frame and the
NT transmit frame have a fixed phase relationship.

The transmitted frame/superframe from the NT is
delayed by 60 + 2 quaternary symbols (quats) with
respect to its received frame/superframe. Since the
NT extracts all its timing from the line, the DSLIC will
maintain the required phase relationship between
the frames and superframes and will insert the SW
and ISW during the proper time interval.

Basic Frame Synchronization (BFS) is achieved using
the algorithm shown in Figure 9. The DSLIC
searches for the sync word or the inverted sync
word within the received data stream. After
detecting three consecutive synchronization
patterns spaced exactly 120 quats apart, the DSLIC
declares terminal synchronization by setting the
bits of the Internal State Indicator to 111 in Status
Register 1. A loss of synchronization is declared by
the DSLIC when at least one of the nine quats at the

> QOne-Level
STATE :LOST < Error in SW STATE : LOSING
BFS 10 < BFS 1
One A A
Valid Errorin Errorin
SWW SW SwW
STATE SENSING1 valid > One-Level
BFS 0 SW Error in SW
One
Valid ‘
SwW !
\4 \ 4
STATE :SENSING2 | STATE :SYNC
BFS :0 One Valid SW BFS 01

Figure 9.

Frame Synchronization State Diagram
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beginning of each Basic Frame differs by more than
one quantization level for two consecutive frames.

A search for superframe synchronization wil! begin
only after Basic Frame sync has been found. The
DSLIC will declare superframe sync (SFS) on the first
occurrence of the properly spaced Inverted Sync
Word (ISW) once Basic Frame sync has been
acquired. The synchronized state is identified by
the status of internal state bits IS0, IS1 and 152 found
in Status Register 1.

The DSLIC will lose superframe sync under three
conditions;

1) if the DSLIC loses basic frame sync,

2) if the ISW does not occur exactly eight basic
frames apart,

3) iftheISWis received when itis not expected.
Activation/Deactivation
The DSLIC has a complete activation/deactivation

state machine which allows the user to activate or
deactivate the link as per the requirements in the

MT8910
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T1.601-1988 standards. The activation sequence for
the DSLIC is mode dependent and is outlined in

Figures 10a) and b). 1-75-11-17

In the LT mode, the request for activation can be
initiated in two ways. Setting the start/stop bit in
the Control Register 1 will result in the generation
of a repeated pattern of four + 3 symbaols followed
by four —3 symbols producing a 10 kHz activation
tone (TL) for 3 milliseconds. The DSLIC can also be
activated by receiving a 10 kHz activation tone from
the NT (TN). Once the NT has generated a tone,
progression through the state machine follows the
algorithm as shown in Figure 10 (a).

In the NT mode, the request for activation can be
initiated in two ways. Setting the start/stop bit in
the Control Register 1 will result in the generation
of a repeated pattern of four +3 symbols followed
by four —3 symbols resulting in the transmission of
the NT activation tone (TN). The DSLIC can also be
activated by receiving TL from the LT to which the
NT will respond with its own activation tone (TN).
Progression through the state machine will follow
the algorithm as shown in Figure 10 (b).

STJ;(_ = Stsart Timer x
TARST D} STP.Tx = Stop Timer x
MRST Pin LAR = Local Activation Request
LDR = Local Deactivation Request B
SF$ = Superframe Synchronization Acquired
Alertin Full Reset
< 9 AR Expiry of T2
Tx-TL (3ms) ST.T0 TX-SLO B —
ST.T Expiry of RCVTN RCV Reset
T ST.TO Tx-SLO
Awaiting Reply v Awake
-~ RCV TN
Tx- > Tx-SLO
xSL0 STP.TY X
End SN1
/
ECTraining v of
Tx-SU1 Expiry of TO
Expiry of TO EC
ST.T3 y Converged
Framing (Loss of @« .
; ; oss of signal
TxsL2 Expiry of TO ibgs)al and and LDR) or
STT3 Expiry of T3
SFS ST.T3 STP.T3
STP.TQ v
Active BFS Lost >480ms’_| Pending Deact. | |
Tx-SL3 orLDR o Tx-SLO
ST.T3 +
T0 = 1S5sectimer T2 = 40 mstimer
Tt = 480mstmer T3 = 520 mstimer Note !t  Loss of received signal will resuit in a [oss of sync.

Figure 10 a)- Activation/Deactivation State Diagram - LT Mode
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During the activation sequence, there is an e SNO:
extensive exchange of signals between the LT and
the NT. This handshaking of information is
required to allow individual transceivers to train e SN1:
both their echo cancellers and decision feedback
equalizers. All possible signals are described below.

e TN: A 10 kHz activation tone sourced by the
NT which is generated by sending a
continuous pattern of four +3 symbols e SN2:
followed by four -3 symbols.

SNO is a no signal condition which is
used to indicate to the LT that the NT
has finished training its echo canceller.
An NT generated signal consisting of a
framed (but not superframed),
scrambled 2B1Q signal which carries all
1s in the B-, D- and M-channels. This
signal is used to train the NT's echo
canceller.

An NT generated signal consisting of a
framed (but not superframed),

T-75-11-17

Full Reset

TABET p! ST.Tx = Start Timer x
MRST Pin STP.Tx = Stop Timer x
LAR = Local Activation Request

LOR = Local Deactivation Request
SFS= Superframe Synchronization Acquired

(Powerdown) [
Tx-SNO Expiry lof T2

RCV TLor
LAR
ST.TO Tx-SNO

RCV Reset - Loss of signal

STP.T3
ST.T2

i
Alerting « ROV TLI

Tx-TN (9 ms) ST.T0
STR.T2

Y
EC Training

Expiry of TO

Tx-SN1

Expiry of T1 EC
Converged
' ST.TY

Quiet

Expiry of TO

Tx-SNO

Signal
Detected
; STP.TH

Train Expiry of TO

DFE/Timing

SL2

Tx-SN2

SFS

Y

Detected Loss of
far-end R
Y signal E’f‘P"V
Framing §F’T§3

)
w,

ST.T3
ST.T3

A

T0
Tt

T2 40 ms timer
T3

Wt

15 sec timer Active LOR Pending Deact. | | Tear Down
480 ms timer Tx-SN3 ST.T3 Tx-SN3 Tx-SNO

520 ms timer
Note!: Lossof received signal will Loss of BFS >480ms!

result in a loss of sync. ST T3

/

Figure 10 b) - Activation/;Deactivation State D
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scrambled 2B1Q signal which carries all
1s in the B-, D- and M-channels. This
signal is used to train the LT's DFE.

An NT generated signal consisting of a
fully framed and superframed
scrambled 2B1Q signal which carries
information in all the B-, D- and M-
channels.

A 10 kHz activation tone sourced by the
LT which is generated by sending a
continuous pattern of four +3 symbols
followed by four -3 symbols.

SLO is a no signal condition generated
from the LT.

An LT generated signal consisting of a
framed (but not superframed),
scrambled 2B1Q signal which carries all
1s in the B-, D- and M-channels. This
signal is used to train the LT's echo
canceller.

An LT generated signal consisting of a
fully framed and superframed
scrambled 2B1Q signal which carries all
0s in the B- and D-channels with
information in the M-channel. This
signal is used to train the NT's DFE.

An LT generated signal consisting of a
fully framed and superframed
scrambled 2B1Q signal which carries
information in all the B-, D- and M-
channels.

e SN3:

e SLO:

e SL1:

e SL2:

e SL3:

The reset state consists of two substates, the receive
reset state and full reset state. The full reset state is
entered following a power-up or after the expiry of
the receive reset timer (40 ms). The receive reset
state is a transient state which is entered once the
DSLIC has detected a loss of received signal while
the transceiver is not transmitting. In this state, the
transceiver will not initiate the start-up sequence
but is capable of responding to the appropriate
activation tone. When the timer in the receive reset
state has timed out (40 ms), the transceiver enters
the full reset state.

All timers surrounding the reset states are included
in the DSLIC and have been set as per the ANSI-
T1.601-1988:

. Failure to complete a start-up sequence
timer is set at 15 seconds.

] Loss of received signal timer is set at 480
ms as is the loss of synchronization.

. The receive reset state timer is set to 40
ms.

° A fourth timer (not specified in ANSI
T1.601-1988) has been inciuded which
will restrict the time to 520 ms for a
deactivation sequence.

MT8910
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The DSLIC will enter a deactivated state on the
assertion of a deactivation request (setting the
Start/Stop bit to 0 in Control Register 1, and the
subsequent loss of the received signal). Once the
deactivation process has been completed, the
request for activation can follow a warm start
process as defined in ANSI T1.601-1988.

Loop Performance T-75-11-17

The DSLIC operates on a digital subscriber line (DSL)
which is a two wire twisted pair metallic medium
typically used for transmission between the central
office (LT) and the customer premise equipment
(more commonly referred to as "Basic Access
Interface on the Network side of the NT"), The ANSI
T1.601-1988 (or CCITT Recommendation G.961
Annex ll) standard defines a set of test loops which
comprise the acceptance criteria for the assortment
of "worst case" loops that could be seen in the
North American loop plant. Operation over these
loops, as well as the 0 km length foop, would assure
performance on over 99 % of the North American
loop plant. These loops are summarized in Figure
11. When used with the recommended passive line
termination, the DSLIC will operate over 42 dB of
line attenuation (@40 kHz) with a bit error rate of
10-7.

ST-BUS Interface

The ST-BUS is a synchronous time division
multiplexed serial bussing scheme with data
streams operating at 2048 kbit/s configured as 32,
64 kbit/s channels (refer to Figure 12).
Synchronization of the data transfer is provided
from a frame pulse which identifies the frame
boundaries and repeats at an 8 KHz rate. Figure 12
shows how the frame pulse (FOB) defines the ST-BUS
frame boundaries. All data is clocked into the
device on the rising edge of the 4096 kHz clock
(C4b) three quarters of the way into the bit cell,
while data is clocked out on the falling edge of the
4096 kHz clock at the start of the bit cell.

The bits on the ST-BUS are numbered bit 7 to bit 0 as
outlined in Figure 12. Information transferred from
the system port to the line port, will maintain the
integrity of the bit order.

All timing signals, i.e., FOb, C4b and SFb, ‘are
bidirectional. The I/0 configuration of these pins is
controlled by the mode of operation (LT or NT). In
the LT mode, these timing signals must be supplied
from an external source and the DSLIC will in turn
uses these timing signals to transfer information to
and from the line port or the ST-BUS port. In the NT
mode, timing is generated from an on board digital
phase locked loop which extracts timing from the
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1
J
« T-75-11-17
| LT 'r'ﬁ = 3 . £ R E : NT I
Loop Loop Number )

Section 112 (3 |a|5]|6 |78 9 ]w0[11]12]13}1a]15
A | Length (KFT) 165113575 | 75|90 |45 (135] 0 30|60 [120[75]90] 0 [120
Gauge (AWG) 26 | 26 | 26 | 26 | 26 | 26 | 26 | NA [ 26 | 26 | 26 | 26 | 26 | NA | 26

B | Length (xFT) 15|30 60|45 |60 |120| 0 |90)| 0 {30] 0 |45 20|30 o
Gauge (AWG) 24 | 24 | 24 | 24 | 24 | 24 | NA| 24 [NA] 22 { NA| 24 | 24 | 26 | NA

C | Length(kFT) 0 o [15]20]| 0 Jwo| o 1060|600 |15]05]20] 0
Gauge (AWG) NA | NA | 24 | 22 | NA | 24 | NA | 22 | 26 | 24 [ NA | 26 | 24 | 22 | NA

D | Length (KFT) 0 0 |10f30] o 0 0 o0 | t5|15] 0 0o Jos|75] o
Gauge (AWG) NA [ NA | 22 26 [NA[NA [ NA | NA | 26| 22 | NAINA]| 24| 24 | NA

E | Length (KFT) 0 0 0 0 o0 0 0 [60 ] O 0 0 0 o |15 ] o
Gauge (AWG) NA [ NA | NA | NA | NA | NA | NA | 26 | NA| NA | NA | NA [ NA | 24 | NA

F | Length {KFT) 0 0 fos| o |15]os]| o 0 |15 0 [15] 0 |15] ¢ 0
Gauge (AWG) NA | NA | 24 [ NA | 26 | 24 | NA [ NA | 26 [ NA | 26 | NA | 26 | NA | NA

G | Length (KFT) 0 o [10] o 0 [os] o o {15] o 0 0 |15] 0 0
Gauge (AWG) NA | NA | 22 | NA | NA | 24 | NA | NA | 26 | NA | NA | NA | 26 | NA | NA

H | Length (KFT) 0 o |15] o 0 0 0 0o |15]| 0 0 ()} o [10]| o
Gauge (AWG) NA | NA | 24 [ NA | NA | NA | NA [ NA | 26 [ NA | NA [ NA | NA | 24 | NA

1 | Length (KFT) o [1s5] o 0 0 0 o [t0o]| 0 |10o] o 0 0 jt10] O
Gauge (AWG) NA | 24 | NA | NA | NA | NA | NA | 24 [NA) 22 | NA| NA | NA| 24 | NA

} ] Length (KFT) 0 0o [os] o 0 0 0 0 0 0 )} o o |05 0
Gauge (AWG) NA | NA | 24 [ NA | NA | NA | NA | NA | NA [ NA | NA | NA | NA | 24 | NA

K |tength (xFT) 0 o |10f o 0 0 0 0 0 0 0 o o j15] o
Gauge (AWG) NA | NA | 24 | NA [ NA | NA | NA [ NA [ NA | NA | NA | NA | NA | 26 | NA

Figure 11. Performance Loops

received data on the DSL and generates the system
frame pulse (FOb), the system 4096 kHz clock (C4b)
and the system superframe pulse (SFb).

The superframe timing signal (SFb) is an active low
signal with a period of 12ms which is required to
provide a reference for structuring the
maintenance channel (M channel). In the LT mode,
the 3Fb is an input which, when set low during the
system frame pulse (FOb), will set the phase of the
transmit superframe. As an alternative, the SFb pin
can be tied high and the device will automatically

establish the superframe position. This function can
also be activated in software (LT mode only)
through a bit in Control Register 1 (TxSFB). The
transition of this bit from a 1 to a 0 will reset the
superframe counter, and the beginning of the
transmitted superframe will be referenced to the
ST-BUS frame after the frame in which the
transition in the TxSFB bit occurred. If the TxSFB bit
is not being used, it should always be set to one.

ST-BUS

Bit
Cells | CHANNEL 31

8ITO

CHANNEL 0
BIT7

CHANNELO
BIT6

CHANNEL 0
BITS

CHANNEL 0
BIT 3

CHANNEL 0
BIT4

CHANNEL O
8iT2

Figure 12. ST-BUS Functional Timing
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In the NT mode, the SFb pin is an output which

- generates an active low signal at the boundary of 3
g 2 the transmit superframe. Since the SFb is g
b7 referenced to the receive time base, SFb is only valid
§ after superframe synchronization has been
L achieved. In the NT mode, the TxSFB bit is ignored
[ Ej since the transmit superframe has a fixed phase
relationship with- respect to the received
no mo :" superframe. T—75"] -l_-l 7
sl | The DSLIC has two possible system port
? " - configurations; single port mode or dual port
— gT mode. In the single port mode, the DSLIC uses the
=l s first four timestots of the DSTi and DSTo data
S S €9 streams (as shown in Figure 13), $ST-BUS Channel 0 s
| [ g allocated to the D-channel, ST-BUS Channel 1 to the
—1 C-channel, while ST-BUS Channel 2 and 3 are
Bl @ allocated to the B1 and B2 channels respectively. In
y Ny B this mode, the CDSTi and CDSTo streams are not
ERE b used. In the dual port mode, the DSLIC uses both
— S the DSTi/DSTo streams as well as the CDSTi/CDSTo
] o P streams to allow the separation of the data and
i B . - Tg. control. The two B-channels are routed through
Sl Ec A the DSTi/DSTo streams and the C- and D-channels
=1 =1 ?5 £ are routed through the CDSTI/CDSTo streams. In
=) o) £c 2 each case, timeslot 0 and 16 will carry the respective
al | & o | G o channels (refer to Figure 14), To simplify line card
o [l 2 E designs, the DSLIC provides a delayed frame pulse
= 2 2 (FOod) to eliminate the need for a channel
o] 1o ” - assignment circuit. This signal is used to drive
_._?_ i T:; subsequent devices in the daisy chain configuration.
e £ In this type of arrangement, only the first DSLIC in
— £ the chain will receive the system frame pulse (FOb)
~ o - ) . . A L N
Y] L g5 " with the following devices receiving its
| J] | ) E § 2 predecessor’s delayed frame pulse. In conjunction
5 5 25 i; with the delayed frame pulse, the unused timeslots
—1 = § v ) on the ST-BUS will be placed into a high impedance
(V] V) v b state to avoid having contention on the system bus.
S L e
':: _-.5‘- .3‘ Selecting the single port or the dual port mode is
—1 u performed using Mode Select 1 (MS1). With
MS1 =0, the DSLIC is in the single port mode while
MS1=1 places the DSLIC in the dua!l port mode.
o Mode Select 0 (MS0) determines the order of the D-
£3 and C-channels while the DSLIC is operating in the
’T-"E dual port mode. With MS0 =0, the C-channelis
€0 found in timeslot 0 and the D-channel is found in
ae timeslot 16. With MS0=1, the D-channel is found in
1 [~ timeslot 0 and the C-channel is found in timeslot 16
(o] o (refer to Table 1).
&l 18
': - Operating Mode
o o gf ﬁf - MS1 | MSO Dual/Single DC/CD
s [ = & | Q 0 0 Single DC
’“‘ IU a4 o |2 0 1 Single DC
1 0 Dual cD
1 1 Dual DC

Table 1. Truth Table for Mode Select Pins
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Channel Time 0
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\
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Figure 14. ST-BUS Channel Assignment in Dual Port Mode

Control/Status Channels

The Control and Status information between the
DSLIC transceiver and the controlling entity is
carried by the C-channel. The DSLIC has three input
registers; Control Register 1, 2 and 3 (selected
through the CRSO and CRS1 bits) and four output
registers; Status Register 1 through Status Register
4 (selected through the SRSO and SRS1 bits in
Control Register 1).

The input C-channel is used to access Control
Registers 1, 2 and 3. Bit 0 and 1 of the C-channel
(CRSO and CRS1) allows the selection of the desired
Control Register as described below.

CRS1  CRSO Definition
0 0 Control Register 1
0 1 Control Register 2
1 0 Control Register 3
1 1 Reserved

The C-channel on the ST-BUS must be continuously
written to every frame. If the user accesses a
Control Register, the information in the other
Control Registers is latched. Any input requested
through the Control Registers will be activated on
the next frame boundary.

Control Register 1

Setting CRSO and CRS1=0 routes the C-channel to
Control Register 1 allowing access to the functions
described in Table 2. These bits are further
described below.

9-18

Bits 7 and 6 of Control Register 1, SRS1 & SRSO,
select which status register will be output in the
next ST-BUS frame. The selection of the Status
Register is as follows:

SRS1  SRsSO Definition
0 0 Status Register 1
0 1 Status Register 2
1 0 Status Register 3
1 1 Status Register 4

Bit 5 of Control Register 1, TxSFB, is used to establish
the position of the transmit superframe (LT mode
only). Setting this bit from a logic one to a logic
zero will reset the frame counters on the next
occurrence of the frame pulse establishing the
superframe position. Once the boundaries to the
superframe have been established, the device will
sustain the position of the superframe by allowing
the counters to wrap around. The user can also
elect to set this bit to a logic zero with a periodicity
of 12 ms.

Bit 4 of Control Register 1, BSWAP, allows the
multiplexing of the two B-channels transferred over
the digital subscriber line with the B-channels
presented at the system interface. A logic high on
the bit will result in the B1-channel on the system
interface to be transmitted in the B2-channel on the
line port and vice versa. The same principle applies
to the B2-channel at the system interface.

Bit 3 of Control Register 1, CCRC, allows the user to
introduce errors in the CRC bits calculated by the
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bit 7 bit 6 bit 5 bit4 bit 3 bit2 bit 1 bit 0
SRs1 SRSO TxSFB BSWAP ccRC | sTARTATOR|  cRst CRSO
Bit Name Description T-75-11=-17

7.6 SRS1,SRSO | Status Register Select. Selects which of the four status registers will be output in

the next ST-8US frame.

5 TxSFB Transmit Superframe Reset. In LT mode, transition from a 1 to a 0 on this bit resets
the superframe counters in the next ST-BUS frame in order to establish the transmit
superframe boundary. If the external pin is being used to set the superframe
boundary this bitshould be held high. Not used in NT mode.

4 BSWAP When this bit is set to 1, the location of the B1 channetl on the ST-BUS is swappéd
with the location of the B2 channel. This affects both directions of the ST-BUS.

3 CCRC

Corrupt CRC. When set to 1, the 12 bit CRC transmitted on the line is corrupted.

2 START/STOP | A low to high transition while the transceiver is in the full reset state will initiate

one activation attempt. A high to low transition of this bit while the transceiver is
in the active state will initiate a deactivation procedure. During start-up, 2B+D
channels should remain set to 0 or 1 until transparency of network is achieved

(indicated by act=1).

1,0 CRS1, CRSO

Control Register Select 1 and 0. Must be set to 0, 0 to address Control Register 1.

Table 2. Control Register 1

DSLIC. This allows the user to verify the error
detection protocol used over the M-channel.

Bit 2 of Control Register 1, START/STOP, provides a
mechanism to allow the user to initiate a line
activation or deactivation. This bit is edge sensitive
with a low to high transition requesting an
activation, and a high to low transition requesting a
deactivation. The activation and deactivation
procedure will follow the protocol defined in the
ANSI T1.601-1988. The activation request will only
be recognized if the transceiver is in a fuil reset
state. Any activation attempt while the transceiver
is in any other state will be ignored. Similarly, any
deactivation request generated while the
transceiver is notin the active state will be ignored.

Control Register 2

Setting CRS0=1 and CRS1=0 routes the C-channel
to Control Register 2 ailowing access to the
functions described in Table 3. These bits are
further described below.

Bits 7 to 4 of Control Register 2 (DS4 to DS1) provide
access to the multiple diagnostic features
supported on the DSLIC as outlined in Table 3.
These include the per-channel loopbacks at the
system interface as well as a loopback at the line
interface. (It must be noted that the analog
loopback, Loyt t0 Lin, 's only supported in the LT
mode or with MSWAP in the NT mode and that the

output signal will still be presented to the line but
will not follow the standard activation sequence).
Along with the extensive loopback capabilities, the
DSLIC also allows the generation of multiple signals
which can be used during qualification and
servicing of a DSL. The isolated pulse test
diagnostics signal causes the transmission of a +3
or + 1 symbol once every 1.5 ms. This will generate
pulses that can be used for template measurements.
The Insertion Loss Measurement (iLM) test signal is a
scrambled all 1s 2B1Q coded signal which contain
both the SW and ISW. This test signal can be used to
make insertion loss measurements over the DSL
loop. Lastly, the DSLIC can be placed into a quiet
mode to allow a Remote Test Unit (RTU) to perform
impulse noise, crosstalk and other transient
impairment measurements as described in the ANSI
“ISDN Management - Basic Rate Physical Layer”.

Bit 3 of Control Register 2 (ADCGAIN) controls the
gain value of the A/D converter. This function can
be used to introduce more gain in the receive path
when the transceiver is being used over long loops.

Bit 2 of Control Register 2 (MSWAP) may be used
when the DSLIC is operating as an LT within a line
card application. The mode swap feature has the
effect of changing the scrambling polynomial and
activation state machine such that it can simulate
the operation of an NT transceiver. This allows a
transmission test between two devices on the same
line card. (For this function to work properly, the
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bit 7 bit 6 bit 5 bit4 bit 3 bit 2 bit 1 bit 0
Ds4 DS3 Ds2 DS? ADCGAIN MSWAP CRSt CRSO
Bit Name Description T-75-11-17
7.6, DS4-DS1 | Diagnostic Select Bits.
5.4 DS4 DS3 DS2 DSt Channels Function
0 0 0 0 - Normal Operation
0 0 0 1 B1 STi to STo Loopbacke
0 0 1 0 B2 STi to STo Loopback®
0 0 1 1 B1 + B2 STi to STo Loopback®
0 1 0 0 28+ D STi to STo Loopback @
0 1 0 1 81 STo to STi Loopback ?
0 1 1 0 B2 STo to STi Loopback @
0 1 1 1 B1 + B2 STo to STi Loopback @
1 0 0 0 2B+ D STo to STi Loopback ©
1 0 0 1 ALL Lo to L, Loopbackoo
1 0 1 0 - Isolated +3 pulse@®
1 0 1 1 - Isolated +1 pulse®
1 1 0 0 - Transmit 10 kHz Tone
i 1 0 1 - ILM Test Signal®
1 1 1 0 - Quiet Mode
1 1 1 1 - Reserved
3 ADCGAIN |Selects between two gain values in the delta-sigma A/D converter. When high,
selects a 3 dB higher gain.
2 MSWAP Mode Swap. In the LT mode, MSWAP=1 will result in the DSLIC using the NT's
scrambling/descrambling polynomials and activation sequence. This allows two
DSLICs on the same LT line card to exchange static data in the B- and D- channels.
MSWARP can also be used in the NT mode.
1,0 CRS1, CRSO | Control Register Select 1 and 0. Must be set to 0, 1 respectively to address Control
Register 2.

Table 3. Control Register 2
The ST-BUS incoming data is still output on the line if the DSLIC is activated. Supported in both SINGLE and DUAL port modes.
Theincoming data from the line is still output on to the ST-BUS. The other incoming channels on the ST-BUS are still output on to the
line if the device is activated. Supported in both SINGLE and DUAL port modes.
Signal is internally looped back and is still output to the line and overrides the internal activation state machine.
One pulse 1s transmitted every 1.5 ms.
The insersion Loss Measurement Test Signal is a scrambled, framed 2B1Q signal.

[CRV)

-

]

bit 7 bit 6 bit 5 bit4 bit 3 bit2 bit 1 hit 0
M1 M2 M3 Ma Ms M6 CRS1 CRS0
Bit Name Description

7-2 M1 - Meé Tx Maintenance Channel Bits 1 to 6. M-bits which will be transmitted at the end of
the next DSL Basic Frame. Refer to “Maintenance Channel” section in the
functional description

1,0 CRS1, CRSO | Control Register Select 1 and 0. Must be setto 1,0 respectively to address Control
Register 3.

Table 4. Control Register 3
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input clocks to the two devices must be frequency
locked.)

Control Register 3

Setting CRS1 and CRSO to 1, 0, respectively, routes
the input C-channel to Control Register 3, allowing
access to the transmit M-bits as shown in Table 4.
The transmit M-channel is a 4 kbit/s maintenance
channel which may carry the EOC messages (with
overhead) as specified in T1.601-1988. Except for
the CRC bits, the M-bits are treated as a transparent
data channel through the DSLIC. CRC bits will be
generated by the transceiver and will be inserted
into the M-channel during their respective M-bit
time slots. (This implies that all input M-bits which
are defined as CRC bits will be overwritten by the
transceiver.) Structuring of the M-bits is described
in the “"Maintenance Channel” section of the
functional description.

Control Words After Reset

Applying a logic low to the MRST pin will result.in
the three control registers assuming a reset state.
Following a master reset, the three Control
Registers will take the following states:

Control Register 1:

€7 ¢ G ¢4 3 2 a1 <0

0 o0 1 0o 0 0 o0 ©
Control Register 2:

€7 ¢b G5 ¢4 C3 €2 C1 <0

o 0 o o0 o0 O o0 1
Control Register 3:

€7 6 G 4 3 C2 1 <o

1 1 1 1 1 1 1 0

Status Register 1

When SRID1=0 and SRID0=0, the contents of
Status Register 1 are being output in the C-channel
allowing the system to monitor the functions
described below. (Refer to Table 5.)

Bits 7 and 6 of Status Register 1, SRID1 and SRIDO,
are used to identify which status register is being
carried in the output C-channel. These bits are
encoded as follows:

SRID1 SRIDO  Definition
0 0 Status Register 1
0 1 Status Register 2
1 0 Status Register 3
1 1 Status Register 4

D
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Bits 5, 4 and 3 of Status Register 1, 1$2, 1S1 and 150,
provide an indication of the internal state of the
device. The decoded states are as follows:

iIs2 Ist IS0 Definition T-75-11-17

0 0 0  Full Reset

0 0 1 Training with no sync

0 1 0 Training with sync but no
superframe sync

0 1 1 Training with sync and
superframe sync

1 0 0 Lossofsync

1 0 1 NA

1 1 0  Llossofsuperframe sync

1 1 1 Active

Bit 2 of Status Register 1, RxSFIB, is used to indicate
the reception of the receive superframe boundary
in both the LT and NT modes.

Bit 0 of Status Register 1, CRCERR, indicates the
state of the CRC check. A logic high on this bit
states that the CRC check calculated by the DSLIC
did not correspond to the CRC bits received in the
M-channel. This bit will only be updated once every
superframe.

Status Register 2

When SRID1=0 and SRIDO=1, the contents of
Status Register 2 are being output in the C-channel
allowing the system to monitor the status of the
quantizer signal to noise ratio bits (refer to Table 6).
The QSNR bits reflect the eye closure of the received
signal and represent the signal (+1 symbol) to
noise ratio at the input of the quantizer. This
information can be used to indicate the error
performance of the transceiver. For a more
accurate indication of QSNR, these bits should be
averaged over a period of 64 ST-BUS frames (640
baud). The conversion of the five bit output to
QSNR is shown in Table 6. For a bit error rate of
greater than 10-7, the theoretical QSNR should be
greater than 15.7d8.

Status Register 3

When SRID1=1 and SRID0=0, the contents of
Status Register 3 are being output in the C-channel
allowing the system to monitor the mean level of
the received symbols (refer to Table 7). The
Received Pulse Amplitude bits (RPA4 to RPAOQ)
provide an estimate of the attenuation of the loop.
The representation of the RPA bits is shown in Table
7.
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bit 7 bit 6 bit 5 bit4 bit 3 bit 2 bit 1 bit 0
SRID1 SRIDO Is2 IS1 IS0 RXSFIB RSV CRCERR
Bit Name Description T-75_'| 1-17

7,6 | SRID1, SRIDO |Status Register ID. Always reads 0,0 when Status Register 1 is output.

54,3 152,151,150 |internal State Indication.
1IS2 IS1 iSO Definition

0 0 0 FullResetState
0 0 1 Training with no Basic Frame Sync .
0 1 0  Training with Basic Frame Sync but no Superframe Sync
0 1 1 Training with Basic Frame Sync and Superframe Sync
1 0 0  Loss of synchronization after E.C, has converged
1 0 1 NA
1 1 0 Loss of superframe sync after E.C. has converged
1 1 1 Active State
2 RxSFIB Received superframe Indication. When low, indicates the beginning of the received
superframe. This bit is low for one ST-BUS frame, then high for 95 ST-BUS frames,
1 RSV Reserved. Alwaysreada 0.
0 CRCERR When "1", the received CRC code did not match with a locally generated CRC code,

indicating that the received data included an error. When "0, the received CRC
code matched with the internally generated CRC.

Table 5. Status Register 1

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
SRID1 SRIDO QSNR4 QSNR3 QSNR2 QSNR1 QSNRO NA
Bit Name Description
7.6 | SRID1, SRIDO [Status Register ID. Always reads 0, 1, respectively, when Status Register 2 is output.
5.24,13, ngsg, Quantizer Signal to Noise Ratio Bits.
' 8SNR2j QSNR4 (MSB) - MEAN QSNR4(IMSB) - MEAN
QSNR1, QSNRO (LSB) QSNR (dB) QSNRO (LSB) QSNR(dB)
QSNRO 00000 >36.1 10000 12.1
00001 36.1 10001 115
00010 301 10010 11.0
00011 26.6 10011 10.6
00100 241 10100 10.1
00101 22.2 10101 9.7
00110 20.6 10110 9.3
00111 19.2 10111 8.9
01000 18.1 11000 8.5
01001 17.1 11001 8.2
01010 16.1 11010 7.9
01011 15.3 11011 7.5
01100 14.6 11100 7.2
01101 13.9 11101 6.9
01110 13.2 11110 6.6
01N 12.6 1M 6.3
0 NA Reserved. Alwaysreads 0.

Table 6. Status Register 2
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Status Register 4

When SRID1=1 and SRIDO=1, the contents of the
Status Register 4 are being output in the C-channel
allowing the system to monitor the received
maintenance channel bits M1 to M6 as specified in
Table 8. The received M-bits may carry the EOC
message (with overhead) as specified in T1.601-
1988. Refer to the "Maintenance Channel” section
for further details.

Maintenance Channel

The DSLIC has provisions for transmitting and
receiving a 4 kbit/s maintenance channel from the
system port to the line port. The maintenance
channel at the line port is structured into six
columns of which M5 and M&6 carry the results of a
CRC calculation (refer to Table 9). All bits except
these CRC bits are treated as a transparent channel
to the DSLIC. The 12 bit cyclical redundancy check is
computed using the generator polynomial:

J5E D

MT8910
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xRox1eox3ox2oxo
(where @ is modulo two summation)

The CRC calculation covers all 2B + D-channels
within a superframe as well as the M4 column
within the maintenance channel. T-75-11-17

Access to the maintenance channel is granted
through Control Register 3 (Tx M-Channel) and
Status Register 4 (Rx M-Channel) and is structured
on the ST-BUS port as shown in Table 9. The Tx M-
bits for all DSL basic frames are written to Control
Register 3 once every 1.5ms within the ST-BUS
frames indicated in Table 9. If the user fails to
update the contents of Control Register 3 within
the allocated window, the M-bits will be
substituted by ones until the information in Control
Register 3 is updated. On the receive path, the Rx
M-bits from each DSL basic frame are available in
Status Register 4 within the ST-BUS frames indicated
in Table 9. The Rx M-bits will be updated every DSL
basic frame {or 1.5 ms).

bit 7 bit 6 bit 5 bit4 bit 3 bit 2 bit 1 hit 0
SRID1 SRIDO RPA4 RPA3 RPA2 RPA1 RPAD RSV
Bit Name Description
7,6 | SRID1, SRIDO fsStatus Register ID. Always reads 1,0, respectively, when Status Register 3 is output.
54,3, | RPA4-RPAO |Receive Pulse Amplitude bits.
2.1 Relative Relative
RPA4 - RPAD  Amplitude (d8) RPA4 - RPAG  Amplitude (dB)
00O0O00O0 —-31.85 10000 -71.76
00001 —-30.10 10001 —-6.02
00010 —28.65 10010 -4.57
000 1 1 —27.41 10011 —-3.33
00100 —25.83 10100 -1,74
00101 —-24.08 10101 0
00110 —-22.63 10110 1.45
001 11 -21.39 10 1 11 2.69
01000 -19.80 11000 4,28
01001 -18.06 11001 6.02
01010 ~16.61 11010 NA
01011 -15.37 11011 NA
01100 —-13.78 11100 NA
01101 —-12.04 11101 NA
01110 -10.59 11110 NA
011 11 -935 1111 NA
Notes: Loop !ength can be calculated by dividing Receive Pulse Amplitude (RPA) by the
typical cable attenuation for a 281Q pulse.
Relative amplitude is based on RPA reading of zero line length with recommended
termination and transformer (ADC Gain = 0),
0 RSV Reserved. Always reads 0.

Table 7. Status Register 3
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bit 7 bit 6 bit 5 bita bit 3 bit 2 hit 1 bit 0
SRID1 SRIDO M1 M2 M3 M4 MS M6
Bit Name Description T-75-11-17
7,6 | SRID1, SRIDO |Status Register ID. Always reads 1, 1, respectively, when Status Register 4 is output,
54,3, M1- M6 Rx Maintenance Channel Bits 1 to 6. M-bits which were received at the end of the
2,10 last DSL Basic Frame. Refer to the “Maintenance Channei” section in the functional
description for the structuring of the received M-bits.

Table 8. Status Register 4

The M-bits are structured according to the transmit
and receive superframe boundary signals output on
the ST-BUS. The transmit superframe boundary is
defined relative to the input or output SFb signal.
(In LT mode, the transmit superframe boundary can
also be defined in the frame following the TxSFB bit
being set to zero.) The ST-BUS frame in which the
SFb signal is active is defined as transmit frame 0.
The superframe boundary in the receive path is
defined relative to the RxSFIB bit found in Status

timing diagram for the phase of the SFb and RxSFIB '

signals for both the LT and NT modes is shown in
Figure 15.

In applications which do not utilize the mainten-
ance channel, 2B+D data at the NT and the LT
should be all set to 0 or 1 until activation occurs at
the LT. Since the NT trains up before the LT, the ac-
tivation at the LT can be detected at the NT by the
reception of random data. Only then the NT can

Register 1. The ST-BUS frame with RxSFIB=0 is
defined as the receive frame 0. The functional

transmit normal 2B +-D data.

ST-BUS Frame Access MA M2 M3 M4 M5 M6
0-9 M11 M21 M31 M41 M51 Mé61
12-21 M12 M22 M32 M42 M52 M62
24-33 M13 M23 M33 M43 CRCH CRC2
36-45 M14 M24 M34 Ma4 CRC3 CRC4
48 - 57 M15 M25 M35 M45 CRC5 CRC6
60 - 69 M16 Mz26 M36 M46 CRC7 CRC8
72 -81 M17 M27 M37 mM47 CRC9 “CRC10
84 - 93 M18 M28 M38 M48 CRC11 CRC12
Table 9. Maintenance Channel Bit Assignment on ST-BUS Port

LT Mode

Tx Line Signal | 1SW 12x(28 +D) M| sw 12x(28+D) Mfsw | 12x(28+D)

Rx Line Signal ISW 12x(28 +D) M| sw 12x(28 +D) hn

SFb pin [

RXSFIB bit |

NT Mode

Rx Line Signal | 1SW 12x(2B+D) M|sw 12x(28+ D) Mlsw | 12x(28+D)

Tx Line Signal isw 12x(2B + D) M| Sw 12x(2B +D) M

SFb pin |

RXSFIB bit : L

' < 7 ST-BUS Frames )

Figure 15. Functional Timing for Superframe Signals
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35E
10.24 MHz Clock Interface

The DSLIC can operate either with an external clock
or with a built-in oscillator clock using a 10.24 MHz
parallel resonance crystal. While using the external
clock, the timing retationship between C4b and the
external clock should be as shown in Figure 4. This
is typically used in LT mode. To meet the ANSI
recommendation (T1.601), the tolerance of the
external clock should be £5ppm. In NT mode, the
DSLIC can use the built-in crystal oscillator circuit for
internal timing, and to meet the ANSI
recommendation, the tolerance of the crystal is
specified to be = 50ppm.

The oscillator in the DSLIC uses the Pierce circuit
configuration. in this type of oscillator, the
necessary phase shift is obtained by the two
components connected in series; one of them is the
crystal itself, and the other is the RC combination of
the output impedance of the inverter and the
capacitor connected to its output and the ground.
This requires the output impedance of the inverter
to be high for minimizing the power consumption
of the DSLIC. When OSC1 is used as an input for an
external clock (typically in LT mode), the high
output impedance of the inverter coupled with any
stray capacitance on the OSC2 pin can distort the
waveform and change the duty cycle of the clock
signal fed to the internal blocks of the DSLIC. This
may result in improper operation. Hence, it is
recommended that an external inverter be
connected in parallel strengthening the internal
inverter as shown in Figure 18.

1/0 Structure Test

The DSLIC has a built-in test structure that allows
verification of all digital VO structures. The “I/O
Structure Test” is a static test designed to allow a
parity check on all digital inputs, force all digital

D
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output drivers to any state as well as placing all
digital outputs into a high impedance state. These
three variables can be used to verify the integrity of
the connections between the DSLIC and the printed

circuit board. T._75_.'| 1-17

The 1/0O structure test has three dedicated pins
which are used to; enable the test structure (TSTen),
provide an output (TSTout) of an XOR chain that is
used to verify all digital input pins, as well as
providing an input signal (TSTin) to all output
drivers. To activate the test structure, power must
be applied to the circuit with all digital inputs
forced to a logic zero. Before enabling the test
structure, the default 1/0 structure must be cleared
to avoid interference with the test results. This can
be accomplished by inserting the test vectors as
defined in Table 10 below. Once the initialization
procedure has been run, the respective testing
mode can be enabled using the three mode select
pins MSO, MS1 and NT/LT.

The I/0 structure test allows the verification of the
connection between the printed circuit board and
the digital input pins to the DSLIC, After running
the initialization sequence described above, the I/0
input structure test can be enabled by setting TSTen
to a logic high with the mode select pins MS0, MS1
and NT/LT set to 1, 0, 1 respectively. This forces all
digital inputs to be linked into an XOR chain whose
output drives the I/0 structure test output (TSTout)
pinl. The TSTout pin will carry the output of the
XOR comparison from signals on pins, CDSTi, DSTi,
MRST, 0SC1, C4b, FOb and SFb. TSTout=0 if all
input signals carry an even number of ones and
TSTout=1 if all input signals carry an odd number

of ones.

Note!: Allow a propagation delay of approximately
800ns from digital input to XOR output or TSTin
to any digital output.

Initialization

Input Tests Output Tests

TSTen
MSO
MS1

NT/T

TSTin

CDSTi
DSTi

MRST
0sC1

0

Input
Signals

1

DsTo
CDSTo
FOod
0sc2
TSTout

Output
Signals

KXXXX|ooOOOOOOO
xxXxxXxXlooooooooo

> &6 9 6 0O ® OO ¢ 9 0O

Cab
Fob
SFb

Bidirectional
Signals

O=2=IX XXX X]|[OCOOOOOOOO

o—oOlxxxxx|oooocoocooo
co-lxxxxx|-oooococooo
coco|rxxxx|looocoo-o-a-
coo|IxxxxX|looco—~o-0—-a
® ® o[ & ® & 5] 0 00 O 0 s 0o 0
coolrxxxx|looocoo~oca-
= OOIIXXXX|OOCOOO—=0O ==
xxxXixxxxx|loococoocoooco
Y=Yl [~ Y= "1= 1~ X =1=1=X= -
— ik eh ] ad ek e e e [ OO O O e

coojoococoo|l-00000Mmaw
NNNINNNNN|jocoOoOOOD -~

Qloo =X XXX X|~O0o0O0O0OOOOO

0
0
0
0
0
0
0
0
X
X
X
X
X
0
1
0
S

o) =i=X=]
oy (=X =X =]

Tabl
Z=High Impedance State

7

o]

X=Don't Care

tructure Test Vectors
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The 1/O structure test also allows the verification of
the connection between the digital output pins and
the printed circuit board. After running the
initialization sequence, the I/0 structure output test
can be enabled by setting the TSTen to a logic high
with the mode select pins MS0, MS1 and NT/LT set
to 1, 1, O respectively. This causes all digital outputs
to be driven from the 1/0 structure test input (TSTin)
pinl. The outputs affected include the DSTo,
CDSTo, F0od and TSTout.

These same outputs can also be placed into a high
impedance state to allow the bed-of-nails tester or
some other in-circuit tester to drive a known signal
or pattern on any circuitry that may be connected to
the output pins of the DSLIC. The high impedance
state is enabled by running the initialization
pattern described above then setting TSTen to a
logic one with the mode select pins MSO, MS1 and
NT/LTsetto 1,0, 0 respectively.

Applications

The DSLIC is designed to be used in a variety of
applications where there is a requirement for high
performance data transmission over a single twisted
pair line. Designed as an interface to the U-
Reference point, the DSLIC also finds many
applications in private data networks, and other
proprietary digital transmission networks which
require digital operation over long loops.

Preliminary Information
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Figure 16 ilustrates an NT1 application of the DSLIC
with Mitel’s MT8930 Subscriber Network Interface
Circuit (SNIC). The two devices have been designed
to interface easily to each other, thus minimizing
external circuit requirements. The DSLIC, acting in
NT mode, terminates the subscriber line from the
central office and extracts the clock from the
received data. It outputs a 4096 kHz clock and an 8
kHz frame pulse which can be used by the SNIC.
Data is transferred between the two devices via the
ST-BUS. For EOC message processing at the NT, a
processor must be added to the NT1 block.

Figure 17 illustrates the DSLIC in a direct TE
application with Mitel’s (MT8992/93) H-Phone. A
sophisticated two-wire digital terminal can be easily
designed by using these three components and a
controlling microprocessor. Signalling may be
performed by scanning the keypad and generating
appropriate messages to be packetized by the HDLC
block within the phone chip and transmitted via the
D-channel. An optional display could be included
for additional features such as time/date display

and messaging capabilities. T-75-11-17

The typical connection diagrams are shown in
Figures 18 and 19 which shows the DSLIC connected
in LT mode and in NT mode respectively (in the
single port mode). In Figure 18, the DSLIC
receives all its timing from the system including the
Cab, FOb and a frequency-locked 10.24 MHz master
clock. In Figure 19, the DSLIC is configured in the NT
mode which implies that all timing signals including
the FOb, C4b and SFb are being sourced from the
MT8910. These timing signal are generated from
an internal DPLL which divides a 10.24 MHz
reference frequency down to a baseband 160 kHz.

. MT8910 MT8930 )
' DSLIC SNIC !
; - Lout+ &b »| ¢35 LTx !
: § 76 705 g !
: [ {tin+ :
| Zr T
: VBias :
E 3 1 Lin- ——i—
, || DSTi [ DsTo g !
: Lout— DSTo DSTi LRX ;
| :
H 1
' +5V T :
i T Microcontroller i
, 1
: Power Supply & :
! Power Feed .
U Reference T S Reference
Point —= Point

Figure 16. NT1 using the MT8910 (DSLIC) and MT8930 (SNIC)
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MT8910 MT8992/3 T-75-11-17
DCtoDC | 5volts cap @ gspire [
CONVERTER
Fob »| FOi HSPKR— Handset
|_| Lout+ M+ fe——
DSTo DSTi M— -
| Jtin+
Zr DSTi DSTo Mic <—d Microphone
Twisted Plair ] Lin— SPRR+ N
to Centra
Office I Lout— peea-1 AD0-7 SPKR-— ——»ﬂ: Speaker
L'DI_] sosf i > Display
10.24 MHz AS DS R/W
A A
L DD «
CDEIED)
— . y
P
MICRO @ a
CONTROLLER @@@ d
e L
ADO-7
Figure 17. Voice/Data Digital Telephone Set Circuit
A comparison is performed on the reference signal As discussed in the functional description, the DSLIC
with the received line signal to determine if the is equipped with a delayed frame pulse (FOod)
timing signals on the DSLIC have to be corrected. which allows multiple LTs to be connected in a daisy

chain configuration (refer to Fig. 20). The delayed
frame pulse effectively performs the time division
multiplexing function of the 32 available timeslots

MT8910 Voo
10.24 MHz Clack 20 | ~gcg vDD L2
WF T FO.IpF
74HC04 =L
B 19 24
0sC2 AVDD
1WF T TO.1uF
4.096 MHz Clock 17 5 Lout+ 1.2 T p— 1:1.3
8 kHz Frame Pulse '8 | F6b . r O
tin+ |28 g f
12ms Superframe Pulse 15 3 Zr 1 5uF
PCMorDataln s DSTi Lin—- L2 ?—t
PCMorDataOut s DsTo Lout— ! ©
12 1 mso VBias |22
13 1 ms1 VRef | 24 4
2 NTAT | TO LINE FEED
| tstin CpsTo |2 1.0uF 1.0uF SUPPLY
S 1 15Ten ic |2
5 1 cosTi TsTout |11 ==
System Reset | 21 MRST
AT *Duty cycle: 45% to 55%
, Flodfw . towexTosuc :
Vss IN CHAIN
3 L Avss

Figure 18. Typical Connections for LT Mode (Single Port)
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1
Voo MT8910 1°
o i} T-75-11-17
oinF L T igF | VOO osc1 jo
WL T ¥ —
== 10.24 MH2
24 1_9_3__ Xtal
0.1yuF —'iL i—_lpF AVDD osc2 _T_”PF T e
2 | lout+ Cab :: ~ =
° '3 . OB T CLOCKS
28 Min+ 5Fb
+1.50F Zr 6
< 2 | Lin— DSTi 5"} PCMOR
j DSTo f————— > DATA
o ! Lout -
MSO
25
” VBias MS1
TO DC-DC 7] VRef NT/LT
CONVERTER 5 | costo TSTin
1.0uF T [ e TSTen
1 l T} TsTout CDSTi
= = —1 F0od MRST System Reset
vss
AVSS
Figure 19. Typical Connections for NT Mode (Single Port)
Ir Zr Zr Zy
MT8910 MT8910 MT8910 MT8910
|F0b  FOod > FOb  FOod FOb  FOod > FOb  FOod
(1) cab cab (3]
—{ DSTi —] psTi 1 DSTi DSTi
b 0sTo — DsTo —} DsTo \ DsTo
o6 Y ¥
cab »— > »
STo > >
STi < -

Figure 20. Daisy Chaining DSLICs

on the ST-BUS allowing all the DSLICs configured in
the LT mode to share a common backplane.

Passive Line Termination Network (Zr)

The termination network is an all passive circuit
which allows the DSLIC to interface to the DSL line
through a line pulse transformer. The passive line
termination consists of three blocks which includes
a hybrid network, a compensator circuit and a line
pulse transformer (refer to Figures 21 and 22).
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The hybrid network is a 2 to 4 wire converter which
provides limited precancellation of near end echo.
The hybrid specified in Figure 21 was optimized for
the specified transformer and a 10 ohm series
protection resistor (Rp). If any changes are made to
these values, the driver resistors (Rs) and the
balancing resistors (Rb1 and Rb2) will have to be
modified according to the following equations.
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Loue+ T-75-11-17
680Q pF 33nfF
[ I
t f
b AAAMA— 113 . 10Q£10%
130KQ 20KQ MW ——0
Lo+ L 5.5mH
68K2 Q §7K8 Q 1.5 uF Power
% 6.51 mH u Feed/Extract
b 5.5mH
130 KQ 20KQ 10Q+10%
AN A o)
I [
I [l
680 pF 3.3nF
Lou!‘
Note 1:  All resistors have a tolerance of * 1% unless indicated otherwise. All capacitors have a tolerance of +£10%.
Note 2: May be incorporated on to a ceramic substrate.
Figure 21. Passive Line Termination
1) =[(135-(2Rp+R3))/r2-Ry}/2 The compensator circuit, in conjunction with the

(2) Rp1/Rpz=1+2Rs/Z
(3) withZ_ =R{+ w2lp2R"/R'2+ w2lp2

transformer, acts as a high pass filter which is
designed to increase the cut-off frequency in the

(4) R =(Ry+2Rp+135)/r2 receiver path. This has the effect of reducing the
low frequency content in the received line signal
where:  Lp isthe primary inductance which in turn reduces the effects of 1Sl and near end
Ry is the primary winding resistance echo thereby improving transceiver performance.
R, is the secondary winding resitance The low inductance transformer allows for the
ris the turn ratio possibility of passing a sealing current and/or
w=2nx40x103 phantom feed supply through the secondary
Rp = the protection resistor winding without saturating the flux density of the
magnetic core. The transformer specified in Figure
22 has been designed to carry typically 50 mA of DC
current on a standard RM7 type core. The
: o4 TURNSRATIO  1:13
7 RESISTANCE 1=56 3.7Q
5 y=41 68Q0
* o3 INDUCTANCE L=56 7mH
Ls= 41 11 mH®0
Mid Band Attenuation —2.3t0-1.2d8
6 < 0 2 Leakage Inductance (Sec. Short Circuit) <75 pH @ 40 kHz.

LONGT.BAL. 4kHz >63dB

8 10kHz >58d8

20kHz >58d8

. 40kHz >58d8

o1 80kHz >58dB

160kHz >58dB

NOTES: ©  Open Circuit Secondary
D QOpen Circuit Primary
?  With pins 2 and 3 shorted together

Figure 22. Transformer Specification
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transformer is further described in the following
section.

Transformer Specification

All subscriber equipment which is to be connected
to a digital subscriber line, must deliver an output
pulse which satisfies both the pulse template and
the pulse PSD as specified earlier. The output drive
characteristics of the MT8910 requires a transformer
with a turns ratio of 1:1.3 having the electrical
characteristics specified in Figure 22.

9-30
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For supporting initial design activities, Mitel
Semiconductor has made available the MB6024
Magnetic Kit which contains the transformer shown
in Fig. 22.

T-75-11-17
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Plastic Dual-In-Line Packages (PDIP) - E Suffix




Package Outlines

MITEL SEMICONDUCTOR 35E D L2u9370 000L255 1 P]ITC
8-Pin 16-Pin 18-Pin 20-Pin
DIM Plastic Ceramic Plastic Ceramic Plastic Ceramic Plastic Ceramic
Min | Max ] Min | Max | Min | Max | Min | Max | Min | Max | Min | Max] Min | Max| Min | Max
0.210 | 0.105 | 0.200 0.210] 0.105 | 0.200 0.210} 0.105 | 0.200 0.210} 0.105 } 0.200
A (5.33) | (267 | (5.08) (5.33)] (2.67) | (5.08) (533} (2.67) | (5.08) (5.33) | (2.67) | (5.08)
0.025 | 0.055 0.025 | 0.055 0.025 | 0.055 0.025 ] 0.055
Ay (0.64) | (1.39) (0.64) [ (1.39) (0.64) | (1.39) (0.64) | (1.39)
0.115 | 0.195 0.115 | 0.195 0.115 | 0.195 0.115 | 0.195
Az @999 (2.93) | (4.95) (2.93) | (4.95) (2.93) | (4.95) T-90-20

0.0141 0.022 | 0.015{ 0.021 } 0.014 | 0.022 | 0.015 | 0.021 | 0.014 | 0.022 | 0.015 | 0.021 ] 0.014 | 0.022] 0.015 | 0.021
8 (0.356)}(0.558){(0.381){(0.533)](0.356) | (0.558)| (0 381}}(0.533)}(0.356)] (0.558){(0.381)(0.533)}(0.356){ (0.558) (0.381){ (0.533)

0.045 | 0.070 | 0.035 | 0.060 | 0.045 | 0.070 | 0.035 | 0.060 | 0.045 | 0.070 | 0.035 | 0.060 | 0.045 | 0.070 | 0.035 | 0.060
By (1.19) ] (1.77) 1 (0.89) | (1.52) | (1.15) | (1.7 (0.89) | (1.52) } (1.15) | (1.77) | (0.89) | (1.52) } (1.15) | (1.77) ] (0.89) (1.52)

0.008 | 0.015 ] 0.008 [ 0.012 ] 0.008 | 0.015 | 0.008 | 0.012 | 0.008 | 0.015 | 0.008 | 0.012 { 0.008 | 0.015 § 0.008 | 0.012
c (0.204)1(0.381){(0.204)| (0.304){(0.204) (0.381)}(0.204)} (0.304)} (0.204)| (0.38 1)}(0.204) | (0.304)] (0.204)| (0.381) (0.204) | (0.304)

0348 | 0.430 | 0.380 | 0.550 | 0.745 | 0.940 0.784 | 0.845 | 0.925] 0.880 | 0.930 | 0.925 | 1.060 0.996
D @snlpoe] @7 | 039 |1s9nfe33 (19.9) |(21.47)| (23.49)](22.36){(23.62){ (23.49)| (26.9) (25.3)
0.005 0.005 0.005 0.005
D1 |13 (0.13) (0.13) (0.13)
0.290 | 0.330 0.290 | 0.330 0.290 | 0.330 0.290 | 0.330
E g3 .37 | (8.38) 737 | (8.38) 731 (839)

0.240 | 0.280 | 0.280 | 0.310 1 0.240 | 0.280 { 0280 | 0.310 | 0.240 | 0.280] 0.280 | 0.310 ] 0.240 | 0.280 0.286 0.310
E4 (6.10) | 7N | (792) [ (7.87) | (6.10) [ (7.10) | (7.12) | (.87 { (6.10) | (7.11) ] (7.12) | (7.87)] (6.10) | (7.11) (7.12) | (7.87)

0.100 85C 0.100 BSC 0.100 85C 0.100 BSC
e (2.54 BSC) (2.54 8SC) (2.54 BSC) (2.54 BSC)
0.100 8SC 0.100 85C 0.100 BSC 0.100 85C
e (2.54 BSC) (2.54 BSC) {2.5485C) (2.54 85C)
0.300 8SC 0.300 8SC 0.300 8SC 0.300 8SC 0.300 BSC 0.300 8SC 0.3008SC 0.300 BSC
€A (7.62 85C) (7.62 85C) (7.6285C) (7.6285C) (7.62 BSC) (2.54B5C) (7.628SC) (7.62 B5C)
0.430 0.430 0.430 0.430
€g (10.92) (10.92) (10.92) (10.92)

0.115) 0.160 ] 0.125 | 0.175] 0.115 | 0.160 | 0.125 [ 0.175 § 0.115 | 0.160 | 0.125 | 0.175 ] 0.115 | 0.160 ] 0.125 ] 0.175
L (2.93) | (4.06) | (3.18) | (4.44) | (2.93) | (4.06) | (3.18) | (4.44) | (2.93) [ (4.06) | (3.18) | (4.44) ] (2.93) | (4.05) (3.18) | (4.44)

0.120 0.120 0.120 0.120
S (3.04) (3.04) (3.04) (3.04)
a o0 | 15 o | 15 o | s e | 15

NOTE: ( ) Millimeters




MITEL SEMICONDUCTOR

Package Outlines
35 D WM L249370 000L25k 3 EANMITC

22-Pin 24-Pin 28-Pin ~ 40-Pin
DIM Plastic Ceramic Plastic Ceramic Plastic Ceramic Plastic Ceramic
Min | Max | Min | Max | Min | Max] Min [ Max | Min [ Max | Min | Max| Min | Max | Min Max
0.210 | 0.090 | 0.225 0.250 | 0.085 | 0.1%0 0.250 | 0.085 | 0.190 0.250 § 0.085 | 0,190
A (5.33) | 229 | (5.79) 6.35)] 2.2) | 19 6351 2.2) | (4.9 6.35) | (2.2) | (4.8)
0.025 | 0.055 0.020 | 0.070 0.020 { 0.070 0.020 | 0.070
Aq (0.64) | (1.39) {0.51) | (1.77) ©31) | (1.77) 5] 1.
0.125 | 0.195 0.125 | 0.195 0.125 ] 0.195 0.125 | 0,195
Ay |aag)|ag9) (3.18) | (4.95) (3.18) { (4.95) (3.18) | (4.95) T-90-20
0.014 1 0.022 | 0.015 | 0.023 | 0.014 | 0.022 | 0.015 | 0.023 | 0.014 | 0.022] 0.015 | 0.023] 0.012 | 0.022 | 0.015 | 0.023
B |w0.356)(0.558)(0.381)0.584) (0.356)| c0.558)] <0.381) (0.584){(0.356)| (0.558)}(0.381)|(0.584)] (0.356){(0.558)}¢0.38 1) (0.584)
0.045 1 0.070 | 0.028 | 0.060 | 0.030 | 0.070 | 0.028 | 0.060 | 0.030 | 0.070 | 0.028 | 0.060 ] 0.030 | 0.070 | 0.028 | 0.060
Bi Jaas|am|om|asylem|amlemn]| s oo |asafern| ] onl sy
0.008 | 0.015 | 0.008 [ 0.012 | 0.008 | 0.015 | 0.008 | 0.012 | 0.008 | 0.015 | 0.008 | 0.012 } 0.008 | 0.015 | 0.008 | 0.012
€ [0.204)(0.381)](0.204)|0.309) (0204 (0.381) (0.204)|(0.304)](0.204)| {0.381)} (0.204)| (0.304)] (0.204){ (0.381)] (0.204) | (0.304)
1.050 | 1.120 | 1.040 | 1.260} 1.150 | 1.290 | 1.180 | 1.291 | 1.380 | 1.565 | 1.380 | 1.520 | 1.980 | 2.095] 1.980 | 2.110
D |zs.6m|(28.00)|26.42| G200 | 293) | 32.7) (29.88)}(32.80)] (35.1) | (39.7) |(35.06)(38.61)] (50.3) | (53.2) |(50.30){(53.60)
0.005 0.005 0.005 0.005
D1 |03 (0.13) (0.13) (0.13)
0.390 | 0.430 0.600 | 0.670 0.600 | 0.670 0.600 | 0.670
E (9.91) {(10.92) (15.24)}(17.02) (15.24){(17.02) (15.24)[(17.02)
0330 0.380 | 0.350 [ 0.410 | 0.485 | 0.580 | 0.516 | 0.610 | 0.485 ; 0.580 ] 0.480 | 0.610 § 0.485 | 0.580 | 0.480 | 0.618
By |39 965 | (289 |(10.4n}012.32)|rarnfc13.11) (15.49)1(12.32)| (14.73)}(12.19)[(15.49)](1 2.30)} (14.73)} (12.19){ (15.70)
0.100 8SC 0.100 BSC 0.100 BSC 0.100 8SC
e (2.54 85C) (2.54BSC) (2.54 85C) (2.5485C) )
0.100 BSC 0.100 BSC 0.100 BSC ' 0.100 BSC
€ (2.54 85C) (2.5485C) (2.54B5C) {2.54850)
0.400 85C 0.400 8SC 0.600 BSC 0.600 85C 0.600 85C 0.600 BSC 0.600 BSC 0.600 BSC
ea (10.1685C) | (10.168sC) | (15.24850) | (15.2485Q) | (15.24850) | (15.24850) | (15.24850) | (15.24850
0.500 0.700 0.700 0.700
L (12.70) (17.78) (17.78) (17.78)
0.115 1 0.160 § 0.125 [ 0.175 ] 0.115 | 0.200 | 0.125 [ 0.175] 0.115 | 0.200 ] 0.125 | 0.175] 0.115 ] 0.200 ] 0.125 | 0.175
L || wos]cis| @] 293 .08 (3.18) | (4.44) ] (2.93) | (5.08) | (3.18) | (4.44) | (2.93) | (5.08) | (3.18) | (4.44)
0.120 0.100 0.800 0.800
S (3.04) (2.58) (2.05) (2.05)
a o | 15° o | 15 o | 15 e | 15

NOTE: () Millimeters




Package Outlines

MITEL SEMICONDUCTOR
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NOTE:
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Plastic J-Lead Chip Carrier (P-Suffix)




o . Package Outlines
MITEL SEMICONDUCTOR 35E D WA 5249370 000L258 7 EMMITC

20-Pin 28-Pin 44-Pin 68-Pin 84-Pin T 90 "20'“’“‘ -
DIM PLCC PLCC PLCC PLCC PLCC - v
Min | Max] Min | Max | Min | Max | Min | Max | Min | Max .

0.165| 0.180 | 0.165 | 0.180 | 0.165 | 0.180 |} 0.165 | 0.200 | 0.165 0.200
A 4.20) | (4.57)] (4.20) | (457) | (4.20) | (457) | (4.20) (5.08) 1 (4.20) | (5.08)

0.080 1 0.120] 0.090 | 0.120 } 0.090 | 0.120 } 0.090 | 0.130 | 0.090 | 0.130
Aq (2.29) | G0 | (2.29) | (3.04) | (2.29) | (3.04) | (2.29) | (3.30) (2.29) | (3.30)

0.020 TP
B 0.5117TP)
B4
B2

0.38510.395| 0485 | 0.495 | 0.685 | 0.695 | 0.985 | 0.995 | 0.185 1.195
D/E (9.78) {(10.03)] (12.32) | (12.57) ] (17.40) | (17.65) ] (25.02) (25.27) 1 (30.10) | (30.35)

0.350 | 0.356 | 0.450 | 0.456 } 0.650 | 0.656 | 0.950 0.558 1.150 | 1.158
D4/E4 (8.890){(9.042)](11.430)((11.582)|(16.510){(16.662)}(24.130) (24.333)1(29.210)}(29.413)

0.290 | 0.330] 0.390 | 0.430 | 0.590 | 0.630 § 0.890 | 0.930 | 1.090 1.130
D2/E; (7.37) | (8.38) | (9.91) | (10.92) | (14.99) | (16.00) | (22.61) (23.62) | (27.69) | (28.70)

Da/E4

0.0508sC
(1.27 85Q)

0.026 | 0.032 | 0.026 | 0.032 | 0.026 | 0.032 | 0.026 | 0.032 | 0.026 0.032
F (0.661)1(0.812)} (0.661) | (0.812) ] (0.661) | (0.812) ] (0.661) (0.812) | (0.661) | (0.812)

0.013 { 0.021 | 0.013 | 0.021 | 0.013 | 0.021 | 0.013 | 0.021 | 0.013 0.021
G (0.331){(0.533)] (0.331) | (0.533) } (0.331) | (0.533) (0.331) | (0.533) | (0.331) | (0.533)

0.050 BSC 0.050 BSC 0.050 85C 0.050 BSC
H (127 85C) (1.27850) (1.27 85Q) (1.27 85C)
0.040 BSC
h (1.02 B5C)
hy
0.020 0.020 0.020 0.020 0.020
i (0.51) (0.51) {0.51) (0.51) ©.51)
L
L
Ry

NOTE: ( ) Millimeters




