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A
ll brand and product nam

es appearing in this docum
ent are registered tradem

arks of their respective holders.


 M

otorola, Inc. 1998

M
otorola reserves the right to m

ake changes w
ithout further notice to any products herein.  M

otorola m
akes no w

arranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does M

otorola assum
e any liability arising out of the application or use of any product or circuit, and

specifically disclaim
s any and all liability, including w

ithout lim
itation consequential or incidental dam

ages.  “Typical” param
eters w

hich m
ay be provided in M

otorola
data sheets and/or specifications can and do vary in different applications and actual perform

ance m
ay vary over tim

e.  A
ll operating param

eters, including “Typicals”
m

ust be validated for each custom
er application by custom

er’s technical experts.  M
otorola does not convey any license under its patent rights nor the rights of

others.  M
otorola products are not designed, intended, or authorized for use as com

ponents in system
s intended for surgical im

plant into the body, or other
applications intended to support or sustain life, or for any other application in w

hich the failure of the M
otorola product could create a situation w

here personal injury
or death m

ay occur.  S
hould B

uyer purchase or use M
otorola products for any such unintended or unauthorized application, B

uyer shall indem
nify and hold M

otorola
and its officers, em

ployees, subsidiaries, affiliates, and distributors harm
less against all claim

s, costs, dam
ages, and expenses, and reasonable attorney fees

arising out of, directly or indirectly, any claim
 of personal injury or death associated w

ith such unintended or unauthorized use, even if such claim
 alleges that

M
otorola w

as negligent regarding the design or m
anufacture of the part. M

otorola and        are registered tradem
arks of M

otorola, Inc. M
otorola, Inc. is an E

qual
O

pportunity/A
ffirm

ative A
ction E

m
ployer.
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T
he M

C
145572 U

–interface transceiver is a single chip device for the Integrated S
ervices D

igital N
et-

w
ork B

asic A
ccess Interface that conform

s to the A
m

erican N
ational S

tandard A
N

S
I T

1.601–1992.
T

he device, w
hich can be configured for LT

 (Line Term
ination) or N

T
 (N

etw
ork Term

ination) applica-
tions, perform

s all necessary Layer 1 functions w
hile utilizing 2B

1Q
 line coding.

T
he M

C
145572 is a redesign of the M

C
145472 and M

C
14LC

5472 U
–interface transceivers. T

he inter-
nal signal processing algorithm

s are the sam
e as for the original M

C
145472 to m

aintain its industry–
leading perform

ance. T
he control and tim

e division m
ultiplex interfaces have been significantly

enhanced to serve the needs of the grow
ing IS

D
N

 (Integrated S
ervices D

igital N
etw

ork) m
arketplace.

T
he use of the latest process technologies perm

its the M
C

145572 to be m
ade available in 44–lead

P
LC

C
 and T

Q
F

P
 packages.

T
he M

C
145572 is designed to be easily retrofit into existing M

C
145472/M

C
14LC

5472 designs w
ith

m
inim

al softw
are and hardw

are changes. N
ew

 designs can take advantage of enhanced digital inter-
face features of the M

C
145572, such as the tim

eslot assigner and the availability of superfram
e align-

m
ent signals. S

oftw
are that im

plem
ents analog loopbacks or S

uperfram
er–to–D

efram
er loopbacks

m
ay have to be changed. S

ee S
ection 5.6

.

T
he M

C
145572 can operate in m

any different m
odes. T

he control of these various m
odes is provided

via special purpose pins and the S
erial C

ontrol P
ort (S

C
P

) or the P
arallel C

ontrol P
ort (P

C
P

). T
he

S
C

P
 conform

s to the M
otorola S

erial C
ontrol P

eripheral Interface standard, an industry standard serial
m

icroprocessor interface. T
he P

C
P

 is a standard m
icroprocessor bus port. T

he designer m
ay choose

betw
een using the G

eneral C
ircuit Interface (G

C
I) or the M

otorola Interchip D
igital Link (ID

L)–type
tim

e division 2B
+

D
 data interface. A

 tim
eslot assigner is also provided on the M

C
145572.

T
he custom

er data crossing the U
–reference point consists of tw

o 64 kbps B
 channels and one

16 kbps D
 channel in each direction. M

aintenance and fram
ing overhead is also included for a total

160 kbps data (80 K
baud signalling) rate.

T
he specifications for the pullable crystal have been relaxed.

�
��

�
�
�
�


�
�
�
�
�
�


�

�
�
�
�
�
�
�
�
	

�

In addition to descriptions of the IS
D

N
 netw

ork and basic M
C

145572 device functionality, this docum
ent

also contains several appendices:

A
ppendix A

, 
M

C
145572E

V
K

 IS
D

N
 U

–Interface Transceiver E
valuation K

it
, provides a brief over-

view
 of the extrem

ely versatile M
C

145572E
V

K
, w

hich is available to assist w
ith design–in of the

M
C

145572. A
ll developers of M

C
145572–based products are strongly encouraged to m

ake use of
this inexpensive, but valuable tool.

A
ppendix B

, 
C

om
ponent S

ourcing
, lists specifications and potential sources for key external com

po-
nents such as line interface transform

ers.

A
ppendix C

, 
P

rinted C
ircuit B

oard Layout
, provides recom

m
endations for the printed circuit board

(P
C

B
) layout.

A
ppendix D

, E
ye P

attern G
enerator

, details design inform
ation to construct an eye pattern generator.

A
ppendix E

, 
Line Interface C

ircuit C
om

ponent V
alue C

alculations
, provides a design exam

ple
on how

 to calculate com
ponent values for the line interface circuit.

A
ppendix F, A

pplications
, provides an exam

ple of how
 to configure tw

o M
C

145572 U
–interface trans-

ceivers as a repeater and how
 to connect M

C
14LC

5540 A
D

P
C

M
 or M

C
14LC

5480 P
C

M
 codecs for

pair gain applications.
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A
ppendix G

, 
P

erform
ance

, show
s graphs of typical line interface circuit perform

ance.

A
ppendix H

, 
Test and D

ebug,
 gives test and debug inform

ation on high im
pedance digital output

m
ode, control of transm

it signals, and characterization of the pullable crystal.

A
ppendix I, 

G
lossary of Term

s and A
bbreviations,

 contains term
s found in this and other M

otorola
publications concerned w

ith M
otorola S

em
iconductor P

roducts for C
om

m
unications.

A
ppendix J, 

S
tandards B

odies,
 gives a listing of m

ajor standards bodies, w
ith contact inform

ation.

E
very effort has been m

ade to m
ake this a com

plete and easy to use docum
ent; how

ever, contact
your local sales office or the factory applications staff if you require any further assistance.

Inform
ation regarding the generic 2B

1Q
 U

–interface requirem
ent is readily available in standards docu-

m
ents such as A

N
S

I T
1.601–1992; and therefore, has not been included in this docum

ent. T
he U

–inter-
face equipm

ent designer w
ill find the A

N
S

I docum
ent to be a useful reference.

�
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�
�
�

�
�
�
�

K
ey features of the M

C
145572 U

–interface transceiver include:

•
S

ingle C
hip 2B

1Q
 E

cho C
ancelling A

daptively E
qualized Transceiver

•
C

onform
s to A

N
S

I T
1.601–1992, Integrated S

ervices D
igital N

etw
ork (IS

D
N

)–B
asic A

ccess
Interface for U

se on M
etallic Loops for A

pplication on the N
etw

ork S
ide of the N

T
 (Layer 1

S
pecification), A

m
erican N

ational S
tandards Institute

•
C

om
pliant to E

T
S

I E
T

R
 080

•
W

arm
 S

tart C
apability

•
N

T
 S

ynchronizes To and O
perates W

ith 80 kH
z ± 32 ppm

 R
eceived S

ignal from
 LT

•
S

upports M
aster, S

lave, and S
lave–S

lave Tim
ing M

odes

•
O

n–C
hip F

IF
O

s for Transm
it and R

eceive D
irections

•
2B

+
D

 C
ustom

er D
ata P

rovided by the Industry S
tandard ID

L

•
G

C
I

•
Tim

eslot A
ssigner

•
C

ontrol, S
tatus, and E

xtended M
aintenance F

unctions P
rovided through the S

C
P

•
M

icroprocessor B
us C

om
patible P

arallel P
ort A

vailable as P
in S

electable O
ption

•
O

n–C
hip C

onform
ance w

ith A
ctivation and D

eactivation as S
pecified in A

N
S

I T
1.601

•
A

utom
atic H

andling of B
asic M

aintenance F
unctions

•
A

utom
atic Internal C

om
pliance w

ith the E
m

bedded O
perations C

hannel (eoc) P
rotocol as S

peci-
fied in the A

m
erican N

ational S
tandard

•
C

om
plete S

et of Loopbacks for B
oth the ID

L– and U
–R

eference P
oint D

irections

•
P

in S
electable for LT

 or N
T

 A
pplications

•
O

n–C
hip 2.5 V

 Transm
it D

river M
eeting 1992 R

equirem
ent

•
8 kH

z R
eference F

requency in LT
 M

ode

•
H

igh P
erform

ance C
M

O
S

 P
rocess Technology

•
5 V

 P
ow

er S
upply

�
��

�
�
�
�
�
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T
his revision (R

ev. 3) of the M
C

145572/D
 data book uses change bars to indicate significant changes

or additions to the book w
ith respect to R

ev. 2. A
ll references below

 pertain to M
C

145572/D
, R

ev. 3.

T
he follow

ing is a list of sections, figures, and tables w
ith changes.

S
ections:

1.1

1.4
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S
ections, continued:

3.3.2
M

C
U

/G
C

I:

3.3.2
P

A
R

/S
E

R
:

3.3.4
T

xB
C

LK
:

3.3.4
R

xB
C

LK
:

3.3.4
S

FA
R

:

3.3.4
S

FA
X

:

3.3.4
S

0:

3.3.6
F

R
E

Q
R

E
F

:
LT

 M
ode

3.3.6
F

R
E

Q
R

E
F

:
N

T
 M

ode

4.5.6
O

R
5

5.6.3
P

seudo C
ode m

odified

5.6.4
A

dded new
 section on S

uperfram
e F

ram
er–to–D

efram
er loopbacks in system

s having
m

ultiple M
C

145572s

5.6.5
W

as old S
ection 5.6.4. M

odified code. D
eleted old S

ection 5.6.5.

5.6.6
A

dded new
 section on external analog loopbacks in system

s having m
ultiple M

C
145572s

5.7
2B

1Q
 Line Interface; m

oved to A
ppendix E

5.8
C

rystal O
scillator; m

oved to S
ection 3.3.7

8.1

8.3.2.3

10.4

10.5

B
.3

B
.3.1

B
.3.2

D
eleted section

F
igures:

3–1
A

dded F
R

E
Q

R
E

F
 reference

4–5
D

eleted figure; sam
e as F

igure 5–23

5–21

5–22

F
–4

A
dded resistor line

F
–5

A
dded F

S
X

 reference

F
–6

R
em

ote A
ccess M

ulti–Line C
onfiguration N

o. 2

F
–7

M
ulti–Line U

 Line C
ard

Tables:

3–6
C

hanged values in P
A

R
/S

E
R

 colum
n

8–3
A

dded N
O

P
 row

B
–3

D
eleted P

art N
o. and M

ode colum
ns

N
O

T
E

T
his revision (R

ev. 3) w
as edited for consistency of inform

ation. N
o technical infor-

m
ation w

as changed that w
as not m

arked w
ith change bars.
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T
he IS

D
N

 reference m
odel is show

n in F
igure 2–1. T

his is a general m
odel that can be adapted to

m
any different im

plem
entations of the IS

D
N

. T
he diagram

 indicates the position of the U
–reference

point betw
een the LT

 and the N
etw

ork Term
ination 1 (N

T
1) blocks in the m

odel.

T
he U

–interface is the physical access point to the IS
D

N
 at the U

–reference point. T
his interface is

a single tw
isted w

ire pair supporting full–duplex transm
ission of digital inform

ation at a rate of 160 kbps.
T

he tw
isted w

ire pair can extend up to 18,000 feet and m
ay include bridge taps. T

his interface is often
referred to as a D

igital S
ubscriber Line.
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K
ey:
C

C
S

N
:

C
om

m
on C

hannel S
ignalling N

etw
ork

N
T

2:
N

etw
ork Term

ination 2 (O
S

I Layers 2 and 3)
C

S
N

:
C

ircuit S
w

itched N
etw

ork
P

S
N

:
P

acket S
w

itched N
etw

ork
E

T:
E

xchange Term
ination (C

.O
. S

w
itch)

TA
:

Term
inal A

dapter
LT:

Line Term
ination (Line C

ard)
T

E
1:

Term
inal E

quipm
ent 1 (IS

D
N

 Term
inal)

N
T

1:
N

etw
ork Term

ination 1 (O
S

I Layer 1 O
nly)

T
E

2:
Term

inal E
quipm

ent 2 (N
on–IS

D
N

 Term
inal)

F
igure 2–1. IS

D
N

 R
eference M

odel
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F
igure 2–2 show

s som
e typical IS

D
N

 applications of the M
C

145572 U
–interface transceiver as w

ell
as related IS

D
N

 applications for S
/T

–interface term
inal equipm

ent using M
otorola sem

iconductor solu-
tions.

T
he LT

 exam
ple show

s the U
–interface transceiver in a line card environm

ent. T
his line card can be

located in an IS
D

N
 central office sw

itch or other IS
D

N
 com

patible sw
itching equipm

ent, including a
rem

ote sw
itch or carrier term

inal. In this application, the ID
L and S

C
P

 of the M
C

145572 are interfaced
to the backplane of the sw

itching equipm
ent as required for the particular sw

itch architecture.
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F
igure 2–2. M

C
145572 Typical IS

D
N

 A
pplications

T
he N

T
1 converts the 2–w

ire U
–interface to the 4–w

ire S
/T

–interface as show
n. B

y com
bining an

M
C

145572 w
ith a M

otorola M
C

145574 S
/T

–interface transceiver, an N
T

1 can be readily im
plem

ented.

A
lso show

n is a highly integrated U
–interface IS

D
N

 term
inal, designated N

T
1/T

E
1, w

hich im
plem

ents
a com

plete voice and data term
inal w

ith a U
–interface for im

m
ediate and cost effective access to

the IS
D

N
. T

he M
C

145572 is show
n interfaced to the M

68000 core–based M
C

68302 Integrated M
ulti-

protocol P
rocessor (IM

P
), w

hich handles layers 2
 – 7 of the O

S
I reference m

odel. V
oice is supported

w
ith a conventional codec–filter device, such as the M

C
14LC

5480.

T
he netw

ork is com
pleted w

ith a TA
 and an S

/T
–interface IS

D
N

 term
inal (T

E
1). Tw

o different architec-
tures are show

n: the TA
 is im

plem
ented w

ith the M
C

145488 D
ual D

ata Link controller and a host
M

C
U

 system
, and the T

E
1 is show

n im
plem

ented w
ith the M

C
68302 IM

P.
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Typical non–IS
D

N
 pair gain application block diagram

s are show
n in F

igures 2–3 and 2–4. P
air gain

is a technique to m
ultiplex tw

o or m
ore analog phone lines over a single tw

isted pair.
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F
igure 2–3. P

air G
ain A

pplication, C
entral O

ffice Term
inal
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T
his chapter describes the M

C
145572 pins and their operation. A

dditionally, quick reference tables
are provided. T

hese tables are organized by the three m
ajor m

odes of operation and by package
type.
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T
he follow

ing tables (Tables 3–1 through 3–5) list the M
C

145572 pins in functional groups and provide
brief pin descriptions. F

or m
ore detailed inform

ation, refer to the section indicated in the table title.
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Table 3–1.
P

ow
er S

upply and M
ode S

election P
ins (S

ee S
ections 3.3.1 and 3.3.2)

P
in N

o.

P
in N

am
e

T
Q

F
P

P
LC

C
P

in D
escription

P
ow

er S
upply P

ins

V
D

D
27

44
P

ositive pow
er supply, nom

inally +
 5 V.

V
S

S
29, 5

2, 22
N

egative pow
er supply, nom

inally ground.

V
D

D
R

x, V
D

D
T

x
30, 38

3, 11
P

ositive pow
er supply for analog circuits, nom

inally +
 5 V.

V
S

S
R

x, V
S

S
T

x
31, 37

4, 10
N

egative pow
er supply for analog circuits, nom

inally ground.

V
D

D
I/O

7, 20
24, 37

P
ositive pow

er supply for input and output circuits, nom
inally +

 5 V.

V
S

S
I/O

6, 19
23, 36

N
egative pow

er supply for input and output circuits, nom
inally ground.

C
A

P
3V

28
1

C
onnection for internal 3 V

 regulator decoupling capacitor.

M
ode S

election P
ins

R
E

S
E

T
41

14
H

ardw
are reset w

hen at a logic low
, norm

al operation w
hen at a logic high. T

his pin has a
S

chm
itt trigger input.

N
T

/LT
42

15
H

ardw
are selection of LT

 (logic low
) and N

T
 (logic high) operating m

ode.

M
C

U
/G

C
I

26
43

M
C

U
 m

ode versus G
C

I m
ode select input.

P
A

R
/S

E
R

40
13

P
arallel versus serial control port selection. P

A
R

/S
E

R
 =

 1 (logic high) for a parallel port.
P

A
R

/S
E

R
 =

 0 (logic low
) for serial control port interfacing.

Table 3–2.
Tim

e D
ivision M

ultiplex Interface P
ins (S

ee S
ection 3.3.3)

P
in N

o.

P
in N

am
e

T
Q

F
P

P
LC

C
P

in D
escription

Tim
e D

ivision M
ultiplex D

ata Interface

M
/S

43
16

M
aster/S

lave m
ode select input for the ID

L2 or G
C

I interface.
M

aster m
ode for M

/S
 =

 1 (logic high).

F
S

R
/F

S
C

10
27

T
he M

C
U

 8 kH
z fram

e sync for data transm
itted on the D

out  pin.
In G

C
I operation, this pin serves as the F

S
C

 pin.

F
S

X
11

28
T

he M
C

U
 8 kH

z fram
e sync for data input to the D

in  pin.
T

his pin is not used in G
C

I m
ode.

D
C

L
14

31
M

C
U

 bit clock, or G
C

I 2x bit clock.

D
out

13
30

S
erial data out of M

C
U

 or G
C

I interface.

D
in

12
29

S
erial data into M

C
U

 or G
C

I interface.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS



M
C

145572
3–3

M
O

T
O

R
O

LA

Table 3–3.
D

igital D
ata Interface P

ins (S
ee S

ection 3.3.4)

P
in N

am
e

P
in N

o.

M
C

U
/

S
C

P
M

ode
M

C
U

/P
C

P
M

ode
G

C
I

M
ode

T
Q

F
P

P
LC

C
P

in D
escription

S
C

P
E

N
C

S
IN

1
4

21
In serial port, M

C
U

 m
ode, S

C
P

E
N

 is the active low
 S

C
P

 enable input.
In parallel port, M

C
U

 m
ode, C

S
 is the active low

 chip select.
In full G

C
I m

ode, defined w
hen M

C
U

/G
C

I =
 0, this input is IN

1.

S
C

P
C

LK
R

/W
IN

2
3

20
In serial port, M

C
U

 m
ode, S

C
P

C
LK

 is the serial control port clock input.
In parallel port, M

C
U

 m
ode, R

/W
 is the read versus w

rite indication to the
parallel port.
In full G

C
I m

ode, defined w
hen M

C
U

/G
C

I =
 0, this input is IN

2.

S
C

P
R

x
D

0
O

U
T

1
1

18
In serial port, M

C
U

 m
ode, S

C
P

R
x is the serial control port data input.

In parallel port, M
C

U
 m

ode, D
0 is the LS

B
 of the parallel data bus.

In full G
C

I m
ode, defined by M

C
U

/G
C

I =
 0, O

U
T

1 is an output reflecting the
state of bit 5 as set in B

R
7.

S
C

P
T

x
D

1
O

U
T

2
2

19
In serial port, M

C
U

 m
ode, S

C
P

T
x is the serial control port data output.

In parallel port, M
C

U
 m

ode, this is signal D
1 of the parallel data bus.

In full G
C

I m
ode, defined by M

C
U

/G
C

I =
 0, O

U
T

2 is an output reflecting the
state of bit 6 as set in B

R
7

IR
Q

IR
Q

—
44

17
O

pen–drain active low
 output for m

icrocontroller interrupt.

4.096
C

LK
O

U
T

D
2

4.096
C

LK
O

U
T

17
34

4.096 M
H

z clock out.
In parallel port, M

C
U

 m
ode, this is signal D

2 of the parallel data bus.

15.36
C

LK
O

U
T

D
3

15.36
C

LK
O

U
T

18
35

15.36 M
H

z clock out. N
ot synchronized to recovered clock in the N

T
 m

ode.
In parallel port, M

C
U

 m
ode, this is signal D

3 of the parallel data bus.

B
U

F
X

TA
L

D
4

B
U

F
X

TA
L

21
38

T
his is a square w

ave output from
 the 20.48 M

H
z oscillator and it is not

synchronized to the recovered clock in the N
T

 m
ode.

In parallel port, M
C

U
 m

ode, this is signal D
4 of the parallel data bus.

E
Y

E
D

A
TA

D
C

H
C

LK
D

5
S

2
22

39
In serial port, M

C
U

 m
ode, this pin m

ay carry either E
Y

E
D

A
TA

 or D
C

H
C

LK
.

In parallel port, M
C

U
 m

ode, this is signal D
5 of the parallel data bus.

In full G
C

I m
ode, this pin is the S

2 input.

T
xB

C
LK

D
C

H
in

D
6

F
R

E
F

out
23

40
In serial port, M

C
U

 m
ode, this pin m

ay carry either T
xB

C
LK

 or D
C

H
in .

T
xB

C
LK

 is an 80 kH
z clock output, aligned and synchronized to the

transm
itted baud.

D
C

H
in  is the D

 channel port serial data input.
In parallel port, M

C
U

 m
ode, this is signal D

6 of the parallel data bus.
In full G

C
I m

ode, operating as a G
C

I slave, this pin provides 2.048 M
H

z or
512 kH

z synchronized clock output.

R
xB

C
LK

D
C

H
out

D
7

C
LK

S
E

L
24

41
In serial port, M

C
U

 m
ode, this pin m

ay carry either R
xB

C
LK

 or D
C

H
out .

R
xB

C
LK

 is an 80 kH
z clock output, aligned and synchronized to the received

baud.
D

C
H

out  is the D
 channel port serial data output.

In parallel port, M
C

U
 m

ode, D
7 is the M

S
B

 of the parallel data bus.
In full G

C
I m

ode, operating as a G
C

I m
aster, C

LK
S

E
L selects betw

een
512 kH

z and 2.048 M
H

z for D
C

L. C
LK

S
E

L =
 1 selects 2.048 M

H
z.

S
Y

S
C

LK
20.48 M

H
z

S
FA

R
T

S
E

N

S
Y

S
C

LK
20.48 M

H
z

S
FA

R
T

S
E

N

S
1

8
25

In either M
C

U
 m

ode, this pin m
ay carry either S

Y
S

C
LK

, 20.48 M
H

z, S
FA

R
, or

T
S

E
N

 outputs.
S

Y
S

C
LK

 is a 10.24 M
H

z clock for sam
pling E

Y
E

D
A

TA
.

S
FA

R
 is the receive data superfram

e alignm
ent output in the N

T
 and LT

m
odes.

T
S

E
N

 is an active low
 open–drain buffer enable output, used for enabling a

bus driver to buffer M
C

U
 data out from

 the M
C

145572, onto a P
C

M
 highw

ay.
T

S
E

N
 is active only w

hen D
out  is active.

In full G
C

I m
ode, this pin is the S

1 input.

T
xS

F
S

S
FA

X
T

xS
F

S
S

FA
X

S
0

9
26

In either M
C

U
 m

ode, this pin m
ay carry either T

xS
F

S
 output, or S

FA
X

input/output.
W

hen this pin is unused, connect a 100 kΩ
 resistor to V

S
S

 in LT
 m

ode.
T

xS
F

S
 is provided for com

patibility to the M
C

145472, w
hich provides an

absolute transm
it superfram

e reference.
S

FA
X

 is the transm
it data superfram

e alignm
ent input in the LT

 m
ode, or

superfram
e alignm

ent output in the N
T

 m
ode.

In LT
 m

ode, S
FA

X
 can also be an output.

In full G
C

I m
ode, this pin is the S

0 input.
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Table 3–4.
2B

1Q
 Interface P

ins (S
ee S

ection 3.3.5)

P
in N

o.

P
in N

am
e

T
Q

F
P

P
LC

C
P

in D
escription

T
xP, T

xN
36, 39

9, 12
P

ositive and negative outputs of the differential transm
it driver.

R
xP, R

xN
32, 33

5, 6
P

ositive and negative inputs to the differential receive circuit.

V
ref P, V

ref N
35, 34

8, 7
P

ositive and negative signals for internal voltage reference.
C

onnect a 0.1 µF
 to 1 µF

 ceram
ic capacitor betw

een V
ref P

 and V
ref N

Table 3–5.
P

hase Locked Loop and C
lock P

ins (S
ee S

ection 3.3.6)

P
in N

o.

P
in N

am
e

T
Q

F
P

P
LC

C
P

in D
escription

F
R

E
Q

R
E

F
25

42
LT

 m
ode: 8 kH

z reference clock input (S
chm

itt trigger input).
N

T
 m

ode: optional synchronized clock output, selected by control register in
the M

C
U

 m
ode (M

C
U

/G
C

I =
 1).

X
TA

Lin , X
TA

Lout
16, 15

33, 32
Input and output signals of the 20.48 M

H
z crystal oscillator am

plifier.

�
��

�
�	

�
�

�
�
��
�
�

	


T
he follow

ing descriptions are divided into the sam
e functional groups as the P

in D
escription Q

uick
R

eference Tables in S
ection 3.2

 and provide m
ore inform

ation about the particular subsystem
 of the

device and the associated pins. R
efer to F

igures 11–1 and 11–2 for pin assignm
ents.

�
��
��

�
�
�
�
�

�
�
�
��
�
��
�

T
he M

C
145572 has five pairs of V

D
D

 and V
S

S
 pow

er supply pins. E
ach of these pairs provide pow

er
to a specific portion of the integrated circuit to m

inim
ize interaction betw

een the various high per-
form

ance subsystem
s on the device. A

ll of the negative pow
er supply pins should be connected to

the sam
e ground reference point and all of the positive pow

er supply pins should be connected to
the sam

e +
 5 V

 pow
er supply source.

N
O

T
E

S
ee A

ppendix C
 for printed circuit board layout recom

m
endations.

V
D

D
:

P
ositive P

ow
er S

upply
T

his is one of the five positive pow
er supply pins and should be connected to +

 5 V. V
D

D
provides pow

er to the internal digital circuits of the device and should be decoupled w
ith a

0.1 µF
 ceram

ic capacitor to V
S

S
.

V
S

S
:

N
egative P

ow
er S

upply
Tw

o of the six negative pow
er supply pins are V

S
S

, and they should be connected to ground.
T

hese pins provide a ground reference to the internal digital circuits of the device and each
should be decoupled w

ith separate 0.1 µF
 ceram

ic capacitors to V
D

D
.

V
D

D
R

x, V
D

D
T

x:
P

ositive A
nalog P

ow
er S

upply
Tw

o of the five positive pow
er supply pins are V

D
D

R
x and V

D
D

T
x, and they should be con-

nected to +
 5 V. T

hese pins provide pow
er to the analog receive and transm

it subsystem
s

of the M
C

145572, and each should be decoupled w
ith separate 0.1 µF

 ceram
ic capacitors

to V
S

S
R

x and V
S

S
T

x, respectively. T
hese tw

o pins are not tied together internally.
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V
S

S
R

x, V
S

S
T

x:
N

egative A
nalog P

ow
er S

upply
Tw

o of the six negative pow
er supply pins are V

S
S

R
x and V

D
D

R
x, and they should be con-

nected to ground. T
hese pins provide a ground reference to the analog receive and transm

it
subsystem

s of the device, and each should be decoupled w
ith separate 0.1 µF

 ceram
ic

capacitors to V
D

D
R

x and V
D

D
T

x, respectively.

V
D

D
I/O

:
P

ositive P
ow

er S
upply Input/O

utput
Tw

o of the five positive pow
er supply pins are V

S
S

I/O
, and they should be connected to

+
 5 V. T

hese pins provide pow
er to the digital input and output circuits of the device and each

should be decoupled w
ith a 0.1 µF

 ceram
ic capacitor to V

S
S

I/O
. T

hese pins can also be
connected to 3.3 V

 to provide I/O
 com

patibility w
ith 3 V

 interface devices.

V
S

S
I/O

:
N

egative P
ow

er S
upply Input/O

utput
Tw

o of the six negative pow
er supply pins are V

S
S

I/O
, and they should be connected to

ground. T
hese pins provide a ground reference to the digital input and output circuits of the

device, each should be decoupled w
ith a 0.1 µF

 ceram
ic capacitor to V

D
D

I/O
.

C
A

P
3V

:
C

ore Logic P
ositive P

ow
er S

upply
T

his pin is tied to the internal core logic pow
er supply. A

n external 0.1 µF
 to 1.0 µF

 decoupling
capacitor should be connected betw

een this pin and ground. A
pplications requiring a 3 V

pow
er supply m

ay source current from
 this pin. S

ee S
ection 10.3, E

lectrical S
pecifications

,
for m

ore inform
ation on the lim

it of the source current. T
his output is at 5 V

 until reset is
applied to the M

C
145572.

�
��
��

�
�
	


�


�

�
�
��

�
�
�

T
hese inputs define the m

ode of operation for the M
C

145572. M
ore inform

ation on the function of
the device in specific m

odes can be obtained from
 C

hapter 5, M
C

U
 M

ode D
evice F

unctionality
 and

C
hapter 8, G

C
I M

ode F
unctional D

escription
.

R
E

S
E

T:
R

eset Input
A

 logic 0 applied to this S
chm

itt trigger input pin holds the device in a hardw
are reset condi-

tion. A
 logic 1 puts the device into the norm

al operating state. R
egister N

R
0(b3) provides

a sim
ilar softw

are reset function, thereby allow
ing control of this m

ode from
 the external

m
icrocontroller. T

his pin m
ust be held low

 for at least six 20.48 M
H

z clock periods.

C
A

U
T

IO
N

R
eset m

ust be asserted until V
D

D
 is greater than 4.75 V

 and the oscillator is stable.

D
uring a hardw

are reset condition, all S
C

P
 registers are reset to their default state, and the

signals output from
 the D

C
L and F

S
R

 pins w
hen in the M

C
U

 M
aster m

ode are halted. In
addition, the T

x driver is put into a low
 im

pedance state to term
inate the U

–interface and the
2B

1Q
 receiver is unable to detect the activation w

ake–up tone.

N
T

/LT:
N

T
/LT

 S
elect Input

A
 logic 1 applied to this pin puts the device into the N

T
 m

ode and a logic 0 puts the device
into the LT

 m
ode. N

ote that B
yte register 8, bit 0, also controls N

T
 versus LT

 m
ode selection,

thereby allow
ing softw

are control of this m
ode.
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Table 3–6.
O

peration M
ode as Indicated by

M
ode Input P

ins

M
ode

M
C

U
/G

C
I

PA
R

/S
E

R

G
C

I
0

0

M
C

U
/P

C
P

1
1

M
C

U
/S

C
P

1
0

N
O

T
E

S
:

P
C

P
 —

P
arallel C

ontrol P
ort, external M

C
U

 uses
8–bit data port to access registers.

S
C

P
 —

S
e

ria
l C

o
n

tro
l P

o
rt, e

xte
rn

a
l M

C
U

 u
se

s
four signal serial ports to access registers.

M
C

U
/G

C
I:

M
C

U
/G

C
I S

elect Input
A

 logic 1 applied to this pin selects the M
C

U
 m

ode. T
his requires an external M

C
U

 to access
the internal control/status register of the M

C
145572. 2B

+
D

 data only is transferred over the
tim

e division m
ultiplex bus. In M

C
U

 m
ode, four data form

ats are available on the ID
L2 interface.

T
hese are short fram

e, long fram
e, G

C
I 2B

+
D

, and tim
eslot assigner. A

 logic 0 applied to
this pin selects the G

C
I tim

e division bus m
ode.

In G
C

I m
ode, 2B

+
D

 data and control/status inform
ation is interfaced to the M

C
145572 by

a single four signal tim
e division m

ultiplexed bus. T
he S

C
P

 interface is not used and those
pins are redefined.

In full G
C

I m
ode, both M

C
U

/G
C

I and P
A

R
/S

E
R

 m
ust be connected to V

S
S

.

PA
R

/S
E

R
:  P

arallel/S
erial S

elect Input
T

his pin allow
s parallel versus serial control port selection w

hen the M
C

145572 is operating
in M

C
U

 m
ode. P

A
R

/S
E

R
 =

 1 selects parallel port operation. P
A

R
/S

E
R

 =
 0 selects serial con-

trol port operation. T
his pin m

ust be connected to V
S

S
 w

hen M
C

U
/G

C
I is connected to V

S
S

(i.e., in full G
C

I m
ode).
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T
his section describes the Tim

e D
ivision M

ultiplex (T
D

M
) data interface pins.

M
/S

:
M

aster/S
lave S

elect Input
T

he T
D

M
 interface can be configured as a M

aster or a S
lave w

ith the M
/S

 pin. A
 logic 1 input

at this pin selects the M
aster m

ode and a logic 0 selects the S
lave m

ode. T
he polarity of this

pin can be inverted using B
R

7(b1).

W
hen the M

C
145572 is configured for m

aster tim
ing and M

C
U

 m
ode, the F

S
R

/F
S

C
, F

S
X

,
and D

C
L pins are outputs and their signals are generated internally. A

s a M
aster, the U

–
interface transceiver provides a 2.048 M

H
z, 2.56 M

H
z, or 512 kH

z D
C

L output as selected
in B

R
7(b2) and O

R
7(b4).

W
hen the M

C
145572 is configured for slave tim

ing and M
C

U
 m

ode, the F
S

R
/F

S
C

, F
S

X
, and

D
C

L pins are inputs and their signals are provided externally. A
s a S

lave, the T
D

M
 interface

block is designed to accept any clock rate from
 256 kH

z to 4.096 M
H

z, inclusive.

In G
C

I M
aster m

ode, F
S

C
, D

out , and D
C

L pins are outputs and D
in  is an input. E

ither the
512 kH

z or 2.048 M
H

z clock is available on D
C

L. F
S

X
 is not used.

In G
C

I S
lave m

ode, D
out  is an output and F

S
C

, D
C

L, and D
in  are inputs. F

S
X

 is not used.
D

C
L can accept clock rates up to 8.192 M

H
z.

F
S

R
/F

S
C

F
S

R
:

M
C

U
 M

ode F
ram

e S
ynchronization R

eceive

F
S

R
 is the 8 kH

z fram
e sync for the receive data of the T

D
M

 interface. In short fram
e

and tim
eslot assigner m

ode, the signal at this pin is high for one cycle of the D
C

L signal
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M
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T
O

R
O
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and is rising edge aligned w
ith the rising edge of the D

C
L signal. T

his pin is an input w
hen

the T
D

M
 interface is in S

lave m
ode and an output in the M

aster m
ode as established

by the M
/S

 pin. S
ee F

igures 5–17 through 5–20.

W
hen the M

C
145572 is in N

T
 m

ode and M
/S

 =
 1, this output is phase locked to the signal

received at the U
–interface. A

s an LT
 in the M

aster m
ode, this output is derived directly

from
 the 20.48 M

H
z m

aster clock. T
he frequency of the periodic F

S
R

 signal is 8 kH
z. A

s
a S

lave, the F
S

R
 signal m

ust occur at an average rate of 8 kH
z (125 µs interval) w

ith
a m

axim
um

 phase deviation from
 a jitter–free sync of ± 48 µs.

In M
aster m

ode, F
S

R
 and F

S
X

 output the sam
e w

aveform
. In S

lave m
ode, both F

S
R

 and
F

S
X

 inputs m
ust be driven by external circuitry. F

S
R

 and F
S

X
 inputs can be tied together

in S
lave m

ode and a com
m

on sync can be used to drive both inputs.

F
S

C
:

G
C

I M
ode F

ram
e S

ynchronization R
eceive

In full G
C

I m
ode and in G

C
I 2B

+
D

 m
ode, this pin serves as the F

S
C

 pin, and the signal
is high for tw

o cycles of the D
C

L signal and the rising edge is aligned w
ith the rising edge

of the D
C

L signal. T
his pin is an input w

hen the T
D

M
 interface is in S

lave m
ode and an

o
u

tp
u

t in M
a

ste
r m

o
d

e a
s e

sta
b

lish
e

d b
y th

e M
/S

 p
in

. F
S

C
 in

d
ica

te
s a su

p
e

rfra
m

e
boundary by going high for one D

C
L clock. T

his happens once every 12 m
s.

W
hen the M

C
145572 is in N

T
 m

ode and M
/S

 =
 1, this output is phase locked to the signal

received at the U
–interface.

A
s an LT

 in the M
aster m

ode, this output is derived directly from
 the 20.48 M

H
z m

aster
clock. T

he frequency of the periodic F
S

R
 signal is 8 kH

z.

A
s a S

lave, the F
S

C
 signal m

ust occur at an average rate of 8 kH
z (125 µs interval) w

ith
a m

axim
um

 phase deviation from
 a jitter free sync of ± 48 µs.

F
S

X
:

M
C

U
 M

ode F
ram

e S
ynchronization Transm

it
F

S
X

 is the 8 kH
z fram

e sync for the transm
it data of the M

C
U

 interface. T
his pin is not used

in the G
C

I m
ode. T

he form
atting of F

S
X

 is m
ode dependent.

T
his pin is an input w

hen the T
D

M
 interface is in the S

lave m
ode and an output in M

aster
m

ode, as established by the M
/S

 pin.

W
hen the M

C
145572 is in N

T
 m

ode and M
/S

 =
 1, this output is phase locked to the signal

received at the U
–interface. A

s an LT
 in the M

aster m
ode, this output is derived directly from

the 20.48 M
H

z m
aster clock. T

he frequency of the periodic F
S

R
 signal is 8 kH

z. A
s a S

lave,
the F

S
X

 signal m
ust occur at an average rate of 8 kH

z (125 µs interval) w
ith a m

axim
um

 phase
deviation from

 a jitter free sync of ± 48 µs.

In M
aster m

ode, F
S

R
 and F

S
X

 output the sam
e w

aveform
. In S

lave m
ode, both F

S
R

 and
F

S
X

 inputs m
ust be driven by external circuitry. F

S
R

 and F
S

X
 inputs can be tied together

in the S
lave m

ode and a com
m

on sync can be used to drive both inputs.

D
C

L:
D

ata C
lock Input/O

utput
T

his pin is an input w
hen the T

D
M

 interface is in the S
lave m

ode and an output in the M
aster

m
ode, as established by the M

/S
 pin.

A
s a tim

ing m
aster in the M

C
U

–N
T

 m
ode, this pin provides a 2.048 M

H
z, 512 kH

z, or a
2.56 M

H
z M

C
U

 clock output. T
his choice is program

m
ed in B

R
7(b2) and O

R
7(b4). A

lso see
S

ection 5.4
.

W
hen configured as a slave in M

C
U

 m
ode, this pin accepts any clock frequency from

 256 kH
z

to 4.096 M
H

z, inclusive.

In G
C

I m
ode, this pin provides clock outputs 2.048 M

H
z or 512 kH

z, as selected by C
LK

S
E

L.
In G

C
I S

lave m
ode, this pin accepts clock frequencies of 512 kH

z to 8.192 M
H

z, inclusive.

In N
T

 m
aster tim

ing of operation, recovered tim
ing is conveyed over D

C
L by adjusting the

w
idth of the clock. T

he adjustm
ent is m

ade by the internal digital P
LL and occurs during tw

o
consecutive 8 kH

z fram
es, once per U

–interface basic fram
e. T

he adjustm
ent consists of
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adding or subtracting a single 20.48 M
H

z clock period during the high tim
e of D

C
L. S

ince
this occurs during tw

o consecutive 8 kH
z fram

es, the total adjustm
ent is ± 97 ns, once every

basic fram
e. S

ee C
hapter 10, E

lectrical S
pecifications,

 for the locations of the tim
ing adjust-

m
ent.

D
out :

D
ata Transm

it O
utput

T
his pin is the output for the 2B

+
D

 data received at the U
–interface. T

he form
atting of the

data is m
ode dependent. In G

C
I m

ode, D
o

u
t  is an open drain output and m

ust be connected
to V

D
D

 through a pullup resistor. In ID
L–2 m

ode, D
out  goes high im

pedance w
hen the 2B

+
D

transfer is com
plete. R

efer to C
hapter 5, M

C
U

 M
ode D

evice F
unctionality 

and C
hapter 8,

G
C

I M
ode F

unctional D
escription,

 for m
ore inform

ation.

D
in

:
D

ata R
eceive Input

T
his pin is the input for the 2B

+
D

 data to be transm
itted at the U

–interface. T
he form

atting
of the data is m

ode dependent. R
efer to C

hapter 5, M
C

U
 M

ode
 D

evice F
unctionality 

and
C

hapter 8, G
C

I M
ode F

unctional D
escription,

 for m
ore inform

ation. In G
C

I m
ode, D

in  m
ust

be connected to V
D

D
 through a 1.5 kΩ

 pull-up resistor.

�
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T
hese pins provide a digital transfer interface for the M

C
145572 w

hen configured for M
C

U
 m

ode.
In G

C
I m

ode, control and status inform
ation is provided over the G

C
I interface.

S
C

P
E

N
/C

S
/IN

1
S

C
P

E
N
�

S
erial C

ontrol P
ort E

nable Input

T
his pin, w

hen held low
, selects the S

C
P

 for the transfer of control, status, and M
 channel

data inform
ation into and out of the U

–interface transceiver. S
C

P
E

N
 should be held low

for 8 or 16 periods of the S
C

P
C

LK
 signal in order for inform

ation to be transferred into
or out of the M

C
145572. T

he S
C

P
 interface disregards any S

C
P

 operation that is not
exactly 8 or 16 S

C
P

C
LK

 clock pulses in length. If the M
C

145572 is the only S
C

P
 device

in the system
, this pin can be tied low

 and bursted S
C

P
 clock can be used to access

the register.

C
S
�

P
arallel C

ontrol P
ort C

hip S
elect

In P
arallel C

ontrol P
ort m

ode, this pin acts as an active low
 chip select input.

IN
1:

Input 1

In full G
C

I m
ode, defined w

hen M
C

U
/G

C
I  =

 0, this is an input bit. IN
1 m

ay be read via
B

R
7. In N

T
 m

ode, IN
1 is transm

itted as P
S

1 in the M
4 m

aintenance bits.

S
C

P
C

LK
/R

/W
/IN

2
S

C
P

C
LK

:
S

erial C
ontrol P

ort C
lock Input

T
his is an input to the device used for clocking data into and out of the S

C
P

 interface.
D

ata is clocked into the M
C

145572 from
 S

C
P

R
x on rising edges of S

C
P

C
LK

. D
ata is

shifted out of the M
C

145572 S
C

P
T

x pin on falling edges of S
C

P
C

LK
. S

C
P

C
LK

 can be
any frequency from

 0 up to 4.096 M
H

z. A
n S

C
P

 transaction takes place w
hen S

C
P

E
N

is b
ro

u
g

h
t lo

w
. N

o
te th

a
t S

C
P

C
L

K
 is ig

n
o

re
d w

h
e

n S
C

P
E

N
 is h

ig
h (i.e

., it m
a

y b
e

continuous or it can operate in a burst m
ode). If the M

C
145572 is the only S

C
P

 device
used, the S

C
P

E
N

 pin can be tied low
 and bursted clocks applied to S

C
P

C
LK

.

R
/W

:
P

arallel C
ontrol P

ort R
ead/W

rite

In P
arallel C

ontrol P
ort m

ode, this pin functions as read versus w
rite indication, w

here
w

rite is active low
.

IN
2:

G
C

I M
ode Input 2

IN
2 m

ay be read via B
R

7. In N
T

 m
ode, IN

2 is transm
itted as P

S
2 in the M

4 channel
m

aintenance bits.
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S
C

P
R

x/D
0

/O
U

T
1

S
C

P
R

x:
S

erial C
ontrol P

ort R
eceive Input

S
C

P
R

x is used to input control, status, and M
 channel data inform

ation to the U
–interface

transceiver. D
ata is shifted into the M

C
145572 on rising edges of S

C
P

C
LK

. S
C

P
R

x is
ignored w

hen data is being shifted out of S
C

P
T

x or w
hen S

C
P

E
N

 is high.

D
0:

D
ata 0

In P
arallel C

ontrol P
ort m

ode, this pin functions as bit 0, LS
B

, of the data bus.

O
U

T
1:

G
C

I M
ode O

utput 1
In full G

C
I m

ode, defined by M
C

U
/G

C
I =

 0, O
U

T
1 is an output reflecting the state of the

b
it a

s se
t in B

R
7

. O
U

T
1 is a

lso se
t h

ig
h w

h
e

n th
e G

C
I C

o
m

m
a

n
d

/In
d

ica
te ch

a
n

n
e

l
com

m
and LT

D
1 is active.

S
C

P
T

x/D
1

/O
U

T
2

S
C

P
T

x:
S

erial C
ontrol P

ort Transm
it O

utput
S

C
P

T
x is u

se
d to o

u
tp

u
t co

n
tro

l, sta
tu

s, a
n

d M
 ch

a
n

n
e

l d
a

ta in
fo

rm
a

tio
n fro

m
 th

e
M

C
145572 U

–interface transceiver. D
ata is shifted out of S

C
P

T
x on the falling edge of

S
C

P
C

LK
, m

ost significant bit first.

D
1:

D
ata 1

In P
arallel C

ontrol P
ort m

ode, this pin functions as bit 1 of the data bus.

O
U

T
2:

G
C

I M
ode O

utput 2
In full G

C
I m

ode, defined by M
C

U
/G

C
I =

 0, O
U

T
2 is an output reflecting the state of the

b
it a

s se
t in B

R
7

. O
U

T
2 is a

lso se
t h

ig
h w

h
e

n th
e G

C
I C

o
m

m
a

n
d

/In
d

ica
te ch

a
n

n
e

l
com

m
and LT

D
2 is active.

IR
Q

:
Interrupt R

equest O
utput

T
he IR

Q
 pin is an active low

, open drain output, used to signal an external m
icrocontroller

that an interrupt condition exists in the M
C

145572. O
n clearing the interrupt condition, the

pin is returned to the high im
pedance state. S

ee the description for N
ibble R

egister 3, S
ec-

tion 4.3.4, for descriptions of the sources of interrupt conditions.

4.096 C
LK

O
U

T
/D

2
4.096 C

LK
O

U
T:

4.096 M
H

z B
uffered C

lock O
utput

T
his pin provides a buffered 4.096 M

H
z clock output that can be used for a m

icrocontroller
clock. T

his clock is not locked to the recovered clock tim
ing. T

his output can be disabled
by w

riting a 1 to O
R

9(b0).

D
2:

D
ata 2

In P
arallel C

ontrol P
ort m

ode, this pin functions as bit 2 of the data bus.

15.36 C
LK

O
U

T
/D

3
15.36 C

LK
O

U
T:

15.36 M
H

z B
uffered C

lock O
utput

T
his pin provides a buffered 15.36 M

H
z clock output that can be used for the M

C
145474/75

and M
C

145574 S
/T

 transceiver clocks. R
egister B

R
14(b0) or R

egister B
R

15A
(b2) m

ust
be set to enable this output. T

his clock is a 20.48 M
H

z clock w
ith every fourth clock cycle

rem
oved. T

his clock is not locked to the recovered clock tim
ing. T

his output can be disabled
by w

riting a 1 to O
R

9(b1). T
his output can be cleanly transitioned to 10.24 M

H
z by w

riting
a 1 to O

R
9(b3).

N
O

T
E

T
his pin does not provide a 50%

 duty cycle output. It does provide a clock that
the M

C
145474/75 and M

C
145574 can use. F

igure 10–14 show
s the tim

ing of
this signal.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS



M
C

145572
3–10

M
O

T
O

R
O

LA

D
3:

D
ata 3

In P
arallel C

ontrol P
ort m

ode, this pin functions as bit 3 of the data bus.

B
U

F
X

TA
L

/D
4

B
U

F
X

TA
L:

B
uffered C

rystal O
utput

B
U

F
X

TA
L is the buffered square w

ave output from
 the 20.48 M

H
z oscillator. A

fter reset,
this signal is active. T

his output can be set to a high im
pedance state by setting O

R
9(b2)

to a 1. T
his signal is available in both M

C
U

/S
C

P
 and G

C
I m

odes of operation.

C
A

U
T

IO
N

In N
T

 m
ode operation, this signal is not phase locked to recovered tim

ing.

D
4:

D
ata 4

In P
arallel C

ontrol P
ort m

ode, this pin functions as bit 4 of the data bus.

E
Y

E
D

ATA
/D

C
H

C
LK

/D
5

/S
2

E
Y

E
D

ATA
:

E
ye P

attern D
ata O

utput

E
ye P

attern D
ata is a serial data output that provides a digital w

ord once per received
2B

1Q
 baud. T

his data w
ord represents the recovered 2B

1Q
 received bauds and can be

used to reconstruct a conventional eye pattern on an oscilloscope w
ith the use of a

digital–to–analog converter. C
ontrol bit B

R
15A

(b0) m
ust be set to a 1 to enable this pin.

S
ee A

ppendix D
 for applications inform

ation concerning this feature.

D
C

H
C

LK
:

D
 C

hannel C
lock

D
C

H
C

LK
 is the D

 channel port clock output. It is enabled by setting D
 channel port enable

in Init G
roup register O

R
8 (b0).

D
5:

D
ata 5

In P
arallel C

ontrol P
ort m

ode, this pin functions as bit 5 of the data bus.

S
2:

G
C

I M
ode S

lot S
election 2

In full G
C

I m
ode, this pin is an input for the tim

eslot selection, S
0 – S

2. S
ee Table 3–7

for m
ore inform

ation.

Table 3–7.
G

C
I Tim

eslot A
ssignm

ent
as S

et by S
0 – S

2

G
C

I Tim
eslot

S
2

S
1

S
0

0
0

0
0

1
0

0
1

2
0

1
0

3
0

1
1

4
1

0
0

5
1

0
1

6
1

1
0

7
1

1
1

T
xB

C
LK

/D
C

H
in

/D
6

/F
R

E
F

out
T

xB
C

LK
:

Transm
it B

aud C
lock O

utput

T
h

is 8
0

 kH
z clo

ck in
d

ica
te

s th
e tim

in
g o

f th
e tra

n
sm

itte
d 2

B
1

Q
 b

a
u

d
s. C

o
n

tro
l b

its
B

R
14(b0) or B

R
15A

(b0) m
ust be set to logic 1 to enable this signal.
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M
C

145572
3–11

M
O

T
O

R
O

LA

D
C

H
in

:
D

 C
hannel D

ata In

D
C

H
in  is the D

 channel port serial input. It is enabled by setting D
 channel port enable

in Init G
roup register O

R
8(b0).

D
6:

D
ata 6

In P
arallel C

ontrol P
ort m

ode, this pin functions as bit 6 of the data bus.

F
R

E
F

out :
G

C
I M

ode Locked F
requency O

utput

In full G
C

I m
ode, operating as a slave, this pin provides 2.048 M

H
z or 512 kH

z synchro-
nized clock output as selected by C

LK
S

E
L. W

hen the M
C

145572 is configured as a G
C

I
tim

ing m
aster, F

R
E

F
out  does not provide a clock since the clock is present on D

C
L. It is

not necessary to set any register bits to enable this output in G
C

I slave m
ode.

R
xB

C
LK

/D
C

H
out /D

7
/C

LK
S

E
L

R
xB

C
LK

:
Transm

it B
aud C

lock O
utput

T
his 80 kH

z clock indicates the tim
ing of the received 2B

1Q
 bauds. C

ontrol bits B
R

14(b0)
or B

R
15A

(b0) m
ust be set to logic 1 to enable this signal.

D
C

H
out :

D
 C

hannel D
ata O

ut

D
C

H
out  is the D

 channel port serial output. It is enabled by setting D
 channel port enable

in Init G
roup register O

R
8(b0).

D
7:

D
ata 7

In P
arallel C

ontrol P
ort m

ode, this pin functions as bit 7 of the data bus.

C
LK

S
E

L:
C

lock S
elect

W
hen operating as a G

C
I tim

ing m
aster in full G

C
I m

ode, C
LK

S
E

L selects betw
een

512 kH
z and 2.048 M

H
z for D

C
L. C

LK
S

E
L =

 1 selects 2.048 M
H

z.

W
hen operating as a G

C
I tim

ing slave in full G
C

I–N
T

 m
ode, C

LK
S

E
L selects betw

een
phase locked 512 kH

z and 2.048 M
H

z clocks appearing at F
R

E
F

out .

S
Y

S
C

LK
/S

FA
R

/T
S

E
N

/S
1

S
Y

S
C

LK
:

S
ystem

 C
lock O

utput

S
ystem

 C
lock O

utput is a 10.24 M
H

z clock that is used to clock E
ye P

attern D
ata. C

ontrol
bits B

R
14(b0) or B

R
15A

(b0) m
ust be set to a 1 to enable this signal. S

ee A
ppendix D

for applications inform
ation concerning this pin.

S
FA

R
:

S
uperfram

e A
lignm

ent R
eceive

S
FA

R
 provides a superfram

e alignm
ent output signal in the N

T
 and LT

 m
odes. T

his signal
is only available w

hen the M
C

145572 is in M
C

U
 m

ode. S
etting O

R
8 (b1) enables this

output. T
his signal is one M

C
U

 clock w
ide and occurs during the D

C
L clock follow

ing F
S

R
.

S
ee S

ection 5.4.7
. T

his pulse indicates the first 2B
+

D
 fram

e received from
 a U

–interface
superfram

e.

T
S

E
N

:
O

pen–D
rain B

uffer E
nable O

utput

T
S

E
N

 is an open–drain buffer enable output, used for enabling a bus driver to buffer T
D

M
data out from

 the M
C

145572 onto a P
C

M
 highw

ay. W
hen the M

C
145572 is configured

for M
C

U
 m

ode, T
S

E
N

 is active during the B
1, B

2, and D
 channel tim

eslots, regardless
of w

here they occur. W
hen the M

C
145572 is configured for G

C
I 2B

+
D

 electrical–only
interfacing w

hile in M
C

U
 m

ode, T
S

E
N

 is active during the B
1, B

2, and D
 channel tim

eslots
only. T

S
E

N
 is also available w

hen the M
C

145572 is configured for tim
eslot assigner opera-

tion. W
hen a separate D

 channel serial port option is enabled, T
S

E
N

 is active only during
the B

1 and B
2 channel tim

eslots. T
his pin is enabled w

hen O
R

7(b5) =
 1 or O

R
8(b3) =

 1.

S
1:

G
C

I M
ode S

lot S
election 1

In full G
C

I m
ode, this pin is an input for the tim

eslot selection, S
0 – S

2.
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M
C

145572
3–12

M
O

T
O

R
O

LA

T
xS

F
S

/S
FA

X
/S

0
T

xS
F

S
:

Transm
it S

uperfram
e S

ync O
utput

T
his output pulses high, 8 bauds prior to the transm

it sync w
ord separating the first and

second transm
itted basic fram

es in a superfram
e. C

ontrol bits B
R

14(b0) and B
R

15A
(b3)

m
ust both be set to a 1 to enable this pin. T

he T
xS

F
S

 output is coincident w
ith the T

x
B

aud C
lock.

T
xS

F
S

 is provided for com
patibility to the M

C
145472, w

hich provides an absolute transm
it

superfram
e reference.

S
FA

X
:

S
uperfram

e A
lignm

ent Transm
it

S
FA

X
 is the transm

it superfram
e alignm

ent input in the LT
 m

ode, or superfram
e alignm

ent
output in the N

T
 m

ode. S
FA

X
 is enabled by setting S

FA
X

/S
FA

R
 E

nable in Init G
roup register

O
R

8 (b1). S
FA

X
 m

ay be configured as an output in LT
 m

ode by setting O
R

8 (b5). S
ee

S
ections 4.5.9 and

 5.4.7. W
hen G

C
I 2B

+
D

 m
ode is enabled, M

C
U

/G
C

I =
 1, and O

R
6(b3)

=
 1, the S

FA
X

 function is superceded by m
odulation of the F

S
C

 input. T
his pulse indicates

the first 2B
+

D
 ID

L fram
e transm

itted onto the U
–interface superfram

e.

W
A

R
N

IN
G

In M
C

U
 m

ode (M
C

U
/G

C
I pin connected to V

D
D

), this pin function becom
es un-

defined after a hardw
are or softw

are reset. M
ost applications do not use any

of the features available at this pin. In such cases, a 10 kΩ
 resistor m

ust be
connected betw

een this pin and V
S

S
. In the rare applications that enable any

of the functions available at this pin, the 10 kΩ
 resistor m

ay not be required.
T

his applies to both N
T

 and LT
 m

ode operation.

S
0:

S
lot S

election 0

In full G
C

I m
ode, this pin is an input for the tim

eslot selection, S
0 – S

2.

�
��
��

�


�
�

��
�
��
��
���

�
�
�
��
�

T
hese pins form

 the 2B
1Q

 interface of the M
C

145572 U
–interface transceiver. R

efer to A
ppendix

E
 for inform

ation on the line interface. R
efer to A

ppendix B
 for com

ponent sourcing.

T
xP

 and T
xN

:
Transm

it P
ositive and Transm

it N
egative O

utputs
T

hese are the differential analog output pins of the transm
it line driver.

R
xP

 and R
xN

:
R

eceive P
ositive and R

eceive N
egative Inputs

T
hese are the differential analog input pins to the 2B

1Q
 receiver.

V
ref P

 and V
ref N

:
R

eference Voltage P
ositive and R

eference Voltage
C

onnect a 0.1 µF
 ceram

ic capacitor betw
een these pins.

�
��
�	

�
� 
�
��
�
�
�
�
����

��
�
�
�
�
�
�
�
�
�

�
�
�
�
�

�
�
�
��


�
�
��
�

In LT
 m

ode, the M
C

145572 derives its 20.48 M
H

z m
aster clock from

 a clock reference using an on–chip
P

LL w
ith an 8 kH

z clock reference applied to pin F
R

E
Q

R
E

F.

In N
T

 m
ode, no reference clock is required, since tim

ing is recovered from
 the line. E

xternal circuitry
is the sam

e for both N
T

 and LT
 m

odes.

F
R

E
Q

R
E

F
:

F
requency R

eference
LT

 M
ode: T

his S
chm

itt trigger digital input pin accepts the 8 kH
z reference frequency

for the analog phase locked loop in LT
 m

ode. Typically, this clock can be the sam
e

8 kH
z synchronization input as connected to F

S
R

 or F
S

X
. F

or IS
D

N
 central office

applications, the frequency applied at this pin should be stable to ±
5 ppm

 to m
eet
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M
C

145572
3–13

M
O

T
O

R
O

LA

A
N

S
I T

1.601–1992 requirem
ents. S

om
e A

N
S

I and E
T

S
I applications require a

±
32 ppm

 reference.

N
T

 M
ode: In M

C
U

/G
C

I =
 1 m

ode, F
R

E
Q

R
E

F
 can be enabled as an output w

hen
the M

C
145572 is configured for N

T
 m

ode by setting O
R

8(b4) to a 1. T
his signal outputs

the internally–generated D
C

L clock w
hen enabled. Its frequency is program

m
ed by

the D
C

L frequency bits B
R

7(b2) and O
R

7(b4).

G
C

I M
ode: In M

C
U

/G
C

I =
 0 m

ode, a separate pin, F
R

E
F

o
u

t,  provides the synchro-
nized clock and is available for all configurations except for w

hen T
xB

C
LK

 is enabled.
U

se the C
LK

S
E

L pin to select betw
een 512 kH

z and 2.048 M
H

z in N
T

 m
ode.

X
TA

L
in

 and X
TA

L
out :

C
rystal Input and C

rystal O
utput

A
 20.48 M

H
z pullable crystal is connected betw

een X
TA

L
in  and X

TA
L

o
u

t  to form
 a voltage–

controlled crystal oscillator in the LT
 or N

T
 m

odes. N
o other external com

ponents are required.
S

ee S
ection H

.3 for inform
ation on how

 to characterize the pullable crystal.

�
#
 
�
�
�
�
�

	��������
�
�
*

�
��

�
�
�
�
!
�
�
�

���
'�

�
�
�"
�

��

#
 �
�&)(

#
 �
�$%

�
�
�

"

�
!
�
#
 �
�

�
�
����	

�� 
�

�
�
�
�
�
�
�

*R
equired for LT

 m
ode only.

*

F
igure 3–1. M

ethod to D
rive M

C
145572 w

ith E
xternal C

lock

�
��
��

�
��
�
��
�
�
�
	
����

��
�
�


�
	
���

���


In LT
 m

ode, an internal P
LL synchronizes a voltage controlled 20.48 M

H
z crystal oscillator to an 8 kH

z
reference frequency supplied by the sw

itching equipm
ent. T

his phase–locked clock assures that the
transm

itted 2B
1Q

 signal is synchronized to the frequency reference supplied at the F
R

E
Q

R
E

F
 pin.

In addition, the very low
 frequency response (1 H

z) of the internal P
LL loop filter lim

its jitter present
in the frequency reference.

In N
T

 m
ode, the M

C
145572 synchronizes its D

C
L clock output pin to the recovered tim

ing from
 the

U
–interface. T

his clock is available at 512 kH
z, 2.048 M

H
z, and 2.56 M

H
z. F

requency adjustm
ents

are also m
ade to the 20.48 M

H
z oscillator, but it is not precisely locked to the recovered 2B

1Q
 signal
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M
C

145572
3–14

M
O

T
O

R
O

LA

at all tim
es. T

his m
eans that the B

U
F

X
TA

Lout  pin can not be used as a m
aster clock source in applica-

tions that require a synchronized clock. In N
T

 m
ode, the U

–interface transceiver can lock to 80 kbaud
± 32 ppm

 receive signals.

A
 single 20.48 M

H
z pullable crystal m

ust be connected betw
een X

TA
L

in  and X
TA

L
o

u
t  pins of the

M
C

145572. R
efer to A

ppendix B
 for crystal specifications and sourcing inform

ation. T
he crystal speci-

fied for the N
T

 m
ode operation w

ill operate in LT
 applications. T

he crystal specified for LT
 applications

w
ill not operate in N

T
 applications. T

he reason is that the N
T

 m
ode crystal has a tighter overall fre-

quency tolerance than the LT
 m

ode crystal.

N
O

T
E

M
otorola continues to qualify several third party sources for the 20.48 M

H
z crystal. C

ontact
your local M

otorola representative or M
otorola factory applications staff for the latest in-

form
ation regarding com

ponent sourcing.
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M
O

T
O

R
O

LA
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T
his chapter describes all of the M

C
145572 U

–interface transceiver control and status registers avail-
able via the S

erial and P
arallel C

ontrol P
orts. Tables 4–1 through 4–3 contain R

egister M
aps and

S
ection 4.2.1

 contains a R
egister Index. S

ee S
ection 4.3 for detailed descriptions of each register.

T
he internal registers of the M

C
145572 are used w

hen the device is in M
C

U
 m

ode. W
hen in G

C
I

m
ode, M

C
U

/G
C

I =
 0, the M

C
145572 is controlled via the C

/I and M
onitor channels and it is not neces-

sary to access the registers in norm
al applications.

T
he M

C
145572 provides a P

C
P

 interface m
ode that provides access to all control registers. S

ee S
ec-

tion 5.3.2
 for m

ore inform
ation on the use of the P

C
P

 interface.

T
he register m

ap for the M
C

145572 is nearly identical to that for the M
C

145472 after a hardw
are

or softw
are reset. R

eserved bits in the M
C

145472 register m
ap have been redefined to perm

it access
to new

 registers in the M
C

145572. M
ost softw

are developed for the M
C

145472 w
ill w

ork for the
M

C
145572 w

ithout m
odifications.

T
he M

C
145572 S

C
P

 interface is pin–for–pin identical to that of M
C

145474/75 and M
C

145574 S
/T

–
interface transceivers. U

sing the sam
e interface as the M

C
145474/75 provides a com

m
on interface

for applications utilizing both the M
C

145572 and the M
C

145474/75 and for applications that can use
either device, such as line cards or term

inal equipm
ent.

In addition to being pin–for–pin com
patible, the architecture of the register m

ap and the S
C

P
 interface

is nearly identical to that of the M
C

145474/75. T
his sim

plifies the code developm
ent effort and m

ini-
m

izes device driver code size for the m
icrocontroller.

F
or com

plete inform
ation on the operation of C

ontrol interfaces, see S
ection 5.3

.

Table 4–1. N
ibble R

egisters and R
6 M

ap (N
R

0
  –

  N
R

5; R
6) —

 S
ee S

ection 4.3

b3
b2

b1
b0

N
R

0
S

oftw
are R

eset
P

ow
er–D

ow
n E

nable
A

bsolute P
ow

er–D
ow

n
R

eturn to N
orm

al

N
R

1
Linkup

E
rror Indication

S
uperfram

e S
ync

Transparent A
ctivation

in P
rogress

N
R

2
A

ctivation R
equest

D
eactivation R

equest
S

uperfram
e U

pdate
D

isable
C

ustom
er E

nable

N
R

3
IR

Q
3

IR
Q

2
IR

Q
1

IR
Q

0

N
R

4
E

nable IR
Q

3
E

nable IR
Q

2
E

nable IR
Q

1
E

nable IR
Q

0

N
R

5
R

eserved
B

lock B
1

B
lock B

2
S

w
ap B

1/B
2

b11
b10

b9
b8

b7
b6

b5
b4

b3
b2

b1
b0

R
6

eoc
a1

eoc
a2

eoc
a3

eoc
dm

eoc
i1

eoc
i2

eoc
i3

eoc
i4

eoc
i5

eoc
i6

eoc
i7

eoc
i8
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Table 4–2. B
yte R

egister M
ap (B

R
0

  –
  B

R
15A

)

b7
b6

b5
b4

b3
b2

b1
b0

B
R

0
M

40
M

41
M

42
M

43
M

44
M

45
M

46
M

47

B
R

1
M

40
M

41
M

42
M

43
M

44
M

45
M

46
M

47

B
R

2
M

50
M

60
M

51
fe

b
e

 Input
R

eserved
R

eserved
R

eserved
R

eserved

B
R

3
M

50
M

60
M

51
R

eceived
fe

b
e

C
om

puted
n

e
b

e
V

erified
a

ct
V

erified
d

e
a

S
uperfram

e
D

etect

B
R

4
fe

b
e

C
ounter 7

fe
b

e
C

ounter 6
fe

b
e

C
ounter 5

fe
b

e
C

ounter 4
fe

b
e

C
ounter 3

fe
b

e
C

ounter 2
fe

b
e

C
ounter 1

fe
b

e
C

ounter 0

B
R

5
n

e
b

e
C

ounter 7
n

e
b

e
C

ounter 6
n

e
b

e
C

ounter 5
n

e
b

e
C

ounter 4
n

e
b

e
C

ounter 3
n

e
b

e
C

ounter 2
n

e
b

e
C

ounter 1
n

e
b

e
C

ounter 0

B
R

6
U

–Loop
B

1
U

–Loop
B

2
U

–Loop
2B

+
D

U
–Loop

Transparent
ID

L2–Loop
B

1
ID

L2–Loop
B

2
ID

L2–Loop
2B

+
D

ID
L2–Loop

Transparent

B
R

7
B

R
15A

S
elect

O
U

T
2

O
U

T
1

ID
L2 Invert

ID
L2

F
ree R

un
ID

L2 S
peed

ID
L2

M
/S

 Invert
ID

L2 8/10

G
C

I IN
2

G
C

I IN
1

B
R

8
F

ram
e

S
teering

F
ram

e 
C

ontrol 2
F

ram
e

C
ontrol 1

F
ram

e
C

ontrol 0
crc

C
orrupt

M
atch

S
cram

bler
R

eceive
W

indow
D

isable

N
T

/LT
Invert

F
ram

e
S

tate 3
F

ram
e

S
tate 2

F
ram

e
S

tate 1
F

ram
e

S
tate 0

R
eserved

R
eserved

R
eserved

N
T

/LT
M

ode

B
R

9
eoc

C
ontrol 1

eoc
C

ontrol 0
M

4
C

ontrol 1
M

4
C

ontrol 0
M

5/M
6

C
ontrol 1

M
5/M

6
C

ontrol 0
fe

b
e

/n
e

b
e

C
ontrol

R
eserved

B
R

10
R

eserved
R

eserved
R

eserved
R

eserved
R

eserved
S

elect D
um

p
A

ccess
S

elect D
C

H
A

ccess
S

elect
O

verlay

B
R

11
A

ctivation
C

ontrol 6
A

ctivation
C

ontrol 5
A

ctivation
C

ontrol 4
A

ctivation
C

ontrol 3
A

ctivation
C

ontrol 2
A

ctivation
C

ontrol 1
A

ctivation
C

ontrol 0
A

ctivation
Tim

er D
isable

A
ctivation
S

tate 6
A

ctivation
S

tate 5
A

ctivation
S

tate 4
A

ctivation
S

tate 3
A

ctivation
S

tate 2
A

ctivation
S

tate 1
A

ctivation
S

tate 0
A

ctivation
Tim

er E
xpire

B
R

12
A

ctivation
C

ontrol 
R

egister

Interpolate
E

nable
Load

A
ctivation
S

tate

S
tep

A
ctivation
S

tate

H
old

A
ctivation
S

tate

Jum
p S

elect
R

eserved
F

orce Linkup

E
P

I 18
E

P
I 17

E
P

I 16
E

P
I 15

E
P

I 14
E

P
I 13

E
P

I 12
E

P
I 11

B
R

13
E

nable M
E

C
U

pdates
A

ccum
ulate

E
C

 O
utput

E
nable E

C
U

pdates
F

ast E
C

 B
eta

A
ccum

ulate
D

F
E

 O
utput

E
nable D

F
E

U
pdates

F
ast

D
F

E
/A

R
C

B
eta

C
lear A

ll 
C

oefficients

E
P

I 10
E

P
I 9

E
P

I 8
E

P
I 7

E
P

I 6
E

P
I 5

E
P

I 4
E

P
I 3

B
R

14
R

eserved
ro/w

o to r/w
R

eserved
F

ram
er–to–

D
efram

er
Loop

± 1 Tones
R

eserved
R

eserved
E

nable C
LK

s

B
R

15
R

eserved
R

eserved
R

eserved
R

eserved
R

eserved
R

eserved
R

eserved
R

eserved

M
ask 7

M
ask 6

M
ask 5

M
ask 4

M
ask 3

M
ask 2

M
ask 1

M
ask 0

B
R

15A
F

R
E

Q
A

D
A

P
T

Jum
p

D
isable

R
eserved

R
eserved

E
nable

T
xS

F
S

R
eserved

R
eserved

E
nable E

ye
D

ata and
B

aud C
lock

R
eserved

R
eserved

R
eserved

R
eserved

R
eserved

N
O

T
E

: B
its in bold type w

ere reserved bits in the M
C

145472/M
C

14LC
5472 register m

ap.
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Table 4–3. O
verlay R

egister M
ap (O

R
0 – O

R
13)

IN
IT

 G
R

O
U

P
 R

E
G

IS
T

E
R

 O
V

E
R

LAY
 R

E
G

IS
T

E
R

S
 O

R
0 – O

R
9, O

R
11, A

N
D

 O
R

12

b7
b6

b5
b4

b3
b2

b1
b0

O
R

0
D

out  B
1 C

hannel Tim
eslot B

its (7:0)

O
R

1
D

out  B
2 C

hannel Tim
eslot B

its (7:0)

O
R

2
D

out  D
 C

hannel Tim
eslot B

its (7:0)

O
R

3
D

in  B
1 C

hannel Tim
eslot B

its (7:0)

O
R

4
D

in  B
2 C

hannel Tim
eslot B

its (7:0)

O
R

5
D

in  D
 C

hannel Tim
eslot B

its (7:0)

G
C

I S
lot (2:0)

O
R

6
T

S
A

 B
1

E
nable

T
S

A
 B

2
E

nable
T

S
A

 D
E

nable
G

C
I S

elect
M

4
–

O
R

0
G

C
I M

ode
E

nable
R

eserved
R

eserved
R

eserved

O
R

7
Internal
A

nalog
Loopback

Line C
onnect

T
S

E
N

D
 C

hannel
E

nable

ID
L2 R

ate 2
ID

L2
Long F

ram
e

M
ode

crc
 C

orrupt
M

ode
fe

b
e

/n
e

b
e

R
ollover

M
4 Trinal
M

ode

O
R

8
D

/R
 M

ode 1
D

/R
 M

ode 0
S

FA
X

 O
utput

E
nable

F
R

E
Q

R
E

F
O

utput
E

nable

T
S

E
N

 E
nable

B
1, B

2
R

eserved
S

FA
X

 S
FA

R
E

nable
D

 C
hannel

P
ort E

nable

O
R

9
R

eserved
O

pen
F

eedback
S

w
itches

A
nalog

Loopback
C

LK
O

U
T

2048
4096 H

irate
2048 D

isable
1536 D

isable
4096 D

isable

B
R

10
R

eserved
R

eserved
R

eserved
R

eserved
R

eserved
S

elect D
um

p
A

ccess
S

elect D
C

H
A

ccess
S

elect IN
IT

G
roup

D
 C

hannel A
ccess S

elect O
verlay

O
R

12
D

 C
hannel Transm

it B
its (7:0)

D
 C

hannel R
eceive B

its (7:0)

D
um

p/R
estore A

ccess S
elect O

verlay

O
R

13
D

um
p R

egister W
rite A

ccess (7:0)

D
um

p R
egister R

ead A
ccess (7:0)

�
��

�
�
�
	
�
�
�


�
�

T
he register m

ap consists of six 4–bit nibble registers (N
R

0 – N
R

5), one 12–bit nibble register (R
6),

seventeen byte registers (B
R

0 – B
R

15A
), and tw

elve overlay registers (O
R

0 – O
R

9, O
R

11, and O
R

12).

�
��
��

�
�
�
��
��
�
	�
�
�
�

T
he follow

ing guide lists the registers alphabetically by functional groups and indicates w
hich register

num
ber; N

R
0 – N

R
5, R

6, or B
R

0 – B
R

15A
, and bit or bits, (b7:b0); to refer to for detailed inform

ation.

A
ctivation

D
iagnostics

C
ontrol —

 B
R

11(b7:b1)
± 1 Tones —

 B
R

14(b3)
C

ontrol S
teer —

 B
R

12(b7)
A

ccum
ulate D

F
E

 O
utput —

 B
R

13(b3)
C

ustom
er E

nable —
 N

R
2(b0)

A
ccum

ulate E
C

 O
utput —

 B
R

13(b6)
D

eactivation R
equest —

 N
R

2(b2)
C

lear A
ll C

oefficients —
 B

R
13(b0)

E
rror Indication —

 N
R

1(b2)
E

nable C
locks —

 B
R

14(b0)
E

rror P
ow

er Indicator —
 B

R
12, B

R
13

E
nable D

F
E

 U
pdates —

 B
R

13(b2)
F

orce Linkup —
 B

R
12(b0)

E
nable E

C
 U

pdates —
 B

R
13(b5)

H
old A

ctivation S
tate —

 B
R

12(b3)
E

nable E
ye D

ata and B
aud C

lock —
 B

R
15A

(b0)
In P

rogress —
 N

R
1(b0)

E
nable M

E
C

 U
pdates —

 B
R

13(b7)
Jum

p S
elect —

 B
R

12(b2)
E

nable T
xS

F
S

 —
 B

R
15A

(b3)
Linkup —

 N
R

1(b3)
E

nable 15.36 M
H

z —
 B

R
15A

(b2)
Load A

ctivation S
tate —

 B
R

12(b5)
E

nable 20.48 M
H

z —
 B

R
15A

(b1)
R

equest —
 N

R
2(b3)

E
rror P

ow
er Indicator —

 B
R

12, B
R

13
S

tate —
 B

R
11(b7:b1)

F
ast D

F
E

/A
R

C
 B

eta —
 B

R
13(b1)
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A
ctivation (continued)

D
iagnostics (continued)

S
tep A

ctivation S
tate —

 B
R

12(b4)
F

ast E
C

 B
eta —

 B
R

 13(b4)
S

uperfram
e S

ync —
 N

R
1(b1)

F
orce Linkup —

 B
R

12(b0)
S

uperfram
e U

pdate D
isable —

 N
R

2(b1)
F

req A
dapt —

 B
R

15A
(b7)

Tim
er D

isable —
 B

R
11(b0)

Jum
p D

isable —
 B

R
15A

(b6)
Tim

er E
xpire —

 B
R

11(b0)
M

ask —
 B

R
15(b4:b0)

Transparent —
 N

R
1(b0)

ro/w
o to r/w

 —
 B

R
14(b6)

V
erified a

ct
 —

 B
R

3(b2), B
R

9(b5:b4)
S

uperfram
e D

etect —
 B

R
3(b0)

V
erified d

e
a

 —
 B

R
3(b1), B

R
9(b5:b4)

S
elect D

um
p A

ccess —
 B

R
10(b2)

D
eactivation

S
elect D

C
H

 A
ccess —

 B
R

10(b1)
R

equest —
 N

R
2(b2)

D
 C

hannel A
ccess O

verlay —
 O

R
12

G
C

I
D

um
p/R

estore A
ccess O

verlay —
 O

R
13

IN
/O

U
T

 —
 B

R
7(b6:b5)

eoc
G

C
I M

ode E
nable —

 O
R

6 (b3)
C

ontrol —
 B

R
9(b7:b6)

ID
L2

a
ct

 —
 B

R
3(b2)

Tim
eslot A

ssigner
M

essage —
 R

6
D

out  B
1 Tim

eslot —
 O

R
0

fe
b

e
D

out  B
2 Tim

eslot —
 O

R
1

C
ontrol —

 B
R

9(b1)
D

out  D
 Tim

eslot —
 O

R
2

C
ounter —

 B
R

4
D

in  B
1 Tim

eslot —
 O

R
3

Input —
 B

R
2(b4), B

R
9(b1)

D
in  B

2 Tim
eslot —

 O
R

4
R

eceived —
 B

R
3(b4)

D
in  D

 Tim
eslot —

 O
R

5
fe

b
e

/n
e

b
e

 R
ollover —

  O
R

7(b2)
T

S
A

 E
nable —

 O
R

6 (b7:b5)
M

aintenance
8–B

it/10–B
it M

ode —
 B

R
7(b0)

a
ct

 —
 B

R
3(b2)

B
lock B

1 —
 N

R
5(b2)

crc
 C

orrupt —
 B

R
8(b3)

B
lock B

2 —
 N

R
5(b1)

d
e

a
 —

 B
R

3(b1)
C

ustom
er E

nable —
 N

R
2(b0)

eoc —
 S

ee eoc
F

ree R
un —

 B
R

7(b3)
fe

b
e

 —
 S

ee fe
b

e
Invert —

 B
R

7(b4)
M

4 Trinal M
ode —

 O
R

7(b0)
Loopbacks —

 S
ee Loopbacks

M
4 C

ontrol —
 B

R
9(b5:b4)

M
aster/S

lave Invert —
 B

R
7(b1)

M
4 S

end —
 B

R
0

S
peed —

 B
R

7(b2)
M

4 R
eceived —

 B
R

1
S

w
ap B

1/B
2 —

 N
R

5(b0)
M

5/M
6 C

ontrol —
 B

R
9(b3:b2)

B
1 ID

L2 Tim
eslot E

nable —
 O

R
6(b7)

M
50 R

eceived —
 B

R
3(b7)

B
2 ID

L2 Tim
eslot E

nable —
 O

R
6(b6)

M
50 S

end —
 B

R
2(b7)

D
 ID

L2 Tim
eslot E

nable —
 O

R
6(b5)

M
51 R

eceived —
 B

R
3(b5)

ID
L2 Long F

ram
e M

ode —
 O

R
7(b3)

M
51 S

end —
 B

R
2(b5)

ID
L2 R

ate —
  O

R
7(b4)

M
60 R

eceived —
 B

R
3(b6)

Interrupt
M

60 S
end —

 B
R

2(b6)
E

nable —
 N

R
5

n
e

b
e

 —
 S

ee n
e

b
e

S
tatus —

 N
R

3
R

eturn to N
orm

al —
 N

R
0(b0)

Loopbacks
S

uperfram
e U

pdate D
isable —

 N
R

2(b1)
F

ram
er–to–D

efram
er Loop —

 B
R

14(b4)
V

erified a
ct

 —
 B

R
3(b2)

ID
L2–Loop 2B

+
D

 —
 B

R
6(b1)

V
erified d

e
a

 —
 B

R
3(b1)

ID
L2–Loop B

1 —
 B

R
6(b3)

M
ode

ID
L2–Loop B

2 —
 B

R
6(b2)

A
bsolute P

ow
er–D

ow
n —

 N
R

0(b1)
ID

L2–Loop Transparent —
 B

R
6(b1)

N
T

/LT
 Invert M

ode —
 B

R
8(b0)

M
atch S

cram
bler —

 B
R

8(b2)
N

T
/LT

 M
ode —

 B
R

8(b0)
R

eceive W
indow

 D
isable —

 B
R

8(b1)
P

ow
er–D

ow
n E

nable —
 N

R
0(b2)

U
–Loop 2B

+
D

 —
 B

R
6(b5)

S
oftw

are R
eset —

 N
R

0(b3)
U

–Loop B
1 —

 B
R

6(b7)
G

C
I 2B

+
D

 M
ode —

 O
R

6(b3)
U

–Loop B
2 —

 B
R

6(b6)
S

uperfram
e F

ram
er

U
–Loop Transparent —

 B
R

6(b4)
F

ram
e C

ontrol —
 B

R
8(b6:b4)

O
pen F

eedback S
w

itch —
 O

R
9(b6)

F
ram

e S
tate —

 B
R

8(b7:b4)
A

nalog Loopback —
 O

R
9(b5)

F
ram

e S
teering —

 B
R

8(b7)
n

e
b

eC
om

puted —
 B

R
3(b3)

C
ontrol —

 B
R

9(b1)
C

ounter —
 B

R
5

fe
b

e
/n

e
b

e
 R

ollover —
 O

R
7(b2)
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E
ach bit described in the follow

ing sections has a read/w
rite indicator associated w

ith it. T
his indicator,

show
n in the low

er right corner of each bit, show
s w

hat type of bit resides there. T
he options are

described in Table 4–4.

Table 4–4. B
it R

ead/W
rite Indicator

Indicator
Type

D
escription

rw
R

ead/W
rite

A
 R

ead/W
rite bit m

ay be w
ritten to by the external m

icrocontroller. T
he

inform
ation that is read back w

ill be the data that w
as w

ritten.

ro
R

ead–O
nly

A
 R

ead–O
nly bit m

ay be read by the external m
icrocontroller. W

riting to it has no
effect unless otherw

ise specified in the text. W
hen the text says that an “ro” bit is

set or cleared, this operation is perform
ed internally.

ro/w
o

R
ead–O

nly/W
rite–O

nly
A

 R
ead–O

nly/W
rite–O

nly bit m
ay be w

ritten to by the external m
icrocontroller.

H
ow

ever, the value that is read back by the external m
icrocontroller is not

necessarily the value that w
as w

ritten. A
n “ro” bit is set and cleared by som

e
internal operation in the U

–interface transceiver.

N
O

T
E

B
yte register 14 includes a bit (B

R
14(b6)) that converts all of the w

rite–only (w
o) registers

to read/w
rite registers for diagnostic purposes. If not specified, a register is not affected

by B
R

14(b6) and operates as discussed for all m
odes.
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T
his register contains read/w

rite control bits. A
ll bits are cleared on H

ardw
are R

eset (R
E

S
E

T
), but

are unaffected by S
oftw

are R
eset (N

R
0(b3)). T

his register is w
rite–only w

hen the U
–interface trans-

ceiver is in A
bsolute P

ow
er–D

ow
n m

ode (N
R

0(b1)).

C
A

U
T

IO
N

N
R

0 should not be m
odified w

hile device is in G
C

I m
ode.
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S
oftw

are R
eset

T
his bit forces the U

–interface transceiver into a reset state. S
etting this bit to 1 causes a softw

are
reset. To allow

 the transceiver to resum
e operation, this bit m

ust be cleared by either w
riting a 0 to

it or asserting hardw
are reset. R

eset m
ust be asserted for at least six 20.48 M

H
z clock periods. T

here
m

ust be a 20.48 M
H

z clock at X
TA

Lin  for the M
C

145572 to reset correctly. T
his bit has no effect on

the contents of N
R

0 and B
R

10.

P
ow

er–D
ow

n E
nable

W
hen this bit is set to 1 and the U

–interface transceiver is searching for a w
ake–up tone from

 the
fa

r–
e

n
d tra

n
ce

ive
r, th

e M
C

1
4

5
5

7
2 e

n
te

rs th
e P

o
w

e
r–

D
o

w
n m

o
d

e
. In P

o
w

e
r–

D
o

w
n m

o
d

e
, th

e
M

C
145572 transm

it drivers and the tim
e division m

ultiplex interface circuitry for both ID
L2 and G

C
I

operation are turned off. T
his bit m

ust be cleared to 0 before enabling the M
C

145572 to perform
 any

non–activation related functions other than w
aiting for a w

akeup tone. T
he M

C
145572 autom

atically
exits from

 P
ow

er–D
ow

n m
ode on one of three conditions:

1.
A

 w
akeup tone is detected on the U

–interface.
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2.
T

he external m
icrocontroller sets the A

ctivation R
equest bit, (N

R
2(b3)).

3.
T

his bit is reset to 0.

W
hen this bit is 0, the U

–interface transceiver is not perm
itted to enter pow

er–dow
n m

ode. T
he U

–
interface transceiver has w

arm
 start capability regardless of the state of this bit.

A
bsolute P

ow
er–D

ow
n

W
hen this bit is 1, the U

–interface transceiver enters its A
bsolute P

ow
er–D

ow
n m

ode, the equivalent
of a softw

are reset. A
ll clocks except the P

hase Locked Loop (P
LL) subsystem

 used in the LT
 m

ode
are shut off w

hen this bit is set to 1. In N
T

 m
ode, the oscillator is turned off. A

ll internal bias currents
are turned off and the transm

it drivers are high im
pedance. A

fter setting this bit back to 0, the internal
circuits resum

e full pow
er. A

fter this bit is cleared, the S
oftw

are R
eset bit m

ust be set to 1 for approxi-
m

ately 1 m
s w

hile the internal clocks stabilize. A
bsolute P

ow
er–D

ow
n m

ay also be aborted by a H
ard-

w
are R

eset (R
E

S
E

T
). D

uring A
bsolute P

ow
er–D

ow
n, N

R
0 is the only register that m

ay be w
ritten

to. S
etting this bit clears all coefficients and forces the transceiver to activate in cold start m

ode during
the next activation procedure.

R
eturn to N

orm
al

T
his bit is used to return m

aintenance functions to their norm
al operating state. W

hen set to 1, the
crc

 C
orrupt bit (B

R
8(b3)) and all of the loopback control bits in B

R
6 are cleared.
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T
his register contains device activation status. A

ll bits are cleared on S
oftw

are R
eset (N

R
0(b3)) or

H
ardw

are R
eset (R

E
S

E
T

). If any bit in this register changes from
 0 to 1, or if Linkup, S

uperfram
e

S
ync, or Transparent/A

ctivation in P
rogress change from

 1 to 0, an IR
Q

3 (N
R

3(b3)) is generated.
T

he IR
Q

3 interrupt is cleared by reading N
R

1.
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N
O

T
E

W
hen access to the D

 channel via register O
R

12 is enabled, N
R

1 indicates a D
 channel inter-

rupt by setting all four status bits to 1s. R
eading O

R
12 clears the special code (1111) from

N
R

1 but does not affect any updates in activation status. S
o, if there has been a change in

activation status, an interrupt is still queued up even though the D
 channel interrupt has been

cleared.

Linkup
T

his bit is set w
hen the U

–interface transceiver has com
pleted an activation up to the point w

here
full–duplex operation of the U

–interface has been established. F
or the A

N
S

I T
1.601–1992 defined

activation to be com
pleted, the a

ct
 bit in the M

4 m
aintenance bits m

ust still be exchanged. H
ow

ever,
from

 purely a transm
it/receive point of view

, the U
–interface is operational w

hen Linkup is 1. Linkup
w

ill rem
ain set until one of four things happens:

1.
R

eceive fram
ing is lost or severely in error, and rem

ains so, for 480 m
s.

2.
W

hile operating in the N
T

 m
ode, receive fram

ing is lost after D
eactivate R

equest is set in N
R

2(b2),
or V

erified d
e

a
 (B

R
3(b1)) becom

es a 1 during M
4 C

ontrol m
ode 0,0 (B

R
9(b5:b4)).

3.
W

hile operating in the LT
 m

ode, the D
eactivate R

equest bit (N
R

2(b2)) is set.

4.
A

 hardw
are or softw

are reset occurs.

S
ee D

 C
hannel Interrupt

 below
 for operation of this bit w

hen D
 channel access has been enabled

by setting B
R

10(b1).
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E
rror Indication

T
his bit is set to 1 w

hen a tim
er expires. Tim

e–out sources are:

1.
15–second A

ctivation Tim
er (B

R
11(b0)).

2.
480–m

s loss of fram
e/signal.

3.
F

ailure to get N
T

1 response to the T
L signal (10 m

s follow
ing the cessation of T

L). (T
L is 3 m

s in
duration.)

E
rror Indication is alw

ays autom
atically reset prior to the next IR

Q
3 . T

his is the result of either setting
the A

ctivate R
equest bit in N

R
2(b3) or receiving a w

akeup tone. E
rror Indication is not cleared by

reading N
R

1.

S
ee D

 C
hannel Interrupt

 below
 for operation of this bit w

hen D
 channel access has been enabled

by setting B
R

10(b1).

S
uperfram

e S
ync

T
his bit is a 1 w

hen the received superfram
e is being reliably detected. It transitions from

 0 to 1 coin-
cident w

ith Linkup being set. S
ubsequently, if the superfram

e is lost, S
uperfram

e S
ync returns to 0,

and if S
uperfram

e S
ync rem

ains 0 for 480 m
s, the U

–interface transceiver w
ill deactivate. W

hile S
uper-

fram
e S

ync is 0, the received m
aintenance bits are unknow

n. IR
Q

2, IR
Q

1, and IR
Q

0 are not generated
w

hile S
uperfram

e S
ync is 0. T

he 2B
+

D
 data is blocked (forced to all 1s) w

hen S
uperfram

e S
ync is

0.S
ee D

 C
hannel Interrupt

 below
 for operation of this bit w

hen D
 channel access has been enabled

by setting B
R

10(b1).

Transparent/A
ctivation in P

rogress
T

his bit has a dual purpose. W
hen the transceiver is deactivated, this bit is 0. W

henever an activation
begins, this bit is internally set to a 1 and an IR

Q
3 is generated. W

hen the activation process is
com

pleted, Linkup is set to 1 indicating success, and this bit rem
ains set to 1, indicating that the

receiver and S
uperfram

e D
efram

er are ready to pass data transparently from
 the U

–interface to the
ID

L2 interface. If the activation process fails, this bit is cleared and E
rror Indication is set to 1. W

hen-
ever Linkup is 1, this bit m

ay be cleared, indicating that the receiver has detected a high error on
the U

–interface. U
nder this condition, the receiver blocks received data (forcing the 2B

+
D

 data to
all 1s) until the error returns to norm

al.

S
ee D

 C
hannel Interrupt

 below
 for operation of this bit w

hen D
 channel access has been enabled

by setting B
R

10(b1).

N
O

T
E

T
he received data is not transm

itted on the ID
L2 interface until Linkup is 1, S

uperfram
e S

ync
is 1, Transparent/A

ctivation in P
rogress is 1, and either C

ustom
er E

nable (see N
R

2(b0)) or
V

erified a
ct

 (see B
R

3(b2)) is 1.

D
 C

hannel Interrupt
W

hen access to the D
 channel register O

R
12 has been enabled by setting B

R
10(b1), the operation

of the N
R

1 status bits is m
odified. A

 D
 channel available status is indicated by N

R
1(b3:b0) all being

set to 1s. S
oftw

are m
ust first do a check for N

R
1 =

 $F, then perform
 a check for status of the individual

bits. T
he D

 channel interrupt is cleared by reading O
R

12.
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R
egister N

R
2 contains activation/deactivation control bits. A

ll bits are cleared on S
oftw

are R
eset

(N
R

0(b3)) or H
ardw

are R
eset (R

E
S

E
T

).

C
A

U
T

IO
N

N
R

2 norm
ally is not w

ritten to in G
C

I m
ode; if necessary, N

R
2 can be w

ritten to, but bits
b3 and b2 should alw

ays be w
ritten as 0 w

hile the device is in G
C

I m
ode.

b3
b2

b1
b0

N
R

2
A

ctivation R
equest

D
eactivation R

equest
S

uperfram
e U

pdate
D

isable
C

ustom
er E

nable

rw
rw

rw
rw

A
ctivation R

equest
W

hen this bit is set to 1 and the U
–interface transceiver is in A

N
S

I T
1.601–1992 defined “F

ull R
eset”,

the transceiver w
ill begin an activation. T

he external m
icrocontroller never needs to set this bit to 0.

T
he bit is internally set to 0 w

henever Transparent/A
ctivation in P

rogress (N
R

1(b0)) is set to a 1, w
hen-

ever T
L is transm

itted in the LT
 m

ode, or on hardw
are or softw

are reset. If the activation fails for any
reason, the A

ctivation R
equest bit m

ust be set to 1 once again to initiate another activation attem
pt.

T
he transceiver self–activates if an incom

ing tone is detected w
hen in LT

 or N
T

 m
ode. O

nce activation
starts, the M

C
145572 autom

atically clears this bit. D
o not continuously reassert this bit. It only needs

to be set once per activation attem
pt.

D
eactivation R

equest
W

hen this bit is set to 1 in the LT
 m

ode; upon reaching Linkup =
 1, the U

–interface transceiver w
ill

halt transm
ission and proceed to A

N
S

I T
1.601 defined “Tear D

ow
n” state H

10 or J10, follow
ing three

com
plete superfram

es. T
he deactivation sequence can be aborted if the D

eactivate R
equest bit is

set back to 0 prior to com
pletion of three transm

itted superfram
es. In N

T
 m

ode, the D
eactivate R

equest
bit is set to a 1 by the external m

icrocontroller in response to a received d
e

a
 bit on the M

4 channel,
w

hich indicates to the U
–interface transceiver that this is a norm

al deactivation attem
pt. In this case,

the M
C

145572 w
ill reactivate in the w

arm
 start m

ode. In N
T

 m
ode, the M

C
145572 autom

atically clears
this bit upon deactivation. In LT

 m
ode, this bit is not cleared prior to starting the next activation and

m
ust be cleared w

hen the M
C

145572 is deactivated.

S
uperfram

e U
pdate D

isable
T

his bit tells the S
uperfram

e F
ram

er w
hether or not to update the m

aintenance bits M
40 – M

47, M
50,

M
51, and M

60, w
hich are being transm

itted w
ith the new

 bits that have been loaded in the control
registers. In norm

al operation, this bit is alw
ays set to 0, allow

ing the transm
itted bits to be updated

at the transm
it superfram

e boundary w
ith the m

aintenance channel data in registers B
R

0 and
B

R
2(b7:b4). T

he exception to this is during a deactivation in the LT
 m

ode. T
he transceiver can be

forced to send exactly three superfram
es of updated M

4 channel data before it deactivates. In that
sequence of operations, the S

uperfram
e U

pdate D
isable bit is first set to 1. T

he M
4 m

aintenance
bits are then w

ritten by the external m
icrocontroller to the proper setting for deactivation. T

he S
uper-

fram
e U

pdate D
isable bit is set to a 0 and the D

eactivate R
equest bit in N

R
2(b2) is set to a 1 by

the external m
icrocontroller. T

his guarantees that the U
–interface transceiver w

ill send exactly three
superfram

es of updated M
4 data before the activation state controller shuts everything dow

n. N
ote

that S
uperfram

e U
pdate D

isable does not affect the transm
itted eoc, fe

b
e

, or crc
 m

aintenance bits.

C
ustom

er E
nable

W
hen this bit is set to 1, it perm

its the U
–interface transceiver to pass 2B

+
D

 data transparently. D
uring

the activation procedure, the C
ustom

er E
nable bit norm

ally is set to 0. O
nly after the U

–interface trans-
ceiver has reached full–duplex operation and the a

ct
 bits of the M

4 m
aintenance channel have been

properly exchanged, should the C
ustom

er E
nable bit be set to a 1. S

ee B
R

9(b5:b4), M
4 C

ontrol B
its,

for another w
ay to achieve 2B

+
D

 data transparency.
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T
his is the interrupt status register, and it is read–only. A

ll bits are cleared on S
oftw

are R
eset (N

R
0(b3))

or H
ardw

are R
eset (R

E
S

E
T

). E
ach interrupt status bit in the register operates the sam

e. If it is 1 and
its corresponding interrupt enable is 1 in R

egister N
R

4, the IR
Q

 pin on the chip w
ill becom

e active.
IR

Q
3 has the highest priority and IR

Q
0 has the low

est.

b3
b2

b1
b0

N
R

3
IR

Q
3

IR
Q

2
IR

Q
1

IR
Q

0
ro

ro
ro

ro

IR
Q

3
T

his interrupt is set w
henever there is a state change in N

R
1 and is cleared by reading N

R
1. If this

bit is set by the D
 channel register interrupt, it is cleared once O

R
12 has been read, unless there

has been a change in activation status.

IR
Q

2
T

his interrupt is dedicated to the eoc. W
henever the eoc buffer, R

egister R
6, is updated by the S

uper-
fram

e D
efram

er, this bit is set. T
he loading of the eoc buffer is dependent on its m

ode of operation.
S

ee R
egister B

R
9(b7:b6) for details of w

hen the buffer is loaded. To clear the interrupt, it is necessary
to read R

egister R
6, the eoc buffer register. IR

Q
2 is asserted at the end of the fourth and eighth basic

fram
e of a superfram

e.

IR
Q

1
T

his interrupt is dedicated to the received M
4 m

aintenance bits. T
his bit is set w

henever the M
4 buffer,

R
egister B

R
1, is updated. T

he updating of the M
4 buffer is dependent on its m

ode of operation. S
ee

R
egister B

R
9(b5:b4) for details of w

hen the buffer is updated. To clear the interrupt, it is necessary
to read R

egister B
R

1, w
hich is the M

4 receive buffer. IR
Q

1 is asserted at the end of every superfram
e.

IR
Q

0
T

his interrupt is dedicated to the received M
50, M

51, and M
60 bits from

 basic fram
es 1 and 2 that

are buffered in R
egister B

R
3. W

henever these bits in R
egister B

R
3 are updated, this interrupt bit is

set. T
he updating of B

R
3 is dependent on its m

ode of operation. S
ee R

egister B
R

9(b3:b2) for details
of w

hen the buffer is updated. To clear the interrupt, it is necessary to read R
egister B

R
3. IR

Q
0 is

asserted at the end of the fourth received basic fram
e of a superfram

e.
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T
his is the interrupt m

ask register. A
ll bits are cleared on S

oftw
are R

eset (N
R

0(b3)) or H
ardw

are R
eset

(R
E

S
E

T
). E

ach bit operates in the the sam
e m

anner. F
or exam

ple, if E
nable IR

Q
1 is set to 1 by the

external m
icrocontroller and the IR

Q
1 interrupt bit is set to 1 in N

R
3, the IR

Q
 pin becom

es active
w

hen there is a change in activation status, or there is a D
 channel interrupt w

hen D
 channel register

O
R

12 is updated.

b3
b2

b1
b0

N
R

4
E

nable IR
Q

3
E

nable IR
Q

2
E

nable IR
Q

1
E

nable IR
Q

0
rw

rw
rw

rw
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T
his register contains controls for the ID

L2 interface. M
ore ID

L2 controls are in R
egisters B

R
6, B

R
7,

and O
R

0 – O
R

9. A
ll bits are cleared on S

oftw
are R

eset (N
R

0(b3)) or H
ardw

are R
eset (R

E
S

E
T

). S
ee

F
igures 4–4 and N

O
 TA

G
 in R

egister B
R

6 description for clarification regarding the precedence of
the sw

ap and blocking functions listed in this register.

C
A

U
T

IO
N

R
eserved bit b3 should be set to 0 at all tim

es to m
aintain future com

patibility.

b3
b2

b1
b0

N
R

5
R

eserved
B

lock B
1

B
lock B

2
S

w
ap B

1/B
2

rw
rw

rw
rw

B
lock B

1
W

hen this bit is 1 and the ID
L2 Invert (B

R
7(b4)) is 0, the B

1 channel is forced to transm
it 1s on the

ID
L2 interface. W

hen ID
L2 Invert (B

R
7(b4)) is 1, 0s are transm

itted in the B
1 tim

eslot. D
ata received

on the B
1 channel from

 the ID
L2 interface is still transm

itted norm
ally through the U

–interface. T
he

B
1 designator on this bit alw

ays refers to the ID
L2 interface. T

herefore, even if bit S
w

ap B
1/B

2
(N

R
5(b0)) is 1, data in the first B

 channel tim
eslot on the ID

L2 interface is the data that is blocked.

B
lock B

2
W

hen this bit is 1 and the ID
L2 Invert (B

R
7(b4)) is 0, the B

1 channel is forced to transm
it 1s on the

ID
L2 interface. W

hen ID
L2 Invert (B

R
7(b4)) is 1, 0s are transm

itted in the B
2 tim

eslot. D
ata received

on the B
2 channel from

 the ID
L2 interface is still transm

itted norm
ally out of the U

–interface. T
he

B
2 designator on this bit alw

ays refers to the ID
L2 interface. T

herefore, even if bit S
w

ap B
1/B

2
(N

R
5(b0)) is 1, data in the second B

 channel tim
eslot on the ID

L2 interface is the data that is blocked.

S
w

ap B
1/B

2
W

hen this bit is 1, the ID
L2 interface perform

s a sw
ap of the B

 channels from
 the U

–interface to the
ID

L2 interface and from
 the ID

L2 interface to the U
–interface.

�
��
��

�
�
	
�
�
�
�
�
��

�
�
�
��
��
�

T
his register is 12 bits long to m

atch the length of the eoc m
essage. R

efer to Tables 4–5 and 4–6
to see how

 the eoc bits in this register m
ap to the superfram

e. O
peration of R

egister R
6 depends

on the setting of the eoc control bits in B
R

9(b7:b6) and B
R

14(b6). T
his register is double buffered

for read and w
rite operations.

In the default m
ode (B

R
14(b6)) is 0, R

6 perform
s as a read–only/w

rite–only register. D
ata that is read

from
 R

6 by the external m
icrocontroller is the eoc m

essage that the S
uperfram

e D
efram

er stores
according to the eoc C

ontrol register (B
R

9(b7:b6)). D
ata that is w

ritten to R
6 is stored in a latch

contained in the S
uperfram

e F
ram

er and is subsequently transm
itted beginning on the next transm

it
eoc fram

e boundary. T
he S

uperfram
e F

ram
er latches are set to 1s on hardw

are or softw
are resets.

T
he S

uperfram
e U

pdate D
isable register, N

R
2(b1), has no effect on this register.

b11
b10

b9
b8

b7
b6

b5
b4

b3
b2

b1
b0

R
6

eoc
a1

eoc
a2

eoc
a3

eoc
dm

eoc
i1

eoc
i2

eoc
i3

eoc
i4

eoc
i5

eoc
i6

eoc
i7

eoc
i8

ro/w
o

ro/w
o

ro/w
o

ro/w
o

ro/w
o

ro/w
o

ro/w
o

ro/w
o

ro/w
o

ro/w
o

ro/w
o

ro/w
o

W
hen B

R
14(b6) is set to 1, the S

uperfram
e F

ram
er register that contains the transm

it eoc m
essage

bits becom
es a read/w

rite register. T
herefore, the data that is w

ritten to the S
uperfram

e F
ram

er m
ay

be read back through R
6. In this m

ode, the received eoc m
essage is not available.
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Table 4–5. R
egister B

it Locations W
ithin the S

uperfram
e LT

 
 N

T

F
ram

ing
2B

+D
O

verhead B
its (M

1 
– M

6)

Q
U

A
T

P
ositions

1 – 9
10 – 117

118s
118m

119s
119m

120s
120m

B
it P

ositions
1 – 18

19 – 234
235

236
237

238
239

240

B
asic F

ram
e #

S
ync W

ord
2B

+D
M

1
M

2
M

3
M

4
M

5
M

6

1
IS

W
12 x 2B

+
D

eoc
a1

eoc
a2

eoc
a3

a
ct

1
1

2
S

W
12 x 2B

+
D

eoc
dm

eoc
i1

eoc
i2

d
e

a
1

fe
b

e

3
S

W
12 x 2B

+
D

eoc
i3

eoc
i4

eoc
i5

sco
crc

1
crc

2

4
S

W
12 x 2B

+
D

eoc
i6

eoc
i7

eoc
i8

1
crc

3
crc

4

5
S

W
12 x 2B

+
D

eoc
a1

eoc
a2

eoc
a3

1
crc

5
crc

6

6
S

W
12 x 2B

+
D

eoc
dm

eoc
i1

eoc
i2

1
crc

7
crc

8

7
S

W
12 x 2B

+
D

eoc
i3

eoc
i4

eoc
i5

uoa
crc

9
crc

10

8
S

W
12 x 2B

+
D

eoc
i6

eoc
i7

eoc
i8

aib
crc

11
crc

12

a
ct 

=
start up bit, set =

 0 during start up
eoc =

em
bedded operations channel

a
ib

 
=

alarm
 indication bit (set =

 0 to indicate interruption)
a =

address bit
crc

 =
cyclic redundancy check: covers 2B

+
D

 +
 M

4
dm

 =
data/m

essage indicator (0 =
 data, 1 =

 m
essage)

d
e

a
 =

turn off bit (set =
 0 to indicate turn off)

fe
b

e
 =

far–end block error
1 =

reserved bit for future standard (set =
 1)

u
o

a
 =

U
–only–activation

sco
 

=
0 start on com

m
and only

Table 4–6. R
egister B

it Locations W
ithin the S

uperfram
e N

T
 

 LT

F
ram

ing
2B

+D
O

verhead B
its (M

1 
– M

6)

Q
U

A
T

P
ositions

1 – 9
10 – 117

118s
118m

119s
119m

120s
120m

B
it P

ositions
1 – 18

19 – 234
235

236
237

238
239

240

B
asic F

ram
e #

S
ync W

ord
2B

+D
M

1
M

2
M

3
M

4
M

5
M

6

1
IS

W
12 x 2B

+
D

eoc
a1

eoc
a2

eoc
a3

a
ct

1
1

2
S

W
12 x 2B

+
D

eoc
dm

eoc
i1

eoc
i2

ps1
1

fe
b

e

3
S

W
12 x 2B

+
D

eoc
i3

eoc
i4

eoc
i5

ps2
crc

1
crc

2

4
S

W
12 x 2B

+
D

eoc
i6

eoc
i7

eoc
i8

n
tm

crc
3

crc
4

5
S

W
12 x 2B

+
D

eoc
a1

eoc
a2

eoc
a3

cso
crc

5
crc

6

6
S

W
12 x 2B

+
D

eoc
dm

eoc
i1

eoc
i2

1
crc

7
crc

8

7
S

W
12 x 2B

+
D

eoc
i3

eoc
i4

eoc
i5

sa
i

crc
9

crc
10

8
S

W
12 x 2B

+
D

eoc
i6

eoc
i7

eoc
i8

n
ib

crc
11

crc
12

a
ct 

=
start up bit, set =

 1 during start up
fe

b
e

 =
far–end block error

crc 
=

cyclic redundancy check: covers 2B
+

D
 +

 M
4

n
tm

 
=

N
T

 in test m
ode bit (set =

 0 to indicate test m
ode)

cso
 

=
cold start only ( set =

 1 for cold start only)
ps1, ps2 =

pow
er status bits, (set =

 0 to indicate pow
er problem

s)
eoc =

em
bedded operations channel

 sa
i =

S
–activation indicator bit (optional, set =

 1 for S
/T

a =
address bit

activity)
dm

 =
data/m

essage indicator (0 =
 data, 1 =

 m
essage)

n
ib

 =
netw

ork indicator bit
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T
his register contains the M

4 bits that are fram
ed and sent by the S

uperfram
e F

ram
er. T

he bits
w

ritten to this register are sent out on the next transm
it superfram

e boundary, if S
uperfram

e U
pdate

D
isable (N

R
2(b1)) is set to 0. T

his register is double buffered. A
ll bits are set to 1s follow

ing a H
ard-

w
are R

eset (R
E

S
E

T
) or S

oftw
are R

eset (N
R

0(b3)). T
his register is replaced by R

egister O
R

0 w
hen

B
R

10(b0) =
 1.

C
A

U
T

IO
N

B
R

0 should not be m
odified w

hile device is in G
C

I m
ode. S

ee O
R

6(b4).

b7
b6

b5
b4

b3
b2

b1
b0

B
R

0
M

40
M

41
M

42
M

43
M

44
M

45
M

46
M

47

rw
rw

rw
rw

rw
rw

rw
rw

Table 4–7 show
s the definitions of the M

4 bits as defined by A
N

S
I T

1.601–1992 for the N
etw

ork to
N

T
 channel and the N

T
 to N

etw
ork channel.

Table 4–7. M
4 B

it D
efinitions

M
4 B

its
N

etw
ork to N

T
N

T
 to N

etw
ork

M
40

a
ct

a
ct

M
41

d
e

a
p

s1

M
42

sco*
ps2

M
43

1**
n

tm

M
44

1**
cso

M
45

1**
1**

M
46

[u
o

a
]

[sa
i

]

M
47

[a
ib

]
n

ib
*

*T
hese bits are defined in B

ellcore docum
ent T

R
–N

W
T

000397, Issue 3. W
hen

set to 0, the LT
 indicates to the N

T
 that the netw

ork w
ill deactivate the loop

betw
een calls.

**T
hese bits are presently reserved by A

N
S

I T
1.601–1988 and should be set

to 1s.
[

]T
hese are bit definitions for the revised A

N
S

I T
1.601–1992. In A

N
S

I T
1.601–

1988 they w
ere set to 1s.

�
��
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B
y reading this register, the external m

icrocontroller obtains a buffered copy of the M
4 bits that are

parsed from
 the received superfram

e by the S
uperfram

e D
efram

er. T
he values in the register are

valid w
hen S

uperfram
e S

ync (N
R

1(b1)) is 1. S
ee R

egister B
R

9(b5:b4) for a description of w
hen the

“read” inform
ation is updated and w

hen to w
rite to this register. T

his register is double buffered. T
he

receive M
4 channel byte can be read at any tim

e during the superfram
e prior to the next update. It

is recom
m

ended that the M
P

U
 read this register as soon as possible after an interrupt. N

ote that
B

R
14(b6) has no effect on the operation of this register. B

it 0 in O
verlay register O

R
7 selects trinal

checking on M
4 a

ct
, d

e
a

, u
o

a
, sa

i
 bits w

hen set to 1. If trinal checking is desired for all bits, then
it m

ust be done in softw
are. T

his register is replaced by R
egister O

R
1 w

hen B
R

10(b0) =
 1. W

hen
O

R
7(b0) is set, the M

4 a
ct

, d
e

a
, u

o
a

, sa
i

 bits m
ust be the sam

e for three superfram
es before they

are updated in this register.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

1
M

40
M

41
M

42
M

43
M

44
M

45
M

46
M

47
ro/w

o
ro/w

o
ro/w

o
ro/w

o
ro/w

o
ro/w

o
ro/w

o
ro/w

o
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T
his register contains the reserved M

5 and M
6 bits that are sent by the S

uperfram
e F

ram
er. T

he bits
w

ritten to the register are sent out on the next transm
it superfram

e boundary, if S
uperfram

e U
pdate

D
isable (N

R
2(b1)) is set to 0. A

ll bits are set to 1s follow
ing a H

ardw
are R

eset (R
E

S
E

T
) or S

oftw
are

R
eset (N

R
0(b3)). S

ee B
R

9(b1) for details concerning use of the far–end block error (fe
b

e
)

 Input,
b4. B

its b7, b6, and b5 are double buffered. W
hen B

R
10(b0) =

 1, this register is replaced by R
egister

O
R

2.

C
A

U
T

IO
N

R
eserved bits b0, b1, b2, and b3 should be set to 0 at all tim

es to m
aintain future com

-
patibility.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

2
M

50
M

60
M

51
fe

b
e

 Input
R

eserved
R

eserved
R

eserved
R

eserved

rw
��

��
��

��
��

��
��

A
N

S
I T

1.601–1992 presently reserves bits M
50, M

60, and M
51. T

herefore, these bits should be set to 1s for IS
D

N
applications.

fe
b

e
 Input

T
he value in this bit is enabled to be transm

itted as fe
b

e
 w

hen B
R

9(b1) is set to 1.

�
��
��
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T
his register contains the A

N
S

I T
1.601–1992 reserved M

5 and M
6 bits that are received by the

S
uperfram

e D
efram

er, occurring in basic fram
es 1 and 2 of the superfram

e, and four other S
uperfram

e
D

efram
er status bits. T

he M
5 and M

6 values in the register are valid w
hen the S

uperfram
e S

ync
bit, N

R
1(b1), is 1. M

50, M
51, and M

60 are updated, based on the m
ode set in R

egister B
R

9(b3:b2).
B

its b7, b6, and b5 are double buffered. T
hey can be read at any tim

e during the superfram
e prior

to the next update. It is recom
m

ended that this register be read as soon as possible after an M
5/M

6
channel interrupt. R

efer to the description of B
R

9(b3:b2) for details concerning the operation of these
three bits. W

hen B
R

10(b0) =
 1, this register is replaced by R

egister O
R

3.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

3
M

50
M

60
M

51
R

eceived
fe

b
e

C
om

puted
fe

b
e

V
erified
a

ct
V

erified
d

e
a

S
uper-

fram
e

D
etect

ro/w
o

ro/w
o

ro/w
o

ro
ro

ro
ro

ro

R
eceived fe

b
e

T
his is the state of the received fe

b
e

 bit in the last com
plete received superfram

e. It is updated at
the end of each received superfram

e w
hen S

uperfram
e S

ync (N
R

1(b1)) and Linkup (N
R

1(b3)) are
both 1s.

C
om

puted 
n

e
b

e

T
his is the state of the cyclic redundancy check (crc)

 check from
 the last com

plete received super-
fram

e. It is updated at the end of each received superfram
e. T

his bit is 0 w
hen a crc

 error is detected.
A

lso, w
hen either S

uperfram
e S

ync (N
R

1(b1)) or Linkup (N
R

1(b3)) is 0, this com
puted near–end block

error (n
e

b
e

)
 bit is forced to 0.

V
erified 

a
ct

T
his is the dual–consecutively checked setting of the a

ct
 bit in the received superfram

e. D
ual–con-

secutive checking requires that the received bit be in the sam
e state for tw

o consecutive superfram
es.

W
henever the U

–interface transceiver detects a transition from
 0 to 1 on S

uperfram
e S

ync, N
R

1(b1),
V

erified a
ct

 is set to 0. It rem
ains in its current state until both S

uperfram
e S

ync (N
R

1(b1)) and Linkup
(N

R
1(b3)) are 1s. T

hen, if the received a
ct

 bit is 1 for tw
o consecutive superfram

es, V
erified a

ct
becom

es a 1. A
fter V

erified a
ct

 becom
es a 1, it changes to 0 if the received a

ct
 bit is received as
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a 0 for tw
o consecutive superfram

es. T
his bit is updated at the end of the first fram

e of each super-
fram

e and is provided in this register for status only. S
ee B

R
9(b5:b4) for m

ore inform
ation regarding

this bit. W
hen O

R
7(b0) is set, the M

4 a
ct

 and d
e

a
 bits m

ust be valid for three superfram
es before

V
erified a

ct
 or V

erified d
e

a
 are updated.

V
erified 

d
e

a

T
his is the dual–consecutively checked, inverted setting of the d

e
a

 bit, in the received superfram
e.

S
ince the d

e
a

 bit can only be received by an N
T, this bit can only be 1 in the LT

 m
ode. D

ual–consecutive
checking requires that the received bit is in the sam

e state for tw
o consecutive superfram

es. W
henever

the U
–interface transceiver detects a transition from

 0 to 1 on S
uperfram

e S
ync in N

R
1(b1), V

erified
d

e
a

 is set to 0. It rem
ains in its current state until both S

uperfram
e S

ync (N
R

1(b1)) and Linkup
(N

R
1(b3)) are 1s. T

hen, if the received d
e

a
 bit is 0 for tw

o consecutive superfram
es, V

erified d
e

a
w

ill becom
e 1. A

fter V
erified d

e
a

 becom
es 1, if the received d

e
a

 bit is ever 1 for tw
o consecutive

superfram
es, then V

erified d
e

a
 w

ill becom
e a 0. T

his bit is updated at the end of the second basic
fram

e of each superfram
e and is provided in this register for status only. S

ee B
R

9(b5:b4) for m
ore

inform
ation regarding this bit. W

hen O
R

7(b0) is set, the M
4 d

e
a

 bit m
ust be valid for three superfram

es
before V

erified d
e

a
 is updated.

S
uperfram

e D
etect 

T
his is the unm

odified output of the S
uperfram

e D
efram

er’s superfram
e detection circuit. It is prim

arily
intended for diagnostic purposes.

�
��
��

�
	
�
�

fe
b

e
�
�
�
�
�




T
his register contains the current fe

b
e

 count. T
he counter is not cleared by a softw

are or hardw
are

reset. T
he register can be preset to any value by w

riting to it. If the fe
b

e
 bit is active in a superfram

e,
the counter w

ill increm
ent at the end of the received superfram

e. T
he counter w

ill not increm
ent unless

S
uperfram

e S
ync (N

R
1(b1)) and Linkup (N

R
1(b3)) are both 1s. If O

R
7(b1) is set, then the fe

b
e

 counter
w

ill roll over from
 $F

F
 to $00. T

he user softw
are m

ust take into account that if O
R

7(b1) is set, the
counter value read from

 B
R

4 m
ight be less than the previous value, w

hich m
eans that the counter

has rolled over. T
he default setting for O

R
7(b1), after any hardw

are or softw
are reset, produces the

sam
e operation as the M

C
145472/M

C
14LC

5472. T
his register is replaced by R

egister O
R

4 w
hen

B
R

10(b0) =
 1. W

hen O
R

7(b1) is cleared, B
R

4 counts to $F
F

 and does not roll over. T
his is the default

configuration after any reset to m
aintain M

C
145472 com

patibility.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

4
fe

b
e

C
ounter 7

fe
b

e
C

ounter 6
fe

b
e

C
ounter 5

fe
b

e
C

ounter 4
fe

b
e

C
ounter 3

fe
b

e
C

ounter 2
fe

b
e

C
ounter 1

fe
b

e
C

ounter 0

rw
rw

rw
rw

rw
rw

rw
rw

�
��
��

�
	
�
�

n
e

b
e
�
�
�
�
�




T
his register contains the current n

e
b

e
 count. A

 n
e

b
e

 occurs w
henever the received crc

 m
essage

does not m
atch the com

puted crc
 or w

hen Linkup (N
R

1(b3)) is 1 and S
uperfram

e S
ync (N

R
1(b1))

is 0. T
he S

uperfram
e F

ram
er m

aintains the superfram
e tim

ing to increm
ent the n

e
b

e
 counter w

hen
S

uperfram
e S

ync is 0. T
he counter is not cleared by a softw

are or hardw
are reset. T

he register can
be preset to any value by w

riting to it.

W
hen the S

uperfram
e D

efram
er detects a crc

 error in the received superfram
e, the counter is increm

-
ented at the end of that superfram

e. W
hen O

R
7(b1) is set, then the fe

b
e

 counter rolls over from
$F

F
 to $00. T

he user softw
are m

ust take into account that if O
R

7(b1) is set, the counter value read
from

 B
R

5 m
ight be less than the previous value, w

hich m
eans that the counter has rolled over. T

he
default setting for O

R
7(b1), after any hardw

are or softw
are reset, produces the sam

e operation as
the M

C
145472/M

C
14LC

5472. W
hen B

R
10(b0) =

 1, this register is replaced by R
egister O

R
5. W

hen
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O
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O
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O
R

7(b1) is cleared, B
R

5 counts to $F
F

 and does not roll over. T
his is the default configuration after

any reset to m
aintain M

C
145472 com

patibility.

b7
b6

b5
b4

b3
b2

b1
b0

�
�
�

n
e

b
e

C
ounter 7

n
e

b
e

C
ounter 6

n
e

b
e

C
ounter 5

n
e

b
e

C
ounter 4

n
e

b
e

C
ounter 3

n
e

b
e

C
ounter 2

n
e

b
e

C
ounter 1

n
e

b
e

C
ounter 0

rw
rw

rw
rw

rw
rw

rw
rw

�
��
��

�


�
�
	
�
�
�
�
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�
�
�
�
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�


�
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T
his register contains the loopback controls. F

or norm
al (no loopback) operation, bits b7:b5 and b3:b1

of B
R

6 should be 0. B
R

6 is cleared by a S
oftw

are R
eset (N

R
0(b3)), H

ardw
are R

eset (R
E

S
E

T
), or

w
hen the R

eturn to N
orm

al bit (N
R

0(b0)) is set. W
hen a bit is set to 1, the appropriate loopback is

enabled. T
his register is replaced by R

egister O
R

6 w
hen B

R
10(b0) =

 1.

B
its b7 through b4, inclusive, are not set w

hen the M
C

145572 is operating in the autom
atic eoc m

ode.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

6
U

–Loop
B

1
U

–Loop
B

2
U

–Loop
2B

+
D

U
–Loop

Trans–
parent

ID
L–Loop
B

1
ID

L–Loop
B

2
ID

L–Loop
2B

+
D

ID
L–Loop

Trans–
parent

rw
rw

rw
rw

rw
rw

rw
rw

U
–Loop B

1
T

his bit selects a loopback on the B
1 channel tow

ard the U
–interface.

U
–Loop B

2
T

his bit selects a loopback on the B
2 channel tow

ard the U
–interface.

U
–Loop 2B

+D
T

his bit selects a loopback on the B
1, B

2, and D
 channels tow

ard the U
–interface.

U
–Loop Transparent

T
his bit selects w

hether the loopback tow
ard the U

–interface should be handled transparently or not.
T

his transparency selection applies to all channels that are selected for loopback to the U
–interface.

ID
L2–Loop B

1
T

his bit selects a loopback on the B
1 channel tow

ard the ID
L2 interface. T

his bit operates in all ID
L2

and G
C

I m
odes.

ID
L2–Loop B

2
T

his bit selects a loopback on the B
2 channel tow

ard the ID
L2 interface. T

his bit operates in all ID
L2

and G
C

I m
odes.

ID
L2–Loop 2B

+D
T

his bit selects a loopback on the B
1, B

2, and D
 channels tow

ard the ID
L2 interface. W

hen this bit
is set to 1, the ID

L2–loop B
1 and ID

L2–loop B
2 bits are ignored. T

his bit operates in all ID
L2 and

G
C

I m
odes.

ID
L2–Loop Transparent

T
his bit selects w

hether the loopback tow
ard the ID

L2 interface should be handled transparently or
not. T

his transparency selection applies to all channels that are selected for loopback to the ID
L2

interface.
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M
O

T
O

R
O

LA

F
igures 4–1 and 4–2 m

ay be used to determ
ine the com

bined effect of setting m
ore than one loopback

control in B
R

6, as w
ell as the bits in N

R
5 and B

R
7. O

nly details for the B
1 channel are show

n, but
a sim

ilar set of logic applies to both the B
2 and D

 channels. D
out  and D

in  refer to the tw
o external

pins on the device. T
here are tw

o control signals show
n in F

igure 4–2 that do not com
e from

 M
C

145572
registers. Link A

ctive is an internal signal that is asserted w
hen the A

N
S

I T
1.601–1992 defined activa-

tion sequence reaches S
N

3/S
L3 and C

ustom
er E

nable (N
R

2(b0)) is set, or V
erified a

ct
 (B

R
3(b2))

is set. Link G
ood is asserted w

henever the A
N

S
I T

1.601–1992 defined activation sequence is com
-

pleted successfully and the internally m
onitored receive error rate is adequate for passing data.
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F
igure 4–1. ID

L2 Interface Loopback C
ontrol B

its
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L2 Interface Loopback Logic D
iagram
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T
his register contains ID

L2 interface m
ode inform

ation. B
R

7 is cleared on H
ardw

are R
eset (R

E
S

E
T

)
or S

oftw
are R

eset (N
R

0(b3)). A
ll bits in this register are read/w

rite. T
his register is replaced by R

egister
O

R
7 w

hen B
R

10(b0) =
 1.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

7
B

R
15A

S
elect

O
U

T
2w

o
O

U
T

1w
o

ID
L2

Invert
ID

L2
F

ree R
un

ID
L2

S
peed

ID
L2

M
/S

 Invert
ID

L2
8/10

rw
G

C
I IN

2ro
G

C
I IN

1ro
rw

rw
rw

rw
rw

B
R

15A
 S

elect
W

hen set to 1, this bit causes R
egister B

R
15A

 to be substituted for R
egister B

R
15 in the S

C
P

 register
m

ap. A
fter any reset, this bit is cleared to 0.

G
C

I IN
2/O

U
T

2
T

his is a read–only/w
rite–only bit. T

he w
rite–only portion, O

U
T

2, is cleared by hardw
are and softw

are
resets. In full G

C
I m

ode, entered by holding the pin M
C

U
/G

C
I low

, the state of O
U

T
2 is driven onto

a G
C

I m
ode dedicated output pin. H

ow
ever, if the G

C
I C

/I channel decodes the input com
m

and D
IS

S
to the M

C
145572, this sam

e pin is forced high. W
hen read (again, provided the M

C
145572 is in full

G
C

I m
ode), bit IN

2 reflects the state of a G
C

I m
ode dedicated input pin. T

hese pins m
ay be used

for any purpose in a G
C

I application. S
ee C

hapter 3, D
evice D

escription
, for m

ore inform
ation. G

C
I

com
m

and LT
D

2 w
hen active in LT

 m
ode or N

T
D

2 w
hen active in N

T
 m

ode, sets O
U

T
2 high.
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G
C

I IN
1/O

U
T

1
T

his is a read–only/w
rite–only bit. T

he w
rite only portion, O

U
T

1, is cleared by hardw
are and softw

are
resets. In full G

C
I m

ode, entered by holding the pin M
C

U
/G

C
I  low

, the state of O
U

T
1 is driven onto

a G
C

I m
ode dedicated output pin. W

hen read (again, provided the M
C

145572 is in full G
C

I m
ode),

bit IN
1 reflects the state of a G

C
I m

ode dedicated input pin. T
hese pins m

ay be used for any purpose
in a G

C
I application. S

ee C
hapter 3, D

evice D
escription

, for m
ore inform

ation. G
C

I com
m

and LT
D

1
w

hen active in LT
 m

ode or N
T

D
1 w

hen active in N
T

 m
ode, sets O

U
T

1 high.

ID
L2 Invert

W
hen set to 1, this bit forces the ID

L2 interface to invert every bit just before it is transm
itted on the

D
out  pin and invert every bit that is received on D

in .

ID
L2 F

ree R
un

W
hen set to 0, this bit forces the D

C
L and F

S
R

/F
S

X
 outputs to run continuously w

hen in the ID
L2

M
aster m

ode. W
hen this bit is 1, the D

C
L and F

S
R

/F
S

X
 stop w

hen the U
–interface transceiver is

deactivated. D
C

L and F
S

R
/F

S
X

 w
ill start operating w

hen S
uperfram

e S
ync in N

R
1(b1) becom

es 1
and halts w

hen the U
–interface transceiver enters the A

N
S

I T
1.601 defined “Tear D

ow
n” state.

ID
L2 S

peed
T

his bit selects the D
C

L clock speed in the ID
L2 M

aster m
ode. W

hen this bit is 0, the clock rate is
2.56 M

H
z. A

 1 selects a rate of 2.048 M
H

z. T
his bit also sets the output clock rate for F

R
E

Q
R

E
F

or F
R

E
F

out  w
hen in N

T
 S

lave m
ode. A

lso, see the description for O
R

7(b4).

ID
L2 M

/S
 Invert

W
hen this bit is 1, it inverts the polarity of the ID

L2 M
aster/S

lave pin. W
hen this bit is 0 and ID

L2
M

aster is set high, the U
–interface transceiver operates in the ID

L2 M
aster m

ode.

ID
L2

8/10
T

his bit reorders the sequence of 2B
+

D
 data presented in the ID

L2 data transfer. T
he tw

o possible
transfer sequences are show

n in F
igures 4–3 and 4–4. A

 1 selects the 8–bit m
ode and a 0 selects

the 10–bit m
ode. In the 8–bit m

ode, the tw
o B

 channels are provided sequentially, follow
ed by the

tw
o D

 channel bits. In the 10–bit m
ode, one D

 channel bit follow
s each B

 channel byte. T
he ability

to sw
ap the B

 channels, (N
R

5(b0)), applies to both of these m
odes. F

or further inform
ation about

the ID
L2 interface, see S

ection 5.4
.

N
O

T
E

If tim
eslot assignm

ent m
ode is enabled via O

R
6 b(7), b(6), or b(5), then the ID

L2 8/10
control bit is ignored and B

 channel and D
 channel data is placed according to O

R
0 – O

R
5.

If G
C

I electrical m
ode is selected by setting O

R
6(b3) to a 1, the ID

L2 interface transfers
only 2B

+
D

 data in the G
C

I tim
eslot locations as program

m
ed in O

R
5(b2:b0).
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T
his register contains controls used for test operations such as external loopbacks, S

uperfram
e F

ram
-

er C
ontrol and S

tate inform
ation, and N

T
/LT

 m
ode control. A

ll w
rite capable bits are cleared on a

S
oftw

are R
eset (N

R
0(b3)) or H

ardw
are R

eset (R
E

S
E

T
). B

its b7 – b4 and b0, are read–only/w
rite–only.

To read the w
rite–only bits, it is necessary to set B

R
14(b6) to 1. W

hen B
R

10(b0) =
 1, this register

is replaced by R
egister O

R
8.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

8
F

ram
e

S
teering

F
ram

e
C

ontrol 2
F

ram
e

C
ontrol 1

F
ram

e
C

ontrol 0
crc

C
orrupt

M
atch

S
cram

bler
R

eceive
W

indow
D

isable

N
T

/LT
Invert

w
o

w
o

w
o

w
o

rw
rw

rw
w

o

F
ram

e
S

tate 3
F

ram
e

S
tate 2

F
ram

e
S

tate 1
F

ram
e

S
tate 0

R
eserved

R
eserved

R
eserved

N
T

/LT
M

ode
ro

ro
ro

ro
ro

F
ram

e S
teering

W
hen this bit is a 1, the F

ram
e C

ontrol 2:0 bits take over control of the S
uperfram

e F
ram

er’s m
ode

of operation.

F
ram

e C
ontrol 2:0

T
hese bits set the m

ode of operation for the S
uperfram

e F
ram

er w
hen the F

ram
e S

teering bit is 1.
Table 4–8 show

s the m
ode the S

uperfram
e F

ram
er w

ill go into, based on the three F
ram

e C
ontrol

bits and the F
ram

e S
teering bit.Table 4–8. F

ram
e C

ontrol M
odes

F
ram

e
S

teering
F

ram
e C

ontrol 2:0
S

uperfram
e F

ram
er M

ode of O
peration

b7
b6

b5
b4

N
T

LT

1
0

0
0

S
N

0
S

L0

1
0

0
1

S
ix fram

es of 10 kH
z tone follow

ed
by S

N
1

S
L1

1
0

1
0

S
N

2
S

L2

1
0

1
1

S
N

3
S

L3

1
1

0
0

10 kH
z tone

1
1

0
1

40 kH
z tone

1
1

1
0

G
enerates a single quat every basic fram

e w
hich alternates over all four

of the 2B
1Q

 sym
bols.

1
1

1
1

S
uperfram

e F
ram

er free runs the scram
bler w

ith no synchronization
w

ords.

0
D

on’t C
are

T
he S

uperfram
e F

ram
er output is determ

ined by the state of the
A

utom
atic A

ctivation C
ontroller.

F
ram

e S
tate 3:0

T
hese bits provide the external m

icrocontroller w
ith the current state of the U

–interface transceiver’s
S

uperfram
e F

ram
er, regardless of w

hether the S
uperfram

e F
ram

er is being controlled by the external
m

icrocontroller or internally by the A
utom

atic A
ctivation C

ontroller. T
he m

eaning of F
ram

e S
tate 2:0

m
aps directly onto the m

eaning of F
ram

e C
ontrol 2:0. F

ram
e S

tate 3 is 0 at all tim
es, except during

T
N

 of an N
T

 activation sequence. S
tate transitions are alw

ays m
ade on fram

e or superfram
e bound-

aries.

crc
 C

orrupt
W

hen set to 1, this bit forces the transm
itted crc

 to be inverted. It is used for eoc m
aintenance pro-

cedures and to force an outgoing corrupt crc
 in digital loop carrier system

s. A
s the transm

it fram
er
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transm
its the crc

 and this bit is set, the transm
itted crc

 is inverted. T
his bit can be cleared or set

at any tim
e during transm

ission of a superfram
e. T

his bit functions the sam
e as in the M

C
145472/

M
C

14LC
5472 after a H

ardw
are R

eset (R
E

S
E

T
). W

hen O
R

7(b2) is set to 1, the operation of this bit
is m

odified so that the outgoing crc
 is only corrupted on the current superfram

e.

M
atch S

cram
bler

W
hen set to 1, this bit forces the descram

bler and scram
bler polynom

ials to m
atch. T

his is used for
external analog loopback and fram

er–to–defram
er loopback.

R
eceive W

indow
 D

isable
W

hen set to 1, this bit disables the search w
indow

 placed around the received synchronization w
ord

in the LT
 m

ode. W
hen the receive w

indow
 is disabled, the LT

 w
ill synchronize to an incom

ing syn-
chronization w

ord that is located at any arbitrary point w
ith respect to its transm

itted synchronization
w

ord. T
his allow

s the U
–interface transceiver to use its ow

n transm
itted synchronization w

ord for fram
e

detection w
hen operated in external analog loopback m

ode and fram
er–to–defram

er loopback.

N
T

/LT
 Invert

T
his bit allow

s override control of the setting of the N
T

 or LT
 operation of the U

–interface transceiver’s
external N

T
/LT

 m
ode pin. If this bit is 0 and the N

T
/LT

 pin is high, the device is in N
T

 m
ode. W

hen
this bit is then set to 1, the device w

ill then be in the LT
 m

ode.

N
T

/LT
 M

ode
T

his read–only bit reflects the current m
ode of the device. If 1, the U

–interface transceiver is operating
in the N

T
 m

ode.

�
��
��
�

�
�
�
�


�
��
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�
�
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T
his register contains m

ode control over the defram
er’s updating of the received m

aintenance bits.
T

he register is cleared on S
oftw

are R
eset (N

R
0(b3)) or H

ardw
are R

eset (R
E

S
E

T
). W

hen B
R

10(b0)
=

 1 this register is replaced by R
egister O

R
9.C

A
U

T
IO

N
S

ee A
ppendix C

 for printed circuit board layout recom
m

endations.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

9
eoc

C
ontrol 1

eoc
C

ontrol 0
M

4
C

ontrol 1
M

4
C

ontrol 0
M

5/M
6

C
ontrol 1

M
5/M

6
C

ontrol 0
fe

b
e

/
n

e
b

e
C

ontrol

R
eserved

rw
rw

rw
rw

rw
rw

rw

eoc C
ontrol 1:0

T
hese bits control the eoc handling capability of the U

–interface transceiver. Table 4–9 gives a brief
description of each m

ode selected by the eoc C
ontrol bits. T

he eoc Trinal–C
heck m

ode (b7,b6 =
 1,0)

and the A
utom

atic eoc P
rocessor m

ode (b7,b6 =
 0, “D

on’t C
are”) are described in the paragraphs

follow
ing Table 4–9. T

he default m
ode setting is 0,0; thereby selecting the A

utom
atic eoc P

rocessor.
R

egardless of the operating m
ode, every tim

e R
6 is loaded by the defram

er, IR
Q

2 (N
R

3(b2)) is set
to 1. U

se the update on every fram
e m

ode (b7,b6 =
 1,1) for digital loop carrier or proprietary ap-

plications.

Table 4–9. eoc C
ontrol M

odes

eoc C
ontrol 1:0

b7
b6

eoc F
unction D

escription

1
1

U
pdate eoc register (R

6) on every eoc fram
e (tw

ice during each superfram
e). R

ecom
m

ended
for D

igital Loop C
arrier applications.

1
0

U
pdate eoc register (R

6) after passing a trinal–check.

0
D

on’t C
are

U
pdate eoc register (R

6) after passing a trinal–check and also invoke A
utom

atic eoc
P

rocessor to operate w
hen in N

T
 m

ode.
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eoc Trinal–C
heck M

ode (b7, b6 = 1,0)
T

he eoc Trinal–C
heck operation checks for three identical consecutive eoc m

essages being received
before loading the eoc m

essage into R
6. R

egister R
6 is alw

ays updated w
ith the received m

essage
w

hen the third identical consecutive m
essage is received.

In Trinal–C
heck m

ode w
hen operating as an LT, the trinal–check is autom

atically restarted w
henever

a new
 m

essage is w
ritten to the S

uperfram
e F

ram
er’s R

6 register for transm
ission. T

he eoc Trinal–
C

heck is reset w
henever the Linkup (N

R
1(b3)) or S

uperfram
e S

ync (N
R

1(b1)) bits are 0.

W
hen operating as an N

T
 in Trinal–C

heck m
ode, received eoc m

essages are autom
atically transm

itted
back by the S

uperfram
e F

ram
er if the address is either the N

T
1 or broadcast address. T

his continues
until three valid consecutive identical m

essages have been received. If the eoc address in the received
eoc m

essage is not 0 or 7, the H
old m

essage is substituted and autom
atically transm

itted back to
the LT. O

nce three valid consecutive identical m
essages have been received, the defram

er updates
R

egister R
6. O

nce R
6 has been updated w

ith the received m
essage, the S

uperfram
e F

ram
er’s R

egis-
ter R

6 (w
ritten to by a S

C
P

 interface operation) is transm
itted. It is up to the m

icrocontroller firm
w

are
to handle the eoc m

essage and place a response into R
6 before the U

–chip sends the next eoc fram
e

out to the LT
 (see F

igure 4–2). R
egister R

6 w
ill be repeated throughout all subsequent eoc fram

es
until it is altered by another C

P
I interface w

rite to it, or the received eoc m
essage changes.

A
utom

atic eoc P
rocessor M

ode (b7 = 0, b6 = D
on’t C

are)
A

n A
utom

atic eoc P
rocessor is provided in the N

T
 m

ode. T
his processor operates the eoc in accor-

dance w
ith A

N
S

I T
1.601–1992. T

he processor recognizes eoc m
essages addressed to either the N

T
1

or the broadcast address. T
he processor decodes the m

essages in Table 4–10 and then takes the
action indicated. If a properly addressed m

essage is received that is not listed in the table, the “U
nable

to C
om

ply” m
essage is transm

itted in response. If an im
properly addressed m

essage is received,
the “H

old S
tate” m

essage is transm
itted w

ith the N
T

1 address. W
henever operating in this m

ode,
the eoc Trinal–C

heck operation continues to function and R
6 w

ill be loaded w
ith the eoc m

essage
that the A

utom
atic eoc P

rocessor decodes. N
ote that because the A

utom
atic eoc P

rocessor is an
N

T
 m

ode only function, selecting m
ode 0,0 in the LT

 m
ode is equivalent to m

ode 1,0.

R
egardless of eoc m

ode, R
egister R

6 w
ill not be altered w

hile S
uperfram

e D
etect (B

R
3(b0)) is a 0.

W
hen the autom

atic eoc m
ode is enabled, bits in B

R
6 are not set w

hen loopback m
essages are re-

ceived.

Table 4–10. A
utom

atic eoc P
rocessor F

unctions

eoc M
essage

A
utom

atic eoc P
rocessor R

esponse

O
perate 2B

+
D

 Loopback
Invokes a loopback to the U

–interface at the ID
L interface of the B

1, B
2, and D

 chan-
nels. Transparency w

ill be determ
ined by the setting of B

R
6(b4), U

–loop transparent.

O
perate B

1 C
hannel Loopback

Invokes a loopback to the U
–interface at the ID

L interface of the B
1 channel. T

he
loopback is transparent.

O
perate B

2 C
hannel Loopback

Invokes a loopback to the U
–interface at the ID

L interface of the B
2 channel. T

he
loopback is transparent.

R
equest C

orrupted crc
E

quivalent to setting B
R

8(b3) to a 1.

N
otify of C

orrupted crc
N

one.

R
eturn to N

orm
al

R
esets all of the previously invoked eoc functions.

H
old S

tate
M

aintains previously invoked eoc functions.

M
4 C

ontrol 1:0
T

hese bits control the M
4 handling capability of the U

–interface transceiver. T
he default m

ode setting
is b5, b4 =

 0,0. In all of the m
odes, B

R
1 w

ill not be loaded and an IR
Q

1 (N
R

3(b1)) w
ill not be issued

unless both Linkup (N
R

1(b3)) and S
uperfram

e S
ync (N

R
1(b1)) are 1s. W

hen O
R

7(b0) is set to 1;
u

o
a

, a
ct

, sa
i

, and d
e

a
 bits in the M

4 channel are trinal–checked. S
ee Table 4–11.
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Table 4–11. M
4 C

ontrol M
odes

B
R

9 M
4 C

ontrol 1:0

O
R

7
b5

b4
M

4 F
unction D

escription

0
0

0
M

4 D
ual C

onsecutive m
ode. In addition, the V

erified a
ct

 (B
R

3(b2)) and
V

erified d
e

a
 (B

R
3(b1)) operations are enabled in this m

ode only.

0
0

1
M

4 D
ual C

onsecutive m
ode.

0
1

0
D

elta m
ode.

0
1

1
E

very m
ode.

1
X

X
M

4 channel bits M
40 (a

ct
), M

41 (d
e

a
), and M

46 (u
o

a
, sa

i
) are

trinal–checked. R
em

aining bits operate per B
R

9(b5,b4) settings. V
erified a

ct
and V

erified d
e

a
 available on trinal–checked a

ct
, d

e
a

 bits w
hen b5:b4 =

 0,0.

M
4 D

ual C
onsecutive M

odes (b5, b4 = 0,0 or 0,1)
T

he M
4 D

ual C
onsecutive m

odes perform
 a sim

ple algorithm
 on the received M

4 bits, and only interrupt
the external m

icrocontroller w
hen an M

4 bit has changed state and has rem
ained in the new

 state
for tw

o consecutive superfram
es. T

he M
4 bit values read from

 B
R

1 in this m
ode are only the m

ost
recent values that have been the sam

e for tw
o consecutive superfram

es. R
eferring to Table 4–12,

suppose, for exam
ple, that for several superfram

es the M
4 bits have been all 0s, as show

n in the
colum

n labeled “R
eceived M

4 B
yte”. If the external m

icrocontroller read B
R

1, it w
ould read all 0s as

show
n in the colum

n labeled “B
R

1 C
ontents”. N

ow
, notice in the subsequent superfram

es 2 and 3
that the received M

4 bits that do not hold their state for at least tw
o consecutive superfram

es, do
not cause an interrupt and do not show

 up in B
R

1.

Table 4–12. M
4 D

ual C
onsecutive M

odes E
xam

ple

S
uperfram

e
R

eceived M
4 B

yte
B

R
1 C

ontents
A

ction

1
0000 0000

0000 0000
—

2
1000 0001

0000 0000
—

3
0001 0001

0000 0001
IR

Q
1 is set

A
t start–up, there is no history of w

hat has been received in the M
4 bits. T

herefore, the technique
for the initial setting for B

R
1 is as follow

s: a hardw
are or softw

are reset sets B
R

1 to all 0s. H
ow

ever,
at the user’s discretion, w

hile either Linkup (N
R

1(b3)) or S
uperfram

e S
ync (N

R
1(b1)) is 0, the user

m
ay w

rite to B
R

1 and set the initial value. In this w
ay, the external m

icrocontroller m
ay assum

e a
current state for the M

4 bits, and then w
ait for an IR

Q
1 to inform

 it of a change in state. A
lso, any

tim
e that S

uperfram
e S

ync is lost and then regained, the initial program
m

ed value is reloaded into
B

R
1.

T
he default M

4 D
ual C

onsecutive m
ode (b5, b4 =

 0,0) has the additional feature of perform
ing auto-

m
atic detection of the a

ct
 and d

e
a

 bits. V
erified a

ct
 (B

R
3(b2)) and V

erified d
e

a
 ((B

R
3(b1)) are dual

consecutive checked values of M
40 and M

41. V
erified a

ct
 is valid for both N

T
 and LT

 m
odes. V

erified
d

e
a

 operates in the N
T

 m
ode only. W

henever there is a 0 to 1 transition on S
uperfram

e S
ync

(N
R

1(b1)), V
erified a

ct
 and V

erified d
e

a
 are reset. If M

40 is received as 1 for tw
o consecutive super-

fram
es, V

erified a
ct

 is set to 1. S
im

ilarly, if M
40 is received as 0 for tw

o consecutive superfram
es,

V
erified a

ct
 is set to 0. W

hen this m
ode is selected, the logical O

R
 of V

erified a
ct

 and the C
ustom

er
E

nable bit in N
R

2(b0) perm
its custom

er data transparency w
ithout any action taken by the external

m
icrocontroller. In N

T
 m

ode, if M
41 is received for tw

o consecutive superfram
es as 0, V

erified d
e

a
is set to 1. S

im
ilarly, if M

41 is received as 1 for tw
o consecutive superfram

es, V
erified d

e
a

 w
ill return

to 0. W
hen this m

ode is selected, the logical O
R

 of V
erified d

e
a

 and the D
eactivate R

equest bit in
N

R
2(b2) allow

s the U
–interface transceiver to respond to the far–end transceiver’s intention to deacti-

vate w
ithout requiring any interaction by the external m

icrocontroller. N
ote that the state of V

erified
a

ct
 and V

erified d
e

a
 m

ay be m
onitored by the external m

icrocontroller through B
R

3(b2:b1).
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M
O

T
O

R
O

LA

M
4 D

elta M
ode (b5, b4 = 1,0)

T
he D

elta m
ode com

pares the M
4 data from

 the previous superfram
e against the current received

superfram
e M

4 data. If there is a difference in at least one bit, B
R

1 is updated and an IR
Q

1  interrupt
is issued. N

ote that in this m
ode, B

R
1 alw

ays contains a copy of the latest received M
4 byte from

the previous superfram
e.

M
4 E

very M
ode (b5, b4 = 1,1)

T
he E

very m
ode stores each received superfram

e of M
4 data in B

R
1 and issues an interrupt at the

end of every received superfram
e.

N
ote that regardless of the m

ode of operation, B
R

1 w
ill not be altered w

hile S
uperfram

e S
ync

(N
R

1(b1)) is 0.

M
4 Trinal–C

heck M
ode

T
he M

4 a
ct

, d
e

a
, sa

i
, and u

o
a

 bits can be configured for trinal–check operation by setting O
R

7(b0)
to a 1. S

ee S
ection 4.5.8 for m

ore detail.

M
5/M

6 C
ontrol 1:0

T
hese bits control the M

5/M
6 handling capability of the U

–interface transceiver. T
he default m

ode
setting is b3, b2 =

 0,0, w
hich selects the D

ual C
onsecutive m

ode. T
hese controls are identical in opera-

tion to the M
4 m

ode control functions, except that they apply to M
50, M

51, and M
60. R

efer to the
M

4 C
ontrol m

ode paragraphs above for a description of the M
5/M

6 C
ontrol m

odes. T
he M

5/M
6 inter-

rupt, IR
Q

0 (N
R

3(b0)), occurs in the m
iddle of the superfram

e w
hen basic fram

e 4 has been com
pletely

received.

Table 4–13.  M
5/M

6 C
ontrol M

odes

M
5/M

6 C
ontrol 1:0

b3
b2

M
5/M

6 F
unction D

escription

0
D

on’t C
are

M
5/M

6 D
ual C

onsecutive m
ode.

1
0

D
elta m

ode.

1
1

E
very m

ode.

fe
b

e
/n

e
b

e
 C

ontrol
T

his bit controls how
 the transm

itted fe
b

e
 is com

puted. If this bit is 0, the transm
itted fe

b
e

 is set
active if either the C

om
puted n

e
b

e
 (B

R
3(b3)) is active or the fe

b
e

 input (B
R

2(b4)) is set active. If
this control bit is set to 1, the transm

itted fe
b

e
 is set to w

hatever is set in the fe
b

e
 input (B

R
2(b4)).

N
O

T
E

R
egarding fe

b
e

 and n
e

b
e

, “active” m
eans they are set to 0.
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T
his register is used to enable access to the overlay register set of the M

C
145572. To m

aintain future
com

patibility, the reserved bits m
ust be w

ritten as 0s.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

10
R

eserved
R

eserved
R

eserved
R

eserved
R

eserved
S

elect
D

um
p

A
ccessrw

S
elect

D
C

H
A

ccessrw

S
elect

O
verlayrw
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M
O

T
O

R
O

LA

S
elect D

um
p A

ccess
T

his bit hides the norm
al byte register B

R
13, and the register becom

es a byte–w
ide access port, O

R
13,

to the dum
p/restore m

echanism
 of the U

–chip. Tw
o m

ore bits in the overlay registers control the operat-
ing m

ode of the dum
p/restore m

echanism
. S

ee O
verlay register O

R
8. T

his bit is reset by hardw
are

reset only.

S
elect D

C
H

 A
ccess

T
his bit hides the norm

al byte register, B
R

12, and the register becom
es an 8–bit read–only/w

rite–only
register, O

R
12, and provides access to the D

 channel. W
hen this bit is asserted, D

 channel input
data present on the pin interfaces of the M

C
145572 is ignored and D

out  is high im
pedance. Instead,

the D
 channel is sourced strictly from

 this register. D
 channel data received from

 the U
–interface m

ain-
tains correct byte alignm

ent relative to the U
–interface basic fram

e boundary on the pin interfaces,
and is readable through the overlay register, O

R
12, eight bits at a tim

e. IR
Q

3 is used to indicate w
hen

every new
 eight bits of data are received, in addition to indicating a change in receive status.

A
 special code (1111) is loaded in N

ibble register N
R

1, to indicate that the source of the interrupt
is the D

 channel access register. B
oth transm

it and receive of the D
 channel data is aligned respective

to the transm
it and receive superfram

es. W
hen selected, the D

 channel access register has the highest
priority over other possible routes (e.g., the ID

L2 interface and the D
 channel port), for the D

 channel
data. T

his bit is reset by hardw
are reset only. S

oftw
are should read and w

rite this register at the tim
e

the D
 channel interrupt occurs.

E
nabling O

R
12 access, enables the D

 channel interrupt onto IR
Q

3. T
he interrupt m

ust still be enabled
via IR

Q
3 E

nable in N
R

4 for the IR
Q

 pin to becom
e active. U

pon receipt of the interrupt, the external
controller m

ust read the interrupt status in N
R

3 to determ
ine that it is an IR

Q
3. T

he controller m
ust

then read N
R

1, w
here it w

ould find the code 1111, indicating the actual source is a D
 channel interrupt.

N
O

T
E

If D
C

H
 A

ccess m
ode is used in conjunction w

ith tim
eslot assignm

ent, the D
 channel tim

e-
slot m

ust not be tim
eslot 0 in order to m

aintain synchronization w
ith the transm

it super-
fram

e. T
his is especially true in LT

 m
ode w

hen S
FA

X
 is used as an input.

S
elect O

verlay
T

his bit hides the norm
al byte registers B

R
0 – B

R
9, and the registers becom

e the overlay registers
O

R
0 – O

R
9. In general, the overlay registers contain device inform

ation that needs to be set only
once follow

ing reset, such as the tim
eslot inform

ation or during som
e test m

ode. T
his bit is reset by

hardw
are reset only.

�
��
��
�

�
	
�
�
�
�
�
���

�
���

�


��
�

	

�
��
�
�

T
his register contains activation state and control data. A

ll the bits are cleared on H
ardw

are R
eset

(R
E

S
E

T
) and S

oftw
are R

eset (N
R

0(b3)). T
he register is a read–only/w

rite–only register. S
etting

B
R

14(b6) to 1 perm
its the external m

icrocontroller to read back the w
rite portion of the register.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

11
A

ctivation
C

ontrol 6
A

ctivation
C

ontrol 5
A

ctivation
C

ontrol 4
A

ctivation
C

ontrol 3
A

ctivation
C

ontrol 2
A

ctivation
C

ontrol 1
A

ctivation
C

ontrol 0
A

ctivation
Tim

er
D

isable
w

o
w

o
w

o
w

o
w

o
w

o
w

o
w

o

A
ctivation
S

tate 6
A

ctivation
S

tate 5
A

ctivation
S

tate 4
A

ctivation
S

tate 3
A

ctivation
S

tate 2
A

ctivation
S

tate 1
A

ctivation
S

tate 0
A

ctivation
Tim

er
E

xpire
ro

ro
ro

ro
ro

ro
ro

ro

A
ctivation C

ontrol 6:0
T

hese w
rite–only bits allow

 the external m
icrocontroller to set a new

 activation state for the U
–interface

transceiver to execute. T
he transition to this state is controlled by B

R
12. U

se of this register is not
required for norm

al operation.
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M
O

T
O

R
O

LA

A
ctivation Tim

er D
isable

W
hen this w

rite–only bit is 0, the activation tim
er operates norm

ally. D
uring activation the tim

er w
ill

tim
e for approxim

ately 15 seconds, and then the A
ctivation Tim

er E
xpire bit w

ill becom
e 1, and the

activation state m
achine w

ill react to the tim
e–out. W

hen this bit is set to 1, the activation tim
er is

disabled and the A
ctivation Tim

er E
xpire w

ill alw
ays read back as 0.

A
ctivation S

tate 6:0
T

hese read–only bits contain the current state of the internal activation controller. A
ctivation S

tate
6, B

R
11(b7) indicates cold start m

ode w
hen it is 0 and indicates w

arm
 start m

ode w
hen it is 1.

A
ctivation Tim

er E
xpire

T
his bit show

s the status of the activation tim
er. A

 1 indicates that the activation tim
er has expired.
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T
his register is read–only/w

rite–only. T
he w

rite only portion controls the U
–interface transceiver’s

internal C
P

U
 and activation controller. T

he read portion contains the eight m
ost significant bits of the

E
rror P

ow
er Indicator (E

P
I) register in the C

P
U

. B
y setting B

R
14(b6) to 1, the external m

icrocontroller
can read back the setting of the control bits. T

hese bits are cleared on a H
ardw

are R
eset (R

E
S

E
T

)
or S

oftw
are R

eset (N
R

0(b3)). T
his register is replaced by O

R
12 w

hen B
R

10(b1) =
 1.

C
A

U
T

IO
N

R
eserved bit b1 should be set to 0 at all tim

es to m
aintain future com

patibility.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

12
A

ctivation
C

ontrol
R

egister

Interpolate
E

nable
Load

A
ctivation
S

tate

S
tep

A
ctivation
S

tate

H
old

A
ctivation
S

tate

B
ig Jum

p
S

elect
R

eserved
F

orce
Linkup

w
o

w
o

w
o

w
o

w
o

w
o

w
o

w
o

E
P

I 18
E

P
I 17

E
P

I 16
E

P
I 15

E
P

I 14
E

P
I 13

E
P

I 12
E

P
I 11

ro
ro

ro
ro

ro
ro

ro
ro

A
ctivation C

ontrol S
teer

W
hen this bit is 0, the internal C

P
U

 of the M
C

145572 has total control of its peripherals, and has
them

 perform
 a norm

al activation procedure. H
ow

ever, w
hen this bit is set to 1, the internal C

P
U

 and
its peripherals are directed to use the control inform

ation provided in the Interpolate E
nable bit in this

register (b6), B
R

13, B
R

15A
(b7), and B

R
15A

(b6).

Interpolate E
nable

T
his bit is active only w

hen the A
ctivation C

ontrol S
teer bit (b7) is set to 1. T

he tim
ing interpolator

is enabled w
hen this bit is 1 and the transceiver is operating in LT

 m
ode. T

he tim
ing interpolator is

disabled w
hen this bit is 0 and the transceiver is operating in LT

 m
ode.

Load A
ctivation S

tate
W

hen this bit is set to 1, A
ctivation C

ontrol 6:0 is loaded into the activation controller as the new
 state.

T
he load is perform

ed at a tim
e that does not adversely affect the operation of the C

P
U

, and w
ill take

place w
ithin 1 baud of setting this bit to 1. To load an activation state, this bit m

ust initially be 0. T
he

desired state should then be loaded into B
R

11 and this bit should be set to 1. Loading overrides the
setting of the H

old A
ctivation S

tate bit (b3).

S
tep A

ctivation S
tate

W
hen this bit is set to 1, the activation controller advances to its next state based on its current inputs.

T
he step is perform

ed at a tim
e that does not adversely affect the operation of the C

P
U

. T
his bit m

ust
be returned to 0 follow

ing the step, to prepare for subsequent steps. S
tepping overrides the H

old
A

ctivation S
tate bit (b3). N

ote that the step w
ill not occur unless the C

P
U

 has determ
ined that a

condition for continuing to the next activation state has been satisfied.
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M
O

T
O

R
O

LA

H
old A

ctivation S
tate

W
hen this bit is set to 1, the activation controller is held in the current state until either a Load A

ctivation
S

tate (b5) or a S
tep A

ctivation S
tate (b4) is perform

ed.

B
ig Jum

p S
elect

W
hen this bit is 1, tim

ing phase jum
ps w

ill be m
ade in four–unit increm

ents. W
hen this bit is 0, tim

ing
phase jum

ps w
ill be m

ade in one–unit increm
ents.

F
orce Linkup

W
hen this bit is set to 1, the internal status is forced to be that of full–duplex operation. N

ote that
the C

P
U

 is still operating according to the activation state as read in B
R

11. H
ow

ever, loopbacks and
m

aintenance operations m
ay be perform

ed at the S
uperfram

e F
ram

er/D
efram

er level w
ith full data

transparency.

E
P

I 18:11
T

hese are the m
ost significant bits of the E

P
I register w

ithin the C
P

U
. T

he E
P

I register in the C
P

U
takes on different m

eanings, depending on the current activation state. T
his E

P
I register is updated

once per fram
e. T

he E
P

I 10:3 bits are in R
egister B

R
13. E

P
I 2:0 are not available to the external

m
icrocontroller.
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T
his register contains several item

s that control the internal operation of the U
–interface transceiver

echo canceller. T
hese bits are cleared on a H

ardw
are R

eset (R
E

S
E

T
) or S

oftw
are R

eset (N
R

0(b3)).
N

ote that none of the control bits in this register affect the operation of the chip unless the A
ctivation

C
ontrol S

teer bit in B
R

12(b7) is set to 1. T
his register is replaced by O

R
13, w

hen B
R

10(b2) =
 1.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

13
E

nable
M

E
C

U
pdates

A
ccum

u-
late E

C
O

utput

E
nable E

C
U

pdates
F

ast E
C

B
eta

A
ccum

u-
late D

F
E

O
utput

E
nable
D

F
E

U
pdates

F
ast

D
F

E
/A

R
C

B
eta

C
lear A

ll
C

oeffi-
cients

w
o

w
o

w
o

w
o

w
o

w
o

w
o

w
o

E
P

I 10
E

P
I 9

E
P

I 8
E

P
I 7

E
P

I 6
E

P
I 5

E
P

I 4
E

P
I 3

ro
ro

ro
ro

ro
ro

ro
ro

E
nable M

E
C

 U
pdates

W
hen set to 0, this bit freezes the current coefficients of the M

em
ory E

cho C
anceller (M

E
C

).

A
ccum

ulate E
C

 O
utput

W
hen this bit is set to 1, the results of all three echo cancellers (M

E
C

, Transversal E
cho C

anceller
(T

E
C

), and Infinite Im
pulse R

esponse E
cho C

anceller (IIR
E

C
)) are included in the process of recover-

ing the received sym
bol.

E
nable E

C
 U

pdates
W

hen set to 0, this bit freezes the current coefficients of the T
E

C
 and IIR

E
C

 echo cancellers.

F
ast E

C
 B

eta
T

his bit controls the echo canceller beta constant. A
 1 instructs the echo canceller to adapt at its fastest

rate.

A
ccum

ulate D
F

E
 O

utput
W

hen 0, this bit forces the output from
 the D

ecision F
eedback E

qualizer (D
F

E
) convolution to 0 and

the sym
bol storage elem

ents of the D
F

E
 w

ill set to alternating ± 1. W
hen this bit is 1, the D

F
E

 convolu-
tion is included in the process of recovering the received sym

bol.

E
nable D

F
E

 U
pdates

W
hen set to 0, this bit freezes the D

F
E

 coefficients and the A
daptive R

eference C
ontrol (A

R
C

) tap.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS



M
C

145572
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M
O

T
O

R
O

LA

F
ast D

F
E

/A
R

C
 B

eta
T

his bit controls the betas for the D
F

E
 and A

R
C

. W
hen set to 1, the D

F
E

 and A
R

C
 adapt at their

highest rate.

C
lear A

ll C
oefficients

W
hen set to 1, the coefficients in the D

F
E

, A
R

C
, T

E
C

, and M
E

C
 are cleared and the elastic buffer

is reset. T
he tim

ing offset betw
een the receive and transm

it clocks is not altered by setting this bit.

E
P

I 10:3
T

hese are the least significant bits of the E
P

I register w
ithin the C

P
U

. T
he E

P
I register in the C

P
U

takes on different m
eanings, depending on the current activation state. T

his E
P

I register is updated
once per fram

e. T
he E

P
I 18:11 bits are in R

egister B
R

12. E
P

I 2:0 are not available to the external
m

icrocontroller.
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T
his register is used for setting various diagnostic m

odes. T
his register is cleared on a H

ardw
are R

eset
(R

E
S

E
T

) or S
oftw

are R
eset (N

R
0(b3)). W

hen all of these bits are 0, the register m
ap is in the default

m
ode.

C
A

U
T

IO
N

R
eserved bits b7, b5, b2, and b1 m

ust be set to 0 at all tim
es.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

14
R

eserved
ro/w

o
to r/w

R
eserved

F
ram

er–to–
D

efram
er

Loop

± 1 Tones
R

eserved
R

eserved
E

nable
C

LK
s

rw
rw

rw
rw

rw
rw

rw
rw

ro/w
o to r/w

W
hen this bit is set to 1, all of the w

rite–only registers, except B
R

15A
, becom

e read/w
rite registers

for diagnostic purposes. A
 bit that is norm

ally read–only w
ill not be available w

hen this bit is set to
1. S

etting this bit to 1 has no effect on B
R

15A
(b4:b0); they rem

ain w
rite–only bits at all tim

es.

F
ram

er–to–D
efram

er Loopback
T

his bit enables the S
uperfram

e F
ram

er to S
uperfram

e D
efram

er Loopback m
ode w

hen it is 1. T
he

transm
it drivers are off in this m

ode.

±
 1 Tones

W
hen this bit is set to 1, the S

uperfram
e F

ram
er generates its tones (10 kH

z and 40 kH
z) using

± 1 quats instead of the default of ± 3 quats.

E
nable C

LK
s

W
hen set to 1, this bit enables the S

Y
S

C
LK

, E
Y

E
D

A
TA

, R
xB

C
LK

, T
xB

C
LK

, and T
xS

F
S

 pins. N
ote

that B
R

15A
(b3) m

ust also be set to 1 for the T
xS

F
S

 output to be enabled.

N
O

T
E

S
Y

S
C

LK
, E

Y
E

D
A

TA
, R

xB
C

LK
, T

xB
C

LK
, and T

xS
F

S
 pin functionality can be m

odified by
the setting of bits in O

R
8 and O

R
9.
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T
his read–only register contains the revision num

ber of the particular U
–interface transceiver device.

B
R

15 is accessed by a S
C

P
 or P

C
P

 transfer w
hen B

R
7(b7) is 0 and the byte address is 15.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

15
M

ask 7
M

ask 6
M

ask 5
M

ask 4
M

ask 3
M

ask 2
M

ask 1
M

ask 0
ro

ro
ro

ro
ro

ro
ro

ro

M
ask 7:0

T
hese bits allow

 for an electronic determ
ination of the revision num

ber of the M
C

145572 U
–interface

transceiver m
anufacturing m

ask set.

�
��
��
�
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T
his register is used to enable clock and test data outputs. A

ll w
ritable bits in this register are cleared

to 0 after a reset. B
R

15A
 is accessed by a C

P
I transfer w

hen B
R

7(b7) is 1 and the byte address
in the S

C
P

 transfer is 15. T
he w

rite–only bits in this register rem
ain w

rite–only bits w
hen B

R
14(b6)

is set to 1.

C
A

U
T

IO
N

R
eserved bits b5 and b4 m

ust be set to 0 at all tim
es.

b7
b6

b5
b4

b3
b2

b1
b0

B
R

15A
F

R
E

Q
A

D
A

P
T

Jum
p

D
isable

R
eserved

R
eserved

E
nable

T
xS

F
S

R
eserved

R
eserved

E
nable

E
ye D

ata
and B

aud
C

lock
w

o
w

o
w

o
w

o
w

o

R
eserved

R
eserved

R
eserved

R
eserved

R
eserved

rw
rw

rw
ro

ro
ro

ro
ro

F
R

E
Q

 A
D

A
P

T
T

his bit is a read/w
rite bit. T

here is no effect on the operation of the U
–interface transceiver unless

C
ontrol S

teer (B
R

12 (b7)) is set to 1. W
hen C

ontrol S
teer is 1 and F

R
E

Q
 A

D
A

P
T

 is set to 1, the N
T

frequency adaptation circuits are enabled to adjust the external crystal frequency. S
etting this bit to

0 freezes the frequency adaptation circuits in their current state.

Jum
p D

isable
T

his bit is a read/w
rite bit. S

etting this bit to 1 disables the digital P
LL w

hen A
ctivation C

ontrol S
teer

(B
R

12(b7)) is set to 1 (this bit is used for M
otorola test purposes only).

E
nable T

xS
F

S
W

hen set to 1 w
ith B

R
14(b0) set to 1, this bit enables the transm

it S
uperfram

e S
ync to be output.

E
nable E

ye D
ata and B

aud C
lock

W
hen set to 1, this bit enables the E

Y
E

D
A

TA
, S

Y
S

C
LK

, R
x B

A
U

D
 C

LK
, and T

x B
A

U
D

 C
LK

 output
pins.

N
O

T
E

W
hen the M

C
145572 is configured for ID

L2 and S
C

P
 operation the 15.36 C

LK
O

U
T,

4
.0

9
6

 C
L

K
O

U
T, 

a
n

d 
B

U
F

X
T

A
L 

p
in

s 
d

e
fa

u
lt 

to 
“o

n
.” 

S
o

ftw
a

re 
w

ritte
n 

fo
r

M
C

145472
/M

C
14LC

5472 that set B
R

15A
 (b1 or b2) is not affected w

hen an existing
M

C
145472 or M

C
14LC

5472 product is upgraded to M
C

145572.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS



M
C

145572
4–30

M
O

T
O

R
O

LA

�
��

�
�

�
�


�
�

�
��
�

�
�

Table 4–3 show
s the registers on M

C
145572 that overlay the standard byte registers. T

he S
C

P
 address

for the overlay registers is the sam
e as the address for the standard byte register set. T

he overlay
registers are substituted for the standard registers, w

hen at least one of B
R

7(b7) or B
R

10(b2, b1,
b0) is set to 1. B

R
15A

 w
as im

plem
ented in M

C
145472, but the other registers are new

 to M
C

145572.

B
R

15A
 w

as m
odified on M

C
145572 from

 M
C

145472, to change the 15.36 M
H

z and 20.48 M
H

z clock
outputs to default to enabled. In order to m

aintain code–com
patibility w

ith M
C

145472, the bits w
ere

m
oved from

 B
R

15A
 to the overlay registers. To disable these clocks, O

R
9(b2, b1, b0) can be set to

1s.

O
verlay registers O

R
0 – O

R
5 are used for defining the tim

eslot assignm
ent w

hen the ID
L2 interface

is put into Tim
eslot A

ssigner m
ode by setting one or m

ore of the bits T
S

A
 B

1 E
nable, T

S
A

 B
2 E

nable,
or T

S
A

 D
 E

nable, found in O
verlay register O

R
6. Tim

eslots are tw
o D

C
L clocks in w

idth and are num
-

bered starting from
 0.

O
verlay register O

R
5 also is used to define the G

C
I tim

eslot w
hen the bit G

C
I M

ode E
nable is asserted

in O
verlay register O

R
6. T

he rem
ainder of the bits in O

verlay registers O
R

6 – O
R

9 are explained
follow

ing Table 4–3.

A
ll bits in the overlay registers are reset to 0 on hardw

are and softw
are resets. T

he overlay registers
are hidden after a hardw

are or softw
are reset. T

hey can be accessed w
hen B

R
10(b0) is set to 1.

�
��
��

�
�
�
	
�
�
 
�
�
�
�
��

�
�
��
�
�
�
�
��
��
�

T
his register controls w

hen the B
1 tim

eslot appears on the D
out  pin. A

fter a hardw
are or softw

are
reset, all bits default to 0 to m

aintain M
C

145472/M
C

14LC
5472 com

patibility.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

0
D

out  B
1 C

hannel Tim
eslot B

its (7:0)
rw

�
��
��

�
�
�
	
�
�
 
�
�
�
�
��

�
�
��
�
�
�
�
��
��
�

P
rogram

m
ed the sam

e w
ay as O

R
0. T

his register controls w
hen the B

2 tim
eslot appears on the

D
o

u
t  p

in
. A

fte
r a h

a
rd

w
a

re o
r so

ftw
a

re re
se

t, a
ll b

its d
e

fa
u

lt to 0 to m
a

in
ta

in M
C

1
4

5
4

7
2

/
M

C
14LC

5472 com
patibility.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

1
D

out  B
2 C

hannel Tim
eslot B

its (7:0)
rw

�
��
��

�
�
�
	
�
�
 
�
�
�
��

�
�
��
�
�
�
�
��
��
�

P
rogram

m
ed the sam

e w
ay as O

R
0. T

his register controls w
hen the D

 tim
eslot appears on the

D
o

u
t  p

in
. A

fte
r a h

a
rd

w
a

re o
r so

ftw
a

re re
se

t, a
ll b

its d
e

fa
u

lt to 0 to m
a

in
ta

in M
C

1
4

5
4

7
2

/
M

C
14LC

5472 com
patibility.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

2
D

out  D
 C

hannel Tim
eslot B

its (7:0)
rw
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P
rogram

m
ed the sam

e w
ay as O

R
0. T

his register controls w
hen the B

1 tim
eslot is input from

 the
D

in  pin. A
fter a hardw

are or softw
are reset, all bits default to 0 to m

aintain M
C

145472/M
C

14LC
5472

com
patibility.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

3
D

in  B
1 C

hannel Tim
eslot B

its (7:0)
rw

�
��
��

�
�
�



��

�
�
�
��

�
�
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�
�
�
�
��
��
�

P
rogram

m
ed the sam

e w
ay as O

R
0. T

his register controls w
hen the B

2 tim
eslot is input from

 the
D

in  pin. A
fter a hardw

are or softw
are reset, all bits default to 0 to m

aintain M
C

145472/M
C

14LC
5472

com
patibility.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

4
D

in  B
2 C

hannel Tim
eslot B

its (7:0)
rw

�
��
��

�
�
�



��


�
�
�
�
�
�
�
��

�
�
��
�
�
�
�
��
��
�

P
rogram

m
ed sim

ilar to O
R

2. T
his register controls w

hen the D
 tim

eslot is input from
 the D

in  pin.
A

fter a hardw
are or softw

are reset, all bits default to 0 to m
aintain M

C
145472/M

C
14LC

5472 com
-

patibility.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

5
D

in  D
 C

hannel Tim
eslot B

its (7:0)

G
C

I S
lot

�
�
�
��

�
�
�
��

�
�
�
��

rw
rw

G
C

I S
lot (2:0)

In ID
L2 m

ode, if O
R

6 b(3) is set to indicate G
C

I 2B
+

D
 operation, b(2:0) is used to program

 the G
C

I
tim

eslot. T
hese bits are treated like the S

2, S
1, and S

0 pins in F
ull G

C
I m

ode. S
ee Table 3–7 for

tim
eslot assignm

ent.

�
��
�	

�
�
�


�
��

�
�
��
�
�
�
�
�
�
�
�
�
�
���

�
�
�
�
��
��
�

T
his register is used to enable the tim

eslot assigner and select G
C

I 2B
+

D
 data form

at w
hen in ID

L2
m

ode. A
fter a hardw

are or softw
are reset, all bits default to 0 to m

aintain M
C

145472/M
C

14LC
5472

com
patibility.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

6
T

S
A

 B
1

E
nable

T
S

A
 B

2
E

nable
T

S
A

 D
E

nable
G

C
I S

elect
M

4
–

B
R

0
G

C
I M

ode
E

nable
R

eserved
R

eserved
R

eserved

rw
rw

rw
rw

rw
rw

rw
rw

N
O

T
E

S
etting b7, b6, or b5 w

ill put the M
C

145572 in Tim
eslot A

ssigner m
ode. In Tim

eslot A
ssign-

er m
ode, the ID

L2 8/10 m
ode bit in B

R
7(b0) is ignored and data is placed according to

values program
m

ed in O
R

0 – O
R

5.
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T
S

A
 B

1 E
nable

T
his bit is used to enable the B

1 channel in ID
L2 Tim

eslot m
ode. T

he B
1 tim

eslot is defined through
O

verlay registers O
R

0 and O
R

3. W
henever any channel (B

1, B
2, or D

) is enabled for Tim
eslot m

ode,
all channels enter Tim

eslot m
ode. If in Tim

eslot m
ode and T

S
A

 B
1 E

nable is 0, then the B
1 channel

is not present on the pin D
out , and the B

1 channel transm
it on the U

–interface is actively driven to
V

O
H

.

T
S

A
 B

2 E
nable

T
his bit is used to enable the B

2 channel in ID
L2 Tim

eslot m
ode. T

he B
2 tim

eslot is defined through
O

verlay registers O
R

1 and O
R

4. W
henever any channel (B

1, B
2, or D

) is enabled for Tim
eslot m

ode,
all channels enter Tim

eslot m
ode. If in Tim

eslot m
ode and T

S
A

 B
2 E

nable is 0, then the B
2 channel

is not present on the pin D
out , and the B

1 channel transm
it on the U

–interface is actively driven to
V

O
H

.

T
S

A
 D

 E
nable

T
his bit is used to enable the D

 channel in ID
L2 Tim

eslot m
ode. T

he D
 tim

eslot is defined through
O

verlay registers O
R

2 and O
R

5. W
henever any channel (B

1, B
2, or D

) is enabled for Tim
eslot m

ode,
all channels enter Tim

eslot m
ode. If in Tim

eslot m
ode and T

S
A

 D
 E

nable is a 0, then the D
 channel

is not present on the pin D
out , and the D

 channel transm
it on the U

–interface is actively driven to
V

O
H

.

If both T
S

A
 D

 E
nable and D

 channel port E
nable are set to 1, then the D

 channel data is presented
on both D

out  and D
C

H
out , and the data transm

it onto the U
–interface is taken from

 D
C

H
in . If the

D
 channel port is enabled and T

S
A

 D
 E

nable is set to 0 (see O
verlay register O

R
8(b0)), then the

D
 channel continues to operate on the D

 channel port and D
out  is high im

pedance during the D
 channel

bit tim
e.

T
he clock on D

C
H

C
LK

 (assum
ing the D

 channel port is enabled), operates relative to F
S

R
, based

on the tim
eslot program

m
ed in the tim

eslot registers for the D
 channel.

G
C

I S
elect M

4
 – B

R
0

T
his bit is useful only in conjunction w

ith full G
C

I m
ode w

hen the pin M
C

U
/G

C
I =

 0. In that m
ode,

w
hen this bit is set to 0, the G

C
I C

/I channel control autom
atically sets and resets M

4 channel control
bits pertaining to the activation state. T

he bits controlled by the C
/I channel are: {a

ct
, d

e
a

, u
o

a
} in

the LT
 m

ode and {a
ct

, sa
i

} in the N
T

 m
ode. A

dditionally, the {ps1, ps2} bits in the N
T

 m
ode are

transm
itted according to the state of IN

1 and IN
2 pin inputs. W

hen this bit is set to 1, all M
4 bits are

transm
itted according to the data present in R

egister B
R

0. W
hen operating in full G

C
I m

ode, the bit
can be set/cleared by using the m

onitor channel byte register read/w
rite com

m
ands. A

fter a hardw
are

or softw
are reset this bit is 0. N

orm
ally, G

C
I operation does not require this bit to be set to a 1.

G
C

I M
ode E

nable
T

his bit m
akes it possible to transfer 2B

+
D

 data over the ID
L2 interface as if it w

ere in G
C

I m
ode.

T
his operation is established by setting the pin M

C
U

/G
C

I and this bit to 1. T
he 2B

+
D

 data is transferred
at the tim

eslot indicated in O
R

5(2:0). T
he m

onitor and C
/I channels of the G

C
I interface are ignored

as inputs and are not driven as outputs. A
dditionally, the operation of F

S
C

, regarding its control of
the transm

it superfram
e in S

lave m
ode, takes precedence over the input on S

FA
X

. S
ee O

R
5 b(2:0)

for G
C

I slot assignm
ent in this m

ode.

�
��
��
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T
his register is used to enable or control various m

odes of the M
C

145572. A
fter a hardw

are or softw
are

reset, all bits default to 0 to m
aintain M

C
145472/M

C
14LC

5472 com
patibility.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

7
Internal
A

nalog
Loopback

Line
C

onnect
T

S
E

N
D

C
H

E
nable

ID
L2

R
ate 2

ID
L2 Long
F

ram
e

M
ode

crc
C

orrupt
M

ode

fe
b

e
/

n
e

b
e

R
ollover

M
4 Trinal
M

ode

rw
rw

rw
rw

rw
rw

rw
rw
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M
O

T
O

R
O

LA

Internal A
nalog Loopback

W
hen this bit is set to 1, the analog loopback path is inside the M

C
145572. D

efault after any reset
is 0 or external analog loopback path.

Line C
onnect

W
hen this bit is 1, the U

–interface line can rem
ain connected during analog loopbacks. W

hen this
bit is 0, the line m

ust be disconnected. D
efault after any reset is 0.

T
S

E
N

 D
C

H
 E

nable
T

his bit enables T
S

E
N

 w
hen D

 channel data is present on the D
o

u
t  or D

C
H

o
u

t  pins. W
hen the

tim
eslot assigner is enabled, the T

S
E

N
 signal is active during the tim

eslot w
hich D

 channel data is
transferred.

ID
L2 R

ate 2
In the ID

L2 m
ode, w

hen ID
L2 rate 2 is set to 1, the ID

L2 clock (D
C

L) rate is 512 kH
z. ID

L2 clock
speed (see R

egister B
R

7) is ignored w
hen this bit is set to 1. In full G

C
I m

ode, as a m
aster in the

N
T

 m
ode, the D

C
L clock rate is selected using the pin input (see C

LK
S

E
L description in S

ection 3.3.4
).

T
his bit also sets the clock frequency on F

R
E

Q
R

E
F

 or F
R

E
F

out  w
hen in N

T
 S

lave m
ode.

ID
L2 Long F

ram
e M

ode
W

hile operating as an ID
L2 m

aster, this bit controls w
hether the F

S
R

 and F
S

X
 operate in Long F

ram
e

or S
hort F

ram
e m

ode. If this bit is 1, both F
S

R
 and F

S
X

 operate in Long F
ram

e m
ode. A

s an ID
L2

slave, the M
C

145572 determ
ines the m

ode based on the length of F
S

R
. S

ee S
ection 5.4.2.

crc
 C

orrupt M
ode

T
his bit changes the operating m

ode of the input control bit crc
 C

orrupt in register B
R

8. W
hen crc

C
orrupt m

ode is set to 1, the crc
 C

orrupt input is used to only corrupt one outgoing superfram
e crc

.
W

hen crc
 C

orrupt m
ode is set to 0, the crc

 C
orrupt behaves as it did in the M

C
145472, unaligned

to the transm
it superfram

e, and continues to affect the crc
 data until explicitly reset.

fe
b

e
/n

e
b

e
 R

ollover
T

his bit changes the operating m
ode of the fe

b
e

 and n
e

b
e

 counter registers B
R

4 and B
R

5. W
hen

fe
b

e
/n

e
b

e
 rollover is set to 1, the fe

b
e

 and n
e

b
e

 counter registers do not saturate at all 1s, but
instead, rollover from

 $F
F

 to $00. W
hen fe

b
e

/n
e

b
e

 rollover is set to 0, the fe
b

e
 and n

e
b

e
 counter

registers behave just as they do in the M
C

145472.

M
4 Trinal M

ode
T

his bit changes the operating m
ode of the persistence checking perform

ed on the a
ct

, d
e

a
, sa

i
,

and u
o

a
 bits in the defram

er. W
hen M

4 Trinal m
ode is set to 1, the checked M

4 bits m
ust be valid

for three consecutive superfram
es before asserting V

erified a
ct

, or V
erified d

e
a

, etc. W
hen M

4 Trinal
m

ode is set to 0, the checked M
4 bits behave as they did in the M

C
145472, only checking them

 as
configured in B

R
9(b5,b4). W

hen operating in full G
C

I m
ode, the M

C
145572 perform

s trinal checks
on the received M

4 channel a
ct

, d
e

a
, sa

i
, and u

o
a

 bits (see Table 4–11).
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T
his register is used to control the dum

p/restore operation, S
FA

X
 and S

FA
R

 outputs, and three–state
enable for off–chip bus drivers. A

fter a hardw
are or softw

are reset, all bits default to 0 to m
aintain

M
C

145472/M
C

14LC
5472 com

patibility.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

8
D

/R
M

ode 1
D

/R
M

ode 0
S

FA
X

O
utput 

E
nable

F
R

E
Q

R
E

F
O

utput
E

nable

T
S

E
N

B
C

H
E

nable

R
eserved

S
FA

X
/

S
FA

R
E

nable

D
 C

hannel
P

ort
E

nable
rw

rw
rw

rw
rw

rw
rw

rw

C
A

U
T

IO
N

R
eserved bit b2 m

ust be set to 0 at all tim
es.
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M
O

T
O

R
O

LA

D
/R

 M
ode (1:0)

T
hese bits control the operating m

ode of D
um

p/R
estore A

ccess O
verlay register O

R
12. {0,0} sets

the m
ode for norm

al dum
ping and restoring of the internal coefficients via the E

Y
E

out  interface. {1,0}
perm

its read access to the arctap. {0,1} perm
its w

rite access to the arctap. {1,1} should be selected
to perform

 dum
p/restore via the ID

L2 or G
C

I interface depending on the state of the M
C

U
/G

C
I pin.

S
FA

X
 O

utput E
nable

W
hen this bit is set to 1 in LT

 m
ode, it forces the S

FA
X

 pin to be an output. N
orm

ally, in LT
 m

ode,
S

FA
X

 is an input to control the start of the transm
it superfram

e.

F
R

E
Q

R
E

F
 O

utput E
nable

W
hen this bit is set to 1 in N

T
 m

ode, it forces the pin F
R

E
Q

R
E

F
 to becom

e an output and source
a locked clock. T

he locked clock is the sam
e as D

C
L clock.

T
S

E
N

 B
C

H
 E

nable
W

hen this bit is set to 1, it enables the pin T
S

E
N

 to operate an off–chip bus driver during the B
1 and

B
2 tim

eslots. W
hen the tim

eslot assigner is enabled, the T
S

E
N

 signal is active during the tim
eslot

in w
hich B

1 and B
2 channel data is transferred.

S
FA

X
/S

FA
R

 E
nable

W
hen this bit is set to 1, it enables tw

o pins on the M
C

145572 to be used to control and/or indicate
the location of the transm

it and receive superfram
es relative to the ID

L2 interface.

D
 C

hannel P
ort E

nable
W

hen this bit is set to 1 and pin M
C

U
/G

C
I  =

 1, three pins are enabled on the M
C

145572 to be used
as a D

 channel port. W
hen the D

 channel port is enabled, D
 channel inform

ation transm
itted on the

U
–interface is taken from

 D
C

H
in

2 , and D
 channel inform

ation from
 the U

–interface is transm
itted on

b
o

th D
C

H
o

u
t  a

n
d D

o
u

t2
. (N

o
te th

a
t D

o
u

t  d
o

e
s n

o
t o

u
tp

u
t th

e D
 ch

a
n

n
e

l d
a

ta w
h

e
n th

e
ID

L2 interface is in tim
eslot m

ode, and the T
S

A
 D

 E
nable is not set to 1.)
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T
his register is used to control the analog loopback and clocks that are available at M

C
145572 pins.

A
fter a hardw

are or softw
are reset, all bits default to 0 to m

aintain M
C

145472/M
C

14LC
5472 com

pat-
ibility.

C
A

U
T

IO
N

R
eserved bit b7 m

ust be set to 0 at all tim
es.

b7
b6

b5
b4

b3
b2

b1
b0

O
R

9
R

eserved
O

pen
F

eedback
S

w
itches

A
nalog

Loopback
C

LK
O

U
T

2048
4096
H

irate
2048

D
isable

1536
D

isable
4096

D
isable

rw
rw

rw
rw

rw
rw

rw
rw

O
pen F

eedback S
w

itches
W

hen this bit is set to 1, it opens the internal feedback path betw
een the transm

it (T
xP

/T
xN

) and
the receive (R

xP
/R

xN
) sections. T

his feature m
ay be used in conjunction w

ith analog loopback.

A
nalog Loopback

W
hen this bit is set to 1, it invokes a receive analog loopback on the M

C
145572.

C
LK

O
U

T
 2048

W
hen this bit is set to 1, it enables a 20.48 M

H
z buffered clock output on pin 25 of the M

C
145572F

N
and on pin 8 of the M

C
145572P

B
.

4096 H
irate

W
hen this bit is set to 1, it causes the 4.096 M

H
z clock output to cleanly transition to a 10.24 M

H
z

rate. W
hen set back to 0, the clock cleanly transitions to 4.096 M

H
z.
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M
O

T
O

R
O

LA

2048 D
isable

W
hen this bit is set to 1, it causes the 20.48 M

H
z clock output at B

U
F

X
TA

L to go to high im
pedance.

1536 D
isable

W
hen this bit is set to 1, it causes the 15.36 C

LK
O

U
T

 pin to go high im
pedance.

4096 D
isable

W
hen this bit is set to 1, it causes the 4.096 C

LK
O

U
T

 pin to go high im
pedance. T

his bit m
ay only be

w
ritten to once, follow

ing a hardw
are or softw

are reset. O
nce the 4.096 C

LK
O

U
T

 pin has been turned
off by setting this bit, it can only be re–enabled by asserting a hardw

are or softw
are reset to the

M
C

145572. T
his bit is reset by hardw

are reset, N
R

0(b3) =
 1 or N

R
0(b1) =

 1.
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W
hen B

R
10(b1) is set to 1, this double buffered register takes the place of N

orm
al B

yte register B
R

12,
and the register becom

es an 8–bit read–only/w
rite–only register providing access to the D

 channel.
In this m

ode, D
 channel input data present on the pin interfaces of M

C
145572 is ignored. Instead,

D
 channel is sourced strictly from

 this register. D
 channel data received from

 U
–interface is byte aligned

to S
uperfram

e S
ync, and is readable through O

R
12, eight bits at a tim

e. T
his register is updated w

ith
the received D

 channel data, w
hen S

F
S

, N
R

1(b3) is a 1. D
ata is transferred from

 O
R

12 to the U
–inter-

face, w
hen S

F
S

, N
R

1(b3), is a 1.

IR
Q

3 is used to indicate w
hen each new

 eight bits of data are received. A
 special code (1111) is loaded

in N
ibble register N

R
1, to indicate that the source of the interrupt is the D

 channel access register.
R

eading O
R

12 clears the special code (1111) from
 N

R
1, but does not affect any updates in activation

status. S
o, if there has been a change in activation status, an interrupt is still queued up even though

the D
 channel interrupt has been cleared. B

oth transm
it and receive D

 channel data are aligned to
the transm

it and receive superfram
es. T

he M
C

145572 does not perform
 any H

D
LC

 fram
ing/defram

ing.

D
 channel data is transm

itted to and received from
 the U

–interface m
ost significant bit first.

O
R

12
D

 C
hannel Transm

it B
its (7:0)

w
o

D
 C

hannel Transm
it B

its (7:0)
ro

N
O

T
E

If this register is used w
hen the tim

eslot assignm
ent is enabled, D

 channel tim
eslot m

ust not
be 0, so as to m

aintain synchronization w
ith the transm

it superfram
e. T

his is especially im
-

portant in LT
 m

ode, w
hen S

FA
X

 is used as an input.
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T
his register takes the place of B

yte register B
R

13 w
hen B

R
10 B

(2) is set, and the register becom
es

a byte–w
ide access port to the dum

p/restore m
echanism

 of the U
–chip. Tw

o m
ore bits in the overlay

registers control the operating m
ode of the dum

p/restore m
echanism

. S
ee O

verlay register O
R

8. T
his

bit is reset by both hardw
are and softw

are resets. A
fter a hardw

are or softw
are reset, all bits default

to 0 to m
aintain M

C
145472/M

C
14LC

5472 com
patibility.

O
R

13
D

um
p R

egister W
rite A

ccess
w

o

D
um

p R
egister R

ead A
ccess

ro
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T
his chapter describes the operation of M

C
145572 w

hen operated in the M
C

U
 m

ode.

A
 functional block diagram

 of the M
C

145572 U
–interface transceiver is show

n in F
igure 5–1. T

his
device utilizes m

ixed analog and digital signal processing circuit technology to im
plem

ent an adaptively
equalized echo cancelling full–duplex transm

itter/receiver or transceiver.
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F
igure 5–1. M

C
145572 F

unctional B
lock D

iagram

T
he 2B

+
D

 data is input to the device at the D
in  pin of the tim

e division m
ultiplexed data interface.

T
his data is passed through a three–fram

e deep F
IF

O
 prior to being form

atted and scram
bled in the

S
uperfram

e F
ram

er. T
he resulting 160 kbps binary data stream

 is converted to an 80 kbaud dibit
stream

, w
hich is subsequently converted to four analog am

plitudes by the D
A

C
 (digital–to–analog

converter). T
he resulting pulse am

plitude m
odulated signal is band lim

ited by the T
x filter prior to enter-

ing the T
x driver, w

hich differentially drives the line coupling circuit to the tw
isted w

ire pair.

F
rom

 the tw
isted w

ire pair, inform
ation from

 the far–end U
–interface transceiver is coupled through

the external line interface circuit to the differential receiver inputs R
xP

 and R
xN

. (In this tw
o–w

ire envi-
ronm

ent, the transm
itted signal is also coupled into the receiver inputs.) T

his com
bined analog signal
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M
O

T
O

R
O

LA

is converted to a digital w
ord in the Σ

–∆
 (sigm

a–delta) A
D

C
 (analog–to–digital converter). A

fter filter-
ing, an adaptively generated replica of the transm

itted signal, calculated by the echo canceller, is sub-
tracted from

 the com
bined signal leaving only the far–end signal. In addition, phase distortion present

in the far–end signal is corrected by the D
F

E
. T

he resulting four–level signal is decoded by the slicer
to produce a 160 kbps data stream

. Tim
ing inform

ation is also recovered from
 the far–end signal. T

he
S

uperfram
e D

efram
er descram

bles and disassem
bles the received superfram

es and passes the
received 2B

+
D

 data through a three ID
L fram

e deep F
IF

O
 to the ID

L interface, w
here it is available at

the D
out  pin of the tim

e division m
ultiplexed data interface.

T
he M

C
145572 perm

its the designer to select one of three options for control of the device and access
to its register set. W

hen operating in M
C

U
 m

ode, the M
C

145572 can be configured for either S
C

P
or P

C
P

 m
ode of operation. In S

C
P

 m
ode, control and status of the device is handled via the S

C
P,

a standard four–w
ire serial m

icrocontroller interface. In P
C

P
 m

ode, the M
C

145572 is configured to
provide an eight–bit w

ide data port w
ith a chip select and read/w

rite pin. In either case, the internal
register set of the M

C
145572 gives an external m

icrocontroller access to the 4 kbps M
aintenance

channel provided across the U
–interface.

W
hen the M

C
145572 is configured for G

C
I m

ode, the C
/I channel of the G

C
I interface is used for

control and status m
essages. T

he G
C

I M
onitor channel is used to send and receive M

aintenance
channel m

essages. T
he M

onitor channel also perm
its the internal registers of the M

C
145572 to be

read from
 or w

ritten to, if it is desired to bypass the norm
al operation of the G

C
I interface.

T
he eoc portion of the M

 channel can be handled autom
atically w

ith the internal A
utom

atic eoc P
ro-

cessor. In addition, activation and deactivation of the M
C

145572 is handled by an A
utom

atic A
ctivation

C
ontroller.

T
he M

C
145572 requires a single 20.48000 M

H
z pullable crystal connected betw

een the X
TA

L
in  and

X
TA

L
o

u
t  pins. N

o other external com
ponents are required for the crystal oscillator. Internal crystal

pulling circuitry adjusts the crystal frequency in both LT
 and N

T
 m

odes of operation.

D
etailed descriptions of the various interfaces and user accessible sections are provided in this

chapter.
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A
fter either a hardw

are or softw
are reset, the M

C
145572 m

aintains basic pin function and register
com

patibility w
ith the M

C
14LC

5472 U
–interface transceiver w

hen configured for M
C

U
 m

ode and using
the S

C
P

 interface. T
here are differences betw

een M
C

14LC
5472 and M

C
145572 in exact signal re-

quirem
ents and outputs for these pins.

M
ost softw

are w
ritten for M

C
14LC

5472 w
ill operate M

C
145572 w

ithout requiring any m
odifications.

T
he M

C
145572 has an extended register set w

hich provides access to the on–chip tim
eslot assigner,

I/O
 pin configuration bits, D

 channel, and internal param
eters of the device. T

he extended registers
are accessed by setting bits in R

egister B
R

10 that w
ere reserved bits for M

C
14LC

5472. T
he new

registers then overlay the original registers and are referred to in this docum
ent as O

verlay registers
O

R
0 through O

R
9, O

R
12, and O

R
13. R

egister B
R

10 is com
m

on to both register sets, perm
itting soft-

w
are to sw

itch betw
een the basic register set and the overlay register set, as required. Tables 4–1,

4–2, and 4–3 detail the register set of M
C

145527. S
ee C

hapter 4, R
egister D

escription,
 for details

on the register set.

Tables 5–1 and 5–2 contain the M
C

145572 pin function charts. T
he M

C
145572 requires a line interface

transform
er having a turns ratio of 1:1.25 w

here the 1.25 is on the tip and ring side of the transform
er.

T
he M

C
14LC

5472 used a line interface transform
er having a 1:2 turns ratio.

W
hen operated in M

C
U

 m
ode w

ith the S
C

P, M
C

145572 has clock outputs enabled on 15.36 C
LK

O
U

T
and B

U
F

X
TA

L pins after a hardw
are or softw

are reset. O
n M

C
14LC

5472, these clocks w
ere disabled

after a hardw
are or softw

are reset. D
ue to this change, the function of bits B

R
15A

(b2, b1) have changed
in M

C
145572. In M

C
14LC

5472, these tw
o bits enabled 15.36 C

LK
O

U
T

 and B
U

F
X

TA
L outputs, respec-

tively; w
hen set to 1. In M

C
145572, these bits are reserved and w

riting a 1 to either of these bits
to enable a clock, leaves the clock(s) enabled. To disable one or both of these clocks, softw

are m
ust

set either bit b2 or bit b1 in O
verlay register O

R
9.
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Table 5–1. M
ode P
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Á
Á
Á
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Á
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Á
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Á
Á
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Á
Á
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Á
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Á
Á
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Á
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Á
Á

Á
Á
Á
Á

44
Á
Á
Á
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Á
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Á
Á
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Á
Á
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Á
Á
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Á
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Á
Á
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Á
Á
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Á
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Á
Á
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Á
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Á
Á
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Á
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Á
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Á
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Á
Á
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Á
Á
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Á
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Á
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P
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Á
Á
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Á
Á
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Á
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Á
Á
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Á
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Á
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Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
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Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

A
ccepts O

ne of E
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eference
F
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Á
Á
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Á

Á
Á
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Á
Á

R
E

S
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Á
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Á
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Á
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Á
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Á
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Á
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Á
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Á
Á
Á
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Á
Á

R
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Á
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Á
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Á
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Á
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Á
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Á
Á
Á
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Á
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Á
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Á
Á
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Á
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Á
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Á
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Á
Á
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Á
Á
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Á
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Á
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Á
Á
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Á
Á
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Á
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Á
Á
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Á
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Á
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Table 5–2. P
in F

unction per M
ode and M

C
14LC

5472 C
om

parison
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
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Á
Á
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Á
Á
Á
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Á
Á
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Á
Á
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Á
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Á
Á
Á
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Á
Á
Á
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Á
Á
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Á
Á
Á
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Á
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Á
Á

Á
Á
Á
Á

17
Á
Á
Á

Á
Á
Á

44
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

IR
Q
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

IR
Q

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

N
ot U

sed
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

N
ot U

sed
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

IR
Q

Á
Á
Á
Á

Á
Á
Á
Á

21
Á
Á
Á

Á
Á
Á

4
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
C

P
E

N
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

C
S

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

IN
1 (N

ote 1) Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

IN
1
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
C

P
E

N

Á
Á
Á
Á

Á
Á
Á
Á

20
Á
Á
Á

Á
Á
Á

3
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
C

P
C

LK
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

R
/W

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

IN
2 (N

ote 1) Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

IN
2
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
C

P
C

LK

Á
Á
Á
Á

Á
Á
Á
Á

18
Á
Á
Á

Á
Á
Á

1
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
C

P
R

x
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
0

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

O
U

T
1 (N

ote 2) Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

O
U

T
1 (N

ote 2)
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
C

P
 R

x

Á
Á
Á
Á

Á
Á
Á
Á

19
Á
Á
Á

Á
Á
Á

2
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
C

P
T

x
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
1

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

O
U

T
2
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

O
U

T
2
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
C

P
 T

x

Á
Á
Á
Á

Á
Á
Á
Á

27
Á
Á
Á

Á
Á
Á

10
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

F
S

R
 (N

ote 3)
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

F
S

R
 (N

ote 3)
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

F
S

C
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

F
S

C
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

ID
L S

Y
N

C

Á
Á
Á
Á

Á
Á
Á
Á

28
Á
Á
Á

Á
Á
Á

11
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

F
S

X
 (N

ote 4)
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

F
S

X
 (N

ote 4)
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

N
ot U

sed
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

N
ot U

sed
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

N
ot A

pplicable

Á
Á
Á
Á

Á
Á
Á
Á

31
Á
Á
Á

Á
Á
Á

14
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
C

L
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
C

L
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

D
C

L
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
C

L
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

ID
L C

LK

Á
Á
Á
Á

Á
Á
Á
Á

29
Á
Á
Á

Á
Á
Á

12
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
in

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
in

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

D
in
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
in

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

ID
L R

x

Á
Á
Á
Á

Á
Á
Á
Á

30
Á
Á
Á

Á
Á
Á

13
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
out

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
out

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

D
out
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
out

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

ID
L T

x

Á
Á
Á
Á

Á
Á
Á
Á

34
Á
Á
Á

Á
Á
Á

17
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

4.096 C
LK

O
U

T
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
2

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

4.096 C
LK

O
U

T Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

4.096 C
LK

O
U

T
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

4.096 C
LK

 O
U

T

Á
Á
Á
Á

Á
Á
Á
Á

35
Á
Á
Á

Á
Á
Á

18
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

15.36 C
LK

O
U

T
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
3

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

15.36 C
LK

O
U

T Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

15.36 C
LK

O
U

T
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

15.36 C
LK

 O
U

T

Á
Á
Á
Á

Á
Á
Á
Á

38
Á
Á
Á

Á
Á
Á

21
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

B
U

F
X

TA
L
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
4

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

B
U

F
X

TA
L
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

B
U

F
X

TA
L
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

B
U

F
 X

TA
L

Á
Á
Á
Á

Á
Á
Á
Á

26
Á
Á
Á

Á
Á
Á

9
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

T
xS

F
S

 (N
ote 5) Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

T
xS

F
S

 (N
ote 5)
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
0
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
0

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

T
x S

F
S

Á
Á
Á
Á

Á
Á
Á
Á

25
Á
Á
Á

Á
Á
Á

8
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
Y

S
C

LK
 (N

ote 6) Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
Y

S
C

LK
 (N

ote 6) Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
1
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
1

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
Y

S
C

LK

Á
Á
Á
Á

Á
Á
Á
Á

39
Á
Á
Á

Á
Á
Á

22
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

E
Y

E
D

A
TA

 (N
ote 7) Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
5

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
2
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

S
2

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

E
Y

E
 D

A
TA

Á
Á
Á
Á

Á
Á
Á
Á

40
Á
Á
Á

Á
Á
Á

23
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

T
xB

C
LK

 (N
ote 8) Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
6

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

N
ot U

sed
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

F
R

E
F

out
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

T
x B

A
U

D
 C

LK

Á
Á
Á
Á

Á
Á
Á
Á

41
Á
Á
Á

Á
Á
Á

24
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

R
xB

C
LK

 (N
ote 9) Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

D
7

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

C
LK

S
E

L
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

N
ot U

sed
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

R
x B

A
U

D
 C

LK

N
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:

1.
In N

T
 m

ode, IN
1 and IN

2 carry P
S

1 and P
S

2 data.
2.

D
IS

S
 is O

R
’d into this output.

3.
W

hen ID
L2 interface is operating in G

C
I electrical m

ode, this pin is nam
ed F

S
C

.
4.

W
hen ID

L2 interface is operating in G
C

I electrical m
ode, this pin is unused.

5.
S

FA
X

 is m
uxed onto this pin.

6.
20.48 M

H
z, S

FA
R

, and T
S

E
N

 are m
uxed onto this pin.

7.
D

C
H

C
LK

 and T
xO

F
F

 are m
uxed onto this pin.

8.
D

C
H

in  and T
xM

A
G

 are m
uxed onto this pin.

9.
D

C
H

out  and T
xS

IG
N

 are m
uxed onto this pin.

�
��

�
�
�
�

�


	
�
�
�

�
�
�
�
�

W
hen operated in M

C
U

 m
ode, M

C
145572 has tw

o configurations that provide M
C

U
 access to its inter-

nal register set. T
he S

P
C

 m
ode is a four–w

ire serial interface that clocks data into or out of M
C

145572
at data rates up to 4 M

bps. T
his interface is com

patible w
ith N

ational’s M
IC

R
O

W
IR

E


 interface. T
he

P
C

P
 m

ode configures M
C

145572 to have an eight–bit parallel data port that can be located anyw
here

in processor m
em

ory. T
he P

C
P

 m
ode is enabled w

hen the M
C

U
/G

C
I pin is tied to a 1 and the P

A
R

/S
E

R
pin is tied to a 1. T

he S
C

P
 m

ode is enabled w
hen the M

C
U

/G
C

I pin is tied to a 1 and the P
A

R
/S

E
R

pin is tied to a 0.

N
O

T
E

W
hen M

C
145572 is configured for M

C
U

 operation, it is possible to put the ID
L2 interface

pins into G
C

I E
lectrical m

ode, w
hich accepts G

C
I tim

ing for transfer of 2B
+

D
 data only.

T
his is done by setting bit O

R
6(b3) G

C
I M

ode E
nable. A

ccess to the M
C

145572 register
set is via the S

C
P

 or P
C

P. In G
C

I E
lectrical m

ode, the pin nam
es and functions for ID

L2
interface pins correspond to the G

C
I nam

es and function.
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T
he M

C
145572 is equipped w

ith an industry standard S
C

P
 interface. T

he S
C

P
 is used by an external

controller, such as an M
68H

C
05 fam

ily m
icrocontroller, M

C
145488 D

ual D
ata Link C

ontroller, or
M

C
68302 Integrated M

ultiprotocol P
rocessor, to com

m
unicate w

ith the U
–interface transceiver.

T
he S

C
P

 is a full–duplex four–w
ire interface w

ith control and status inform
ation passed to and from

the U
–interface transceiver. T

he S
C

P
 interface consists of a transm

it output, a receive input, a data
clock, and an enable signal. T

hese device pins are know
n as S

C
P

T
x, S

C
P

R
x, S

C
P

C
LK

, and S
C

P
E

N
,

respectively. T
he S

C
P

 C
lock determ

ines the rate of exchange of data in both the transm
it and receive

directions, and the S
C

P
 E

nable signal governs w
hen this exchange is to take place. T

he four–w
ire

S
C

P
 interface is supplem

ented w
ith an interrupt request line, IR

Q
, for external m

icrocontroller notifi-
cation of an event requiring service.

T
he operation and configuration of the U

–interface transceiver is controlled by setting the state of
the control registers w

ithin the U
–interface transceiver and m

onitoring the status registers. T
he control,

status, and M
 channel data registers reside in six 4–bit w

ide nibble registers, one 12–bit w
ide nibble

register, and tw
enty–nine 8–bit w

ide byte registers. A
 com

plete register m
ap and detailed register

descriptions can be found in C
hapter 4. F

igure 5–2 show
s pin configurations to operate M

C
145572

in ID
L2 m

ode using the S
C

P
 for access to the register set. S

ee C
hapter 10 for the S

C
P

 tim
ing

diagram
s.
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N
O

T
E

:In LT
 m

ode, the 100 kΩ
 resistor on S

FA
X

/T
xS

F
S

 is required w
hen none of these pin functions is enabled.

�
�
�
(Ω

F
igure 5–2. M

C
U

 M
ode w

ith S
C

P
 C

onfiguration
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T
he 4–bit nibble registers are accessed via an 8–bit S

C
P

 interface operation, as show
n in F

igure 5–3
for a w

rite operation and F
igure 5–4 for a read operation. T

he first bit of the transfer on S
C

P
R

x is
a read/w

rite (R
/W

) bit, indicating the purpose of the operation. T
his is follow

ed by a 3–bit address
field (A

2:A
0), w

hich specifies nibble address 0 through nibble address 5. (N
ibble addresses 6 and

7 have other purposes, w
hich are described later.) F

or a w
rite operation, the 4–bit data w

ord (D
3:D

0)
follow

s. F
or a read operation, the 4–bit data w

ord (D
3:D

0) follow
s on the S

C
P

T
x pin.
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F
igure 5–3. S
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ibble R

egisters 0 –
 5, W
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F
igure 5–4. S

C
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he 12–bit N

ibble register 6 is located at nibble register address 6 and can be accessed w
ith tw

o
sequential 8–bit S

C
P

 interface operations, as show
n in F

igures 5–5 and 5–6. In this case, the second
8–bit operation accesses the last 8 data bits (D

7:D
0) as show

n. A
lternatively, this register can be ac-

cessed w
ith a single 16–bit operation, as show

n in F
igures 5–7 and 5–8. S

ee R
egister R

6 description
in S

ection 4.3.7
 for correspondence betw

een the A
N

S
I defined eoc bits and the data bits transferred

over the S
C

P
 interface.
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T
he 16 byte registers are addressed by addressing nibble address 7 follow

ed by a 4–bit byte register
address (A

3:A
0), as show

n in F
igures 5–9 and 5–10. A

 second 8–bit operation transfers the data
w

ord (D
7:D

0). A
lternatively, these registers can be accessed w

ith a single 16–bit operation, as show
n

in F
igures 5–11 and 5–12.
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In P
C

P
 m

ode, the M
C

145572 is configured to have a single address byte w
ide data port for access to

the internal register set. A
 read/w

rite pin (R
/W

) and chip select pin (C
S

) are provided to enable read or
w

rite accesses to the data port. F
or an external m

icrocontroller, such as the M
C

68302, to access an
individual nibble, byte, or overlay register; a sequence of w

rite and read operations is required. T
he

first access is alw
ays a w

rite cycle that w
rites a pointer and internal read/w

rite indicator to the
M

C
145572. T

he pointer byte contains the N
ibble or B

yte register address and for the case of the
N

ibble register, w
rites the data to be w

ritten. T
his initial w

rite m
ay be follow

ed by up to tw
o read ac-

cesses or one w
rite access. A

n open drain IR
Q

 output pin is provided for interrupting an external M
C

U
w

hen a change of status is detected by the M
C

145572. F
igure 5–13 show

s pin configurations to oper-
ate the M

C
145572 in M

C
U

 m
ode using the P

C
P

 for access to the register set.
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D
ata is w

ritten to a nibble register using a single P
C

P
 w

rite operation. T
he 8–bit data w

ord m
ust contain

the register address, w
rite bit cleared to 0, and the data to be w

ritten as show
n in F

igure 5–14.

D
ata is read from

 a nibble register by first w
riting the nibble register address w

ith the read indicator
bit set to a 1 to the parallel data port. N

ext, the parallel data port is read and data from
 the register

pointed to by the previous w
rite operation appears on bits 0 through 3 of the port. S

ee F
igure 5–15.

W
hen N

R
0 through N

R
5 are read, softw

are should A
N

D
 the data read w

ith $0F.
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D
ata is w

ritten to R
egister R

6, the eoc register, by w
riting tw

o successive bytes to the P
C

P. T
he first

byte m
ust contain the register address, w

rite bit cleared to 0, and the m
ost significant four bits of data

to be w
ritten, as show

n in F
igure 5–15.

D
ata is read from

 R
egister R

6 by first w
riting a data byte containing the read/w

rite indicator bit set
to a 1 and the register address to the P

C
P. T

he data is then read from
 the P

C
P

 by reading tw
o bytes.

T
he first byte contains the m

ost significant four bits of data in bits D
3:D

0. T
he next byte contains the

low
 order byte of data. S

ee F
igure 5–15.
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D
ata is w

ritten to a byte register by w
riting tw

o successive bytes to the P
C

P. T
he first byte m

ust contain
the register address, w

rite bit cleared to 0, and the address of the byte register. T
he second byte

contains the actual data to be w
ritten to the selected byte register (see F

igure 5–16).

D
ata is read from

 a byte register by w
riting the pointer byte to the P

C
P, follow

ed by a read of the
selected byte register from

 the P
C

P. T
he first byte m

ust contain the register address, w
rite bit set

to 1, and the address of the byte register. T
his is follow

ed by a read cycle to obtain the contents of
the selected byte register (see F

igure 5–16).
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T
he ID

L2 interface consists of six pins: M
/S

, F
S

X
, F

S
R

, D
C

L, D
in , and D

out . W
ith the M

/S
 pin, the

ID
L2 interface can be configured as a tim

ing m
aster (F

S
R

, F
S

X
, and D

C
L are outputs) or a tim

ing
slave (F

S
R

, F
S

X
, and D

C
L are inputs). T

he m
aster or slave configuration is independent of N

T
 or

LT
 m

ode selection. T
he ID

L2 interface receives 2B
+

D
 data on the D

in  pin and buffers it through a
F

IF
O

 to the U
–interface S

uperfram
e F

ram
er. S

im
ultaneously, this block accepts 2B

+
D

 data from
 the

U
–interface S

uperfram
e D

efram
er, buffers it through a F

IF
O

, and transm
its it out the D

out  pin. R
efer

to F
igure 5–1 for a block diagram

 of the M
C

145572.

A
fter a hardw

are or softw
are reset, the M

C
145572 ID

L2 interface is configured for short fram
e opera-

tion. S
hort fram

e form
at is com

patible w
ith the ID

L interface tim
ing used on the M

C
145472 U

–interface
transceiver. Table 5–3 details how

 to configure the M
C

145572 for the different ID
L2 interface data

form
ats. In both short fram

e and long fram
e form

ats, tw
o fram

e sync signals are available: F
S

X
 and

F
S

R
. In G

C
I 2B

+
D

 data form
at, a single fram

e sync, F
S

C
, is available.

T
he 2B

+
D

 data is transferred over ID
L2 interface at an 8 kH

z rate. E
ach ID

L2 2B
+

D
 fram

e contains
eight bits of B

1 channel data, eight bits of B
2 channel data, and tw

o bits of D
 channel data. T

he ID
L2

interface supports five different fram
e form

ats and a tim
eslot assigner. T

he fram
e form

ats are long
fram

e and short fram
e synchronization, each w

ith either 8– or 10–bit 2B
+

D
 data form

ats. T
he fifth

fram
e form

at is the ID
L2 G

C
I electrical fram

e form
at. In this form

at, only the 2B
+

D
 data bits of the

G
C

I interface are accessible by M
C

145572. E
ither S

C
P

 or P
C

P
 m

ust be used for access to the internal
register set of M

C
145572 w

hen ID
L2 operation is enabled.

A
s a m

aster, the ID
L2 interface of M

C
145572 can be configured to output 512 kH

z, 2.048 M
H

z, or
2.56 M

H
z clock rates at the D

C
L pin. Table 5–4 is a guide to ID

L2 clock rate selection. T
hese data

rates apply to all ID
L2 fram

e form
ats, including the G

C
I 2B

+
D

 data form
at. P

lease note that w
hen

configured for G
C

I electrical operation, the data rate is one–half the D
C

L clock rate.

A
s a slave, the ID

L2 interface of M
C

145572 accepts clock rates from
 256 kH

z to 4.096 M
H

z at the
D

C
L pin.

A
 separate D

 channel port is available w
hen configured for M

C
U

 S
C

P
 operation.

Table 5–3. ID
L2 Interface D

ata F
orm

at S
election
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ore of O

R
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overrides all other ID
L2 fram

e form
ats.
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L2 Interface M
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S
hort fram

e operation is the sam
e as the ID

L interface used on the M
C

145472 and M
C

14LC
5472

U
–interface transceivers w

ith one exception. T
he M

C
145572 provides for tw

o 8 kH
z fram

e sync pins,
F

S
X

 and F
S

R
, w

hen operated in ID
L2 m

ode. T
he F

S
X

 pin is used to indicate ID
L2 fram

e synchro-
nization for data input into the D

in  pin for transm
ission onto the U

–interface. T
he F

S
R

 pin is used
to indicate ID

L2 fram
e synchronization for data recovered from

 the U
–interface and output to the D

out
pin. W

hen configured for M
aster m

ode, the M
C

145572 drives F
S

R
 and F

S
X

, sim
ultaneously. W

hen
configured for ID

L2 slave operation, the M
C

145572 F
S

X
 and F

S
R

 inputs can be driven independently.
In S

lave m
ode, both F

S
X

 and F
S

R
 can be connected together so a single synchronization signal can

be used to drive both inputs.

F
igures 5–17 and 5–18 show

 typical data form
ats for short fram

e operation as a m
aster and configured

for 8– and 10–bit fram
e form

ats, respectively. F
igures 5–19 and 5–20 show

 typical data form
ats for

ID
L2 operation as a slave and configured for 8– and 10–bit fram

e form
ats, respectively.
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aster M
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it F
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L2 Interface Tim
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ode, 10–B
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es
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L2 Interface Tim
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ode, 8–B
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W
hen configured for long fram

e m
ode, the 8 kH

z fram
e sync is active during the 2B

+
D

 data transfer.
T

he F
S

X
 pin is used to indicate fram

e synchronization for data input into the D
in  pin for transm

ission
onto the U

–interface. T
he F

S
R

 pin is used to indicate fram
e synchronization for data recovered from

the U
–interface and output to the D

out  pin. W
hen configured for M

aster m
ode, the M

C
145572 drives

F
S

R
 and F

S
X

 sim
ultaneously. W

hen configured for ID
L2 slave operation, the M

C
145572 F

S
X

 and
F

S
R

 inputs can be driven independently. In S
lave m

ode, both F
S

X
 and F

S
R

 can be connected together
so a single synchronization signal can be used to drive both inputs.

F
igures 5–21a and 5–22a show

 typical data form
ats for long fram

e operation as a m
aster and con-

figured for 8–bit and 10–bit fram
e form

ats, respectively. F
igures 5–21b and 5–22b show

 typical data
form

ats for long fram
e operation as a slave and configured for 8–bit and 10–bit fram

e form
ats,

respectively.
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B
y setting O

R
6(b3), G

C
I M

ode E
nable to a 1, the ID

L2 interface is configured to accept G
C

I interface
tim

ing. In this m
ode, only 2B

+
D

 data is transferred betw
een M

C
145572 and G

C
I interface. T

he other
bits in the G

C
I fram

e are ignored. F
our signal pins are available in this m

ode: D
C

L, F
S

C
, D

in , and
D

out . C
ontrol and status inform

ation for M
C

145572 is provided through S
C

P
 or P

C
P. D

C
L is a 2X

bit clock, D
in  accepts data from

 the ID
L2 interface to be transm

itted onto the U
–interface, D

out  trans-
m

its data received from
 the U

–interface onto the ID
L2 interface, and F

S
C

 is the 8 kH
z fram

e syn-
chronization pulse. D

out  is driven only w
hen 2B

+
D

 data is output from
 M

C
145572. D

uring all other
bit tim

es of the G
C

I fram
e, D

out  is high im
pedance. F

or applications having a m
ultiplexed G

C
I fram

e
structure, O

verlay register O
R

5 bits 2:0 are used to program
 the active G

C
I channel in the m

ultiplex.

F
igure 5–23 show

s the G
C

I data form
at that is transferred over the ID

L2 interface. S
ee C

hapter 8
for m

ore details, if an application requires full G
C

I capability.
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 D
ata F

orm
ats
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T
he M

C
145572 can be configured for ID

L2 m
aster or ID

L2 slave operation independently of LT
 or

N
T

 configuration. A
 logic 1 selects ID

L2 m
aster operation and a logic 0 selects ID

L2 slave operation.

W
hen configured as an ID

L2 slave, F
S

X
 and F

S
R

 can be independently driven by external circuitry.
F

S
X

 and F
S

R
 m

ust be synchronized to the clock applied to D
C

L. If there is only a single synchronization
source, the F

S
R

 and F
S

X
 pins can be tied together and driven from

 a single source. In S
lave m

ode,
the ID

L2 interface can accept an input clock at D
C

L betw
een 512 kH

z and 8.192 M
H

z.

A
s an ID

L2 m
aster, M

C
145572 drives F

S
X

 and F
S

R
 sim

ultaneously, so that the active high tim
e of

each signal coincides w
ith each other. T

he 2B
+

D
 data transfer into D

in  and out of D
out  occurs

sim
ultaneously. F

or applications w
here only one output synchronization pulse is required, either F

S
X

or F
S

R
 can be used. A

s an ID
L2 m

aster, M
C

145572 outputs data clocks of 512 kH
z, 2.048 M

H
z,

and 2.56 M
H

z. T
he D

C
L clock rate is program

m
ed by B

R
7(b2) and O

R
7(b4). S

ee Table 5–4.

�
��
��

�
�
�
�
�
�

�
	
�
��

W
hen operated in M

C
U

 m
ode w

ith S
C

P
 enabled, M

C
145572 can be configured to have a separate

data port for D
 channel data. T

he D
 channel port is available for short fram

e data form
at and G

C
I

2B
+

D
 data form

at. W
hen P

C
P

 is used to access the M
C

145572 register set, the D
 channel port is

not available, since the pins are assigned to the data bus of the parallel port. T
he D

 channel port
is enabled by setting O

R
8(b0), D

 C
hannel P

ort E
nable, to a 1. A

fter a hardw
are or softw

are reset,
the D

 channel port is disabled. F
igure 5–2 show

s an LT
 m

ode configuration w
ith D

 channel port enabled.

T
he D

 channel port has three signals: D
C

H
in  (D

 channel data input), D
C

H
out  (D

 channel data output),
and D

C
H

C
LK

 (D
 channel clock). W

hen the D
 channel port is enabled, D

C
H

C
LK

 is alw
ays a clock

output. T
he clock is a gated clock, based on w

hatever is on D
C

L. T
he clock occurs w

henever the
norm

al D
1 and D

2 bits w
ould have occurred during the transfer taking place over D

out  w
ith respect

to F
S

R
. Internal buffering of the data received on D

C
H

in  aligns the data for transm
ission onto the

U
–interface. D

C
H

out  does not go high im
pedance.

W
hen the D

 channel port is enabled, D
 channel bits are diverted to the port, and the D

out  pin on the
ID

L2 interface is high im
pedance during the D

 bit tim
es. D

ata bits received at ID
L2 interface D

in  pin
are ignored during the D

 channel bit tim
es. In tim

eslot assigner m
ode, D

 channel bits are transferred
at the tim

e program
m

ed in register O
R

2, D
out  D

 C
hannel Tim

eslot bits. F
igures 5–24

 through 5–26
show

 the D
 channel port tim

ing.
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 C
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T
he M

C
145572 has a tim

eslot assigner that can be used w
hen configured for M

C
U

 m
ode. T

he tim
eslot

assigner is enabled w
hen one or m

ore of O
R

6(b7, b6, or b5) are set to a 1. T
he starting tim

eslot(s)
are program

m
ed into O

verlay registers O
R

0 – O
R

5. T
he B

1, B
2, and D

 channels are each indepen-
dently program

m
able for both transm

it and receive directions.

Tim
eslots are each tw

o D
C

L clocks w
ide. Tim

eslot num
bering starts from

 tim
eslot 0. Tim

eslot 0
occurs during the first tw

o D
C

L clocks follow
ing F

S
X

 or F
S

R
. D

C
L clocks are num

bered starting from
0. C

lock num
ber 0 is the first D

C
L clock after the fram

e sync pulse F
S

X
 or F

S
R

. S
ince F

S
X

 and F
S

R
can occur at different tim

es, D
C

L clocks are counted referenced to either F
S

X
 or F

S
R

 depending on
w

hich data direction is being configured. T
he tim

eslot num
ber is calculated by counting the D

C
L

clocks after the appropriate fram
e sync w

here it is desired to place the start of the B
 or D

 channel
tim

eslot. T
his D

C
L count is divided by tw

o and the resulting value is w
ritten to the appropriate tim

eslot
register.

T
he D

 channel data is alw
ays tw

o contiguous D
C

L clocks or one tim
eslot in duration. B

 channel data
is alw

ays eight contiguous D
C

L clocks or four tim
eslots in duration. B

 channel tim
eslots m

ay be pro-
gram

m
ed to start in any tim

eslot, though in norm
al applications, B

 channel tim
eslots are program

m
ed

to start on every fourth tim
eslot or eighth D

C
L clock. D

ata is transferred betw
een M

C
145572 and the

ID
L2 interface only during B

1, B
2, or D

 channel tim
eslots that are enabled. W

hen a B
 or D

 channel
tim

eslot is disabled, data appearing at the D
in  pin is ignored and the D

out  pin is high im
pedance.

Table 5–5 details the tim
eslot assigner registers in the overlay register set. S

ee F
igures 5–27 and

5–28 for tim
eslot form

at exam
ples.

T
he register program

m
ing for F

igure 5–27 is as follow
s:

O
R

0 =
 $04

O
R

3 =
 $00

O
R

6 =
 $E

0
O

R
1 =

 $0B
O

R
4 =

 $08
O

R
7 =

 $20
O

R
2 =

 $01
O

R
5 =

 $0D
O

R
8 =

 $08

T
he register program

m
ing for F

igure 5–28 is as follow
s:

O
R

0 =
 $00

O
R

6 =
 $50

O
R

2 =
 $0D

O
R

7 =
 $20

O
R

3 =
 $04

O
R

8 =
 $08

O
R

5 =
 $01

T
he register program

m
ing for F

igure 5–29 is as follow
s:

O
R

0 =
 $00

O
R

3 =
 $00

O
R

6 =
 $E

0
O

R
1 =

 $0B
O

R
4 =

 $0B
O

R
7 =

 $00
O

R
2 =

 $08
O

R
5 =

 $08
O

R
8 =

 $09

E
nabling the tim

eslot assigner overrides all other ID
L2 fram

e form
ats w

ith the exception of G
C

I 2B
+

D
.

In G
C

I 2B
+

D
 data form

at, O
R

5 bits 2:0 are used to select the active G
C

I channel.

W
hen the D

 channel port is enabled, the corresponding D
 channel tim

eslot is not enabled on the ID
L2

interface. Instead, the D
 channel data is transferred over the D

 channel port referenced to F
S

R
 as

program
m

ed in O
verlay registers O

R
2 or O

R
5. T

his is also true w
hen ID

L2 G
C

I 2B
+

D
 m

ode has been
enabled. T

he D
out  pin of the ID

L2 interface is high im
pedance and data at D

in  is ignored. F
igure 5–29

gives an exam
ple of D

 channel port operation w
hen the tim

eslot assigner is enabled.

Table 5–5. Tim
eslot A

ssigner R
egisters

O
R

0
D

out  B
1 C

hannel Tim
eslot B

its (7:0)

O
R

1
D

out  B
2 C

hannel Tim
eslot B

its (7:0)

O
R

2
D

out  D
 C

hannel Tim
eslot B

its (7:0)

O
R

3
D

in  B
1 C

hannel Tim
eslot B

its (7:0)

O
R

4
D

in  B
2 C

hannel Tim
eslot B

its (7:0)

O
R

5
D

in  D
 C

hannel Tim
eslot B

its (7:0) and G
C

I S
lot (2:0)

O
R

6
T

S
A

B
1 E

nable
T

S
A

B
2 E

nable
T

S
A

D
 E

nable
G

C
I S

elect
M

4 – B
R

0
G

C
I M

ode
E

nable
R

eserved
R

eserved
R

eserved
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igure 5–29. Tim
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ple w
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hannel P
ort E

nabled
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NOTE: D Channel is in TS8 referenced to FSR.
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T
he M

C
145572, operating at a D

C
L clock of 4.096 M

H
z, allow

s up to 256 start tim
es for data channels

(see Table 5–6). Tim
eslot 0 starts im

m
ediately follow

ing the F
S

X
/F

S
R

 pulse. Tim
eslot 1 is tw

o D
C

L
pulses later, counted from

 the rising edge.

Table 5–6. M
axim

um
 N

um
ber of Tim

eslots vs D
C

L F
requency

D
C

L F
requency

M
ax Tim

eslot (H
ex)

M
ax Tim

eslot (D
ecim

al)

4.096 M
H

z
$F

F
255

2.56 M
H

z
$9F

159

2.048 M
H

z
$7F

127

512 kH
z

$1F
31

F
igure 5–30 show

s the relationship of the F
S

R
 and F

S
X

 pulses, D
C

L, and tim
eslot locations. E

ach
tim

eslot is on a tw
o clock boundary, and is nam

ed T
S

0 to T
S

n – 1, w
here n is the m

axim
um

 num
ber

of tim
eslots for the current operating data clock. A

 B
 channel occupies four contiguous 2–bit tim

eslots.
A

 D
 channel occupies a single 2–bit tim

eslot.

T
he follow

ing form
ula calculates the m

axim
um

 num
ber of tim

eslots for other values of D
C

L frequency.

=
 M

axim
um

 N
um

ber of Tim
eslots

fD
C

L
16  kH

z

B
 and D

 channel registers are program
m

ed w
ith the follow

ing form
ula.

B
 R

egister V
alue =

 T
S

x

D
 R

egister V
alue =

 T
S

x

w
here the x of T

S
x is the value program

m
ed into a register. A

ll num
bers are program

m
ed in hex.

A
ny B

 channel m
ust be assigned to a tim

eslot at or before T
S

n – 4. W
here T

S
n – 1 is the m

axim
um

tim
eslot num

ber for the current operating data clock. T
he three tim

eslots follow
ing any B

 channel
assignm

ent are reserved for that B
 channel and m

ay not be assigned to any other data channel.

R
egisters O

R
0 – O

R
5 are program

m
ed in the above fashion.

F
igure 5–30. Tim

eslot N
um

bering

�
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�
�
�
�


�
�

N
O

T
E

If tim
eslot assignm

ent m
ode is enabled via O

R
6 b(7), b(6), or b(5), then the ID

L2 8/10 con-
trol bit is ignored and B

 channel and D
 channel data is placed according to O

R
0 – O

R
5.

T
he T

S
E

N
 function is available w

hen the tim
eslot assigner is enabled.
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T
he M

C
145572 provides signals that indicate the relationship betw

een data transferred over the ID
L2

interface and w
here that data is positioned in the U

–interface superfram
e. In ID

L2 short fram
e and

long fram
e operation, the S

FA
X

 and S
FA

R
 pins are used to indicate the ID

L2 2B
+

D
 data fram

e that
corresponds to the first 2B

+
D

 block in basic fram
e 1 of the U

–interface superfram
e. T

his feature is
enabled by setting O

R
8(b1), S

FA
X

/S
FA

R
 E

N
A

B
LE

 to a 1 w
hen the M

C
145572 is configured for ID

L2
operation.

S
FA

X
 provides superfram

e alignm
ent tim

ing for data transm
itted onto the U

–interface. It is active dur-
ing the ID

L2 fram
e that corresponds to the 2B

+
D

 data transm
itted at the start of basic fram

e 1 on the
U

–interface. In N
T

 m
ode, S

FA
X

 is alw
ays an output. In LT

 m
ode, S

FA
X

 defaults to an input and is
used to force alignm

ent of the outgoing superfram
e, as w

ell as indicating transfer of the first 2B
+

D
fram

e of U
–interface basic fram

e 1 into D
in  of the ID

L2 interface. W
hen in LT

 m
ode, setting O

R
8(b5),

S
FA

X
 O

utput E
nable to a 1, configures S

FA
X

 as an output and indicates transfer of the first 2B
+

D
fram

e of U
–interface basic fram

e 1 into D
in  of the ID

L2 interface. W
hen S

FA
X

 is not enabled as an
input, the M

C
145572 selects the starting point of the transm

itted superfram
e w

hen in LT
 m

ode.

S
FA

R
 provides superfram

e alignm
ent tim

ing for data received from
 the U

–interface. It is active during
the ID

L2 fram
e that outputs 2B

+
D

 data from
 the M

C
145572 that arrived at the start of basic fram

e
1 on the U

–interface. S
FA

R
 is alw

ays an output w
hen enabled.

W
hen configured for G

C
I 2B

+
D

 operation, the F
S

C
 signal is used to indicate superfram

e alignm
ent.

T
he superfram

e alignm
ent signal(s) occur once every 96 ID

L2 or G
C

I fram
es. S

ince fram
es are

125 µs in duration, this corresponds to 12 m
s (96 x 125 µs), w

hich is the duration of a U
–interface

superfram
e.
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In ID
L2 short fram

e form
at, S

FA
X

 and S
FA

R
 indicate the ID

L2 fram
e corresponding to the first 2B

+
D

block in the U
–interface superfram

e by pulsing high for one D
C

L clock tim
e. T

his occurs im
m

ediately
follow

ing the ID
L2 fram

e syncs F
S

X
 and F

S
R

 (see F
igures 5–31a and 5–32a). W

hen configured as an
input, S

FA
X

 m
ust be driven high for the D

C
L clock period im

m
ediately follow

ing F
S

X
 and it is sam

pled
on the falling edge of D

C
L.

	
��

�

��

��
�
�

�
�

�
�

�
�
�
�

�
�

�
�
�

�
�

�
�
�
�
�
�
�

�
�
�
��

�
�

�
�

�

In ID
L2 long fram

e form
at, S

FA
X

 and S
FA

R
 indicate the ID

L2 fram
e corresponding to the first 2B

+
D

block in the U
–interface superfram

e by pulsing high for the duration of F
S

X
 and F

S
R

, respectively
(see F

igures 5–31b and 5–32b).
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W
hen configured for ID

L2 G
C

I 2B
+

D
 data form

at, O
R

6(b3) =
 1, the M

C
145572 uses the F

S
C

 signal
to indicate superfram

e alignm
ent. Inputs on S

FA
X

 are ignored.

In LT
 m

ode, w
hen M

C
145572 is configured as an ID

L2 slave, the F
S

C
 pin is used to force alignm

ent
of the transm

itted U
–interface superfram

e. N
orm

ally, the F
S

C
 pulse is tw

o D
C

L clocks in duration.
T

he transm
it superfram

e alignm
ent is set by driving F

S
C

 w
ith a one D

C
L clock w

ide pulse once every
96 G

C
I fram

es. T
he 2B

+
D

 data read into the D
in  pin, corresponding to the single clock w

ide F
S

C
,

is the first 2B
+

D
 fram

e transm
itted onto the U

–interface. If superfram
e alignm

ent is not input to F
S

C
,

the M
C

145572 aligns the outgoing U
–interface superfram

e alignm
ent (see F

igure 5–33).

W
hen configured for M

aster m
ode and either LT

 or N
T

 operation, reception of the first 2B
+

D
 data

of the U
–interface superfram

e is indicated by outputting a F
S

C
 pulse that is one D

C
L clock w

ide.
T

his happens once every 96 G
C

I fram
es.
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F
igure 5–31a.

S
hort F

ram
e M

ode

F
igure 31b.

Long F
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e M
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N
O

T
E

:T
he #1 (circled) indicates w

hich 2B
+

D
 transfer is the first of the superfram

e. T
he clock, D

C
L, is continuous.

F
igure 5–31. S

FA
R

 Tim
ing
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F
igure 5–32a.

S
hort F

ram
e M

ode

F
igure 5–32b.

Long F
ram

e M
ode
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N
O

T
E

:T
he #1 (circled) indicates w

hich 2B
+

D
 transfer is the first of the superfram

e. T
he clock, D

C
L, is continuous.

F
igure 5–32. S

FA
X

 Tim
ing
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In N
T

 m
ode, ID

L2 slave operation, any superfram
e alignm

ent inform
ation that m

ay be present on
F

S
C

 is ignored. A
N

S
I T

1.601 defines a 60 ± 2 baud turnaround at the N
T. T

his m
eans that the trans-

m
itted S

uperfram
e S

ync w
ord in the N

T
–configured M

C
145572 is delayed 60 bauds or 750 µs from

the received S
uperfram

e S
ync w

ord. O
n an 18,000–foot loop, the total propagation delay in both direc-

tions is approxim
ately 6 bauds or 39 µs. T

his gives a w
orse case offset betw

een the transm
itted sync

w
ord at LT

 and the receive sync w
ord at N

T
 of approxim

ately 790 µs or 6 ID
L fram

es.
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U
pon initial activation, M

C
145572 transm

its all 1s in the B
 and D

 channels onto the U
–interface. D

ata
transparency is enabled by setting C

ustom
er E

nable (N
R

2(b0)), w
hen the M

4 channel a
ct

 bit is re-
ceived as a 1. If the V

erified a
ct

/d
e

a
 m

ode is enabled, see B
R

9(b5,b4), then data transparency onto
the U

–interface is autom
atically enabled w

hen the M
4 channel a

ct
 bit is received as a 1.
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D
ue to the M

C
145572 having separate F

IF
O

s for receive and transm
it directions, there is a propagation

delay betw
een data being input into the ID

L2 or G
C

I interfaces and that sam
e data being transm

itted
onto the U

–interface. Likew
ise, there is a delay betw

een w
hen data is received at the U

–interface
and is transm

itted onto the ID
L2 or G

C
I interfaces. Table 5–7 gives the m

inim
um

 and m
axim

um
 delays

for both N
T

 and LT
 m

odes of operation. F
or any given activation, the delay rem

ains fixed, but the
propagation delay through the M

C
145572 w

ill vary from
 activation to activation.

Table 5–7. F
IF

O
 D

elays T
hrough the M

C
145572

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

D
elay P

ath
Á
Á
Á
Á

Á
Á
Á
Á

M
in
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

M
ax
Á
Á
Á
Á

Á
Á
Á
Á

U
nits

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

N
T

 M
ode F

S
X

 to U
–Interface Transm

ission D
elay

Á
Á
Á
Á

Á
Á
Á
Á

196
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

315
Á
Á
Á
Á

Á
Á
Á
Á

µs
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

N
T

 M
ode U

–Interface to F
S

R
 Transm

ission D
elay

Á
Á
Á
Á

Á
Á
Á
Á

281
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

400
Á
Á
Á
Á

Á
Á
Á
Á

µs
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

LT
 M

ode F
S

X
 to U

–Interface Transm
ission D

elay
Á
Á
Á
Á

Á
Á
Á
Á

184
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

328
Á
Á
Á
Á

Á
Á
Á
Á

µs
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

LT
 M

ode U
–Interface to F

S
R

 Transm
ission D

elay
Á
Á
Á
Á

Á
Á
Á
Á

281
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

400
Á
Á
Á
Á

Á
Á
Á
Á

µs

N
O

T
E

T
he total end–to–end delay is the sum

 of the transm
it F

IF
O

 delay in the originating trans-
ceiver and the receive F

IF
O

 delay at the destination transceiver.
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T
he M

C
145572 U

–interface transceiver supports four different loopback types, each having various
m

odes. T
he four types are: 1) U

–Interface Loopback, 2) ID
L2 Interface Loopback, 3) S

uperfram
e

F
ram

er–to–D
efram

er Loopback, and 4) E
xternal A

nalog Loopback. E
ach of these loopback m

odes
is selected by setting bits in the appropriate register(s). A

ny com
bination of loopbacks m

ay be invoked,
including sim

ultaneous loopbacks tow
ard the U

–interface and tow
ard the ID

L2 interface. T
hese loop-

backs are available as transparent or non–transparent. “Transparent” m
eans that a loopback passes

the data on through to the other side, as w
ell as looping it back. “N

on–transparent” m
eans that the

data is blocked from
 being passed dow

nstream
 and is replaced w

ith the idle code (all 1s).
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A
 U

–interface loopback configuration is show
n in F

igure 5–34. A
s the shaded portion of the block

diagram
 show

s, this loopback m
ode exercises virtually the entire U

–interface transceiver. T
he 2B

1Q
sym

bols are received from
 the far–end transm

itter, recovered, passed through the ID
L2 interface block,

and transm
itted back to the far–end receiver.

T
he four m

ost significant bits of B
R

6 control the U
–interface loopback m

odes. T
he loopback occurs

in the ID
L2 interface section of M

C
145572. D

ata appearing at the D
in  pin is ignored (i.e., not

transm
itted onto the U

–interface). B
y setting U

–Loop Transparent (B
R

6(b4)), to a 1, the loopback
is m

ade transparent and the D
out  pin is enabled, perm

itting transfer of recovered data onto the ID
L2

interface. W
hen U

–Loop Transparent (B
R

6(b4)), is reset to a 0, the B
 and D

 channels at the D
out

pin are forced to idle 1s w
hen a loopback is enabled. If ID

L2 Invert (B
R

7(b4)) is set to a 1, then the
B

 and D
 channels at the D

out  pin idle at all 0s.

T
he U

–interface loopback is selected by setting one or m
ore of U

–loop B
1, U

–loop B
2, or U

–loop
2B

+
D

 (B
R

6(b7:b5)) to a 1. To enable loopback of B
1 channel data to the U

–interface, U
–loop B

1
(B

R
6(b7)) is set to a 1. To enable loopback of B

2 channel data to the U
–interface, U

–loop B
2 (B

R
6(b6))

is set to a 1. To enable loopback of 2B
+

D
 data to the U

–interface, U
–loop 2B

+
D

 (B
R

6(b5)) is set to
a 1. T

he 2B
+

D
 loopback overrides any B

1 or B
2 channel loopback that has been enabled. W

hen
the A

utom
atic eoc P

rocessor in the M
C

145572 is enabled, the logical O
R

 of loopback m
odes enabled

by the A
utom

atic eoc P
rocessor and loopback m

odes selected in B
R

6 are enabled. A
s a result, the

external m
icrocontroller can alw

ays enable a loopback w
hether the U

–interface transceiver is oper-
ated w

ith the A
utom

atic eoc P
rocessor or not.

W
hen the U

–interface transceiver is operating w
ithout the A

utom
atic eoc P

rocessor, loopback m
odes

can be disabled by setting to a 1 and then resetting to a 0, the R
eturn to N

orm
al bit, N

R
0(b0). T

his
clears all bits in B

R
6 and clears the crc

 C
orrupt C

ontrol bit, B
R

8(b3). T
he loopback m

odes can also
be cleared by resetting the appropriate bits in B

R
6 to a 0.
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F
igure 5–34. U

–Interface Loopback B
lock D

iagram
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A
n ID

L2 interface loopback is show
n in F

igure 5–35. A
s the shaded portion of the block diagram

 show
s,

this loopback m
ode takes B

 and D
 channel data in at the ID

L R
x pin and sends the sam

e data back
out the ID

L2 T
x pin.

T
he four least significant bits of B

R
6 control the ID

L2 Interface loopback m
odes. T

he loopback occurs
in the ID

L2 interface block of the M
C

145572. B
y setting ID

L2–Loop Transparent (B
R

6(b0)) to a 1,
the loopback is m

ade transparent and the data input on the D
in  pin is transm

itted onto the U
–interface.

W
hen ID

L2–Loop Transparent (B
R

6(b0)) is reset to a 0, the data transm
itted on the U

–interface is
forced to idle 1s w

hen an ID
L2 interface loopback m

ode is enabled.

A
n ID

L2 interface loopback is selected by setting one or m
ore of the registers ID

L2–loop B
1, ID

L2–loop
B

2, or ID
L2–loop 2B

+
D

 (B
R

6(b3:b1)) to a 1. To enable loopback of B
1 channel data to the ID

L2 inter-
face, ID

L2–loop B
1 (B

R
6(b3)) is set to a 1. To enable loopback of B

2 channel data to the ID
L2 inter-

face, ID
L2–loop B

2 (B
R

6(b2)) is set to a 1. To enable loopback of 2B
+

D
 data to the ID

L2 interface,
ID

L2–loop 2B
+

D
 (B

R
6(b1)) is set to a 1. T

he 2B
+

D
 loopback m

ode overrides any B
1 or B

2 channel
loopback that has been enabled. ID

L2 interface loopback m
odes are independent of U

–interface loop-
back m

odes and, as a result, these loopback m
odes can be operational sim

ultaneously.

ID
L2 interface loopback m

odes can be disabled by setting to a 1 and then resetting to a 0, the R
eturn

to N
orm

al bit (N
R

0(b0)). T
his clears all bits in B

R
6 and the crc

 C
orrupt C

ontrol bit, (B
R

8(b3)). ID
L2

interface loopback m
odes can also be cleared by resetting the appropriate bits in B

R
6 to a 0.
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F
igure 5–35. ID

L2 Interface Loopback B
lock D

iagram
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A
 S

uperfram
e F

ram
er–to–D

efram
er loopback is show

n in F
igure 5–36. A

s the shaded portion of the
block diagram

 show
s, this loopback m

ode takes B
 and D

 channel data in at the D
in  pin and M

 channel
data via the S

C
P, perform

s all of the superfram
e fram

ing and subsequent defram
ing functions, and

sends the sam
e data back out the D

out  pin and S
C

P. T
his loopback m

ode is intended prim
arily for

diagnostic purposes.

R
egister B

R
14(b4) controls the S

uperfram
e F

ram
er–to–D

efram
er Loopback m

ode. T
he loopback of

B
, D

, a
n

d M
 ch

a
n

n
e

l d
a

ta o
ccu

rs b
e

tw
e

e
n th

e o
u

tp
u

t o
f th

e S
u

p
e

rfra
m

e F
ra

m
e

r b
lo

ck o
f th

e
M

C
145572 and the S

uperfram
e D

efram
er input. In this loopback m

ode, the T
x D

river is disabled. A
 1

w
ritten to B

R
14(b4) enables the m

ode and a 0 disables the m
ode. In addition, M

atch S
cram

bler
(B

R
8(b2)) and R

eceive W
indow

 D
isable (B

R
8(b1)) should be set to a 1.

T
he procedure to enable the S

uperfram
e F

ram
er–to–D

efram
er loopback for a single N

T
–configured

U
–interface transceiver follow

s, w
ith all num

bers given in hexadecim
al.

B
R

8
 =

 B
7

M
a

tch
 P

o
lyn

o
m

ia
ls, R

e
ce

ive
 W

in
d

o
w

 D
isa

b
le

, se
t N

T
/L

T
 In

ve
rt,

tra
n

sm
it

 
F

ra
m

e
 C

o
n

tro
l sta

te
 S

N
3

.

W
ait 5 seconds for the P

LL to stabilize.

B
R

1
4
 =

 1
0

E
n

a
b

le
 F

ra
m

e
r–

to
–

D
e

fra
m

e
r L

o
o

p
b

a
ck, E

n
a

b
le

 C
L

K
s. E

n
a

b
le

 C
L

K
s is 

o
p

tio
n

a
l a

n
d

 e
n

a
b

le
s S

Y
S

C
L

K
 to

 d
isp

la
y a

n
 E

ye
 P

a
tte

rn
.

B
R

1
2

 =
 8

9
C

o
n

tro
l S

te
e

r, H
o

ld
 A

ctiva
tio

n
 S

ta
te

, F
o

rce
 L

in
ku

p
.

B
R

1
3

 =
 0

C
A

ccu
m

u
la

te
 D

F
E

 O
u

tp
u

t a
n

d
 E

n
a

b
le

 D
F

E
 U

p
d

a
te

s. D
isa

b
le

 E
ch

o
C

a
n

ce
lle

rs.
N

R
2

 =
 1

S
e

t C
u

sto
m

e
r E

n
a

b
le

.
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igure 5–36. S

uperfram
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–to
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efram
er Loopback B

lock D
iagram
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T
he procedure to enable the S

uperfram
e F

ram
er–to–D

efram
er loopback for a single LT

–configured
U

–interface transceiver follow
s, w

ith all num
bers given in hexadecim

al.

N
R

0
 =

 8
A

sse
rt re

se
t, n

o
t re

q
u

ire
d

.
N

R
0

 =
 0

D
e

a
sse

rt re
se

t, n
o

t re
q

u
ire

d
.

B
R

1
4

 =
 1

0
E

n
a

b
le

 F
ra

m
e

r–
to

–
D

e
fra

m
e

r L
o

o
p

b
a

ck, E
n

a
b

le
 C

L
K

s. E
n

a
b

le
 C

L
K

s is
o

p
tio

n
a

l a
n

d
 e

n
a

b
le

s S
Y

S
C

L
K

 to
 d

isp
la

y a
n

 E
ye

 P
a

tte
rn

.
B

R
8

 =
 B

6
M

a
tch

 P
o

lyn
o

m
ia

ls, R
e

ce
ive

 W
in

d
o

w
 D

isa
b

le
, d

o
 n

o
t se

t N
T

/L
T

 
In

ve
rt, tra

n
sm

it F
ra

m
e

 C
o

n
tro

l sta
te

 S
L

3
.

B
R

1
2

 =
 8

9
C

o
n

tro
l S

te
e

r, H
o

ld
 A

ctiva
tio

n
 S

ta
te

, F
o

rce
 L

in
ku

p
.

B
R

1
3

 =
 0

C
A

ccu
m

u
la

te
 D

F
E

 O
u

tp
u

t a
n

d
 E

n
a

b
le

 D
F

E
 U

p
d

a
te

s. D
isa

b
le

 E
ch

o
C

a
n

ce
lle

rs.
N

R
2

 =
 1

S
e

t C
u

sto
m

e
r E

n
a

b
le

.

To turn off the S
uperfram

e F
ram

er–to–D
efram

er loopback.

B
R

1
4
 =

 $
0
0

B
R

8
 =

 $
0

0
B

R
1

2
 =

 $
0

0
B

R
1

3
 =

 $
0

0
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T
his section describes how

 to enable the S
uperfram

er F
ram

er–to–D
efram

er loopback in applications
w

here m
ultiple M

C
145572s are norm

ally operated in N
T

 m
ode. A

 typical application is rem
ote access

equipm
ent having four to eight M

C
145572 devices connected to a single tim

e division m
ultiplex bus.

T
his tim

e division m
utliplex bus is connected to either an M

P
C

860M
H

 or 68M
H

360. T
he purpose of

this section is to ensure that the D
C

L and F
S

R
 signal tim

ing to the M
C

145572 device on w
hich the

loopback is being perform
ed is derived from

 that sam
e M

C
145572.

In N
T

 system
s, the 20.48 M

H
z clocks of the individual M

C
145572s are not synchronized to each other

w
hen all the transceivers are deactivated. T

hus, w
hen perform

ing a S
uperfram

er F
ram

er–to–D
efram

er
loopback (or external analog loopback), a specific transceiver’s D

C
L and F

S
R

/F
S

X
 signals m

ust not
be traceable to another M

C
145572. T

his ensures that clock slips do not occur betw
een the D

C
L/F

S
R

signals and the 20.48 M
H

z clock of the M
C

145572 device under test.

In LT
 m

ode configurations, this is norm
ally not a problem

, since all of the M
C

145572s have their
20.48 M

H
z oscillators locked to system

 backplane tim
ing. T

here w
ill never be any clock slips.

S
ystem

s having m
ultiple N

T
 m

ode U
 transceivers on a T

D
M

 bus com
e in tw

o types of architectures.

S
ystem

 Type N
o. 1: O

ne U
 transceiver is configured as the T

D
M

 m
aster and the others are

configured as T
D

M
 slaves.

S
ystem

 Type N
o. 2:

 A
ll U

 transceivers are configured as T
D

M
 slaves (M

/S
 pin connected to

V
S

S
). O

ne U
 transceiver is selected to provide a locked system

 clock from
 w

hich is derived the
D

C
L and F

S
R

/F
S

X
 signals that are provided to all U

 transceivers. Typically in such system
s,

there is a m
ux that allow

s the locked clock to be selected from
 one of the U

 transceivers. T
his

allow
s any transceiver to provide the m

aster clock. T
he clock source can com

e from
 the

F
R

E
Q

R
E

F
 pin (see O

R
8(b4) description), B

U
F

X
TA

L pin, or S
Y

S
C

LK
 pin.

In either type of system
 architecture, the S

uperfram
e F

ram
er–to–D

efram
er loopback can be done

on only one M
C

145572 at a tim
e.

S
ystem

 Type N
o. 1:

 T
he transceiver on w

hich the loopback test is perform
ed is put into T

D
M

m
aster m

ode. T
his is done by connecting the M

/S
 pin to V

D
D

 or setting B
R

7(b1) to a 1, in the
case of the M

/S
 pin hardw

ired to V
S

S
. T

he other M
C

145572s are put into slave m
ode.

S
ystem

 Type N
o. 2:

 E
nable the m

ux to select its reference clock source from
 the transceiver on

w
hich the loopback test is being perform

ed.
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B
elow

 is the procedure to perform
 the M

C
145572 S

uperfram
e F

ram
er–to–D

efram
er loopback on the

M
C

145572.

M
ake sure that there is a 10 kΩ

 pulldow
n resistor on the S

FA
X

 pin.

S
et B

R
8(b0) =

 1 to put the selected M
C

145572 into LT
 m

ode. (F
or devices w

ith the N
T

/LT
 pin

connected to V
D

D
.)

S
et B

R
8(b0) =

 0 to ensure the selected M
C

145572 is in LT
 m

ode. (F
or devices w

ith the N
T

/LT
pin connected to V

S
S

.)

W
ait 5 seconds for the M

C
145572 on–chip P

LL to stabilize. W
rite the follow

ing data to the
M

C
145572 registers.

B
R

1
4
 =

 $
1
0

B
R

8
 =

 $
B

7

B
R

1
2

 =
 $

8
9

B
R

1
3

 =
 $

0
C

N
R

2
 =

 $
0

1

C
onfigure the ID

L bus or tim
eslot assigner for the bus form

at required to send/receive data w
ith

the M
C

145572.

T
he M

C
145572 is ready for the loopback test w

hen N
R

1 reads as $0B
.

To turn off the S
uperfram

e F
ram

er–to–D
efram

er loopback.

B
R

1
4
 =

 $
0
0

B
R

8
 =

 $
0

0

B
R

1
2

 =
 $

0
0

B
R

1
3

 =
 $

0
0
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A
n external analog loopback is show

n in F
igure 5–37. A

s the shaded portion of the block diagram
show

s, this loopback m
ode takes B

 and D
 channel data in at the D

in  pin, and transm
its the data out

the T
x D

river pins. T
he 2B

1Q
 signal passes through the external line interface circuitry and back into

the receiver input pins. T
he signal is then recovered and sent out the D

out  pin. It is recom
m

ended
that Tip and R

ing be physically disconnected from
 the U

–interface tw
isted w

ire pair. T
his is perhaps

the easiest w
ay to assure that the transm

itted signal is not properly term
inated, resulting in very little

trans–hybrid loss. D
o not use a 135–ohm

 term
ination resistor.

O
R

7 bits 6 and 7 can be used to m
odify operation of the analog loopback. In order to use them

, they
m

ust be set prior to setting O
R

9 (b5). T
hese bits m

ust be cleared after the analog loopback is turned
off. T

hese bits are cleared after any reset. S
ee O

R
7 description for m

ore details.

S
ince the entire 2B

1Q
 superfram

e is being looped back, loopback data includes the 2B
+

D
 channels

and all of the M
 channels. F

or instance, data w
ritten by an external m

icrocontroller to the eoc, M
4,

and M
5/M

6 registers (R
6, B

R
0, and B

R
2), is looped back and can be read from

 the eoc, M
4, and

M
5/M

6 registers (R
6, B

R
1, and B

R
3).

F
or both N

T
 and LT

 applications, ensure that a 10 kΩ
 pulldow

n resistor is connected to S
FA

X
 pin.

P
rocedure to enable analog loopback w

hen operating N
T

/LT
 pin is connected to V

D
D

 (N
T

 m
ode).

B
R

8
(b

0
) =

 1
P

u
t in

to
 L

T
 m

o
d

e
.

D
elay 5 seconds to allow

 P
LL to stabilize.

B
R

1
0
 =

 $
0

1
E

n
a

b
le

 O
ve

rla
y R

e
g

iste
r se

t.
O

R
8

 =
 $

2
2

E
n

a
b

le
 S

F
A

X
 p

in
 a

s o
u

tp
u

t (o
n

ly re
q

u
ire

d
 fo

r a
p

p
lica

tio
n

s th
a

t 
d

o
 n

o
t h

a
ve

 th
e

 1
0

 k
Ω

 P
u

lld
o

w
n

 R
e

sisto
r).

O
R

9
 =

 $
2

0
E

n
a

b
le

 A
n

a
lo

g
 L

o
o

p
b

a
ck.

B
R

1
0

 =
 $

0
0

D
isa

b
le

 O
ve

rla
y R

e
g

iste
r se

t.
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F
igure 5–37. E

xternal A
nalog Loop

back B
lock D

iagram

O
nce the M

C
145572 has activated, N

R
1 reads as $B

.

P
rocedure to turn off analog loopback w

hen the N
T

/LT
 pin is connected to V

D
D

 (N
T

 m
ode).

B
R

1
0
 =

 $
0

1
E

n
a

b
le

 O
ve

rla
y R

e
g

iste
r se

t.
O

R
8

 =
 $

0
0

T
u

rn
 o

ff S
F

A
X

 p
in

 (o
n

ly re
q

u
ire

d
 fo

r a
p

p
lica

tio
n

s th
a

t d
o

 n
o

t 
h

a
ve

 th
e

 1
0

 kΩ
 P

u
lld

o
w

n
 R

e
sisto

r).
O

R
9

 =
 $

0
0

T
u

rn
 o

ff A
n

a
lo

g
 L

o
o

p
b

a
ck b

it.
B

R
1

0
 =

 $
0

0
D

isa
b

le
 O

ve
rla

y R
e

g
iste

r se
t.

B
R

8
(b

0
) =

 0

P
rocedure to enable analog loopback w

hen the N
T

/LT
 pin is connected to V

S
S

 (LT
 m

ode).

If the application softw
are asserts any reset to the M

C
145572 prior to initiating the loopback,

w
ait 5 seconds after deasserting the reset to allow

 the P
LL to stabilize.

B
R

1
0
 =

 $
0

1
E

n
a

b
le

 O
ve

rla
y R

e
g

iste
r se

t.
O

R
8

 =
 $

2
2

E
n

a
b

le
 S

F
A

X
 p

in
 a

s o
u

tp
u

t (o
n

ly re
q

u
ire

d
 fo

r a
p

p
lica

tio
n

s th
a

t 
d

o
 n

o
t h

a
ve

 th
e

 1
0

 k
Ω

 P
u

lld
o

w
n

 R
e

sisto
r).

O
R

9
 =

 $
2

0
E

n
a

b
le

 A
n

a
lo

g
 L

o
o

p
b

a
ck.

B
R

1
0

 =
 $

0
0

D
isa

b
le

 O
ve

rla
y R

e
g

iste
r se

t.

O
nce the M

C
145572 has activated, N

R
1 reads as $B

.
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P
rocedure to turn off analog loopback w

hen the N
T

/LT
 pin is connected to V

S
S

 (LT
 m

ode).

B
R

1
0
 =

 $
0

1
E

n
a

b
le

 O
ve

rla
y R

e
g

iste
r se

t.
O

R
8

 =
 $

0
0

T
u

rn
 o

ff S
F

A
X

 p
in

 (o
n

ly re
q

u
ire

d
 fo

r a
p

p
lica

tio
n

s th
a

t d
o

 n
o

t 
h

a
ve

 th
e

 1
0

 kΩ
 P

u
lld

o
w

n
 R

e
sisto

r).
O

R
9

 =
 $

0
0

T
u

rn
 o

ff A
n

a
lo

g
 L

o
o

p
b

a
ck b

it.
B

R
1

0
 =

 $
0

0
D

isa
b

le
 O

ve
rla

y R
e

g
iste

r se
t.N

O
T

E

In LT
 m

ode, the enabling/disabling of the S
FA

X
 pin is only required if the pin has not been

tied to ground through a 10 kΩ
 resistor.

�
��
��

�
!
��
��
�
�
	
�
�
��
�

�
�
�
�
�
�
�
�
��

�
"
�
��
�
�
�
�
 
��
�
�
�
����

��
�


�
�
�
�
�
�
�

S
ystem

s having m
ultiple N

T
 m

ode U
 transceivers on a T

D
M

 bus com
e in tw

o types of architectures.

S
ystem

 Type N
o. 1: O

ne U
 transceiver is configured as the T

D
M

 m
aster and the others are

configured as T
D

M
 slaves.

S
ystem

 Type N
o. 2:

 A
ll U

 transceivers are configured as T
D

M
 slaves. O

ne U
 transceiver is

selected to provide a locked system
 clock from

 w
hich is derived the D

C
L and F

S
R

/F
S

X
 signals

that are provided to all U
 transceivers. Typically, in these system

s there is a m
ux that allow

s
the locked clock to be selected from

 one of the U
 transceivers. T

his allow
s any transceiver to

provide the m
aster clock. T

he clock source can com
e from

 the F
R

E
Q

R
E

F
 pin (see O

R
8(b4)

description), B
U

F
X

TA
L pin, or S

Y
S

C
LK

 pin. S
ee S

ection 5.6.4 for further background m
aterial.

T
he external analog loopback can be done on only one M

C
145572 at a tim

e.

S
ystem

 Type N
o. 1: T

he transceiver that the loopback test is perform
ed on is put into m

aster
m

ode. T
he others are put into slave m

ode.

S
ystem

 Type N
o. 2: E

nable the m
ux to select its reference clock source from

 the transceiver on
w

hich the loopback test is being perform
ed.

P
rocedure to perform

 the M
C

145572 external analog loopback w
hile in N

T
 slave m

ode.

M
ake sure that there is a 10 kΩ

 pulldow
n resistor on the S

FA
X

 pin.

S
et B

R
8(b0) =

 1, to put the selected M
C

145572 into LT
 m

ode.

W
ait 5 seconds for the M

C
145572 on–chip P

LL to stabilize.

B
R

1
0
 =

 $
0
1

O
R

9
 =

 $
2

0

B
R

1
0

 =
 $

0
0

N
R

2
 =

 $
0

1

C
onfigure the ID

L bus or tim
eslot assigner for the bus form

at required to send/receive data w
ith

the M
C

145572.

T
he M

C
145572 is ready for loopback test w

hen N
R

1 reads as $0B
.

To turn off the loopback.

B
R

1
0
 =

 $
0
1

O
R

9
 =

 $
0

0

B
R

1
0

 =
 $

0
0
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T
his chapter describes the activation and deactivation procedure for the M

C
145572. It is assum

ed
that M

C
145572 is configured for the ID

L2 m
ode of operation. T

he m
aterial covered in this chapter

is useful for all applications. It is strongly recom
m

ended that this chapter be read w
hen the G

C
I m

ode
operation is to be used. C

hapter 8
 gives a detailed functional description of the G

C
I m

ode operation
including the activation and deactivation tim

e flow
 diagram

s.

A
ctivation or start–up is the process U

–interface transceivers use to initiate a robust full–duplex com
-

m
unications channel. T

his process, w
hich m

ay be initiated from
 either the LT

 or N
T

 m
ode U

–interface
transceiver, is a w

ell–defined sequence of procedures during w
hich the training of the equalizers and

echo cancellers at each end of the transm
ission line takes place. Tw

o types of activation, cold start
or w

arm
 start, m

ay occur. T
he M

C
145572 is capable of autom

atically supporting both types.

D
eactivation is the process used to gracefully end com

m
unication betw

een the U
–interface trans-

ceivers at each end of the transm
ission line. O

nly the LT
 m

ode U
–interface transceiver m

ay initiate
a deactivation procedure.

A
N

S
I T

1.601–1992 defines ten activation signals, described in Tables 6–1 and 6–2, for the U
–interface

transceivers to use during the activation procedure. F
or instance, six basic fram

es of signal T
N

 are
transm

itted by the N
T

 w
hen it w

ants to w
ake up the LT

 or in response to the LT
 transm

itting T
L. Tw

o
basic fram

es of signal T
L are transm

itted by the LT
 w

hen it w
ants to w

ake up the N
T. W

hen the N
T

is in the fully operational m
ode, it transm

its the signal know
n as S

N
3 and receives S

L3 from
 the LT

end. C
onversely, w

hen the LT
 is in fully operational m

ode, it transm
its S

L3 and receives S
N

3. O
nly

w
hen the U

–interface is fully activated, w
ith the N

T
 transm

itting signal S
N

3 and the LT
 transm

itting
S

L3, are the 2B
+

D
 channels of data capable of being transm

itted over the U
–interface.

A
N

S
I T

1.601–1992 defines the M
4 channel a

ct
 bit, see B

R
0(b7) and B

R
1(b7), w

hich signals the
far–end U

–interface transceiver that the near–end is capable of transparently passing 2B
+

D
 data.

F
igure 6–1 show

s the activation diagram
 from

 the A
N

S
I T

1.601 specification. T
his figure can be used

in conjunction w
ith this text to understand the activation sequence.
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+ �
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Tim
e

D
escription of E

vent or S
tate

T
0

R
E

S
E

T
 state.

T
1

N
etw

ork and N
T

 are aw
ake.

T
2

N
T

 discontinues transm
ission, indicating that N

T
 is ready to receive signal.

T
3

N
etw

ork responds to term
ination of signal and begins transm

itting signal tow
ard N

T.
T

4
N

etw
ork begins transm

itting S
L2 tow

ard N
T, indicating that the netw

ork is ready to receive S
N

2.
T

5
N

T
 begins transm

itting S
N

2 tow
ard the netw

ork, indicating that N
T

 has acquired S
W

 fram
e and detected S

L2.
T

6
N

T
 has acquired superfram

e m
arker, and is fully operational.

T
7

N
etw

ork has acquired superfram
e m

arker, and is fully operational.

≤
	�

 
!

�
�

�
�

�
�

F
igure 6–1. A

N
S

I U
–Interface Transceiver A

ctivation S
tate D

iagram

�
��

�
�
�
�
�
�
�
�
�
�
�
�


�
�
�
�
	
�
�
�
�

�
�
�

W
hen configured as an N

T, the M
C

145572 U
–interface transceiver can transm

it any of the signals
show

n in Table 6–1. T
he actual procedure undertaken by the device using these five signals is de-

scribed later in this chapter. S
ection 4.4.9 describes how

 to control the transm
it fram

er w
hen it is

desired to generate signals for test purposes.

Table 6–1. N
T

 M
ode A

ctivation S
ignals

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Inform
ation

S
tation
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

D
escription

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

T
N
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

A
 10 kH

z tone consisting of alternating four +
 3 quats follow

ed by four – 3 quats for a tim
e period of six

fram
es.

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
N

0
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

N
o signal transm

itted.
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
N

1
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

S
ynchronization w

ord present, no S
uperfram

e S
ynchronization w

ord (IS
W

), and 2B
+

D
+

M
 =

 1.
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
N

2
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

S
ynchronization w

ord present, no S
uperfram

e S
ynchronization w

ord (IS
W

), and 2B
+

D
+

M
 =

 1.
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
N

3
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

S
ynchronization w

ord present, S
uperfram

e S
ynchronization w

ord (IS
W

) present. M
 channel bits active.

Transm
itted 2B

+
D

 data operational w
hen M

4 a
ct 

bit =
 1. W

hen M
4 a

ct 
=

 0, transm
itted 2B

+
D

 data =
 1.
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W
hen configured as an LT, the M

C
145572 U

–interface transceiver can transm
it any of the signals

show
n in Table 6–2. T

he actual procedure undertaken by the device using these five signals is de-
scribed later in this chapter. S

ection 4.4.9 describes how
 to control the transm

it fram
er w

hen it is
desired to generate signals for test purposes.

Table 6–2. LT
 M

ode A
ctivation S

ignals

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Inform
ation

S
tation
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

D
escription

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

T
L
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

A
 10 kH

z tone consisting of alternating four +
 3 quats follow

ed by four – 3 quats for a tim
e period of tw

o fram
es.

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
L0
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

N
o signal transm

itted.
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
L1
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

S
ynchronization w

ord present, no S
uperfram

e S
ynchronization w

ord (IS
W

), and 2B
+

D
+

M
 =

 1.
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
L2
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

S
ynchronization w

ord present, S
uperfram

e S
ynchronization w

ord (IS
W

) present, 2B
+

D
 =

 0, and M
 =

 N
orm

al.
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

S
L3
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

S
ynchronization w

ord present, S
uperfram

e S
ynchronization w

ord (IS
W

) present. M
 channel bits active.

Transm
itted 2B

+
D

 data operational w
hen M

4 a
ct

 bit =
 1. W

hen M
4 a

ct
 =

 0, transm
itted 2B

+
D

 data =
 0.
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T
he M

C
145572 U

–interface transceiver can be activated in either of tw
o w

ays. T
he external m

icrocon-
troller can explicitly issue A

ctivation R
equest (N

R
2(b3) =

 1) or the transceiver detects an incom
ing

10 kH
z w

ake–up tone. A
n LT

 configured U
–interface transceiver searches for an N

T
 sending the T

N
w

ake–up tone. A
n N

T
 configured U

–interface transceiver searches for an LT
 sending the T

L w
ake–up

tone. In ID
L2 m

ode, the A
ctivation in P

rogress status bit (N
R

1(b0)) is set to a 1 w
hen an incom

ing
10 kH

z w
ake–up tone is detected. In either case, A

ctivation R
equest being set or a w

ake–up tone
being detected, the U

–interface transceiver proceeds w
ith activation autom

atically and signals the
result of the activation to the external m

icrocontroller by setting status bits in N
R

1 to $B
.

A
n N

T
 configured U

–interface transceiver alw
ays initiates activation by sending a T

N
 tone to the LT.

T
his is done in response to the LT

 sending a T
L or w

hen the A
ctivation R

equest bit (N
R

2(b3)) is set
to a 1.

A
n LT

 configured U
–interface transceiver initiates activation by sending the T

L tone w
hen the A

ctiva-
tion R

equest bit is set to a 1 by an external m
icrocontroller. T

he N
T

 U
–interface transceiver responds

to the T
L tone by sending a T

N
 tone back to the LT

 U
–interface transceiver. O

therw
ise, the LT

 U
–inter-

face transceiver w
aits for an unsolicited incom

ing T
N

 tone from
 the N

T
 U

–interface transceiver and
self–activates. R

egardless of how
 activation is initiated, the LT

 U
–interface transceiver autom

atically
activates from

 the point w
here it detects the incom

ing T
N

 tone from
 the N

T
 transceiver.

W
hen configured for M

C
U

 m
ode, all appropriate m

aintenance channel registers should be initialized
prior to setting A

ctivation R
equest (N

R
2(b3)) or im

m
ediately after detecting A

ctivation in P
rogress

(N
R

1(b0)) =
 1. In G

C
I m

ode, the M
C

145572 autom
atically initializes the m

aintenance channel regis-
ters.

S
om

e applications, such as U
–repeaters, m

ay require longer than 15 seconds of activation tim
e. T

he
15–second activation tim

er can be disabled by setting A
ctivation Tim

er D
isable (B

R
11(b0)) to a 1.
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N
T

 m
ode activation initiation is accom

plished by setting A
ctivation R

equest (N
R

2(b3)) to a 1. T
he

N
T

 U
–interface transceiver initiates activation of the U

–interface by transm
itting T

N
 for a tim

e period
of six fram

es (9 m
s) tow

ard the LT. A
t this tim

e, the N
T

 U
–interface transceiver also sets A

ctivation
in P

rogress (N
R

1(b0)) to a 1. Transm
ission of T

N
 is im

m
ediately follow

ed by transm
ission of S

N
1

w
hile the echo cancellers are trained.

F
rom

 F
igure 6–1, it can be seen that the N

T
 transceiver has a period of tim

e during activation w
here

the LT
 end is guaranteed to be quiet. T

his is to perm
it the M

C
145572 to train its echo cancellers during

the transm
ission of S

N
1.
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M
O

T
O

R
O

LA

A
fter the M

C
145572 ends transm

ission of S
N

1 it w
aits up to 480 m

s for LT
 to transm

it a signal, S
L1 or

S
L2. T

he M
C

145572 then recovers tim
ing inform

ation and transm
its S

N
2. W

hen full duplex operation
has been achieved, bits N

R
1(b3, b1, b0) are each set to a 1 and S

N
3 is enabled for transm

ission. S
N

3
is transm

itted w
ith only the m

aintenance channel bits active until transparent 2B
+

D
 transm

ission is
enabled by setting C

ustom
er E

nable (N
R

2(b0)) to a 1, or the M
4 channel a

ct
 bit has been received

w
hen the M

C
145572 is configured for the V

erified a
ct

 m
ode. S

ee B
R

9(b5,b4) for m
ore about V

erified
a

ct.

If S
N

3 is not reached w
ithin 15 seconds, activation is autom

atically aborted, E
rror Indication (N

R
1(b2))

is set to a 1, and bits N
R

1(b3, b1, b0) are each reset to a 0. T
he 15–second activation tim

er is started
w

hen A
ctivation in P

rogress (N
R

1(b0)) is set to a 1. T
he A

ctivation R
equest bit (N

R
2(b3)) is internally

reset to a 0 w
hen A

ctivation in P
rogress (N

R
1(b0)) is set to a 1.
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LT
 m

ode activation initiation is accom
plished by setting A

ctivation R
equest (N

R
2(b3)) to a 1. T

he LT
initiates activation of the U

–interface by transm
itting T

L for a period of tw
o fram

es (3 m
s) tow

ard N
T.

A
t this tim

e, the LT
 U

–interface transceiver also sets A
ctivation in P

rogress (N
R

1(b0)) to a 1. A
fter

LT
 stops sending T

L, the N
T

 transm
its T

N
 and S

N
1 and trains its echo cancellers. T

he LT
 then w

aits
for loss of the far–end signals, T

N
 and S

N
1.

Loss of T
N

 and S
N

1 reception is im
m

ediately follow
ed by the LT

 transm
ission of S

L1, w
hile the LT

end echo cancellers are trained. F
rom

 F
igure 6–1, it can be seen that the LT

 transceiver has a period
of tim

e during activation w
here the N

T
 end is guaranteed to be quiet. T

his is to perm
it the M

C
145572

to train its echo cancellers during the transm
ission of S

L1 and part of S
L2. D

uring S
L2, the M

C
145572

looks for a far–end signal. T
he M

C
145572 then recovers tim

ing inform
ation and trains for full duplex

operation. W
hen full duplex operation has been achieved, N

R
1(b3, b1, b0) are each set to a 1 and

S
L3 is transm

itted w
ith the M

 channel bits active. T
he 2B

+
D

 channels becom
e active w

hen C
ustom

er
E

nable (N
R

2(b0)) is set to a 1.

If activation continues for m
ore than 15 seconds it is aborted, E

rror Indication (N
R

1(b2)) is set to a
1, and bits N

R
1(b3,b1,b0) are each reset to a 0. T

he 15–second activation tim
er is started w

hen A
ctiva-

tion in P
rogress (N

R
1(b0)) is set to a 1. A

ctivation R
equest (N

R
2(b3)) is internally reset to a 0 w

hen
A

ctivation in P
rogress (N

R
1(b0)) is set to a 1.
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T
he Linkup status bit (N

R
1(b3)) is used to signify that the loop is active. W

ith M
C

145572 configured
as an N

T, this corresponds to N
T

 transm
itting S

N
3 and receiving S

L3. W
ith M

C
145572 configured

as an LT, this corresponds to LT
 transm

itting S
L3 and receiving S

N
3. W

hen the U
–interface is fully

active, S
uperfram

e S
ync (N

R
1(b1)) and Linkup (N

R
1(b3)) are set to a 1.

W
hen the LT

 U
–interface transceiver is activated and ready to pass 2B

+
D

 data, the M
4 channel a

ct
bit should be set per A

N
S

I T
1.601–1992. T

his is done by setting B
R

0(b7) to a 1. A
lso, it is required

that C
ustom

er E
nable (N

R
1(b0)) be set to a 1 w

hen the M
4 channel verified a

ct
/d

e
a

 m
ode is not

enabled. T
his m

ust be done after activation from
 the receive R

E
S

E
T

 state. R
efer to S

ection 4.4.10
,

for m
ore details on V

erified a
ct

/d
e

a
 and control of M

4 channel bits.

W
henever the M

C
145572 detects loss of S

uperfram
e S

ynchronization, N
R

1 becom
es $8 and an in-

terrupt is generated if enabled. T
his indicates that loss of S

uperfram
e S

ynchronization has been
detected. W

hen S
uperfram

e S
ynchronization is lost for m

ore than 480 m
s, M

C
145572 alw

ays deac-
tivates and sets N

R
1 =

 $4 error indication, and issues an interrupt if enabled. W
hen the error condition

causing loss of S
uperfram

e S
ynchronization goes aw

ay before 480 m
s has elapsed, N

R
1 returns to

$B
 and an interrupt is generated if enabled. It is not necessary to set C

ustom
er E

nable (N
R

2(b0)) to
a 1 w

hen N
R

1 returns to $B
.

T
he M

C
145572 continually m

onitors the error on its recovered signal. If the internally m
onitored error

rate becom
es too large, M

C
145572 loses data transparency and N

R
1 changes to $A

 or $8 and issues
an interrupt. N

ote that loss of S
uperfram

e S
ynchronization alw

ays m
eans that data transparency is

lost, but loss of data transparency does not alw
ays m

ean that S
uperfram

e S
ynchronization is lost.

A
lso, note that loss of signal alw

ays m
eans that S

uperfram
e S

ynchronization is lost. T
here is no tim

e
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lim
it on how

 long N
R

1 m
ay read as $A

 w
hen data transparency is lost. T

here is a 480–m
s tim

e lim
it

on N
R

1 reading as $8. A
N

S
I T

1.601 only indicates that U
–interface transceivers m

ust deactivate w
hen

S
uperfram

e S
ynchronization or receive signal is lost for m

ore than 480 m
s. If the error condition goes

aw
ay, N

R
1 returns to $B

 and an interrupt is generated, if enabled.

Loss of S
uperfram

e S
ynchronization m

ay be due to a high internally detected error rate on recovered
data or the tem

porary loss of received signal.
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A
N

S
I T

1.601 specifies that N
T

 can not initiate deactivation. T
he M

C
145572 deactivates to a w

arm
start condition w

hen D
eactivation R

equest (N
R

2(b2)) is set to a 1 prior to LT
 deactivating the U

–inter-
face. T

his should be done in response to the M
4 channel d

e
a

 bit being received as 0 by N
T

 w
hen the

loop is active. If D
eactivation R

equest (N
R

2(b2)) is not set to a 1 before LT
 deactivates the U

–inter-
face, M

C
145572 deactivates to a cold start condition and gives an error indication interrupt. D

eacti-
vation R

equest is autom
atically set if the M

4 m
aintenance bits are operated w

ith autom
atic verification

of activation and deactivation. S
o w

hen LT
 deactivates the line, N

T
 deactivates to a w

arm
 start condi-

tion. S
ee B

R
9(b5:b4) and O

R
7(b0) for m

ore inform
ation.
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A
N

S
I T

1.601 specifies that only LT
 can deactivate the U

–interface. T
his is done in the M

C
145572

by setting D
eactivation R

equest (N
R

2(b2)) to a 1.

P
rior to deactivating, LT

 should notify N
T

 of the pending deactivation by clearing the M
4 channel d

e
a

bit tow
ards N

T
 for at least three superfram

es. T
hen, deactivate LT

 by setting D
eactivation R

equest
(N

R
2(b2)) to a 1.

T
he M

C
145572, w

hen configured as an LT, has a m
ode in w

hich the M
4 channel can be updated and

sent for exactly three superfram
es before deactivation occurs. T

his is done in the follow
ing m

anner.
S

et S
uperfram

e U
pdate D

isable (N
R

2(b1)) to a 1 to disable m
aintenance channel updates. R

eset the
M

4 channel d
e

a
 bit (B

R
0(b6)) to a 0 to indicate that the LT

 initiated deactivation. R
eset S

uperfram
e

U
pdate D

isable (N
R

2(b1)) to a 0 and sim
ultaneously set D

eactivation R
equest (N

R
2(b2)) to a 1 to

re–enable m
aintenance channel updates and initiate deactivation. T

he LT
 U

–interface transceiver
then updates the m

aintenance channel S
uperfram

e F
ram

er bits and sends exactly three superfram
es

w
ith the M

4 channel d
e

a
 bit reset to a 0. T

he U
–interface transceiver then deactivates per A

N
S

I
T

1.601–1992.
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T
he M

C
145572 com

es out of hardw
are or softw

are reset w
ith custom

er data disabled. T
his corre-

sponds to C
ustom

er E
nable (N

R
2(b0)) reset to 0. W

hen the M
4 channel V

erified a
ct

/d
e

a
 m

ode is not
used, it is required that C

ustom
er E

nable (N
R

1(b0)) be set to a 1, to enable data transparency w
hen

N
R

1 becom
es $B

 after initial activation. T
he B

1, B
2, and D

 channels transm
itted on the ID

L interface
are autom

atically enabled after the M
C

145572 activates. D
ata on the B

1 channel from
 the U

–inter-
face corresponds to data in the B

1 channel tim
eslot on the ID

L interface. D
ata on the B

2 channel from
the U

–interface corresponds to data on the B
2 channel tim

eslot on the ID
L interface. T

he B
1 and B

2
channel tim

eslots on the ID
L interface can be sw

apped by setting S
w

ap B
1/B

2 (N
R

5(b0)) to a 1.
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T
he received eoc, M

4, M
5, and M

6 channel bits are available in registers R
6, B

R
1, and B

R
3 once

linkup has been attained. T
he C

ustom
er E

nable bit (N
R

2(b0)) affects only the tw
o B

 channels and
the D

 channel. S
ee B

R
0 – B

R
3 and B

R
9 descriptions for a full description of the m

aintenance channel
bits and their control.
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B
R

8(b7:b4), F
ram

e S
tate 3 through F

ram
e S

tate 0, indicates the current state of the S
uperfram

e
F

ram
er. In a U

–interface repeater, it m
ay be necessary to have N

T
 continue transm

itting S
N

2 until
LT

–configured M
C

145572 receives S
N

3. S
oftw

are m
ust m

onitor the transm
it state at least once every

m
illisecond to determ

ine w
hen N

T
 starts transm

itting S
N

2. W
hen start of S

N
2 transm

ission is de-
tected, w

rite $A
 to B

R
8(b7:b4) to hold the transm

it fram
er in S

N
2. O

nce LT
 indicates full activation, the

transm
it fram

er can be allow
ed to proceed to S

N
3 by w

riting $0 to B
R

8(b7:b4).

It m
ay also be necessary to disable the 15–second activation tim

er in repeater applications. T
his is

done by setting A
ctivation Tim

er D
isable (B

R
11(b0)) to a 1 prior to initiating activation or w

hen A
ctivation

in P
rogress, N

R
1 =

 $1, is detected.
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W
hen configured for M

C
U

 m
ode operation, the M

C
145572 provides a very flexible interface to the

4 kbps m
aintenance channel (M

 channel), defined in A
N

S
I T

1.601–1992. T
he m

aintenance channel
consists of 48 bits sent by both the LT

 and N
T

 configured U
–interface transceivers during the course

of a superfram
e. T

hese 48 bits are divided into 6 subchannels, designated M
1 through M

6, each con-
sisting of 8 bits per superfram

e. T
he eoc consists of M

1, M
2, and M

3. T
he overhead bits, such as crc

,
fe

b
e

, a
ct

, and d
e

a
, are contained in subchannels M

4, M
5, and M

6.

A
n external m

icrocontroller can read from
 or w

rite to the m
aintenance channel via the S

C
P

 or P
C

P
interfaces. Interrupts to an external m

icrocontroller can be enabled w
hen an eoc, M

4, M
5, or M

6 chan-
nel register is updated. M

aintenance channel registers can be configured to update w
hen a new

 value
is detected betw

een successive superfram
es, w

hen a bit changes, or w
hen tw

o or three successive
superfram

es of a new
 value are detected. T

he M
4 channel a

ct
 bit, B

R
1(b7), can also be configured

to autom
atically enable or disable custom

er data w
hen in N

T
 or LT

 m
ode of operation. T

he M
4 chan-

nel d
e

a
 bit, B

R
1(b6), can also be configured to autom

atically issue a deactivation request in N
T

 m
ode

of operation. T
he m

aintenance channel registers are updated only w
hen S

uperfram
e S

ync, N
R

1(b1),
is set to a 1.

S
ections 7.5 and 7.6

 provide inform
ation of interest to designers of LU

LT
/LU

N
T

 (Line U
nit Like–LT

/
Line U

nit Like–N
T

1) type line cards for use in digital loop carrier system
s using end–to–end perfor-

m
ance m

onitoring.

S
ee the B

R
9 description in S

ection 4.4.10
 for m

ore details on m
aintenance channel register opera-

tions. F
igure 7–1 show

s the relationship betw
een the received superfram

e and w
hen the interrupt line

is asserted w
hen the appropriate interrupts have been enabled.

T
he text in this chapter is based on an A

N
S

I T
1.601 com

pliant application. D
ue to the flexibility of

the M
C

145572 register interface, it can easily be used in proprietary applications.
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N
O

T
E

:
S

ince the eoc register, R
6, is updated after basic fram

es 4 and 8, IR
Q

2 can occur at either location, or both,
depending on the setting of B

R
9(B

7:b6).
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aintenance C
hannel Interrupt Tim
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T
he eoc subchannel can operate in one of three m

odes. T
he eoc register, R

6, can be updated and
an interrupt generated on every received eoc fram

e, and on a successful trinal–check of a new
 eoc

fram
e. T

his applies to the N
T

 and LT
 m

odes of operation. In N
T

 m
ode, the M

C
145572 also provides

an A
utom

atic eoc P
rocessor for autom

atic decoding and response to the A
N

S
I T

1.601–1992 eoc m
es-

sages. T
he R

6 update occurs only w
hen S

uperfram
e S

ync, N
R

2(b1), has been detected and set to
a 1. W

hen the m
icrocontroller w

rites to eoc register R
6, the new

 eoc w
ord is loaded into the S

uperfram
e

F
ram

er on the next eoc fram
e boundary, assum

ing the autom
atic eoc m

ode is not enabled. T
hese

m
odes are selected by eoc C

ontrol 1 and eoc C
ontrol 0, B

R
9(b7:b6).

In Trinal–C
heck m

ode, R
6 is updated w

hen three consecutively received eoc fram
es are the sam

e.
W

hen the autom
atic eoc m

ode w
ith trinal–check has been selected and the U

–interface transceiver
is operating as an N

T, the decoded eoc is acted on w
hen a valid trinal–check has occurred and R

6
is updated.

R
6 can be configured to update on every eoc fram

e by setting eoc C
ontrol 1 and eoc C

ontrol 0,
B

R
9(b7:b6), each to a 1. T

he update occurs every 6 m
s, even if no change has been detected betw

een
eoc fram

es. T
his m

ode m
ust be used for proprietary and non–IS

D
N

 basic rate applications.

C
A

U
T

IO
N

R
ead text in S

ection 4.4.10 concerning Trinal–C
heck m

ode very carefully.

R
6 is updated in all m

odes of operation. T
his perm

its an external m
icrocontroller to m

onitor eoc m
es-

sages w
hen the A

utom
atic eoc P

rocessor is enabled in N
T

 m
ode. R

6 is updated at the m
id–point

or at the end of a superfram
e.

R
egardless of the m

ode of operation, an update of R
6 generates an interrupt w

henever E
nable IR

Q
2,

N
R

4(b2), is set to a 1.

�
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�
�
�
�
�
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T
he M

4 subchannel operates in one of four m
odes set in B

R
9(b5:b4). T

he received M
4 data from

 the
S

uperfram
e D

efram
er is available in B

R
1. T

he transm
itted M

4 subchannel data is w
ritten to B

yte reg-
ister B

R
0. S

ee B
R

9 in S
ection 4.4.10

 and V
erified a

ct
 and V

erified d
e

a
, B

R
3(b2:b1), in S

ec-
tion 4.4.4 for m

ore details on the M
4 channel register operations. W

hen set to a 1, the M
4 Trinal M

ode
bit, O

R
7(b0), configures the M

4 u
o

a
, sa

i
, d

e
a

, and a
ct

 bits to be updated after a trinal–check. S
ee

descriptions for B
R

0, B
R

9, and O
R

7 for m
ore details.

M
4 C

ontrol m
ode 0,0 is the dual consecutive m

ode of operation w
ith autom

atic verification of the M
4

a
ct

 bit in LT
 and N

T
 m

odes and autom
atic verification of the M

4 d
e

a
 bit in N

T
 m

ode. In this m
ode,

once S
uperfram

e S
ync, N

R
2(b1), is set to a 1, B

R
1 and V

erified a
ct

, B
R

3(b2), are updated w
hen the

S
uperfram

e D
efram

er detects that an M
4 channel bit has changed state and has rem

ained in that
state for tw

o consecutive superfram
es. T

he M
4 m

aintenance subchannel bits a
ct

, d
e

a
, sa

i
, and

u
o

a
 can be configured for trinal–checking by setting O

R
7(b0) to a 1.

W
hen O

R
7(b0) is set to a 1, the received M

4 bit positions in B
R

1 corresponding to a
ct

, d
e

a
, sa

i
,

and u
o

a
 are updated on a trinal–check regardless of the program

m
ed M

4 C
ontrol bits in B

R
9(b5, b4).

T
he rem

aining bits in B
R

1 are updated according to the program
m

ed M
4 C

ontrol bits in B
R

9(b5, b4).
N

ote that the V
erified a

ct
/d

e
a

 m
ode B

R
9(b5, b4) =

 0,0 operates on trinal–checked M
4 a

ct
 and d

e
a

bits w
hen O

R
7(b0) is a 1. S

ee Table 4–7 and S
ections 4.4.10

 and
 4.5.8.

In either the LT
 or N

T
 m

odes of operation, custom
er data transparency is achieved by the logical O

R
of V

erified a
ct

, B
R

3(b3), and C
ustom

er E
nable, N

R
2(b0). T

his m
eans w

hen the received M
4 a

ct
 bit

is a 1 and the M
4 channel is configured in the V

erified a
ct

/d
e

a
 m

ode, data transparency is autom
ati-

cally enabled. If the V
erified a

ct
/d

e
a

 m
ode is not enabled, C

ustom
er E

nable, N
R

2(b0), m
ust be set

to a 1 to perm
it transm

ission of 2B
+

D
 data onto the U

–interface.

W
hen C

ustom
er E

nable, N
R

2(b0), is set to a 1, data transparency occurs on the next ID
L fram

e
boundary, not the next superfram

e boundary. T
he recom

m
ended procedure is for firm

w
are in N

T
1 to

assert the a
ct

 bit, B
R

0(b7), to a 1 after it has determ
ined that N

T
1 is ready for layer tw

o transm
ission.

T
his should be im

m
ediately follow

ed by setting C
ustom

er E
nable, N

R
2(b0), to a 1. S

ection 6.4.6.6 of
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A
N

S
I T

1.601–1992 indicates that data transparency m
ay occur during the last superfram

e having its
a

ct
 bit equal to 0 or during the first superfram

e having its a
ct

 bit equal to 1.

In the N
T

 m
ode of operation, the M

4 d
e

a
 bit is checked for a 0 and the logical O

R
 of V

erified d
e

a
,

B
R

3(b1), and deactivation R
equest, N

R
2(b2), ensures that the N

T
 U

–interface transceiver deactivates
in a controlled m

anner and w
ill reactivate in w

arm
 start m

ode on a subsequent activation attem
pt.

A
n interrupt is generated w

hen B
R

1 is updated, if E
nable IR

Q
1, N

R
4(b1), is set to a 1.

M
4 C

ontrol m
ode 0,1 is the dual consecutive m

ode of operation. B
R

1 is updated w
hen the S

uperfram
e

D
efram

er detects that an M
4 subchannel bit has changed state and has rem

ained in that state for
tw

o consecutive superfram
es and S

uperfram
e S

ync, N
R

2(b1), is set to a 1. A
n interrupt is generated

at this tim
e, if E

nable IR
Q

1, N
R

4(b1), is set to a 1.

M
4 C

ontrol m
ode 1,0 is the delta m

ode of operation. T
he M

4 channel register is updated w
ith new

M
4 channel data w

henever any single bit changes betw
een received M

4 fram
es. A

n interrupt is gener-
ated at this tim

e, if E
nable IR

Q
1, N

R
4(b1), is set to a 1.

M
4 C

ontrol m
ode 1,1 updates the M

4 channel register B
R

1 on every received superfram
e. In this

m
ode, the S

uperfram
e D

efram
er does not check for a change in data betw

een received M
4 fram

es.
A

n interrupt is generated at this tim
e, if E

nable IR
Q

1, N
R

4(b1), is set to a 1.

�
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�
�
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T
he M

5 and M
6 channels operate in the sam

e m
odes as the M

4 channel bits, except for the autom
atic

verification m
ode. T

he received M
5 and M

6 data from
 the S

uperfram
e D

efram
er is available in B

R
2.

S
ee B

R
9 for details on the operating m

odes of the M
5 and M

6 channels. T
hese channels are configured

as a pair. A
n interrupt is generated w

hen B
R

2 is updated and E
nable IR

Q
0, N

R
4(b0), is set to a 1.

A
s defined by A

N
S

I T
1.601–1992, these are reserved m

aintenance channels and should be initialized
to 1s. T

he M
5 and M

6 m
aintenance channels are available for proprietary applications w

hich do not
have to com

ply w
ith A

N
S

I T
1.601.

�
��

fe
b

e
�
�



n
e

b
e
�

�
�

T
he M

C
145572 has extensive fe

b
e

 and n
e

b
e

 m
aintenance capabilities. T

he state of the received
com

puted n
e

b
e

 and of the received fe
b

e
 is available through the register interface. A

lso, tw
o indepen-

dent fe
b

e
 and n

e
b

e
 counters are available for perform

ance m
onitoring purposes.

T
he received fe

b
e

 from
 the last com

pleted superfram
e is available in R

eceived fe
b

e
, B

R
3(b4). It

is updated at the end of each superfram
e w

hen both S
uperfram

e S
ync and Linkup, N

R
1(b3, b1), are

set to a 1.

T
he fe

b
e

/n
e

b
e

 C
ontrol bit, B

R
9(b1), controls operation of the transm

itted fe
b

e
 status bit. W

hen
B

R
9(b1) is set to a 1, the transm

itted fe
b

e
 bit is set to w

hatever is set in the fe
b

e
 input, B

R
2(b4).

W
hen B

R
9(b1) is reset to a 0, the transm

itted fe
b

e
 is set active, if the com

puted n
e

b
e

 is active or
if fe

b
e

 input, B
R

2(b4), is active. In this case, “active” m
eans 0. B

R
9(b1) reset to 0 is the norm

al m
ode

of operation and no intervention is required by an external M
C

U
 for the M

C
145572 to send the outgo-

ing fe
b

e
 bit.

In N
T

 and LT
 m

ode operation w
hen B

R
9(b1) is set to a 1, B

R
2(b4) m

ust be cleared to a 0 at the
end of reception of basic fram

e 8 w
hen it is desired to force an outgoing fe

b
e

. B
R

2(b4) m
ust be

set to a 1 at the end of reception of basic fram
e 8 w

hen no outgoing fe
b

e
 is required. S

oftw
are should

alw
ays configure B

R
2(b4) for the correct outgoing fe

b
e

 once each superfram
e. In digital loop carrier

applications, this guarantees that there w
ill be a one–to–one correspondence betw

een the fe
b

e
status received from

 the digital carrier system
 and the fe

b
e

 transm
itted on the U

–interface. T
he fe

b
e

is transm
itted at the end of basic fram

e 2. S
ee F

igure 7–1 and S
ection 7.7

 for interrupt tim
ing

inform
ation.

T
he com

puted n
e

b
e

 of the last com
pleted superfram

e is available in C
om

puted n
e

b
e

, B
R

3(b3). T
his

bit is set or cleared as a result of a crc
 of the last superfram

e received. T
his bit is updated at the

end of each superfram
e. T

he C
om

puted n
e

b
e

 is reset to a 0 w
hen a crc

 error is detected, and is
set to a 1 w

hen no crc
 error is detected. W

hen either S
uperfram

e S
ync or Linkup, N

R
1(b3, b1), are

reset to a 0, the C
om

puted n
e

b
e

 bit is forced to a 0.
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T
he current fe

b
e

 count is m
aintained in B

R
4. T

he count in B
R

4 is increm
ented only w

hen the re-
ceived fe

b
e

 bit is detected active (0) at the end of the superfram
e. W

hen O
R

7(b1) is a 0, the fe
b

e
counter does not w

rap around w
hen the count reaches $F

F. W
hen O

R
7(b1) is a 1, the fe

b
e

 counter
w

raps around and continues counting from
 0. A

lso, B
R

4 should be reset to 00 after Linkup is detected
during activation. T

his is done by the external m
icrocontroller w

riting 00 to B
R

4. T
he count is increm

-
ented w

hen both S
uperfram

e S
ync and Linkup in N

R
1(b1, b3) are set to a 1 and the received fe

b
e

bit is a 0. R
eceived fe

b
e

 is available in B
R

3(b4) and is a 0 w
hen active.

T
he current n

e
b

e
 count is m

aintained in B
R

5. T
he count in B

R
5 is increm

ented only w
hen the C

om
-

puted n
e

b
e

 bit is detected active (0) at the end of the superfram
e. T

he count is also increm
ented

once per superfram
e during loss of synchronization, i.e., if S

uperfram
e S

ync, N
R

2(b1), drops to a
0 w

hen Linkup, N
R

2(b3), is set to a 1. W
hen O

R
7(b1) is a 0, the n

e
b

e
 counter does not w

rap around
w

hen the count reaches $F
F. W

hen O
R

7(b1) is a 1, the n
e

b
e

 counter w
raps around and continues

counting from
 0. A

lso, B
R

5 should be reset to 00 after Linkup is detected during activation. T
his is

done by the external m
icrocontroller w

riting 00 to B
R

5. T
he count is increm

ented w
hen both S

uper-
fram

e S
ync and Linkup in N

R
1(b1, b3) are set to a 1 and w

hen an error is detected in the received
crc

. A
 C

om
puted n

e
b

e
 is active w

hen the received crc
 does not exactly m

atch the calculated crc
on the received superfram

e data. T
he C

om
puted n

e
b

e
 is available in B

R
3(b3) and is a 0 w

hen a
crc

 error has been detected.

�
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�
�
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�
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�

crc

T
he M

C
145572 provides a m

echanism
 w

here the outgoing crc
 can be corrupted. T

he transm
itted

crc
 is corrupted w

hen B
R

8(b3) is set to a 1. T
he crc

 corruption is accom
plished by inverting the

transm
itted crc

 bits. S
ee Table 7–1. T

he next tw
o paragraphs are of particular interest to designers

of digital loop carrier system
 LU

LT
 and LU

N
T

 type line cards.

In N
T

 m
ode operation, w

hen it is desired to corrupt the outgoing crc
, B

R
8(b3) should be set at the

end of reception of basic fram
e 4 and m

ust be cleared at the end of reception of basic fram
e 8. T

his
inverts the outgoing crc

 in transm
itted basic fram

es 4, 5, 6, and 7 of the current transm
itted super-

fram
e. S

ee F
igure 7–2. W

hen crc
 C

orrupt m
ode, O

R
7(b2), is set to a 1, it is not necessary to clear

B
R

8(b3), since it is cleared autom
atically at the end of the transm

itted superfram
e. T

his guarantees
that the corrupt crc

 w
ill be transm

itted only in the current superfram
e and that there w

ill be a one–to–
one correspondence betw

een the corrupt crc
 status received from

 a digital carrier system
 and the

corrupt crc
 transm

itted on the U
–interface. S

ee S
ection 7.7.

In LT
 m

ode operation, w
hen it is desired to corrupt the outgoing crc

, B
R

8(b3) should be set at the
end of reception of basic fram

e 8 and m
ust be cleared at the end of reception of basic fram

e 8. T
his

inverts the outgoing crc
 in transm

itted basic fram
es 1 through 8 of the current transm

itted super-
fram

e. S
ee F

igure 7–3. W
hen crc

 C
orrupt m

ode, O
R

7(b2), is set to a 1, it is not necessary to clear
B

R
8(b3), since it is cleared autom

atically at the end of the transm
itted superfram

e. T
his guarantees

that the corrupt crc
 w

ill be transm
itted only in the current superfram

e and that there w
ill be a one–to–

one correspondence betw
een the corrupt crc

 status received from
 a digital carrier system

 and the
corrupt crc

 transm
itted on the U

–interface. S
ee S

ection 7.7.

Table 7–1. Transm
itted 

crc
 C

onfiguration

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

B
R

8(b3)Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

O
R

9(b2)Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

E
ffect on Transm

itted 
crc

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

0
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

X
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

N
o effect, transm

itted crc
 is a good crc

 and far–end transceiver receives
it correctly. T

his is the default m
ode after any reset.

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

1
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

0
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Transm
itted crc

 is continuously corrupted by inverting the crc
 sym

bols.
T

his causes the far–end transceiver to detect crc
 errors. B

R
8(b3) m

ust be
returned to a 0 to stop the transm

ission of bad crc
s.

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

1
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

1
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Transm
itted crc

 is corrupted only until the end of the current U
–interface

superfram
e. T

hen B
R

8(b3) is cleared to 0.
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T
E

:D
ue to internal delays, the actual sync w

ord m
arker on the T

xP
 and T

xN
 pins occurs 8 quats later than the T

xS
F

S
 pulse.

S
ee F

igure 10–20.F
igure 7–2. N

T
 M

ode M
aintenance C

hannel U
pdates
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T
he crc

 C
orrupt m

ode bit, O
R

9(b2), m
odifies the operation of crc

 C
orrupt, B

R
8(b3). W

hen O
R

9(b2)
is a 1, the operation of the crc

 C
orrupt bit, B

R
8(b3), is m

odified so that a corrupt crc
 is transm

itted
only to the end of the current U

–interface superfram
e. T

hen B
R

8(b3) is cleared to a 0. If it is desired
to corrupt the transm

itted crc
 again, then B

R
8(3) m

ust be set to a 1 again. T
his is very useful for

digital loop carrier applications, since softw
are does not have to clear B

R
8(b3) in order to guarantee

a one–to–one correspondence betw
een crc

 received from
 the digital loop carrier system

 and crc
s

transm
itted onto the U

–interface. F
or digital loop carrier applications, B

R
9(b1) is set to a 1 if it is

desired to have end–to–end perform
ance m

onitoring. T
he outgoing fe

b
e

 should be updated at the
sam

e tim
e that the outgoing M

4 channel register is updated. T
his update should be done for every

superfram
e.

�
��

�
�
	
�
�
�
�
�
�
�
�
�
�
�
�
�
�


	
�
�
�
�
�
�

�
�
�
�
�
�

�
�
�
�
�

T
his section provides details on w

hen interrupts are generated and w
hen the internal S

uperfram
e

F
ram

er reads m
aintenance channel registers to include their contents in the outgoing transm

itted
superfram

e. T
his inform

ation is particularly useful w
hen designing LU

N
T

 and LU
LT

 line cards for digital
loop carrier system

s. T
he basic fram

es and Q
uat positions are num

bered as in the A
N

S
I T

1.601 specifi-
cation. A

 Q
uat is the A

N
S

I T
1.601 term

 for the sym
bols transm

itted over the U
–interface. B

asic fram
es

are num
bered from

 1 through 8. T
he Q

uats in each basic fram
e are num

bered from
 1 through 120.

T
he M

4, M
5/M

6, and eoc m
aintenance subchannels can be used for signalling in proprietary applica-

tions. W
hen the M

4 or M
5/M

6 subchannels are configured to update on every received fram
e in the

subchannel, the update interval is 12 m
s or once every superfram

e. T
he receive data interrupt for

the M
5/M

6 subchannel occurs at the end of basic fram
e 4. T

he receive data interrupt for the M
4 channel

occurs at the end of the superfram
e or basic fram

e 8. S
ee F

igures 7–1, 7–2 and 7–3, and register
B

R
9 description for m

ore details.

W
hen the eoc subchannel is configured to update on every received eoc fram

e, the update interval
is 6 m

s, or tw
ice each superfram

e. T
he eoc receive data interrupt can occur at the end of basic fram

e
4 or at the end of basic fram

e 8. S
ee register description for B

R
9 for m

ore details.

T
he receive and transm

it registers for the m
aintenance channels are double buffered. F

igure 7–2 indi-
cates w

here m
aintenance channel registers are updated from

 the superfram
e received at N

T. F
ig-

ure 7–2 also indicates the points w
here the U

–interface transceiver transfers data from
 the m

ainte-
nance channel registers into the transm

itted superfram
e w

hen the M
C

145572 is configured for N
T

m
ode. F

igure 7–3 indicates w
here m

aintenance channel registers are updated from
 the superfram

e
received at the LT

 end of the loop. F
igure 7–3 also indicates the points w

here the U
–interface transceiv-

er transfers data from
 the m

aintenance channel registers into the transm
itted superfram

e w
hen the

M
C

145572 is configured for LT
 m

ode.

F
or digital loop carrier applications, m

aintenance channel registers R
6, B

R
1, and B

R
3 m

ust be pro-
gram

m
ed to update on every received fram

e. D
o not use trinal or dual consecutive checking. T

he
reason for this, is interm

ediate nodes need to do local processing of the eoc m
essages and m

ust
transm

it the m
essages upstream

 or dow
nstream

 on a fram
e–by–fram

e basis. S
ee explanations for

B
yte register 9. N

ote that the eoc m
aintenance subchannel R

6 is updated w
ith a new

 received eoc
m

essage tw
ice each superfram

e. T
he M

C
145572 should be configured so that interrupts are generated

w
hen B

R
1, B

R
3, and R

6 are updated. S
ee explanations for N

ibble registers 3 and 4. T
he interrupt

for B
R

3 (IR
Q

0) m
ay not need to be enabled, since B

R
3 is updated at the sam

e tim
e as R

6 at the
end of a superfram

e. W
hen an interrupt occurs, data can be read from

 the appropriate m
aintenance

channel register (B
R

1, B
R

3, or R
6) and transm

itted over the digital loop carrier system
. A

t this tim
e,

the m
aintenance channel data that has been received from

 the digital loop carrier system
 can be w

ritten
to the registers for the outgoing superfram

e (B
R

0, B
R

2, or R
6).

If the M
4 channel and eoc interrupts are enabled to occur on the reception of every fram

e, it is possible
for the softw

are to determ
ine if eoc interrupt has occurred at the end of basic fram

e 4 or at the end
of basic fram

e 8. W
hen eoc interrupt occurs at the end of basic fram

e 4, eoc interrupt status bit,
N

R
3(b2), is set and M

4 channel interrupt status bit, N
R

3(b1), is clear assum
ing that M

4 channel regis-
ter, B

R
1, w

as read im
m

ediately follow
ing the previous M

4 channel interrupt. W
hen eoc interrupt and

M
4 interrupts occur at the end of basic fram

e 8, both N
R

3(b2) and N
R

3(b1) are set.

T
he M

C
145572 does not provide any direct m

echanism
 w

hereby an external m
icrocontroller can

determ
ine w

hen registers, for outgoing m
aintenance data, can be updated. T

his tim
ing m

ust be
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derived from
 the interrupts generated w

hen the receive m
aintenance subchannel registers are

updated. F
igures 7–2 and 7–3 show

 the appropriate tim
ings. It is possible to configure the T

xS
F

S
/

S
FA

X
/S

0 pin as S
FA

X
 and use the pulse to generate a 12–m

s periodic interrupt. N
ote though that

S
FA

X
 indicates the 2B

+
D

 fram
e in the ID

L2 interface that w
ill be transm

itted onto the first 2B
+

D
position in basic fram

e 1 of the U
–interface superfram

e. D
ue to the internal F

IF
O

s, it is not possible
to guarantee a fixed tim

e betw
een S

FA
X

 and the location of the superfram
e m

arker on the U
–inter-

face.

A
t the N

T
 end, the A

N
S

I T
1.601 specification requires a turnaround delay of 60 ± 2 quats. T

he
M

C
145572 has a 60–quat turnaround tim

e. T
his m

eans that the transm
itted S

uperfram
e S

ync w
ord

occurs 60 quats later than the received S
uperfram

e S
ync w

ord. F
rom

 an interrupt service routine
point of view

, updating B
R

0, B
R

2, and R
6, the w

orst case tim
e should be assum

ed to be 60 quats
+

 117 quats =
 177 quats, or 2.2 m

s. T
he system

 softw
are designer should allow

 extra m
argin to be

safe. A
 quat is 12.5 µs in duration.

A
t the LT

 end of the loop, the received S
uperfram

e S
ync w

ord is 60 – 2 +
 8 quats later than the

transm
it S

uperfram
e S

ync w
ord. T

he 2–quat uncertainty com
es from

 the A
N

S
I T

1.601 specification
for N

T
 turnaround tim

e of 60 ± 2 quats on a 0 length loop. T
he +

 8 figure includes w
orst case propa-

gation delay on an 18,000–foot loop. F
rom

 an interrupt service routine point of view
, the w

orst case
assum

ption is that the receive S
uperfram

e S
ync w

ord occurs 68 quats after the transm
itted S

uper-
fram

e S
ync w

ord. F
or exam

ple, from
 F

igure 7–3, the tim
e betw

een w
hen R

6 is updated w
ith the

receive eoc data and w
hen R

6 m
ust be updated w

ith the transm
itted eoc data, can be calculated

as follow
s: 117 – 68 =

 49 quats or 612.5 µs. T
he system

 softw
are designer should leave extra m

argin
to be safe.
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T
he M

C
145572 is configurable for the G

eneral C
ircuit Interface or G

C
I operation. G

C
I is a tim

e divi-
sion m

ultiplex bus, that com
bines the IS

D
N

 2B
+

D
 data and control/status inform

ation onto four signal
pins. T

here are tw
o clocks per data bit and a single fram

e synchronization pulse, F
S

C
.

In G
C

I m
ode, the M

C
145572 supports the full set of com

m
ands and indications over the C

om
m

and/
Indicate channel. T

he m
onitor channel is used for sending and receiving m

aintenance channel m
es-

sages and accessing the internal M
C

145572 registers.

A
s a G

C
I slave, the M

C
145572 accepts clock frequencies betw

een 512 kH
z and 8.192 M

H
z. A

s a
G

C
I m

aster, the M
C

145572 operates at either 512 kH
z or 2.048 M

H
z. F

igure 8–1 is a typical con-
figuration for the M

C
145572 in G

C
I m

ode. T
he M

C
145572 is configured for G

C
I operation w

hen the
M

C
U

/G
C

I pin is tied low
. T

he P
A

R
/S

E
R

 pin m
ust also be tied low

.
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Table 8–1. G
C

I M
aster M

ode C
lock

R
ate S

election
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á

C
lock R

ate
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á

C
LK

S
E

L
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á

512 kH
z

Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á

0

Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á

2.048 M
H

z
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á

1

�
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S
even signal pins are available for the tim

e division m
ultiplex bus interface in G

C
I m

ode.

•
S

2, S
1, S

0 —
 U

sed to select the active G
C

I channel in m
ultiplexed G

C
I fram

es.

•
D

C
L —

 2x data clock.

•
F

S
C

 —
 T

he 8 kH
z fram

e synchronization pulse.

•
D

in  —
 T

he M
C

145572 reads data from
 the G

C
I interface into this pin during the active G

C
I channel

selected by S
2, S

1, S
0.

•
D

out  —
 In G

C
I m

ode, this pin is an open drain output and m
ust be pulled to V

D
D

 through a resistor.
T

he M
C

145572 outputs data to the G
C

I interface from
 this pin during the active G

C
I channel

selected by S
2, S

1, S
0.

D
uring all other G

C
I channels, if present, D

out  is off. D
in  accepts data during the channel selected

by S
0, S

1, and S
2. D

uring other G
C

I channels, if present, D
in  ignores any data that is present.

�
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�
	
�
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�
�
�
�
�
�
�
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T
he G

C
I interface supports tw

o types of fram
e form

ats: the single G
C

I channel and the m
ultiplexed

G
C

I channel form
ats. A

 single G
C

I channel has the follow
ing subchannels: tw

o B
 channels, M

onitor
channel, IS

D
N

 D
 channel, C

om
m

and/Indicate channel, and A
 and E

 bits. S
ee F

igure 8–2.

R
e

fe
rrin

g to F
ig

u
re 8

–
2

, th
e tw

o B
 ch

a
n

n
e

ls a
re u

se
d to co

n
ve

y cu
sto

m
e

r d
a

ta b
e

tw
e

e
n th

e
M

C
145572 and other G

C
I devices. T

he M
onitor channel bits are used to convey register and m

ainte-
nance inform

ation betw
een the M

C
145572 and other G

C
I devices. T

he D
 bits carry the IS

D
N

 basic
access D

 channel. T
he C

om
m

and/Indicate bits are used for activation and deactivation of the
M

C
145572 and for control functions. T

he A
 and E

 bits are used as handshake signals during the
transfer of m

onitor channel m
essages.

A
 m

ultiplexed G
C

I fram
e contains from

 tw
o to eight G

C
I fram

es in each 125 µs period. Table 8–2
sum

m
arizes the num

ber of G
C

I fram
es that can be m

ultiplexed into a 125 µs period. F
igure 8–3

show
s how

 m
ultiple G

C
I fram

es are m
ultiplexed into a 125 µs period.

Table 8–2. M
ultiplexed G

C
I F

ram
e C

onfiguration

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

M
ode

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

C
lock

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

M
axim

um
 G

C
I F

ram
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in M
ultiplex

Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á

G
C

I M
aster
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G
C

I M
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z
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Á
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G
C

I S
lave
Á
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Á
Á

Á
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Á
Á
Á

512 kH
z
Á
Á
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G
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I S
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T
he M

onitor channel is used to access the internal registers of the M
C

145572 in order to support
U

–interface m
aintenance channel operations. A

ll M
onitor channel m

essages are tw
o bytes in length.

E
ach byte is sent tw

ice to perm
it the receiving G

C
I device to verify data integrity. In IS

D
N

 applications,
the M

onitor channel is used for access to the U
–interface m

aintenance m
essages.

T
he A

 and E
 bits in the G

C
I channel are used to control and acknow

ledge M
onitor channel transfers

betw
een the M

C
145572 and another G

C
I device. W

hen the M
onitor channel is inactive, the A

 and
the E

 bit tim
es from

 D
out  are both high im

pedance. T
he A

 and E
 bits are active w

hen they are driven
to V

S
S

 during their respective bit tim
es. P

ull-up resistors are required on D
in  and D

out . T
he E

 bit
indicates the transm

ission of a new
 M

onitor channel byte. T
he A

 bit from
 the opposite direction is

used to acknow
ledge the M

onitor channel byte transfer.

A
n idle M

onitor channel is indicated by both A
 and E

 bits being inactive for tw
o G

C
I fram

es. T
he A

and E
 bits are high im

pedance w
hen inactive. T

he M
onitor channel data is $F

F.

T
he originating G

C
I device transm

its a byte onto the M
onitor channel after receiving the A

 and E
 bits

equal to 1 for at least tw
o consecutive G

C
I fram

es. T
he originating G

C
I device also sets its outgoing

E
 bit to 0 in the sam

e G
C

I fram
e as the byte that is transm

itted. T
he transm

itted byte is repeated
for at least tw

o G
C

I fram
es, or is repeated in subsequent G

C
I fram

es, until the M
C

145572 acknow
l-

edges receiving tw
o consecutive G

C
I fram

es containing the sam
e byte.

O
nce the M

C
145572 acknow

ledges the first byte, the sending device sets E
 to high im

pedance and
transm

its the first fram
e of the second byte. T

hen, the second byte is repeated w
ith the E

 bit low
 until

it is acknow
ledged. S

ee F
igures 8–4 through 8–8 for details of M

onitor channel procedure.

T
he destination G

C
I device verifies that it has received the first byte by setting the A

 bit to 0 tow
ards

the originating G
C

I device for at least tw
o G

C
I fram

es. S
uccessive bytes are acknow

ledged by the
receiving device setting A

 to high im
pedance on the first instance of the next byte, follow

ed by A
 being

cleared to 0 w
hen the second instance of the byte is received.

T
he entire register set of the M

C
145572 can be accessed via the M

onitor channel. A
ll M

4 channel
activity is autom

atically handled by the M
C

145572 w
hen configured for G

C
I m

ode. T
he M

C
145572

issues M
onitor channel m

essages w
henever the received eoc, M

4, or M
5/M

6 m
essages received

from
 the U

–interface change, and appropriate dual–checking or trinal–checking of bits has been
done. In norm

al G
C

I operation it is not necessary to read or w
rite the internal registers of the

M
C

145572.

If the receiving G
C

I device does not receive the sam
e M

onitor channel byte in tw
o consecutive G

C
I

fram
es, it indicates this by leaving A

 =
 0 until tw

o consecutive identical bytes are received. T
he last

byte of the sequence is indicated by the originating G
C

I device setting its E
 bit to a 1 for tw

o succes-
sive G

C
I fram

es. F
igure 8–5 show

s an exam
ple of an delayed G

C
I M

onitor channel m
essage.

�
��
��

�
�
�
�!�

�
�
�
�
�
�
�
�
�
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T
he M

C
145572 supports three basic types of M

onitor channel m
essages. T

he first group of m
es-

sages are com
m

ands that read or w
rite the internal register set of the M

C
145572. S

ee C
hapter 4

for a com
plete description of the M

C
145572 register set. T

he second group of m
essages are

responses from
 the M

C
145572. T

hese responses are transm
itted by the M

C
145572 after it receives

a register read or w
rite com

m
and over the M

onitor channel. T
he third group of M

onitor channel m
es-

sages are interrupt indication m
essages. T

hese are transm
itted by the M

C
145572 w

henever a
change is detected in the M

aintenance C
hannel R

eceive registers B
R

1, B
R

3, or R
6.

�
��
��
��

�
�
�
��
�
�
�
�
�
�
�
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A
 G

C
I device transm

its M
onitor channel com

m
ands to a receiving M

C
145572 to gain access to its

internal register set. T
he receiving M

C
145572 then transm

its a M
onitor channel response m

essage
onto the M

onitor channel for com
m

ands that request data to be read from
 an internal register. C

om
-

m
ands that w

rite data to an internal M
C

145572 register are accepted and acted upon, but the
M

C
145572 does not issue a response m

essage. M
onitor channel com

m
ands are given in Table 8–3.

T
he M

C
145572 acknow

ledges all m
essages it receives over the M

onitor channel. If an invalid m
es-

sage is received, the M
C

145572 acknow
ledges it, but does not take any action.
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igure 8–4. M
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hannel A

ccess P
rotocol
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hannel P

rotocol w
ith D
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F
igure 8–7. M

onitor C
hannel R

egister R
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igure 8–8. M

onitor C
hannel M

ultiple Interrupt Indications S
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Table 8–3. M
onitor C

hannel C
om

m
ands
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Á
Á
Á
Á
Á
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Á
Á

Á
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Á
Á
Á
Á
Á
Á
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Á
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B
yte 1

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
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Á
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Á
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B
yte 2
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m
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Á Á
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T
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S
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1.
F

or byte register accesses, the address range of ba3, ba2, ba1, ba0 is hexadecim
al 0 – F. T

he bits d7 through d0 are data that is w
ritten

to the byte register.
2.

F
or nibble register accesses, the address range of na3, na2, na1, na0 is hexadecim

al 0 – 5. T
he bits d3 through d0 are data that is w

ritten
to a nibble register.

3.
T

he bits a1 through a3, dm
, and i1 through i8 are data that is w

ritten to the eoc register.
4.

F
or non–IS

D
N

 applications, the data w
ritten to the eoc register uses the convention that bit a1 is the m

ost significant bit and bit i8 is the
least significant bit.

5.
T

he receiving device does not issue a response to a register w
rite com

m
and.

6.
B

yte or nibble read com
m

ands consist of byte 1 only. B
yte 2 is not transm

itted to the M
C

145572. In response to a read com
m

and, the
M

C
145572 responds w

ith tw
o bytes as indicated in Table 8–4. S

ee F
igure 8–7.
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T
he M

onitor channel response m
essages are transm

itted onto the G
C

I M
onitor channel by the

M
C

145572 in response to a register read com
m

and. T
he M

onitor channel response m
essages are

given in Table 8–4.

Table 8–4. M
onitor C

hannel R
esponse M

essages
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evice

Identifi-
cation

N
O

T
E

S
:

1.
If a m

aintenance channel is updated in the M
C

145572 receive defram
er at the sam

e tim
e a register read com

m
and is received, then an

interrupt indication m
essage is issued first. T

he indication m
essage takes priority over requests for register reads. A

ll queued interrupt indica-
tion m

essages are issued before the response to the register read m
essage. It is im

portant for softw
are to alw

ays check the m
essage code

in byte 1 of any received m
essage.

2.
T

he bits a1 through a3, dm
, and i1 through i8 are data that is read from

 the eoc register. T
he bits d7 through d0 are data that is read from

a register.
3.

F
or non–IS

D
N

 applications, the data w
ritten to the eoc register uses the convention that bit a1 is the m

ost significant bit and bit i8 is the
least significant bit.
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T
he M

onitor channel interrupt indication m
essages are autom

atically transm
itted onto the G

C
I M

onitor
channel by the M

C
145572 w

hen its receiver defram
er updates one of the m

aintenance channel regis-
ters B

R
1, B

R
3, or eoc register R

6. T
he m

aintenance channel registers are updated w
hen the trinal

checking of bits or m
essages has been com

pleted. A
ll outstanding interrupt indication m

essages are
transm

itted prior to any response m
essages being transm

itted. T
he M

onitor channel interrupt indication
m

essages are given in Table 8–5.

W
hen a M

onitor channel interrupt indication m
essage is transm

itted by the M
C

145572, the corre-
sponding internal register is read and the interrupt is autom

atically cleared.

Table 8–5. M
onitor C

hannel Interrupt Indication M
essages
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Á
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N
O

T
E

S
:

1.
T

he bits a1 through a3, dm
, and i1 through i8 are data that is read from

 eoc register R
6.

2.
F

or non–IS
D

N
 applications, the data read from

 the eoc register uses the convention that bit a1 is the m
ost significant bit and bit i8 is the

least significant bit.
3.

T
he data byte returned by the M

5/M
6 interrupt corresponds to the byte as read from

 B
yte register B

R
3 in the S

C
P

 interface m
ode register

m
ap. T

he bits d7 through d0 are data that is read from
 a register.

4.
T

he data byte returned by the M
4 interrupt corresponds to the byte as read from

 B
yte register B

R
1 in the S

C
P

 interface m
ode register m

ap.
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T
he C

om
m

and/Indicate, or C
/I channel, is used to activate and deactivate the M

C
145572. S

om
e control

functions such as loopbacks are also supported over the C
/I channel. C

/I codes are four bits in length
and m

ust be received for tw
o consecutive G

C
I fram

es before they are acted upon.

C
/I channel bits are num

bered bit 4 through 1, w
ith bit 4 being the m

ost significant bit. T
he C

/I/ channel
bits are transm

itted starting w
ith bit 4.

C
/I channel com

m
ands are used to activate, or deactivate the M

C
145572. T

hey are also used to im
ple-

m
e

n
t lo

o
p

b
a

cks a
n

d p
e

rfo
rm

 co
n

tro
l fu

n
ctio

n
s. S

o
m

e C
/I ch

a
n

n
e

l co
m

m
a

n
d

s m
a

y ca
u

se th
e

M
C

145572 to issue a C
/I channel response. Table 8–6 sum

m
arizes the C

/I channel com
m

ands and
indications.

C
/I channel indications are used to notify a layer 2 device, that certain events have occurred, such

as a change in activation status.

In norm
al G

C
I operation, the M

4 channel a
ct

, d
e

a
, u

o
a

, sa
i

, p
s1

, p
s2

, and reserved status bits
are handled autom

atically. It is possible to set bits in the M
C

145572 register m
ap using M

onitor chan-
nel com

m
ands that w

ill override the autom
atic operation of the M

4 channel.

Table 8–6. C
/I C

hannel C
om

m
ands and Indications
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Á
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Á
Á
Á
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Á
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+
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 m
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 m
ode), set

D
R

D
eactivation request

pin “O
U

T
2” high w

hen
LT

D
1

(LT
 m
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T
his section contains the tim

e flow
 diagram

s that detail the various activation and deactivation scenar-
ios for the M

C
145572 U

–interface transceiver. F
igures 8–9 through 8–17 are the activation diagram

s
for the M

C
145572 operating in G

C
I m

ode. F
igures 8–18 and 8–19 are the activation state diagram

s
for N

T
 and LT

 m
ode operation.
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS



M
C

145572
8–14

M
O

T
O

R
O

LA

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î
Î

��
�
�

�
���

�
�

�
�

�
�
��

�
�

��
�
�
�



�



�
�
	

�
���

�
��

�
�
�



�

��
�
�
�



�



�



	

����&!��
�
�
�

��!�%!���%

����&!��
�
�
�

��%�$��

����%�#�"�

�
��%�
�

����
�

$��

%��#� (
�

���� #
#����'��#�$�%

%��#� (
�

�
��%�
�

$��

�
%��#� (

��

�
����&!�

�
�
�
�
�

�
��!�%!



	

�
��%�����& �

�
��

�
%��#� (

��

�
#����'��#�$�%�

�
����&!�

�
��!�%!

��!�%!���%�����

& �

�
��

�
�
��
	


F
igure 8–11. Tim

e D
iagram

 for D
eactivation (A

lw
ays Initiated by the N

etw
ork)

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

Î
Î
Î
Î
Î
Î

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

��
�
�



	

�
��



	

��
�
�
�



�

�
�
�



�

��
�
�
�

�
�
�

�
�

�
��

�
�

�
�

�
�
�

�
�
�

�
��

�
��

�
�
�

�
�
�

�
���

�
�
�



	

�
��%�����& �

�
�
��

�
�
�
��

�
�

�
��%�
�

$��
�
�
��

�
�
�
��

�
�

��%�#�"�
�

��%�

����
�

& �

�
��%�����

�
& ��

����&!��
�
�
�

��!�%!

�
����&!���!�%!

�
��%�
�

$���

����&!��
�
�
�

��!�%!

�
��

�
�
��
	


F
igure 8–12. Tim

e D
iagram

 of a U
–O

nly A
ctivation (A

lw
ays Initiated by the N

etw
ork)

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS
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N
O

T
E

S
:

1.
In the event that received act =

 0 and sai =
 0 do not occur at the sam

e tim
e in LT, it is possible that prior to the

U
A

I indication, A
R

 w
ill be issued by LT, until the m

om
ent in w

hich both m
aintenance bits are 0 in LT. T

hen, U
A

I
w

ill be issued, as show
n.

2.
T

he state of the act bit is autom
atically reset by the M

C
145572, w

ithout the need to issue a special com
m

and
to do this.

�
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�
�

��
�

�

F
igure 8–15. Tim

e D
iagram

 for a Transition from
 Total A

ctivation
to D

S
L–O

nly A
ctivation (A

lw
ays Initiated by the N

etw
ork)
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N
O

T
E

S
:

1.
M

onitor channel is used to w
rite eoc 2B

+
D

 loopback com
m

and to R
6 prior to activation.

2.
In N

T
 m

ode, the M
C

145572 m
ay detect the trinal–checked eoc m

essage about the sam
e tim

e it validates the
first set of received m

aintenance bits. T
hen, it shall issue an A

R
L indication instead of an A

R
.

3.
T

he M
C

145572 issues an A
IL indication for as long as loopback is active.

�
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F
igure 8–16. Tim

e D
iagram

 for A
ctivation w

ith Loopback 2
(A

lw
ays Initiated by the N

etw
ork)
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS
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N
O

T
E

S
:

1.
A

ccording to recom
m

endation T
1E

1.4/92–194, LT
 initiates request by low

ering act bit.
2.

LT
 requests loopback by m

eans of eoc m
essage.

3.
P

art w
ill issue an A

IL indication for as long as loopback is active.
4.

LT
 w

ill hold sending the dow
nstream

 act bit until the eoc loopback m
essage is acknow

ledged.
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�
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�
�
��
�
�

F
igure 8–17. Tim

e D
iagram

 for E
xecution of Loopback 2 O

nce Link is A
ctive

(A
lw

ays Initiated by the N
etw

ork)
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T
he M

C
145572 can be configured for G

C
I m

aster or G
C

I slave operation independently of LT
 or N

T
configuration. W

hen the pin M
/S

 is pulled low
 to V

S
S

,  G
C

I slave operation is selected. W
hen the pin

M
/S

 is pulled high to V
D

D
, G

C
I m

aster operation is selected. W
hen configured as a slave, F

S
C

 is
an input driven by external circuitry. F

S
C

 m
ust be synchronized to the clock applied to D

C
L. W

hen
configured as a m

aster, the M
C

145572 drives F
S

C
 as an output.

�
��

�
�

�
�


�
�
�
�


�
�
�


�
�
�
�
�


�
�

�
�
�


�
�

T
he M

C
145572 uses the F

S
C

 signal to indicate superfram
e alignm

ent. In LT
 m

ode as a G
C

I slave,
the F

S
C

 pin is used to force alignm
ent of the transm

itted U
–interface superfram

e. N
orm

ally, the F
S

C
pulse is tw

o D
C

L clocks in duration. A
lignm

ent of the transm
itted superfram

e can be forced by driving
F

S
C

 w
ith a one D

C
L clock w

ide pulse, once every 96 G
C

I fram
es. T

he 2B
+

D
 data read into the D

in
pin follow

ing the single clock w
ide F

S
C

, corresponds to the first 2B
+

D
 transm

itted onto the U
–inter-

face. If superfram
e alignm

ent is not input to F
S

C
, the M

C
145572 aligns the outgoing U

–interface
superfram

e.

W
hen configured for m

aster m
ode and either LT

 or N
T

 operation, reception of the first 2B
+

D
 data

from
 the U

–interface superfram
e is indicated by the M

C
145572 outputting a F

S
C

 pulse that is one
D

C
L clock w

ide. T
his happens once every 96 G

C
I fram

es.

In N
T

 m
ode, ID

L2 slave operation, any superfram
e alignm

ent inform
ation that m

ay be present on
F

S
C

 is ignored. A
N

S
I T

1.601 defines w
hen the N

T
 transm

itted superfram
e occurs w

ith respect to
the received superfram

e.

W
A

R
N

IN
G

If F
S

C
 is to be used to set the alignm

ent of the transm
itted superfram

e in LT
 m

ode, it m
ust

be stable prior to activating the M
C

145572.
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
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T
his chapter is a guide for w

riting softw
are for the M

C
145572. It provides several pseudo–code exam

-
ples on how

 to initialize and activate the M
C

145572 U
–interface transceiver. N

T
 and LT

 initiated
activation procedures are given, using both the autom

atic and non–autom
atic eoc m

odes. T
his

chapter also contains sam
ple initialization routines for ID

L–2 tim
eslot assignm

ent procedures, G
C

I
electrical m

ode tim
eslot assignm

ent, block error rate calculation, and non–IS
D

N
 D

 channel com
-

m
unications.

�
��

�
�
�
�
�
�
�
�
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�
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T
he M

C
145572 provides easy m

icrocontroller read and w
rite access to the M

aintenance channel via
the S

C
P

 or P
C

P
 interface. T

his perm
its the M

aintenance channel to be easily updated and changes
in A

N
S

I T
1.601–1992 defined default values to be im

plem
ented sim

ply by m
odifying softw

are. N
ote

that there are m
any proprietary applications w

here the M
aintenance channel can be used in any

m
anner w

hatsoever. F
or a discussion of the M

aintenance channel, see C
hapters 5 and 7

.

T
he M

C
145572 should be initialized before A

ctivation R
equest, N

R
2(b2), is set to a 1, w

hen A
ctiva-

tion in P
rogress (N

R
1(b0)) is first detected set to a 1, or w

hen deactivation has been confirm
ed. T

his
ensures that the correct data appears on the m

aintenance channels w
hen linkup is achieved and the

U
–interface is activated.

T
he S

oftw
are R

eset bit (N
R

0(b3)), need only be set to a 1, then reset to a 0, as part of the pow
er–up

initialization routines.

T
he M

C
145572 should be initialized so that w

hen it activates, the correct data is present on all of
the m

aintenance channels at the tim
e activation occurs. T

he A
N

S
I T

1.601–1992 specification indicates
the default and operational data that should appear on these channels. A

 m
icrocontroller w

rite to the
specified register puts m

aintenance data onto the indicated U
–interface m

aintenance channel. A
 m

icro-
controller read of the specified register obtains m

aintenance data from
 the indicated U

–interface m
ain-

tenance channel. T
hese channels are:

•
eoc C

hannel:
T

his channel is accessed via register R
6. It is used to convey eoc m

essages from
the LT

 to the N
T. T

he N
T

 conveys its acknow
ledgm

ent of eoc m
essages back to the LT

 on this
channel. Typically, this channel is used by the LT

 to send loopback and other m
aintenance

m
essages to the N

T. S
ee A

N
S

I T
1.601–1992 for currently defined eoc m

essages and other eoc
procedures.

•
M

4 M
aintenance C

hannel:
D

ata is put on this channel by w
riting to B

R
0. D

ata is read from
 this

channel by reading B
R

1. T
his channel is used by the LT

 to signal its activation status to the N
T.

T
he LT

 also uses this channel to tell the N
T

 w
hen it is intending to deactivate the U

–interface.
T

he N
T

 uses this channel to send its activation status to the LT. T
he N

T
 also uses this channel

to send its pow
er supply status, its w

arm
 start capability, and if it is in a test m

ode, back to the
LT. T

here are several reserved bits w
hich the A

N
S

I T
1.601–1992 specification indicates should

be set to 1s.

•
M

5 and M
6 M

aintenance C
hannels:

D
ata is put onto these channels by w

riting to B
R

2. D
ata

is read from
 these channels by reading B

R
3. C

urrently all bits in these channels are defined by
A

N
S

I T
1.601–1992 as reserved and should be set to 1s.

S
am

ple initialization routines are provided on how
 to initialize the M

C
145572 w

hen operated in the
LT

 or N
T

 m
odes. P

rocedure N
T

IN
IT

1 in S
ection 9.2.1 initializes the M

C
145572 for autom

atic eoc
operation w

hen configured as an N
T. T

he corresponding sam
ple high level em

bedded operations
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channel interrupt service routine, N
T

IS
R

1, is also provided in S
ection 9.2.1. P

rocedure N
T

IN
IT

2 in
S

ection 9.2.2
 initializes the M

C
145572 for non–autom

atic eoc operation w
hen in the N

T
 m

ode. T
he

corresponding sam
ple high level em

bedded operations channel interrupt service routine, N
T

IS
R

2,
is also provided in S

ection 9.2.2
. P

rocedure LT
IN

IT
1 in S

ection 9.3 initializes the M
C

145572 w
hen

it is operated in LT
 m

ode.

T
he sam

ple initialization and operation exam
ples given here are to be used as a guide only. A

ll data
w

ritten to or read from
 registers is in hexadecim

al. U
ser eoc, M

 channel, and activation handlers are
im

plem
entation specific. In this exam

ple, M
4 channel is initialized to $77 in N

T
 m

ode and $7F
 in LT

m
ode. T

he $77 in N
T

 m
ode indicates act bit not asserted, ps1 and ps2 status norm

al, N
T

1 not in
test m

ode, w
arm

 start capability, and all A
N

S
I T

1.601–1988 reserved bits set to 1s. T
he $7F

 in LT
m

ode indicates the act bit is not asserted, the dea bit is not asserted, and all A
N

S
I T

1.601–1988
reserved bits set to 1s. T

he bits in the M
5 and M

6 channels are all initialized to 1s and R
6 is initialized

to $1F
F

 (R
eturn to N

orm
al) w

hen in the LT
 m

ode. It is not necessary to initialize R
6 in the N

T
 m

ode
since the specific eoc handler used w

ill respond to the incom
ing eoc m

essages from
 the LT.

W
hen the U

–interface transceiver first activates after a cold or w
arm

 start, the fe
b

e
 and n

e
b

e
 count-

ers, B
R

4 and B
R

5, should be cleared by the softw
are. P

rovision m
ust be m

ade so these tw
o registers

are not cleared if there has been a tem
porary dropout of data transparency or loss of fram

e sync; i.e.,
only clear these counters upon initial activation. W

hen a tem
porary loss of fram

e sync or signal occurs
w

ithout the U
–interface transceiver going to the full reset state, it is im

portant that the fe
b

e
 and n

e
b

e
count values accurately reflect C

R
C errors during this tim

e. A
 reasonable tim

e to clear the fe
b

e
 and

n
e

b
e

 counters is w
hen the M

4 channel a
ct

 bits are first exchanged after initial activation from
 w

arm
or cold start. If the fe

b
e

 and n
e

b
e

 counters in the N
T

 are cleared w
hen linkup occurs, it is possible to

get fe
b

e
 counts due to the LT

 transceiver not having com
pleted its activation sequence.

�
��
��

	


�
�
�
�
�
�
�
��

�
�
�
�
�

�
�
�
��
��
���
�
�
��
�
�
�

�
�
�
��
�
�
��
�

T
he M

C
145572 provides a m

ode for trinal checking and autom
atic invoking of N

T
1 eoc functions as

defined in A
N

S
I T

1.601–1992. In this m
ode, the external m

icrocontroller does not need to perform
trinal checking, decoding, and im

plem
entation of eoc m

essages. T
he M

4 trinal consecutive check
m

ode is used in this exam
ple. N

ote that only the a
ct

, d
e

a
, and u

o
a

 M
4 bits are verified three consec-

utive tim
es. T

he follow
ing three code segm

ents: N
TA

C
T

1(), N
T

IN
IT

1(), and N
T

IS
R

1() configure the
M

C
145572 in the above m

odes and are an exam
ple im

plem
entation of an N

T
 initiated full activation

in an N
T

1. T
he N

T
1 initiates activation of the U

–interface only w
hen requested to do so by the term

i-
nal equipm

ent (T
E

) or upon cycling of N
T

1 pow
er.

A
n initialization and activation procedure for an N

T
1 follow

s. A
 suggested interrupt service routine

outline, N
T

IS
R

1, is also given.

P
ro

ce
d

u
re

 N
T

A
C

T
1

();

/*P
U

R
P

O
S

E
:

T
h

e
 a

ctiva
tio

n
 p

ro
ce

d
u

re
 N

T
A

C
T

1
 re

se
ts th

e
 U

–
in

te
rfa

ce
 tra

n
sce

ive
r, ca

lls th
e

 in
itia

liza
-

tio
n

 ro
u

tin
e

 N
T

IN
IT

1
, se

ts a
ctiva

te
 re

q
u

e
st, a

n
d

 w
a

its fo
r in

te
rru

p
ts.

*/B
E

G
IN

N
R

0
(b

3
)

<
–

1
;

/*
A

sse
rt so

ftw
a

re
 re

se
t. O

n
ly re

q
u

ire
d

a
t p

o
w

e
r–

u
p

 in
itia

liza
tio

n
/

N
R

0
(b

3
)

<
–

0
;

/*
D

e
–

a
sse

rt so
ftw

a
re

 re
se

t. O
n

ly re
q

u
ire

d
 a

t p
o

w
e

r–
u

p
in

itia
liza

tio
n

/

C
A

L
L

 N
T

IN
IT

1
();

N
R

2
(b

3
)

<
–

1
;

/*
S

e
t a

ctiva
tio

n
 re

q
u

e
st b

it.*/

W
a

it fo
r in

te
rru

p
t;

/*
W

a
it fo

r re
su

lt o
f A

ctiva
tio

n
 */

O
th

e
r co

d
e

;

E
N

D
;
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P
ro

ce
d

u
re

 N
T

IN
IT

1
()

/*P
U

R
P

O
S

E
:

T
h

e
 
in

itia
liza

tio
n

 
p

ro
ce

d
u

re
 
N

T
IN

IT
1

 
p

u
ts 

th
e

 
N

T
 
co

n
fig

u
re

d
 
U

–
in

te
rfa

ce
 
tra

n
sce

ive
r 

in
to

a
u

to
m

a
tic e

o
c m

o
d

e
 a

n
d

 se
le

cts th
e

 M
4

 ch
a

n
n

e
l trin

a
l co

n
se

cu
tive

 ch
e

ck m
o

d
e

 o
f o

p
e

ra
tio

n
.

It a
lso

 se
ts d

e
fa

u
lt va

lu
e

s fo
r th

e
 M

4
, M

5
, a

n
d

 M
6

 ch
a

n
n

e
ls. A

ctiva
tio

n
 in

te
rru

p
ts a

re
 a

lso
e

n
a

b
le

d
. T

h
is ro

u
tin

e
 sh

o
u

ld
 a

lw
a

ys b
e

 e
xe

cu
te

d
 ju

st p
rio

r to
 se

ttin
g

 A
ctiva

tio
n

 R
e

q
u

e
st

N
R

2
(b

3
) =

 1
 o

r w
h

e
n

 th
e

 a
ctiva

tio
n

 in
 p

ro
g

re
ss in

te
rru

p
t o

ccu
rs in

 re
sp

o
n

se
 to

 th
e

 M
C

1
4

5
5

7
2

d
e

te
ctin

g
 a

 w
a

ke
u

p
 to

n
e

.

*/B
E

G
IN

B
R

0
<

–
7

7
;

/*
M

4
 tra

n
sm

it: a
ct =

 0
, p

o
w

e
r n

o
rm

a
l, n

o
rm

a
l m

o
d

e
 (n

tm
 =

 1
), w

a
rm

 sta
rt

ca
p

a
b

le
, u

n
u

se
d

 b
its =

 1
 */

B
R

1
<

–
7

F
;

/*
S

e
t in

itia
l co

n
d

itio
n

s o
n

 M
4

 ch
a

n
n

e
l re

ce
ive

. T
h

is (B
R

0
 =

 7
F

) w
ill

fo
rce

 a
n

 M
 ch

a
n

n
e

l in
te

rru
p

t to
 o

ccu
r w

h
e

n
 th

e
 M

4
 a

ct b
it fro

m
 th

e
 L

T
ch

a
n

g
e

s fro
m

 a
 0

 to
 a

 1
, sig

n
ifyin

g
 L

a
ye

r 2
 co

m
m

u
n

ica
tio

n
 re

a
d

in
e

ss/

B
R

2
<

–
F

0
;

/*
M

5
 a

n
d

 M
6

 ch
a

n
n

e
ls se

t to
 A

N
S

I T
1

.6
0

5
–

1
9

9
2

 re
se

rve
d

 co
n

d
itio

n
. fe

b
e

in
p

u
t =

 1
.*/

B
R

9
<

–
1

C
;

/*
S

e
le

ct a
u

to
m

a
tic e

o
c m

o
d

e
, M

4
 d

u
a

l co
n

se
cu

tive
 ch

e
ck, M

5
/M

6
 u

p
d

a
te

 o
n

e
ve

ry fra
m

e
 a

n
d

 tra
n

sm
itte

d
 fe

b
e

 is co
m

p
u

te
d

 n
e

b
e

. */

B
R

1
0

(b
0

)
<

–
1

;
/*

S
e

le
ct in

it g
ro

u
p

 re
g

iste
rs. */

O
R

7
(b

0
)

<
–

1
;

/*
E

n
a

b
le

 trin
a

l ch
e

ckin
g

 o
f M

4
 a

ct, d
e

a
, a

n
d

 u
o

a
 b

its. T
h

e
 re

m
a

in
in

g
 M

4
b

its a
re

 d
u

a
l co

n
se

cu
tive

 ch
e

cke
d

 a
s d

e
fin

e
d

 in
 B

R
9

(b
4

:b
5

) */

B
R

1
0

(b
0

)
<

–
0

;
/*

R
e

tu
rn

 to
 n

o
rm

a
l b

yte
 re

g
iste

r o
p

e
ra

tio
n

. */

N
R

4
<

–
A

;
/*

E
n

a
b

le
 IR

Q
3

, a
ctiva

tio
n

/D
 ch

a
n

n
e

l in
te

rru
p

t a
n

d
 IR

Q
2

 –
 M

4
 C

h
a

n
n

e
l

in
te

rru
p

t. */

E
N

D
;

P
ro

ce
d

u
re

 N
T

IS
R

1
()

/*P
U

R
P

O
S

E
:

T
h

e
 in

te
rru

p
t se

rvice
 ro

u
tin

e
 N

T
IS

R
1

 h
a

n
d

le
s a

ctiva
tio

n
 a

n
d

 ch
e

cks fo
r L

in
ku

p
 w

ith
 S

u
p

e
r

fra
m

e
 S

yn
c o

r fo
r a

n
 E

rro
r In

d
ica

tio
n

. If lin
ku

p
 is a

ch
ie

ve
d

, th
e

 fe
b

e
 a

n
d

 n
e

b
e

 co
u

n
te

rs
a

re
 cle

a
re

d
 a

n
d

 th
e

 M
4

 a
ct b

it is se
t to

 a
 1

 if a
 ch

e
ck o

f th
e

 S
/T

–
in

te
rfa

ce
 in

d
ica

te
s th

a
t

it is a
ctive

. If th
e

 E
rro

r In
d

ica
tio

n
 sta

tu
s b

it, N
R

1
(b

2
), is se

t to
 1

, a
p

p
ro

p
ria

te
 m

e
a

-
su

re
s ca

n
 b

e
 ta

ke
n

. A
lso

, w
h

e
n

 a
ct =

 1
 fro

m
 th

e
 L

T
, N

T
IS

R
1

 w
ill e

n
a

b
le

 d
a

ta
 tra

n
sp

a
re

n
cy.

*/B
E

G
IN

IF
 N

R
3

(b
3

) =
 1

 T
H

E
N

 
/* 

T
e

st fo
r a

ctiva
tio

n
 in

te
rru

p
t

 */
B

E
G

IN
IF

 N
R

1
 =

 A
 o

r B
 A

N
D

in
itia

l a
ctiva

tio
n

 T
H

E
N

/* T
e

st fo
r su

cce
ssfu

l in
itia

l a
ctiva

tio
n

 */
B

E
G

IN
B

R
4

 <
–

 0
0

;
/* C

le
a

r fe
b

e
 co

u
n

te
r */

B
R

5
 <

–
 0

0
;

/* C
le

a
r n

e
b

e
 co

u
n

te
r */

IF
 S

/T
 in

te
rfa

ce
 is

a
ctive

 T
H

E
NB
R

0
 <

–
 F

7
;

/* S
e

n
d

 M
4

 a
ct sta

tu
s to

 L
T

 */
E

N
D

E
L

S
E

 IF
 N

R
1

 =
 4

 T
H

E
N

/* T
e

st fo
r e

rro
r in

d
ica

tio
n

 */
B

E
G

IN
T

a
ke

 a
p

p
ro

p
ria

te
 m

e
a

su
re

s:
* d

isa
b

le
 in

te
rru

p
ts

* re
p

o
rt u

n
su

cce
ssfu

l
  a

ctiva
tio

n
 a

tte
m

p
t

E
N

D
E

N
D

IF
 N

R
3

(b
1

) =
 1

/* 
T

e
st fo

r M
4

 ch
a

n
n

e
l in

te
rru

p
t */

B
E

G
IN

IF
 B

R
1

(b
7

) =
 1

 A
N

D
 

/* te
st fo

r a
ct b

it 0
 to

 1
 tra

n
sitio

n
 a

n
d

 */
la

st re
ce

ive
d

 B
R

1
(b

7
) =

 0
 A

N
D

/* d
e

a
 =

 1
 fro

m
 L

T
 */

B
R

1
(b

6
) =

 1
 T

H
E

N
N

R
2

(b
0

) <
–

 1
;

/* S
e

t C
u

sto
m

e
r E

n
a

b
le

 b
it fo

r N
T

1
 d

a
ta

   tra
n

sp
a

re
n

cy */

E
L

S
E

h
a

n
d

le
 o

th
e

r M
4

sta
tu

s ch
a

n
g

e
s h

e
re

E
N

D
re

tu
rn

();
E

N
D
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T
he M

C
145572 can be operated w

ith eoc fram
e trinal checking and eoc interrupts enabled so an

external m
icrocontroller m

ay handle all eoc com
m

ands in softw
are. N

ote that the M
C

145572 still per-
form

s eoc fram
e trinal checking, thus relieving the external m

icrocontroller of this task. T
he M

4 channel
dual consecutive check m

ode is enabled. T
he exam

ples in this section configure an N
T

 U
–interface

transceiver in these m
odes and activate it.

T
he eoc m

essage processor, given as an exam
ple here, covers a very lim

ited im
plem

entation of an
eoc com

m
and set.

T
he activation procedure, N

TA
C

T
2, resets the U

–interface transceiver, calls the initialization routine
N

T
IN

IT
2, sets activate request, and w

aits for interrupts.

A
n initialization and activation procedure for an N

T
1 follow

s w
ith num

bers in hexadecim
al. A

 suggested
interrupt service routine outline, N

T
IS

R
2, is also given.

P
ro

ce
d

u
re

 N
T

A
C

T
2

();

/*P
U

R
P

O
S

E
:

T
h

e
 a

ctiva
tio

n
 p

ro
ce

d
u

re
 N

T
A

C
T

2
 re

se
ts th

e
 U

–
in

te
rfa

ce
 tra

n
sce

ive
r, ca

lls th
e

 in
itia

liza
-

tio
n

 ro
u

tin
e

 N
T

IN
IT

2
, se

ts a
ctiva

te
 re

q
u

e
st, a

n
d

 w
a

its fo
r in

te
rru

p
ts.

*/B
E

G
IN

N
R

0
(b

3
)

<
–

1
;

/*
A

sse
rt so

ftw
a

re
 re

se
t. O

n
ly re

q
u

ire
d

a
t p

o
w

e
r–

u
p

 in
itia

liza
tio

n
/

N
R

0
(b

3
)

<
–

0
;

/*
D

e
–

a
sse

rt so
ftw

a
re

 re
se

t. O
n

ly re
q

u
ire

d
 a

t p
o

w
e

r–
u

p
 in

itia
liza

tio
n

/

C
A

L
L

 N
T

IN
IT

2
();

If N
R

1
 =

 0
 th

e
n

 N
R

2
 (b

3
) <

–
 1

;    /*  S
e

t a
ctiva

tio
n

 re
q

u
e

st b
it */

W
a

it fo
r in

te
rru

p
t;

/*
W

a
it fo

r re
su

lt o
f A

ctiva
tio

n
 */

O
th

e
r co

d
e

;

E
N

D
;

P
ro

ce
d

u
re

 N
T

IN
IT

2
()

/*P
U

R
P

O
S

E
:

T
h

e
 
in

itia
liza

tio
n

 
p

ro
ce

d
u

re
 
N

T
IN

IT
2

 
p

u
ts 

th
e

 
N

T
 
co

n
fig

u
re

d
 
U

–
in

te
rfa

ce
 
tra

n
sce

ive
r 

in
to

e
o

c trin
a

l–
ch

e
ck m

o
d

e
 a

n
d

 se
le

cts th
e

 M
4

 ch
a

n
n

e
l trin

a
l co

n
se

cu
tive

 ch
e

ck m
o

d
e

 o
f o

p
e

ra
-

tio
n

. It a
lso

 se
ts d

e
fa

u
lt va

lu
e

s fo
r th

e
 M

4
, M

5
, a

n
d

 M
6

 ch
a

n
n

e
ls. A

ctiva
tio

n
 in

te
rru

p
ts

a
re

 a
lso

 e
n

a
b

le
d

. T
h

is ro
u

tin
e

 sh
o

u
ld

 a
lw

a
ys b

e
 e

xe
cu

te
d

 ju
st p

rio
r to

 se
ttin

g
 A

ctiva
tio

n
R

e
q

u
e

st N
R

2
(b

3
) =

 1
 o

r w
h

e
n

 th
e

 a
ctiva

tio
n

 in
 p

ro
g

re
ss in

te
rru

p
t o

ccu
rs in

 re
sp

o
n

se
 to

 th
e

M
C

1
4

5
5

7
2

 d
e

te
ctin

g
 a

 w
a

ke
u

p
 to

n
e

.

*/B
E

G
IN

B
R

0
<

–
7

7
;

/*
M

4
 tra

n
sm

it: a
ct =

 0
, p

o
w

e
r n

o
rm

a
l, n

o
rm

a
l m

o
d

e
 (n

tm
 =

 1
), w

a
rm

 sta
rt

ca
p

a
b

le
, u

n
u

se
d

 b
its =

 1
 */

B
R

1
<

–
7

F
;

/*
S

e
t in

itia
l co

n
d

itio
n

s o
n

 M
4

 ch
a

n
n

e
l re

ce
ive

. T
h

is (B
R

0
 =

 7
F

) w
ill

fo
rce

 a
n

 M
 ch

a
n

n
e

l in
te

rru
p

t to
 o

ccu
r w

h
e

n
 th

e
 M

4
 a

ct b
it fro

m
 th

e
 L

T
ch

a
n

g
e

s fro
m

 a
 0

 to
 a

 1
, sig

n
ifyin

g
 L

a
ye

r 2
 co

m
m

u
n

ica
tio

n
 re

a
d

in
e

ss/

B
R

2
<

–
F

0
;

/*
M

5
 a

n
d

 M
6

 ch
a

n
n

e
ls se

t to
 A

N
S

I T
1

.6
0

5
–

1
9

9
2

 re
se

rve
d

 co
n

d
itio

n
. fe

b
e

in
p

u
t =

 1
.*/

B
R

9
<

–
9

C
;

/*
S

e
le

ct n
o

n
–

a
u

to
m

a
tic e

o
c m

o
d

e
, M

4
 d

u
a

l co
n

se
cu

tive
 ch

e
ck, M

5
/M

6
 u

p
-

d
a

te
 o

n
 e

ve
ry fra

m
e

 a
n

d
 tra

n
sm

itte
d

 fe
b

e
 is co

m
p

u
te

d
 n

e
b

e
. */

B
R

1
0

(b
0

)
<

–
1

;
/*

se
le

ct in
it g

ro
u

p
 re

g
iste

rs */

O
R

7
(b

0
)

<
–

1
;

/*
e

n
a

b
le

 trin
a

l ch
e

ckin
g

 o
f M

4
 a

ct, d
e

a
, a

n
d

 u
o

a
 b

its. T
h

e
 re

m
a

in
in

g
 M

4
b

its a
re

 d
u

a
l co

n
se

cu
tive

 ch
e

cke
d

 a
s d

e
fin

e
d

 in
 B

R
9

(b
4

:b
5

) */

B
R

1
0

(b
0

)
<

–
0

;
/*

re
tu

rn
 to

 n
o

rm
a

l b
yte

 re
g

iste
r o

p
e

ra
tio

n
 */

N
R

4
<

–
E

;
/*

E
n

a
b

le
 a

ctiva
tio

n
/D

 ch
a

n
n

e
l, M

4
 ch

a
n

n
e

l a
n

d
 e

o
c in

te
rru

p
ts */

E
N

D
;
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P
ro

ce
d

u
re

 N
T

IS
R

2
()

/*P
U

R
P

O
S

E
:

T
h

e
 in

te
rru

p
t se

rvice
 ro

u
tin

e
 N

T
IS

R
2

 ch
e

cks fo
r L

in
ku

p
 w

ith
 S

u
p

e
r fra

m
e

 S
yn

c o
r fo

r a
n

E
rro

r In
d

ica
tio

n
. If lin

ku
p

 is a
ch

ie
ve

d
, th

e
 fe

b
e

 a
n

d
 n

e
b

e
 co

u
n

te
rs a

re
 cle

a
re

d
 a

n
d

 th
e

 M
4

a
ct b

it is se
t to

 a
 1

 if a
 ch

e
ck o

f th
e

 S
/T

–
in

te
rfa

ce
 in

d
ica

te
s th

a
t it is a

ctive
. If th

e
E

rro
r In

d
ica

tio
n

 sta
tu

s b
it, N

R
1

(b
2

), is se
t to

 1
, a

p
p

ro
p

ria
te

 m
e

a
su

re
s ca

n
 b

e
 ta

ke
n

. A
sa

m
p

le
 o

u
tlin

e
 o

f th
e

 A
N

S
I co

m
p

la
in

t e
o

c m
e

ssa
g

e
 h

a
n

d
le

r is a
lso

 in
clu

d
e

d
. N

o
te

 th
a

t if th
e

D
 ch

a
n

n
e

l S
C

P
 a

cce
ss (B

R
1

0
(b

1
) =

 1
) a

n
d

 IR
Q

3
 (N

R
4

(b
3

) =
 1

) a
re

 e
n

a
b

le
d

 th
e

n
 N

R
1

 m
u

st b
e

ch
e

cke
d

 fo
r th

e
 h

e
x co

d
e

 F
 b

e
fo

re
 a

n
y o

th
e

r IR
Q

3
 in

te
rru

p
t is se

rvice
d

.

*/B
E

G
IN

IF
 N

R
3

(b
3

) =
 1

 T
H

E
N

 
/* T

e
st fo

r a
ctiva

tio
n

 in
te

rru
p

t
 */

B
E

G
IN

IF
 N

R
1

 =
 F

 T
H

E
N

/* C
h

e
ck fo

r D
 ch

a
n

n
e

l in
te

rru
p

t.*/
B

E
G

IN
* re

a
d

/w
rite

 D
 ch

a
n

n
e

l
  d

a
ta

 fro
m

/to
 O

R
1

2
* cle

a
r D

 ch
a

n
n

e
l in

te
rru

p
t

E
N

D
E

L
S

E
 IF

 N
R

1
 =

 A
 o

r B
 A

N
D

in
itia

l a
ctiva

tio
n

 T
H

E
N

/* T
e

st fo
r su

cce
ssfu

l in
itia

l a
ctiva

tio
n

 */
B

E
G

IN
B

R
4

 <
–

 0
0

;
/* C

le
a

r fe
b

e
 co

u
n

te
r */

B
R

5
 <

–
 0

0
;

/* C
le

a
r n

e
b

e
 co

u
n

te
r */

IF
 S

/T
 in

te
rfa

ce
 is

a
ctive

 T
H

E
NB
R

0
 <

–
 F

7
;

/* S
e

n
d

 M
4

 a
ct sta

tu
s to

 L
T

 */
E

N
D

E
L

S
E

 IF
 N

R
1

 =
 4

 T
H

E
N

/* T
e

st fo
r e

rro
r in

d
ica

tio
n

 */
B

E
G

IN
T

a
ke

 a
p

p
ro

p
ria

te
 m

e
a

su
re

s:
* d

isa
b

le
 in

te
rru

p
ts

* re
p

o
rt u

n
su

cce
ssfu

l
  a

ctiva
tio

n
 a

tte
m

p
t

E
N

D
E

N
D

IF
 N

R
3

(b
1

) =
 1

/* 
T

e
st fo

r M
4

 ch
a

n
n

e
l in

te
rru

p
t */

B
E

G
IN

IF
 B

R
1

(b
7

) =
 1

 A
N

D
 

/* te
st fo

r a
ct b

it 0
 to

 1
 tra

n
sitio

n
 a

n
d

 */
la

st re
ce

ive
d

 B
R

1
(b

7
) =

 0
 A

N
D

/* d
e

a
 =

 1
 fro

m
 L

T
 */

B
R

1
(b

6
) =

 1
 T

H
E

N
N

R
2

(b
0

) <
–

 1
;

/* S
e

t C
u

sto
m

e
r E

n
a

b
le

 b
it fo

r N
T

1
 d

a
ta

   tra
n

sp
a

re
n

cy */
E

L
S

E
h

a
n

d
le

 o
th

e
r M

4
sta

tu
s ch

a
n

g
e

s h
e

re
E

N
D

IF
 N

R
3

(b
2

) =
 1

 T
H

E
N

/* 
T

e
st fo

r e
o

c in
te

rru
p

t
 */

B
E

G
IN

IF
 R

6
(B

1
1

:B
9

) =
 1

 O
R

 7
 T

H
E

N
/* T

e
st fo

r e
o

c m
e

ssa
g

e
, a

d
d

re
ss =

 N
T

1
 o

r
   b

ro
a

d
ca

st, re
sp

e
ctive

ly. */
B

E
G

IN
IF

 (R
6

(B
8

)=
1

 A
N

D
 R

6
(B

7
:B

0
) =

 a
 d

e
fin

e
d

 e
o

c m
e

ssa
g

e
 T

H
E

N
B

E
G

IN
R

6
 <

–
 R

6
;

/* E
ch

o
 e

o
c m

e
ssa

g
e

 to
 L

T
 (T

im
e

 critica
l!) */

* ta
ke

 a
p

p
ro

p
ria

te
  a

ctio
n

s d
e

p
e

n
d

in
g

 o
n

  m
e

ssa
g

e
E

N
D

E
L

S
E

R
6

 <
–

 1
A

A
;

/* S
e

n
d

 U
n

a
b

le
 to

 C
o

m
p

ly b
a

ck to
 L

T
. */

E
N

D
E

L
S

E
R

6
 <

–
 1

0
0

;
/* e

o
c a

d
d

re
ss n

o
t e

q
u

a
l to

 0
0

0
 o

r 1
1

1
. S

e
n

d
   H

o
ld

 sta
te

 b
a

ck to
 L

T
 */

E
N

D

re
tu

rn
();

E
N

D
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LT
 initialization is very sim

ilar to N
T

 initialization except that the autom
atic eoc m

ode is not available.
Trinal checking of received eoc com

m
ands is enabled. W

hen the U
–interface transceiver is operated

as an LT, the softw
are initiates eoc m

essages by w
riting into R

6. C
orrect operation of the eoc m

es-
sage at the N

T
1, as defined in A

N
S

I T
1.601–1992, is indicated by the LT

 receiving the echoed eoc
m

essage in R
6. T

his is show
n at a very high level in LT

IS
R

1.

A
n initialization and activation procedure for LT

 m
ode follow

s w
ith num

bers in hexadecim
al:

P
ro

ce
d

u
re

 L
T

A
C

T
1

();

/*P
U

R
P

O
S

E
:

T
h

e
 a

ctiva
tio

n
 p

ro
ce

d
u

re
 L

T
A

C
T

1
 re

se
ts th

e
 U

–
in

te
rfa

ce
 tra

n
sce

ive
r, ca

lls th
e

 in
itia

liza
-

tio
n

 ro
u

tin
e

 L
T

IN
IT

1
, se

ts a
ctiva

te
 re

q
u

e
st, a

n
d

 w
a

its fo
r in

te
rru

p
ts.

*/B
E

G
IN

N
R

0
(b

3
)

<
–

1
;

/*
A

sse
rt so

ftw
a

re
 re

se
t. O

n
ly re

q
u

ire
d

a
t p

o
w

e
r–

u
p

 in
itia

liza
tio

n
.*/

N
R

0
(b

3
)

<
–

0
;

/*
D

e
–

a
sse

rt so
ftw

a
re

 re
se

t. O
n

ly re
q

u
ire

d
 a

t p
o

w
e

r–
u

p
 in

itia
liza

tio
n

.*/

C
A

L
L

 L
T

IN
IT

1
();

If N
R

1
 =

 0
 th

e
n

 N
R

2
 (b

3
) <

–
 1

;    /*  S
e

t a
ctiva

tio
n

 re
q

u
e

st b
it */

W
a

it fo
r in

te
rru

p
t;

/*
W

a
it fo

r re
su

lt o
f A

ctiva
tio

n
 */

O
th

e
r co

d
e

;

E
N

D
;

P
ro

ce
d

u
re

 L
T

IN
IT

1
()

/*P
U

R
P

O
S

E
:

T
h

e
 in

itia
liza

tio
n

 p
ro

ce
d

u
re

 L
T

IN
IT

1
 p

u
ts th

e
 L

T
 co

n
fig

u
re

d
 U

–
in

te
rfa

ce
 tra

n
sce

ive
r in

to
e

o
c trin

a
l–

ch
e

ck m
o

d
e

 a
n

d
 se

le
cts th

e
 M

4
 ch

a
n

n
e

l trin
a

l co
n

se
cu

tive
 ch

e
ck m

o
d

e
 o

f o
p

e
ra

-
tio

n
. It a

lso
 se

ts d
e

fa
u

lt va
lu

e
s fo

r th
e

 M
4

, M
5

, a
n

d
 M

6
 ch

a
n

n
e

ls. A
ctiva

tio
n

 in
te

rru
p

ts
a

re
 a

lso
 e

n
a

b
le

d
. T

h
is ro

u
tin

e
 sh

o
u

ld
 a

lw
a

ys b
e

 e
xe

cu
te

d
 ju

st p
rio

r to
 se

ttin
g

 A
ctiva

tio
n

R
e

q
u

e
st N

R
2

(b
3

) =
 1

 o
r w

h
e

n
 th

e
 a

ctiva
tio

n
 in

 p
ro

g
re

ss in
te

rru
p

t o
ccu

rs in
 re

sp
o

n
se

 to
 th

e
M

C
1

4
5

5
7

2
 d

e
te

ctin
g

 a
 w

a
ke

u
p

 to
n

e
.

*/B
E

G
IN

B
R

0
=

7
F

;
/*

a
ct =

 0
, d

e
a

 =
 1

, o
th

e
r b

its to
 A

N
S
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T
his exam

ple show
s how

 to program
 the M

C
145572 w

hen the G
C

I 2B
+

D
 form

at is selected instead
of ID

L 8– and 10–bit m
odes. S

ee S
ection 5.4.3 for a description of the G

C
I 2B

+
D

 m
ode.

P
ro

ce
d

u
re

 G
C

I2
B

+
D

in
it();

/*P
U

R
P

O
S

E
:

   P
ro

g
ra

m
 G

C
I tim

e
slo

t in
 ID

L
–

2
 G

C
I 2

B
+

D
 d

a
ta

 fo
rm

a
t

IN
IT

IA
L

 C
O

N
D

IT
IO

N
S

:

   M
C

1
4

5
5

7
2

 co
n

fig
u

re
d

 fo
r ID

L
–

2
 sla

ve
 m

o
d

e

   D
C

L
 clo

ck ra
te

 =
 4

.0
9

6
 M

H
z

T
im

e
slo

t a
ssig

n
m

e
n

t:

W
h

e
n

 th
e

 D
C

L
 clo

ck fre
q

u
e

n
cy =

 4
.0

9
6

M
H

z th
e

re
 a

re
 8

 p
o

ssib
le

 3
2

–
b

it G
C

I tim
e

slo
ts. In

 th
is

e
xa

m
p

le
 w

e
 w

ill p
ro

g
ra

m
 th

e
 M

C
1

4
5

5
7

2
 to

 tra
n

sm
it a

n
d

 re
ce

ive
 in

 th
e

 4
th

 G
C

I tim
e

slo
t.

*/B
E

G
IN

N
R

0
(b

3
)

<
–

1
;

/*
A

sse
rt so

ftw
a

re
 re

se
t. O

n
ly re

q
u

ire
d

 a
t p

o
w

e
r–

u
p

 in
itia

liza
tio

n
.*/

N
R

0
(b

3
)

<
–

0
;

/*
D

e
–

a
sse

rt so
ftw

a
re

 re
se

t. O
n

ly re
q

u
ire

d
 a

t p
o

w
e

r–
u

p
 in

itia
liza

tio
n

.*/

B
R

1
0

(b
0

)
<

–
1

;
/*

S
e

le
ct In

it G
ro

u
p

 O
ve

rla
y re

g
iste

rs.*/

O
R

5
<

–
0

3
;

/*
S

e
le

ct th
e

 4
th

 G
C

I tim
e

slo
t */

O
R

6
(3

)
<

–
1

;
/*

E
n

a
b

le
 4

th
 G

C
I tim

e
slo

t */

O
R

1
0

(b
0

)
<

–
0

;
/*

T
im

e
slo

t in
itia

liza
tio

n
 o

ve
r. D

e
se

le
ct o

ve
rla

y re
g

iste
rs a

n
d

 re
tu

rn
to

 n
o

rm
a

l b
yte

 re
g

iste
r o

p
e

ra
tio

n
 */

E
N

D
;
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e

b
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�
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T
his exam

ple show
s how

 to use the M
C

145572 fe
b

e
 and n

e
b

e
 counters to calculate a B

Lock E
rror

R
atio (B

LE
R

). T
he B

LE
R

 is a useful m
easure of the channel quality as w

ell as a m
easure of the

far–end and near–end receiver’s perform
ance. U

sing a tim
ed interrupt, the procedures B

LE
R

_init and
B

LE
R

_IS
R

 determ
ine the B

LE
R

 by calculating the num
ber of far–end and near–end block errors that

occurred in the last 100 superfram
es. B

y subtracting the value of the fe
b

e
/n

e
b

e
 counters read during

an interrupt from
 the value read in the previous interrupt, the error count over a specific tim

e interval
can easily be determ

ined.

T
he M

C
145572 has fe

b
e

 and n
e

b
e

 status bits, as w
ell as fe

b
e

 and n
e

b
e

 counters. B
R

3 contains
the status bits, B

R
4 is the fe

b
e

 counter and B
R

5 is the n
e

b
e

 counter. W
hen a fe

b
e

 or n
e

b
e

 is
detected, the status bit is set and the counters are increm

ented. S
ection 7.5 describes the operation

of the fe
b

e
/n

e
b

e
 bits in detail. T

he M
C

145572 adds a fe
b

e
/n

e
b

e
 counter rollover feature w

hich
w

as not available in the M
C

145472. W
hen this feature is enabled, the fe

b
e

/n
e

b
e

 counters w
ill

rollover from
 $F

F
 to 00 instead of saturating at $F

F. T
he interrupt period of this exam

ple has been
set to 1.2 seconds to guarantee that the fe

b
e

/n
e

b
e

 counters do not roll over m
ore than once

betw
een interrupts.

S
ince the superfram

e period is 12 m
s, 100 superfram

es w
ill be transm

itted or received in 1.2 se-
conds. T

he 1.2–second interrupt can easily be im
plem

ented using the tim
er function on any M

otorola
M

C
68H

C
05 series m

icrocontroller. F
or greater accuracy, the B

LE
R

 generated at each interrupt can
be sum

m
ed over longer periods of tim

e.

B
y reading B

R
4 and B

R
5 once per second it is easy to m

odify the above procedure to calculate error
seconds and error free seconds.

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS



M
C

145572
9–12

M
O

T
O

R
O

LA

P
ro

ce
d

u
re

 B
L

E
R

_
in

it

/*P
U

R
P

O
S

E
: B

L
E

R
_

in
it in

itia
lize

s th
e

 fe
b

e
/n

e
b

e
 co

u
n

te
rs, e

n
a

b
le

s fe
b

e
/n

e
b

e
 ro

llo
ve

r, a
n

d
 e

n
-

a
b

le
s th

e
 1

.2
 se

co
n

d
 in

te
rru

p
t. In

itia
liza

tio
n

 o
f th

e
 fe

b
e

/n
e

b
e

 re
g

iste
rs sh

o
u

ld
 b

e
 d

o
n

e
u

p
o

n
 a

ctiva
tio

n
 a

s sh
o

w
n

 in
 th

e
 N

T
 a

n
d

 T
E

 a
ctiva

tio
n

 e
xa

m
p

le
s p

re
vio

u
sly m

e
n

tio
n

e
d

 in
 th

is
se

ctio
n

.

*/B
E

G
IN

B
R

4
 <

–
 0

0
;

/* C
le

a
r fe

b
e

 co
u

n
te

r.*/

B
R

5
 <

–
 0

0
;

/* C
le

a
r n

e
b

e
 co

u
n

te
r */

B
R

1
0

(b
0

) <
–

 1
;

/* E
n

a
b

le
 in

it g
ro

u
p

 re
g

iste
rs */

O
R

7
(b

1
) <

–
 1

;
/* E

n
a

b
le

 fe
b

e
/n

e
b

e
 ro

llo
ve

r */

B
R

1
0

(b
0

) <
–

 0
;

/* D
isa

b
le

 in
it g

ro
u

p
 re

g
iste

rs */

* p
ro

g
ra

m
 tim

e
r fo

r 1
.2

 se
c in

te
rru

p
t

* e
n

a
b

le
 tim

e
r in

te
rru

p
t

E
N

D

P
ro

ce
d

u
re

 B
L

E
R

_
IS

R

/*P
U

R
P

O
S

E
: B

L
E

R
_

IS
R

 h
a

n
d

le
s th

e
 1

.2
 se

co
n

d
 tim

e
r in

te
rru

p
t. It ca

lcu
la

te
s th

e
 cu

rre
n

t fa
r e

n
d

a
n

d
 

n
e

a
r 

e
n

d
 

b
lo

ck 
e

rro
r 

ra
te

s 
a

n
d

 
sto

re
s 

th
e

m
 

in
 

th
e

 
m

e
m

o
ry 

lo
ca

tio
n

s: 
F

E
_

B
L

E
R

 
a

n
d

N
E

_
B

L
E

R
. T

h
e

 fe
b

e
/n

e
b

e
 va

lu
e

s fro
m

 th
e

 la
st in

te
rru

p
t a

re
 sto

re
d

 in
 th

e
 m

e
m

o
ry lo

ca
tio

n
s:

la
st_

fe
b

e
 a

n
d

 la
st_

n
e

b
e

. T
h

e
se

 m
e

m
o

ry lo
ca

tio
n

s sh
o

u
ld

 b
e

 in
itia

lize
d

 p
rio

r to
 e

n
a

b
lin

g
 th

e
in

te
rru

p
t. If th

e
 re

su
lt o

f su
b

tra
ctin

g
 th

e
 la

st fe
b

e
/n

e
b

e
 fro

m
 th

e
 cu

rre
n

t fe
b

e
/n

e
b

e
 is

n
e

g
a

tive
 th

e
n

 th
e

 re
su

lt is a
d

ju
ste

d
 m

o
d

u
le

 2
5

6
.

O
U

T
P

U
T

:

F
E

_
B

L
E

R
: fa

r e
n

d
 b

lo
ck e

rro
r ra

te
 in

 e
rro

rs/1
0

0
 b

lo
cks

N
E

_
B

L
E

R
: n

e
a

r e
n

d
 b

lo
ck e

rro
r ra

te
 in

 e
rro

rs/1
0

0
 b

lo
cks

la
st_

fe
b

e
: B

R
4

 va
lu

e
 re

co
rd

e
d

 fro
m

 p
re

vio
u

s in
te

rru
p

t

la
st_

n
e

b
e

: B
R

5
 va

lu
e

 re
co

rd
e

d
 fro

m
 p

re
vio

u
s in

te
rru

p
t

*/B
E

G
IN

IF
 B

L
E

R
_

tim
e

r_
in

t T
H

E
N

B
E

G
IN

fe
b

e
 <

–
 B

R
4

;
/* sto

re
 cu

rre
n

t fe
b

e
 */

F
E

_
B

L
E

R
 <

–
 fe

b
e

 –
 la

st_
fe

b
e

/* ca
lcu

la
te

 fa
r e

n
d

 B
L

E
R

 o
f la

st 1
.2

 se
c */

IF
 F

E
_

B
L

E
R

 <
=

 0
 T

H
E

N
/* te

st fo
r fe

b
e

 co
u

n
te

r ro
llo

ve
r */

F
E

_
B

L
E

R
 <

–
 2

5
6

 –
 F

E
_

B
L

E
R

/* a
d

ju
st fa

r e
n

d
 B

L
E

R
 fo

r co
u

n
te

r
ro

llo
ve

r */

la
st_

fe
b

e
 <

–
 B

R
4

/* u
p

d
a

te
 la

st_
fe

b
e

 */

n
e

b
e

 <
–

 B
R

5
;

/* sto
re

 cu
rre

n
t n

e
b

e
 */

N
E

_
B

L
E

R
 <

–
 n

e
b

e
 –

 la
st_

n
e

b
e

/* ca
lcu

la
te

 n
e

a
r e

n
d

 B
L

E
R

 o
f la

st 1
.2

 se
c */

IF
 N

E
_

B
L

E
R

 <
=

 0
 T

H
E

N
/* te

st fo
r n

e
b

e
 co

u
n

te
r ro

llo
ve

r */

N
E

_
B

L
E

R
 <

–
 2

5
6

 –
 N

E
_

B
L

E
R

/* a
d

ju
st n

e
a

r e
n

d
 B

L
E

R
 fo

r co
u

n
te

r 
ro

llo
ve

r */

la
st_

n
e

b
e

 <
–

 B
R

5
/* u

p
d

a
te

 la
st_

n
e

b
e

 */

E
N

D

E
N

D
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In non–IS
D

N
 applications, such as pair–gain m

ultiplexing, it is often necessary to com
m

unicate low
–

speed status inform
ation. T

he M
C

145572 provides a sim
ple m

eans to transm
it this type of status

inform
ation over the D

 channel of the U
–interface.

In pair–gain applications, the off–hook status is transm
itted from

 the R
em

ote Term
inal (R

T
) to the

C
entral O

ffice Term
inal (C

O
T

) and the ring detect status is transm
itted from

 the C
O

T
 to the R

T
 (see

F
igure 9–3).

In M
C

U
 m

ode, the M
C

145572 provides a m
eans to transm

it and receive D
 channel inform

ation through
the S

C
P

 or P
C

P. T
his allow

s an M
C

U
 to access the D

 channel w
ithout using the D

 channel port or
the ID

L interface. O
nce activation is achieved, transparent data is enabled and B

R
10(b1) is set, D

channel data is accessible through O
verlay register O

R
12. If IR

Q
3 is enabled and B

R
10(b1) =

 1, a
special code is loaded into N

R
1 (N

R
1 =

 1111) to indicate that a new
 byte of D

 channel data w
as

received. T
his interrupt occurs every 500 µs. W

hen an activation interrupt (also IR
Q

3) occurs at the
sam

e tim
e as a D

 channel interrupt, it is latched and generates an interrupt to the M
C

U
 after D

 C
hannel

register O
R

12 has been read. T
his m

ust be taken into account w
hen w

riting the interrupt service
routine.

T
he follow

ing tw
o procedures are a basic exam

ple of how
 to com

m
unicate over the D

 channel using
the P

C
P

/S
C

P
 registers. D

C
H

_init is used to enable IR
Q

3 and initiate activation. T
he interrupt service

routine, D
C

H
_IS

R
, then enables custom

er data w
hen activation is achieved and handles the D

 chan-
nel com

m
unications through O

verlay register O
R

12.
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�

�
�


�
�
�
	


�
�
�
�
�
�
�

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�

�
�
�
�
�
�
�
�

F
igure 9–3. S

tatus Inform
ation F

low
 in a 4:1 P

air–G
ain A

pplication
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ro
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u
re

 D
C

H
_

in
it

/* P
U

R
P

O
S

E
: D

C
H

_
in

it in
itia

lize
s th

e
 D

 ch
a

n
n

e
l S

C
P

/P
C

P
 co

m
m

u
n

ica
tio

n
s a

n
d

 a
lso

 a
ctiva

te
s

th
e

 M
C

1
4

5
5

7
2

.

B
E

G
IN

N
R

0
(b

3
)

<
–

1
;

/*
A

sse
rt so

ftw
a

re
 re

se
t. O

n
ly re

q
u

ire
d

a
t p

o
w

e
r–

u
p

 in
itia

liza
tio

n
.*/

N
R

0
(b

3
)

<
–

0
;

/*
D

e
–

a
sse

rt so
ftw

a
re

 re
se

t. O
n

ly re
q

u
ire

d
 a

t p
o

w
e

r–
u

p
 in

itia
liza

tio
n

.*/

B
R

1
0

(b
1

)
<

–
1

;
/*

E
n

a
b

le
 S

C
P

/P
C

P
 D

 ch
a

n
n

e
l re

a
d

/w
rite

 a
cce

ss th
ro

u
g

h
 O

R
1

2
 */

N
R

4
<

–
8

;
/*

E
n

a
b

le
 IR

Q
3

, a
ctiva

tio
n

/D
 ch

a
n

n
e

l in
te

rru
p

t */

N
R

2
(b

3
)

<
–

1
;

/*
S

e
t a

ctiva
tio

n
 re

q
u

e
st b

it.*/

W
a

it fo
r in

te
rru

p
t;

/*
W

a
it fo

r re
su

lt o
f A

ctiva
tio

n
 */

O
th

e
r co

d
e

;

E
N

D

p
ro

ce
d

u
re

 D
C

H
_

IS
R

B
E

G
IN

IF
 N

R
3

(b
3

) =
 1

 T
H

E
N

 
/* 

T
e

st fo
r a

ctiva
tio

n
 in

te
rru

p
t

 */

B
E

G
IN

IF
 N

R
1

 =
 F

 T
H

E
N

/* C
h

e
ck fo

r D
 ch

a
n

n
e

l in
te

rru
p

t.*/

B
E

G
IN

* g
e

t O
F

F
 H

O
O

K
 (R

T
) o

r R
IN

G
 D

E
T

E
C

T
 (C

O
T

)

  sta
tu

s fro
m

 h
a

rd
w

a
re

 a
n

d
 w

rite

  to
 O

R
1

2

* re
a

d
 O

R
1

2
 a

n
d

 in
itia

te

  O
F

F
 H

O
O

K
 to

 ce
n
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r e

rro
r in

d
ica

tio
n

 */

B
E

G
IN

T
a

ke
 a

p
p

ro
p

ria
te

 m
e

a
su

re
s:

* d
isa

b
le

 in
te

rru
p

ts

* re
p

o
rt u

n
su

cce
ssfu

l

  a
ctiva

tio
n

 a
tte

m
p

t

E
N

D

E
N

D

E
N

D

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS



M
C

145572
10–1

M
O

T
O

R
O

LA

�
�

�
�
�


�
�
�


�
�
�
�
�


�

�


�
�
�
�
�
�

�
�
��

�
	
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

(V
oltages R

eferenced to V
S

S
)

R
ating

S
ym

bol
V

alue
U

nit

D
C

 S
upply V

oltage
V

D
D

– 0.5 to 7.0
V

V
oltage, A

ny P
in to V

S
S

V
in

– 0.3 to V
D

D
 +

 0.3
V

D
C

 C
urrent, A

ny P
in (see N

ote)
Iin

±
10

m
A

O
perating Tem

perature
TA

– 40 to +
 85

°C

S
torage Tem

perature
Tstg

– 85 to +
 150

°C

N
O

T
E

:E
xcept for V

D
D

, V
S

S
, T

xP, and T
xN

.

�
�
��

�
�


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�


�
�
�
�
�
�
�
�
�

(V
oltages R

eferenced to V
S

S
, TA

 =
 – 40 to +

 85°C
)

P
aram

eter
S

ym
bol

M
in

Typ
M

ax
U

nit

D
C

 S
upply V

oltage
V

D
D

4.75
5.0

5.25
V

C
urrent S

ourced from
 C

A
P

3V
 pin @

 2.7 V
—

—
5

m
A

�
�
��

�
�
�
�
�


�
�
�
�
�
�
�
�
�
�

(V
oltages R

eferenced to V
S

S
, TA

 =
 – 40 to +

 85°C
)

P
aram

eter
S

ym
bol

M
in

Typ
M

ax
U

nit

D
C

 S
upply V

oltage
V

D
D

4.75
5.0

5.25
V

P
ow

er C
onsum

ption, A
ctivated

—
225

275
m

W

P
ow

er C
onsum

ption, A
bsolute P

ow
er D

ow
n

—
—

10
m

W

P
ow

er C
onsum

ption, D
eactivated

—
135

—
m

W

�
�
��

�
�
�

�
�
�
�
�


�

(V
D

D
 =

 5.0 V
 ± 5%

, TA
 =

 – 40 to +
 85°C

)

P
aram

eter
M

in
Typ

M
ax

U
nit

C
old S

tart Tim
e, LT

 M
ode

—
9

—
s

C
old S

tart Tim
e, N

T
 M

ode
—

4
—

s

W
arm

 S
tart Tim

e, LT
 and N

T
 M

odes
—

75
—

m
s

Transm
it Linearity

45
—

—
dB

B
it E

rror R
ate, 16,500 ft of 26 A

W
G

, 1500 ft of 24 A
W

G
, +

1 dB
 N

E
X

T
M

argin, A
N

S
I T

1.601–1992 (see N
ote)

—
—

10 –7

D
ifferential R

eceiver S
ensitivity

—
15

20
m

V

N
O

T
E

:B
it error rate perform

ance depends significantly on the characteristics of the line interface circuit used to couple the
M

C
145572 to the transm

ission line. T
his param

eter is provided for inform
ational purposes only.
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(V
D

D
 =

 5.0 V
 +

 5%
, TA

 =
 – 40 to +

 85°C
)

P
aram

eter
Test C

onditions
S

ym
bol

M
in

M
ax

U
nit

H
igh–Level Input V

oltage, E
xcept F

R
E

Q
R

E
F

and R
E

S
E

T
V

IH
2.0

—
V

Low
–Level Input V

oltage, E
xcept F

R
E

Q
R

E
F

and R
E

S
E

T
V

IL
– 0.3

0.8
V

H
igh–Level Input V

oltage, F
R

E
Q

R
E

F
 and

R
E

S
E

T
V

IH
3.75

—
V

Low
–Level Input V

oltage, F
R

E
Q

R
E

F
 and

R
E

S
E

T
V

IL
—

1.25
V

H
igh–Level O

utput V
oltage (IO

H
 =

 – 400 µA
)

V
O

H
2.4

—
V

Low
–Level O

utput V
oltage (IO

L  =
 5 m

A
)

V
O

L
0.5

V

H
igh–Level Input C

urrent
IIH

– 1
1

µA

Low
–Level Input C

urrent
IIL

– 1
1

µA

H
igh–Level O

utput C
urrent

V
O

H
 =

 V
D

D
 – 0.5 V

IO
H

– 4
—

m
A

Low
–Level O

utput C
urrent

V
O

L  =
 0.4 V

IO
L

—
2.5

m
A

IR
Q

 O
utput C

urrent
V

O
L  =

 0.4 V
IIR

Q
—

2
m

A

IR
Q

 H
igh Im

pedance
R

IR
Q

 off
100

—
kΩ

Input C
apacitance, D

igital P
ins

C
in

—
10

pF

X
TA

Lin , X
TA

Lout  Input C
apacitance

F
R

E
Q

R
E

F
 C

onnected
to V

S
S

 or V
D

D

—
100

pF

X
TA

Lin  H
igh–Level Input

3.5
—

V

X
TA

Lin  Low
–Level Input

—
1.5

V

X
TA

Lout  O
utput C

urrent
V

O
H

,V
O

L  =
 2.5 V

– 6.5
6.5

m
A

N
O

T
E

S
:

1.
A

ll digital outputs except X
TA

Lout  are three–stateable regardless of their norm
al operating condition.

2.
A

ll digital outputs are specified at a load capacitance of 80 pF.
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 (V
D

D
 =

 5 V
 +

 5%
, TA

 =
 – 40 to +

 85°C
, R

L  =
 60 Ω

 from
 T

xP
 to T

xN
)

P
aram

eter
M

in
Typ

M
ax

U
nit

O
utput R

esistance —
 F

ull P
ow

er M
ode

—
—

0.05
Ω

O
utput R

esistance —
 P

ow
er D

ow
n M

ode
—

10
30

Ω

O
utput R

esistance —
 A

bsolute P
ow

er D
ow

n M
ode

—
10

30
Ω

O
utput P

eak V
oltage F

rom
 T

xP
 to T

xN
—

±
4.0

—
V

pk  –V
pk

O
utput Load C

apacitance
—

—
47

nF

P
ow

er S
upply R

ejection
—

60
—

dB

P
eak C

urrent
—

75
—

m
A

�
�
��
��

�
��
�
�
�
�
�
�
�
�
�
�

 (V
D

D
 =

 5 V
 +

 5%
, TA

 =
 – 40 to +

 85°C
)

P
aram

eter
M

in
M

ax
U

nit

Input R
esistance —

 F
ull P

ow
er M

ode
1

—
M

Ω

Input R
esistance —

 P
ow

er D
ow

n M
ode

1
—

M
Ω

Input R
esistance —

 A
bsolute P

ow
er D

ow
n M

ode
1

—
M

Ω

Input C
apacitance

—
10

pF

Input V
oltage R

ange for R
xP

 or R
xN

((V
D

D
 – V

S
S

)/2) – 0.5
((V

D
D

 – V
S

S
)/2) +

 0.5
V
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R
ef. N

o.
P

aram
eter

M
in

Typ
M

ax
U

nit
N

ote

1
F

S
R

 or F
S

X
 P

eriod
125

125
—

µs
1

2
D

elay F
rom

 the R
ising E

dge of D
C

L to the R
ising E

dge of
F

S
X

 or F
S

R
—

—
30

ns

3
D

elay F
rom

 the R
ising E

dge of D
C

L to the F
alling E

dge of
F

S
X

 or F
S

R
—

—
30

ns

4
D

C
L C

lock P
eriod

391
—

1953
ns

2

5
D

C
L P

ulse W
idth H

igh, N
om

inal
512 kH

z
2.048 M

H
z

2.56 M
H

z
D

C
L C

lock 249 P
ulse W

idth H
igh

2.048 M
H

z
2.56 M

H
z

D
C

L C
lock 59 P

ulse W
idth H

igh
512 kH

z

878
210
170
160
120
825

——————

1074
265
215
315
265
1120

ns
3

6
D

C
L P

ulse W
idth Low

45
—

55
%

 of D
C

L
P

eriod
4

7
D

elay F
rom

 R
ising E

dge of D
C

L to Low
–Z

 and V
alid D

ata
on D

out

—
—

30
ns

8
D

elay F
rom

 R
ising E

dge of D
C

L to D
ata V

alid on D
out

5
—

30
ns

9
D

elay F
rom

 R
ising E

dge of D
C

L to H
igh–Z

 on D
out

—
—

30
ns

10
D

ata V
alid on D

in  B
efore F

alling E
dge of D

C
L (D

in  S
etup

Tim
e)

25
—

—
ns

11
D

ata V
alid on D

in  A
fter F

alling E
dge of D

C
L (D

in  H
old Tim

e)
25

—
—

ns

12
D

elay F
rom

 R
ising E

dge of D
C

L to T
S

E
N

 Low
—

—
30

ns
5

13
D

elay F
rom

 F
alling E

dge of D
C

L to T
S

E
N

 H
igh

—
—

30
ns

N
O

T
E

S
:

1.
F

S
R

 or F
S

X
 occurs on average every 125 µs.

2.
T

he D
C

L frequency m
ay be 512 kH

z, 2.048 M
H

z, or 2.56 M
H

z.
3.

T
he duty cycle of D

C
L is betw

een 45%
 and 55%

 w
hen operated in M

aster Tim
ing m

ode. T
his duty cycle is guaranteed for

all D
C

L clocks, except the clock that is used for m
aking tim

ing adjustm
ents, in order to m

aintain synchronization w
ith the

received signal w
hen operating in N

T
 m

ode. In N
T

 M
aster m

ode, the M
C

145572 conveys tim
ing adjustm

ents over the D
C

L
clock of the device. T

his is done by adding or subtracting a single 20.48 M
H

z clock period of 48 ns to the high phase of D
C

L
clock on tw

o successive ID
L fram

es, once per U
–interface basic fram

e. T
he total adjustm

ent is 96 ns distributed over the
tw

o ID
L fram

es. W
hen D

C
L is configured for 2.048 M

H
z or 2.56 M

H
z, the adjustm

ent occurs during clock pulse num
ber

249 after F
S

X
/F

S
R

. T
he count starts at clock pulse 0 for the D

C
L clock im

m
ediately follow

ing F
S

X
/F

S
R

. W
hen D

C
L is con-

figured for 512 kH
z, the adjustm

ent occurs during D
C

L pulse num
ber 59. It is im

portant to rem
em

ber this w
hen using the

tim
eslot assigner, since it is possible to program

 it to transfer 2B
 or D

 data during the clock period w
here the tim

ing adjust-
m

ent is being m
ade and this m

ay effect setup and hold tim
es for other com

ponents in a system
.

4.
T

he pulse w
idth during the low

 phase of the clock varies betw
een 45%

 and 55%
 of the nom

inal frequency. Tim
ing adjust-

m
ents are not m

ade during the low
 phase of D

C
L.

5.
In ID

L 8– and 10–bit form
ats, T

S
E

N
 can be valid during the B

1, B
2, and D

 channel tim
eslots.
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C
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R
ef. N
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P

aram
eter

M
in

M
ax

U
nit

N
ote

14
F

S
R

 or F
S

X
 P

eriod
125

—
µs

1

15
F

S
R

 or F
S

X
 H

igh B
efore the F

alling E
dge of D

C
L (F

S
R

 or F
S

X
S

etup Tim
e)

25
—

ns

16
F

S
R

 or F
S

X
 H

igh A
fter the F

alling E
dge of D

C
L (F

S
R

 or F
S

X
H

old Tim
e)

25
—

ns

17
D

elay F
rom

 R
ising E

dge of D
C

L to Low
–Z

 and V
alid D

ata on
D

out

—
30

ns

18
D

elay F
rom

 R
ising E

dge of D
C

L to D
ata V

alid on D
out

—
30

ns

19
D

elay F
rom

 R
ising E

dge of D
C

L to H
igh–Z

 on D
out

5
30

ns

20
D

elay F
rom

 R
ising E

dge of D
C

L to T
S

E
N

 Low
—

30
ns

2

21
D

elay F
rom

 R
ising E

dge of D
C

L to T
S

E
N

 H
igh

—
30

ns

22
D

C
L C

lock P
eriod

244
1953

ns
3

23
D

C
L P

ulse W
idth H

igh
45

55
%

 of D
C

L
P

eriod

24
D

C
L P

ulse W
idth Low

45
55

%
 of D

C
L

P
eriod

25
D

ata V
alid on D

in  B
efore F

alling E
dge of D

C
L (D

in  S
etup Tim

e)
25

—
ns

26
D

ata V
alid on D

in  A
fter F

alling E
dge of D

C
L (D

in  H
old Tim

e)
25

—
ns

N
O

T
E

S
:

1.
F

S
R

 or F
S

X
 occurs on average every 125 µs. F

S
X

 and F
S

R
/F

S
C

 m
ust occur every 125 µs w

ith a m
axim

um
 instantaneous

phase titter of ± 30 µs.
2.

In ID
L2 8– and 10–bit form

ats, T
S

E
N

 is valid during the B
1, B

2, and D
 channel tim

eslots. T
S

E
N

 w
ill be aligned w

ith data
on the D

out  pin.
3.

In ID
L2 S

lave m
ode, D

C
L m

ay be any frequency m
ultiple of 8 kH

z betw
een 256 kH

z and 4.096 M
H

z inclusive.
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ising E
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C
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ising E

dge of F
S

R
 or F

S
X

—
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29
D

elay F
rom
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ising E

dge of D
C

L to F
alling E

dge of F
S

R
 or F

S
X

—
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rom
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dge of F
S

R
 to Low

–Z
 and V

alid D
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D
out

—
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D

elay F
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ising E

dge of D
C

L to D
ata V

alid on D
out

—
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32
D

elay F
rom

 R
ising E

dge of D
C

L to H
igh–Z

 on D
out

5
30

ns

33
D

C
L C

lock P
eriod

391
1953

ns
3

34
D

C
L P

ulse W
idth H

igh
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55
%

 of D
C

L
P

eriod

35
D

C
L P

ulse W
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45
55

%
 of D

C
L

P
eriod

36
D

ata V
alid on D

in  B
efore F

alling E
dge of D

C
L (D

in  S
etup Tim

e)
25

—
ns

37
D

ata V
alid on D

in  A
fter F

alling E
dge of D

C
L (D

in  H
old Tim

e)
25

—
ns

38
D

elay F
rom

 R
ising E

dge of F
S

R
 to T

S
E

N
 Low

—
30

ns
4

39
D

elay F
rom

 F
alling E

dge of D
C

L to T
S

E
N

 H
igh

—
30

ns

N
O

T
E

S
:

1.
F

S
R

 or F
S

X
 occurs on average every 125 µs.

2.
T

he duty cycle of D
C

L is betw
een 45%

 and 55%
 w

hen operated in M
aster Tim

ing m
ode. T

his duty cycle is guaranteed for
all D

C
L clocks, except the clock that is used for m

aking tim
ing adjustm

ents, in order to m
aintain synchronization w

ith the
received signal w

hen operating in N
T

 m
ode. T

his tim
ing adjustm

ent does not occur during the 2B
+

D
 data transfer. T

he tim
-

ing adjustm
ent is done by adding or subtracting a single 20.48 M

H
z clock period of 48 ns to the high phase of D

C
L clock

on tw
o successive ID

L fram
es, once per U

–Interface basic fram
e. T

he total adjustm
ent is 96 ns distributed over the tw

o
ID

L fram
es.

3.
In ID

L M
aster Long F

ram
e S

ync m
ode, the F

S
R

 or F
S

X
 pulse is eight D

C
L clock periods long.

4.
T

he D
C

L frequency m
ay be 512 kH

z, 2.048 M
H

z, or 2.56 M
H

z.
5.

In ID
L 8– and 10–bit form

ats, T
S

E
N

 can be valid during the B
1, B

2, and D
 channel tim

eslots.
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S
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—
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C
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E
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—
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D

C
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lock P
eriod

244
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D

C
L P
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C

L
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C
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55

%
 of D

C
L

P
eriod

52
D

ata V
alid on D
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ata V
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C
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—
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N
O

T
E

S
:

1.
F

S
R

 or F
S

X
 occurs on average every 125 µs. F

S
X

 and F
S

R
/F

S
C

 m
ust occur every 125 µs w

ith a m
axim

um
 instantaneous

phase titter of ± 30 µs.
2.

F
S

R
 or F

S
X

 should be asserted for at least tw
o D

C
L clock cycles and at m

ost eight D
C

L clock cycles.
3.

In ID
L 8– and 10–bit form

ats, T
S

E
N

 is valid during the B
1, B

2, and D
 channel tim

eslots. T
S

E
N

 w
ill be aligned w

ith data on
the D

out  pin.
4.

In ID
L S

lave m
ode, D

C
L m

ay be any frequency that is a m
ultiple of 8 kH

z and is betw
een 256 kH

z and 4.096 M
H

z inclusive.
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D

C
L C

lock P
eriod M

aster M
ode
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1953

ns
4

59b
D

C
L C

lock P
eriod S

lave M
ode

122
1953

ns
5

60
D

C
L P

ulse W
idth H

igh
512 kH

z
2.048 kH

z
D

C
L C

lock 249 P
ulse W

idth H
igh

2.048 M
H

z
D

C
L C

lock 59 P
ulse W

idth H
igh

512 kH
z

878
210
160
825

1074
265
315
1120

ns
6

61
D

C
L P

ulse W
idth Low

45
55

%
 of D

C
L

P
eriod

62
D

C
L F

all Tim
e

5
15

ns

63
D

C
L R

ise Tim
e

5
15

ns

64
D

elay F
rom

 R
ising E

dge of F
S

C
 to Low

–Z
 and V

alid D
ata on D

out
—

30
ns

65
D

elay F
rom

 R
ising E

dge of D
C

L to D
ata V

alid on D
out

—
30

ns

66
D

elay F
rom

 R
ising E

dge of D
C

L H
igh–Z

 on D
out

5
30

ns

67
D

ata V
alid on D

in  B
efore R

ising E
dge of D

C
L

25
—

ns

68
D

ata V
alid on D

in  A
fter R

ising E
dge of D

C
L

25
—

ns

69
D

elay F
rom

 R
ising E

dge of F
S

C
 to T

S
E

N
 Low

—
30

ns

70
D

elay F
rom

 R
ising E

dge of D
C

L to T
S

E
N

 H
igh

—
30

ns

N
O

T
E

S
:

1.
T

he F
S

C
 pulse is norm

ally tw
o D

C
L clock periods w

ide.
2.

T
he F

S
C

 pulse is only one D
C

L clock period w
ide at the start of a superfram

e. E
very 96th F

S
C

 pulse m
arks the start of

a superfram
e.

3.
To m

ark the beginning of a superfram
e (i.e., to flag the 2B

+
D

 data of the current fram
e as the first data in the transm

itted
superfram

e) the F
S

C
 pulse should be only one D

C
L clock period w

ide. If the F
S

C
 pulse is not m

odulated as such the
M

C
145572 w

ill random
ly chose an F

S
C

 fram
e as the first to be transm

itted.
4.

In G
C

I M
aster m

ode, the M
C

145572 w
ill output a 512 kH

z or 2.048 M
H

z clock as selected by C
LK

S
E

L.
5.

In G
C

I S
lave m

ode, D
C

L m
ay be any frequency that is a m

ultiple of 512 kH
z and is betw

een 512 kH
z and 8.192 M

H
z.

6.
T

he duty cycle of D
C

L is betw
een 45%

 and 55%
 w

hen operated in M
aster Tim

ing m
ode. T

his duty cycle is guaranteed for
all D

C
L clocks, except the clock that is used for m

aking tim
ing adjustm

ents, in order to m
aintain synchronization w

ith the
received signal w

hen operating in N
T

 m
ode. In N

T
 M

aster m
ode, the M

C
145572 conveys tim

ing adjustm
ents over the D

C
L

clock of the device. T
his is done by adding or subtracting a single 20.48 M

H
z clock period of 48 ns to the high phase of D

C
L

clock on tw
o successive G

C
I fram

es, once per U
–interface basic fram

e. T
he total adjustm

ent is 96 ns distributed over the
tw

o fram
es. W

hen D
C

L is configured for 2.048 M
H

z, the adjustm
ent occurs during clock pulse num

ber 249 after F
S

C
. T

he
count starts at clock pulse 0 for the D

C
L clock im

m
ediately coincident w

ith F
S

C
 being driven high. W

hen D
C

L is configured
for 512 kH

z the adjustm
ent occurs during D

C
L pulse num

ber 59. It is im
portant to rem

em
ber this w

hen program
m

ing the
G

C
I tim

eslot, since it is possible for data to be transferred during the clock period w
here the tim

ing adjustm
ent is being m

ade
and this m

ay effect setup and hold tim
es for other com

ponents in a system
.
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T
his inform

ation is provided to assist in sourcing the various parts used in the application of the
M

C
145572 U

–interface transceiver. T
he detailed specifications for these parts are available from

 the
m

anufacturer and inform
ation presented here is only as current as the printing of this docum

ent.
C

ontact your local M
otorola representative or the M

otorola factory applications staff for the latest
updates on this inform

ation.

C
A

U
T

IO
N

M
otorola has conducted lim

ited evaluation of third party com
ponents for use w

ith the
M

C
145572. T

his lim
ited review

 suggests that the com
ponents included here appear to be

suitable for applications using the M
C

145572. H
ow

ever, the evaluation did not include all
specifications or param

eters that m
ay be applicable to particular designs, and the vendors

included here represent only a partial list of com
ponent m

anufacturers. M
otorola does not

guarantee that these third party com
ponents w

ill w
ork in all applications. It is the responsi-

bility of the equipm
ent designer to verify that these com

ponents are suitable for their
intended application.

�
��

�
�
�

�
	
�
�
�
�
�
�
�
�
�
�
�
�

Table B
–1 lists sourcing inform

ation for the transform
ers used in the M

C
145572 line interface circuit.

Table B
–1. U

–Interface Transform
er V

endors

M
anufacturer

P
art N

o.
P

ackage D
im

ensions
L x W

 x H
F

ax N
o.

C
ontact/P

hone N
o.

M
idcom

671–7308
1.05″ x 0.92″ x 0.45″

(605) 886–4486
(605) 886–4385

S
chott C

orporation
671 46720

1.05″ x 0.92″ x 0.45″
(615) 885–0834

(615) 889–8800

A
P

C
41018

19.6 m
m

 x 25.1 m
m

 
x 13.2 m

m
U

S
A

:
(201) 368–1704

U
K

:
(44) 1634–290–591

U
S

A
:

(201) 368–1750
U

K
:

(44) 1634–290–588

P
ulse E

ngineering
P

E
 68628

1.05″ x 0.92″ x 0.45″
(619) 674–8262

(619) 674–8100

V
alor E

lectronics
P

T
5062

0.82″ x 0.82″ x 0.675
″

(619) 537–2525
(619) 537–2500

N
O

T
E

S
:

1.
S

ee C
aution note above.

2.
P

art num
bers subject to change.

3.
A

P
C

 also m
anufactures line interface m

odules.

�
��

�
�
�
�
�
�
�
�
	
�
�
�
�
�
�

�
	
�
�
�
�
�
�
�
�
�
�	
��
�
�
��


A
 list of third party vendors and current qualification status appear in Table B

–1. T
he transform

er
reference schem

atic appears in F
igure B

–1. T
he specifications in Table B

–2 apply to the design of
the U

–interface transform
er.

A
ny transform

er m
anufactured to this specification m

ust be verified for com
pliant transm

ission perfor-
m

ance. It is also suggested that transform
ers m

anufactured for use in loop pow
ered system

s be
required to rem

ain w
ithin specification up to the m

axim
um

 loop current w
hich m

ay be as high as
60 m

A
.
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F
igure B

–1. S
chem

atic R
eference for

U
–Interface Transform

er

Table B
–2. E

lectrical S
pecification for the U

–Interface Transform
er,

N
orth A

m
erican IS

D
N

P
aram

eter
P

ins U
nder Test

M
in

M
ax

U
nit

N
otes

O
perating Tem

perature
– 40

+
 85

°C

B
reakdow

n V
oltage V

ac (t =
 1 s)

E
ach w

inding to all others
and core

1500
—

V
ac

1

S
urge V

oltage per B
ellcore

T
R

–N
W

T
–001089 Issue 1, Table 4–2

E
ach w

inding to all others
and core

2500
—

V
dc

1

D
C

 Insulation R
esistance (500 V

dc)
E

ach w
inding to all others

and core
500

—
M

Ω

D
C

 R
esistance (T

 =
 25°C

) (V
alhalla 4100)

(1 – 12)
(2 – 11)
(7 – 5)

111

669

Ω
2

Transform
ation R

atio (0.1 V
ac, 20 kH

z)
(W

aynekerr 3245)
(1 – 12):(2 – 11)
(1 – 12:7 – 5)

0.99
0.615

1.01
0.635

—

Inductance at 0.1 V
ac, 10 kH

z, and 0.0 A
dc or

0.08 A
dc (W

aynekerr 3245)
(1 – 11) strap (2 – 12)

26.5
29.5

m
H

3

Leakage Inductance at 0.01 V
ac, 100 kH

z
(7 – 5) strap
(1 – 12) (2 – 11)

—
20.0

µH

Total H
arm

onic D
istortion at 80 m

A
 W

inding
C

urrent, 4 V
 pk–pk

(M
easured B

etw
een 500 H

z and 100 kH
z)

(7 – 5):(1 – 11) strap
(12 – 2)

—
– 55

dB

P
eak W

inding C
urrent

(1 – 11) strap (2 – 12)
20

—
m

A
 dc

4

N
O

T
E

S
:

1.
E

uropean countries m
ay have significantly higher requirem

ents.
2.

D
C

 w
inding resistance should be kept as low

 as possible since it can change by ±
25%

 over the tem
perature range of

– 40 to +
 85°C

. If the dc w
inding resistance is low

 w
ith respect to the value of the series resistors connected betw

een
the T

x pins and the transform
er, a change in tem

perature w
ill have a low

er effect on the output pulse am
plitude than

if the transform
er dc w

inding resistance is a relatively high value and the series resistors have a low
er value.

3.
O

perating point on B
–H

 curve should be w
ell below

 the ‘knee’, i.e., no saturation.
4.

S
ince E

uropean IS
D

N
 pow

er feeding and pair gain currents are greater, the value should be increased to 60
m

A
 for

such applications.
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T
he M

C
145572 requires a pullable crystal because it has an on–chip V

C
X

O
. T

he sam
e specification

can be used for both the N
T

 and LT
 m

ode. T
he specification assum

es netw
ork tim

ing tolerance of
± 5 ppm

. T
he total pullability has been reduced from

 360 ppm
 to 200 ppm

.

T
he 200 ppm

 pullability spec has the follow
ing com

ponents:

2 x 50 ppm
, total crystal tolerance

=
100 ppm

2 x 5 ppm
, reference signal

=
 10 ppm

C
om

pensation for P
C

B
 and device capacitance

=
90 ppm

Total
=

200 ppm
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1.
O

perating frequency:
20.48 M

H
z

2.
C

rystal shunt capacitance:
C

o  =
 7.0 pF

3.
U

ncertainty at rated C
L :

± 50 ppm
 over tem

perature, calibration, and 10–year aging

4.
E

quivalent series resistance:
R

S
 ≤ 20 ohm

s @
 1 m

W
 drive

5.
C

rystal pull range:

a.
± 5 ppm

 signal
200 ppm

 m
inim

um
 pullability over a C

L  range of 15
 to 45 pF

b.
± 32 ppm

 signal
260 ppm

 m
inim

um
 pullability over a C

L  range of 15
 to 45 pF

c.
± 50 ppm

 signal
300 ppm

 m
inim

um
 pullability over a C

L  range of 15
 to 45 pF

6.
C

alibration load capacitance:
24 pF

N
O

T
E

S
:

1.
– 40 to +

 85°C
 required for transm

ission applications.
2.

F
or room

 tem
perature, use 0 to 70°C

.
3.

E
xplanation of item

 5, crystal pull range. C
rystal pullability m

ust be specified to allow
 the M

C
145572 to lock to either a re-

ceived signal w
hen operating in N

T
 m

ode or lock to the 8 kH
z F

R
E

Q
R

E
F

 w
hen operating in LT

 m
ode. T

he appropriate crystal
pullability specification is dependent of the m

axim
um

 expected signal or F
R

E
Q

R
E

F
 tolerance in ppm

. T
his w

ill vary depend-
ing on national netw

ork and application requirem
ents. F

or exam
ple in N

orth A
m

erica, receive signals from
 the netw

ork are
expected to have a tolerance of less than 5 ppm

. H
ence, a crystal w

ith either 200 or 260 ppm
 total pullability m

ay be used.
T

he ultim
ate choice is up to the equipm

ent designer.

�
��

�
�
�
�
�
�
�
�
�
�
�
�


�

Table B
–3 lists sourcing inform

ation for the crystals used in the M
C

145572.

Table B
–3. C

rystal V
endors

M
anufacturer

C
ontact P

hone N
o.

C
ontact F

ax N
o.

E
C

LIP
T

E
K

(714) 433–1200
(714) 433–1234

H
y–Q

 International
(606) 283–5000

(606) 283–0883

S
aR

onix
(415) 856–6900

(415) 856–4732

C
onnor–W

infield
(708) 851–4722

(708) 851–5040

P
recision D

evices
(608) 831–4445

(608) 831–3343

N
O

T
E

:S
ee C

aution note on page B
–1.
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T
he follow

ing vendors provide IS
D

N
 call control and applications source code. T

hese suppliers support
m

ost of the various national and regional IS
D

N
 call control specifications on a w

orld–w
ide basis. T

his
list m

ay not be com
plete.

Table B
–4. IS

D
N

 C
all C

ontrol S
ource C

ode S
uppliers

M
anufacturer

S
treet  A

ddress
C

ontact P
hone N

o.
C

ontact F
ax N

o.

telenetw
orks

625 S
econd S

treet
P

etalum
a, C

A
 94952 U

.S
.A

.
e–m

ail:
info@

tn.com

(707) 773–4000
(707) 773–4099

Trillium
 D

igital S
ystem

s, Inc.
2001 S

. B
arrington A

ve., S
uite 215

Los A
ngeles, C

A
 90025 U

.S
.A

.
(310) 575–0172

(310) 575–0172

TeleS
oft International, Inc.

4029 S
. C

apital of Texas H
w

y. S
., S

uite 220
A

ustin, T
X

 78704 U
.S

.A
.

e–m
ail:

sales@
telesoft–intl.com

(512) 373–4224
(512) 447–1024

O
M

N
IT

E
L

31 rue Jean R
ostand

91893 O
R

S
A

Y
 C

E
D

E
X

 F
rance

(331) 69 85 50 44
(331) 69 85 54 26

O
M

N
IT

E
L

3880 S
. B

ascom
 A

ve., S
uite 116

S
an Jose, C

A
 95124 U

.S
.A

.
e–m

ail:
102766.2525@

com
puserve.com

(408) 369–7733
(408) 369–7722

Link Technology
23 C

rescent D
rive

H
olland, P

A
 18966

e–m
ail:

linkisdn@
interram

p.com

(215) 357–3354
(215) 357–1670

C
o S

ystem
s

1263 O
akm

ead P
arkw

ay
S

unnyvale, C
A

 94086 U
.S

.A
.

e–m
ail:  info@

cosystem
s.com

(408) 522–0505
(408) 790–9114

 
   

  

Freescale Semiconductor, I

                                               

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r, In
c

.

F
o

r M
o

re
 In

fo
rm

a
tio

n
 O

n
 T

h
is P

ro
d

u
c

t,
  

G
o

 to
: w

w
w

.fre
e

sc
a

le
.c

o
m

nc...

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS



M
C

145572
C

–1
M

O
T

O
R

O
LA

	
�
�
�
�
�


	
�
	
�
�

�
�
�
�


�
�
�
�
�
�

	
��

�
�
�
�


�
	
�
�
�

T
he M

C
145572 is m

anufactured using high speed C
M

O
S

 V
LS

I process technology to im
plem

ent the
m

ixed signal processing functions required in the device. T
he U

–interface transceiver has a high
resolution sigm

a–delta A
D

C
 and a precision D

A
C

, in addition to three high speed digital signal copro-
cessors. T

he fully differential analog circuit design techniques used for this device result in superior
perform

ance for the A
D

C
, D

A
C

, and T
x D

river sections. S
pecial attention w

as given to the design
of the M

C
145572 to reduce sensitivity to noise, including pow

er supply rejection and susceptibility
to radio frequency noise. T

his special attention to circuit design, results in an A
D

C
 w

ith greater than
84 dB

 dynam
ic range on the sam

e m
onolithic chip as the digital signal coprocessors clocking at

10.24 M
H

z, all of w
hich operates on a single 5–V

 pow
er supply. T

his device w
as designed to ease

the task of P
C

B
 layout, but due to the w

ide analog dynam
ic range and high digital clock rate, special

care should be taken during P
C

B
 layout to assure optim

um
 transm

ission perform
ance.

N
O

T
E

W
hen laying out the P

C
B

, do not run any digital signals through the line interface region
of the board. S

w
itching noise from

 the digital signals can be coupled into the line interface
and reduce perform

ance, especially on long loops. W
ire w

rap is not recom
m

ended for
prototyping.

	
��

�
�
�
�
�


	
�
	
�
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�
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T
he device should be soldered to the P

C
 board for production m

anufacturing. If the device is to be
used in a socket, it should be placed in a low

 parasitic pin capacitance socket of 1.5 pF
 or less.
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T
his device is often used in digital sw

itching equipm
ent applications w

hich require plugging the P
C

board into a rack w
ith pow

er applied. T
his is referred to as “hot–rack insertion”. In these applications,

care should be taken to lim
it the voltage on any pin from

 going positive relative to the V
D

D
 pins, or

negative relative to the V
S

S
 pins. O

ne m
ethod to accom

plish this is to extend the ground and pow
er

contacts of the P
C

B
 connector so that pow

er is applied prior to any other pins having voltage applied.
T

he device has input protection on all pins and m
ay source or sink a lim

ited am
ount of current w

ithout
dam

age. S
ee S

ection 10.1, A
bsolute M

axim
um

 R
atings, for m

ore inform
ation concerning the cur-

rent into or out of the device pins. C
urrent lim

iting m
ay be accom

plished by series resistors betw
een

the signal pins and the connector contacts.

T
he m

ost im
portant considerations for P

C
B

 layout deal w
ith noise. T

his includes noise on the pow
er

supply, noise generated by the digital circuitry on the device, and coupling digital signals into the
analog signals. T

he best P
C

B
 layout m

ethods to prevent noise–induced problem
s are:

1.
K

eep digital signals as far aw
ay from

 analog signals as possible.

2.
U

se short, low
 inductance traces for the analog circuitry to reduce inductive, capacitive, and

radio frequency noise sensitivities.

3.
U

se short, low
 inductance traces for digital circuitry to reduce inductive, capacitive, and radio

frequency radiated noise.

4.
B

ypass capacitors should be connected betw
een the V

D
D

 and V
S

S
 pairs w

ith m
inim

al trace
length. T

hese capacitors help supply the instantaneous currents of the digital circuitry, in addi-
tion to decoupling the noise that m

ay be generated by other sections of the device or other
circuitry on the pow

er supply.
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5.
U

se short, w
ide, low

 inductance traces to connect all of the V
S

S
 ground pins together and,

w
ith one trace, connect all of the V

S
S

 ground pins to the pow
er supply ground. D

epending on
the application, a double sided P

C
B

 w
ith a V

S
S

 ground plane under the device connecting all
of the digital and analog V

S
S

 pins together w
ould be a good grounding m

ethod. A
 m

ulti–layer
P

C
B

 w
ith a ground plane connecting all of the digital and analog V

S
S

 pins together w
ould be

the optim
al ground configuration. T

hese m
ethods w

ill result in the low
est resistance and the

low
est inductance in the ground circuit. T

his is im
portant to reduce voltage spikes in the ground

circuit resulting from
 the high speed digital current spikes. S

uppressing these voltage spikes
on the integrated circuit is the reason for m

ultiple V
S

S
 ground leads.

6.
U

se short, w
ide, low

 inductance traces to connect all of the V
D

D
 pow

er supply pins together
and, w

ith one trace, connect all of the V
D

D
 pow

er supply pins to the 5–V
 pow

er supply. D
e-

pending on the application, a double sided P
C

B
 w

ith V
D

D
 bypass capacitors to the V

S
S

 ground
plane under the device, as described in item

 5 above, m
ay com

plete the low
 im

pedance cou-
pling for the pow

er supply. F
or a m

ulti–layer P
C

B
 w

ith a pow
er plane, connecting all of the

digital and analog V
D

D
 pins to the pow

er plane w
ould be the optim

al pow
er distribution m

ethod.
T

he integrated circuit layout and packaging considerations for the 5–V
 V

D
D

 pow
er circuit are

essentially the sam
e as for the ground circuit.

7.
M

otorola recom
m

ends that a four layer board be used. It is possible to use a tw
o layer board

but special care m
ust be taken. S

ee F
igure C

–1.

8.
T

he 20.48 M
H

z crystal m
ust be located as close as possible to the M

C
145572 package. T

his
is required to m

inim
ize parasitic capacitances betw

een crystal traces and ground.

F
igure C

–1 show
s a suggested board layout for a tw

o layer board. T
his draw

ing is not done to scale.
Trace vias are show

n. D
epending on the application, other pins m

ay need to be connected to V
D

D
or V

S
S

. A
ll bypass capacitors should be located as close as possible to the V

S
S

/V
D

D
 pins. T

he
suggested layout show

s the pow
er feed to the M

C
145572 com

ing from
 a com

m
on point. T

his is
im

portant in a tw
o layer im

plem
entation. T

he 10 µF
 electrolytic capacitor is recom

m
ended to filter

out any ripple or noise that m
ay be on the board in a tw

o layer application. E
ven though the

M
C

145572 has very high pow
er supply rejection, good pow

er supply decoupling is recom
m

ended.

If a four layer board w
ith full pow

er and ground planes is used, the V
D

D
 and V

S
S

 pins can be con-
nected directly to the appropriate plane by vias.

	
��

�
�
	
��
�
�
�
�
�
�
�
�
�
�
�

�
�

�
�
��
�
�

A
ll traces m

ust be as short as possible to reduce stray capacitance and inductance. T
he traces to

X
TA

L
in  and X

TA
L

o
u

t  m
ust be kept as short as possible w

ith m
inim

al w
idth to keep stray capacitance

less than 1 pF. O
ther digital signals should not be routed near the crystal traces. A

ny passive com
po-

nents for the oscillator or P
LL should have short leads and should be soldered to the P

C
 board.

W
herever possible the layout should be sym

m
etrical, so the stray capacitances from

 each pin of the
crystal to ground are equal.

W
hen a four layer board is used, do not route ground or pow

er plane m
aterial underneath the

2
0

.4
8

 M
H

z crysta
l o

scilla
to

r circu
itry. T

h
is is to m

in
im

ize p
a

ra
sitic ca

p
a

cita
n

ce
s b

e
tw

e
e

n th
e

20.480 M
H

z oscillator traces and the pow
er or ground plane. E

xcessive parasitic capacitance betw
een

the traces and pow
er/ground planes decreases the pull range of the 20.48 M

H
z oscillator.

	
��

�
�
�
�
��
�
�
�
�
�
	
�

�
�

�
�
��
�
�

T
he line interface into and out of the device is differential, im

plying sym
m

etry. It is recom
m

ended that
the layout of the 2B

1Q
 interface be as sym

m
etrical as possible to avoid any im

balances to this circuit.
D

o not run any digital traces through the line interface region of the printed circuit board.
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T
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:D
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ensions given in m
illim

eters are hard m
etric num

bers and P
C

B
 pad

designs m
ust be done in m

etric. Likew
ise, dim

ensions given in inches
m

ust be designed in inches. T
his is especially im

portant on conversions
involving lead pitch w

here a sm
all fractional error, repeated m

any tim
es

across the w
idth of a package, w

ill m
ake it im

possible to align all leads
to pads.
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145572 P
rinted C

ircuit B
oard F
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F
igure C

–2 gives suggestions for a tw
o layer printed circuit board layout of surface m

ount packages
used for the M

C
145572F

N
 package.
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N
O

T
E

S
:

1.
F

igure is show
n for a 44–lead P

LC
C

 package.
2.

F
igures 5–38(a) and 5–38(b) are used for reference.

�
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�
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�
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�
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��� �µ��� �µ
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�
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µ
�

�
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µ
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F
igure C

–2. M
C

145572 S
uggested P

C
B

 Layout
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�
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T
he M

C
145572 can provide the recovered eye pattern on a received baud–by–baud basis as a serial

digital w
ord once every 12.5 µs. S

om
e applications m

ay use this feature for m
onitoring perform

ance.
T

his appendix describes a circuit to receive the eye pattern w
ord and convert it to an analog voltage

for display on an oscilloscope.

T
his appendix includes the schem

atics and P
A

LA
S

M


 2 program
m

able logic equations to im
plem

ent
tw

o versions of an eye pattern generator. O
ne design requires m

anual scaling to the m
agnitude of

the eye pattern data, w
hile the other design autom

atically scales to optim
ize the lim

ited dynam
ic

range of the D
A

C
. T

he eye pattern generator takes the data available on the E
Y

E
D

A
TA

 pin and the
clocking from

 the S
Y

S
C

LK
 pin and generates an analog eye pattern for display purposes. N

ote that
B

R
14(b0) m

ust be set to a 1 to enable the E
Y

E
D

A
TA

 and S
Y

S
C

LK
 outputs.

�
��

�


�
�
�
�
�


�
�

T
he eye pattern data output from

 the M
C

145572 consists of the received 2B
1Q

 quats after the echo
cancelling and D

F
E

 functions have been perform
ed on the signal available at the R

xP
 and R

xN
 pins.

T
he eye pattern data is output in digital form

 on the E
Y

E
D

A
TA

 pin and is 19 bits long. It is in sign
extended tw

o’s com
plem

ent form
. T

he eye pattern data generators described here use an 8–bit D
A

C
(this is sufficient for acceptable display on an oscilloscope) to display the m

ost significant 8 bits of
data including the first sign bit, but not extended sign bits or less significant bits. T

he 8 bits are shifted
into an 8–bit serial–to–parallel converter and are then latched into an A

nalog D
evice’s A

D
557 D

A
C

.
W

hen the resulting 8–bit w
indow

 is correctly placed over the 19–bit eye data w
ord, a full scale

(approxim
ately 1 or 2 V

 peak–to–peak) eye pattern signal is output from
 the A

D
557 clearly show

ing
the 2B

1Q
 quats. S

ee F
igure D

–1 for an exam
ple of the 8–bit w

indow
 positioned over a portion of

the 19–bit eye data w
ord. In this exam

ple, D
16 happens to be the sign bit.

Tw
o circuits are show

n for decoding the eye pattern data available on the E
Y

E
D

A
TA

 pin. T
he first

m
ethod provides for m

anual positioning of the 8–bit D
A

C
 data w

indow
 over the 19–bit eye data w

ord.
T

he m
anual positioning schem

atic is show
n in F

igure D
–2. T

he second m
ethod provides for auto-

m
atic or m

anual positioning of the 8–bit D
A

C
 data w

indow
 over the 19–bit eye data w

ord. T
he auto-

m
atic positioning schem

atic is show
n in F

igure D
–3. W

henever the m
anual m

ethod is used, the D
IP

sw
itches can be changed to correctly position the 8–bit data w

indow
. M

anual positioning capability
is provided w

ith the autom
atic positioning circuit, since there m

ay be som
e conditions in w

hich the
autom

atic positioner w
ill not stabilize. D

IP
 sw

itches are show
n but any convenient binary encoder

m
ay be used.
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T
he w

indow
 decoder is used in both m

anual and autom
atic circuits. It extracts the 8–bit data w

ord
to be displayed and provides control signals to the 74LS

164 serial–to–parallel converter and to the
A

D
557.
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T
hese equations shift the position of the 8–bit data w

indow
 to the left w

hen changes are detected
in the m

ost significant data bit.
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hese equations shift the position of the 8–bit data w

indow
 to the right w

hen changes are not detected
in the m

ost significant data bits.
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
available from Freescale for import or sale in the United States prior to September 2010: ZEUS
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T
he intent of this appendix is to provide inform

ation about the M
C

145572 2B
1Q

 interface circuit
(excluding protection, dc term

ination, etc.) to com
pute optim

al com
ponent values for line interface

and transform
er solutions. It also provides som

e basic explanation regarding the function of each of
the com

ponents in the 2B
1Q

 interface circuit.
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T
he transm

it series resistor values, R
x , depend on the am

ount of dc w
inding resistance of the trans-

form
er. T

he values of these resistors also depend on the im
pedance of the 1 µF

 dc blocking capacitor,
C

b . A
ny resistors added to the line side of the transform

er for prim
ary circuit protection m

ay be added
to the dc w

inding resistance of the line side w
indings of the transform

er. P
ortions of the line interface

circuit are internal to the M
C

145572. T
he entire line interface circuit m

odel is show
n in F

igure E
–1.

T
he total transm

it circuit m
odel is show

n in F
igure E

–2. D
ue to the duplexer nature of the line interface

circuit, R
x P

 and R
x N

 are at virtual signal ground for transm
itted signals. T

hus, each R
f  appears in

parallel w
ith each R

g  (see F
igure E

–2), but since R
g  is so low

, R
f  can be ignored. T

he output im
ped-

ance of the transm
it drivers has been included in this m

odel, but w
ill be subsequently ignored due

to its insignificant nature.

T
he transm

it m
odel is sim

plified to include the reflected im
pedances from

 the line side of the trans-
form

er. T
he output im

pedances of the transm
it drivers are om

itted here. T
his is show

n in F
igure E

–3.

�
�
�
�

�
	
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
��

�
�

�
�

�
�


�
�


�
�


�
�


�
�
�

�
�
�

��

�
�
�
�
�F

igure E
–1. Line Interface C

ircuit M
odel
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F
igure E

–2. Transm
it C

ircuit M
odel
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F
igure E

–3. Transform
er M

odel

T
he im

pedance looking into the secondary side of the transform
er m

ust equal R
L

/(N
2) in order to

term
inate the line.(2R

x  * 2R
i ) / (2R

i  +
 2R

x ) +
 R

p  +
 (R

s  +
 X

c  +
 2 * R

T
P

) / (N
2) =

 R
L  / (N

2)

R
earranging and solving for R

x  gives:

R
x  =

 R
i *(R

L  – N
2

*R
p  – 2

*R
T

P
 – R

s  – X
c ) / (X

c  +
 R

s  +
 N

2
*R

p  +
 2

*N
2

*R
i  +

 2
*R

T
P

 – R
L )

S
ubstituting in values,

for a prototype transform
er:

R
p  =

 7.9 Ω
 and R

s  =
 8.2 Ω

X
c  =

 1 / (j * 2 * P
I * 40000 * 1E

 – 06) =
 – j4 Ω

 at 40 kH
z

R
i  =

 5000 Ω

R
T

P
 =

 5 Ω

w
e get:

R
x

=
 5000 * (135 – 7.9 * 1.25 2 – 8.2 – 2 * 5 +

 j4) / (– j4 +
 8.2 +

 7.9 * 1.25 2 +
 2 * 5000 * 1.25 2

+
 2 * 5 – 135)

=
 5000 * (104.5 +

 j4) / (15520.5 – j4)

=
 5000 * 104.6 <

 2.19° / (15520.5 <
 – 0.01°)

=
 33.7 Ω

 <
 2.20°

S
ince the reactive com

ponent is so sm
all, having an angle of only 2.20°, it can be ignored w

hen doing
this analysis.

(1)

(2)
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T
he equation for calculating R

x  can be reduced to:

R
x  =

 R
i *(R

L  – N
2

*R
p  – 2

*R
T

P
 – R

s ) / (R
s  +

 N
2

*R
p  +

 2
*N

2
*R

i  +
 2

*R
T

P
 – R

L )

S
ubstituting in values gives:

R
x

=
 5000

*(135 – 7.9
*1.25 2 – 8.2 – 2

*5) / (8.2 +
 7.9

*1.25 2 +
 2

*5000
*1.25 2 +

 2
*5 – 135)

=
 33.65 Ω

=
 33.7 Ω

�
��

�
�
	
�
�
	
�
�
�
�
�
�
�
�
�
�
�
�


�
�
�
�
�
�
�
�
�
	
�
�
�
�
�

�
�
�
�
�
�

O
nce the transm

it series resistor values have been calculated, the transm
it noise filter capacitor can

be calculated for a 160 kH
z cutoff frequency. T

his capacitor in conjunction w
ith the transm

it series
resistors acts as a low

 pass filter to rem
ove the high frequency sw

itching noise in the output signal
of the M

C
145572 T

xP
 and T

xN
 pins.C

1 =
 1 / [2 * (2 * P

I * f * R
x )]

C
1 =

 1 / [2 * (2 * P
I * 160000 * 33.7)]

C
1 =

 0.015 µ
F

T
he nearest com

m
ercial value can be used.

T
he analysis yields the follow

ing line interface circuit (see F
igure E

–4).

�
��
�
�

µ
�

�
µ
�

	 ��

�
�
��

Ω
�




�




�

	

�

	

�
�
�
�
�
�
�
�

�
Ω

�
Ω

�
�
��

Ω

F
igure E

–4. C
alculated Line Interface C

ircuit

(3)

(4)
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�
�
	

F
igure E

–5 show
s the suggested 2B

1Q
 interface netw

orks for connection to the U
–interface. T

he com
-

ponent specifications are show
n in Table E

–5. S
ources and specifications for the 2B

1Q
 line interface

transform
er can be found in A

ppendix B
.

T
here are tw

o basic topologies for the 2B
1Q

 line interface. T
he first topology does not have resistors

betw
een the transform

er and Tip, and the transform
er and R

ing. T
he second topology does have these

resistors. B
y using positive tem

perature coefficient resistors on the line side of the transform
er, electri-

cal safety design requirem
ents m

ay be m
ore easily im

plem
ented. A

 positive tem
perature coefficient

resistor greatly increases its resistance value w
hen it heats, up due to the application of external volt-

ages across Tip and R
ing. E

ffectively, the positive tem
perature coefficient resistor creates a high im

ped-
ance, thereby lim

iting current flow
 betw

een Tip and R
ing w

hen the protection diodes turn on.

N
O

T
E

M
otorola continues to qualify several third party sources for the 2B

1Q
 line interface trans-

form
er. C

ontact your local M
otorola representative or M

otorola factory applications staff
for the latest inform

ation regarding com
ponent sourcing.

�
�

�
��

�
��
�

�

�
��
�

�
�

�
�

�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�
�
�
�
�
�

(a)(b)

�
�

�
�

�
�

�
�

�
�
� �
�
�

�
�

�
�
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F
igure E

–5. Typical 2B
1Q

 Line Interface S
chem

atic
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Table E
–5. 2B

1Q
 Line Interface C

om
ponent V

alues
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

C
om

ponent Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

D
escription

(F
igure E

–5a)

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

D
escription

(F
igure E

–5b)

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

C
1
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

0.012 µF, 16 V, 10%
, ceram

ic N
P

O
, polystyrene, or

polypropylene capacitor. S
ee A

ppendix E
 for how

to calculate this value.

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

0.012 µF, 16 V, 10%
, ceram

ic N
P

O
, ceram

ic C
O

G
,

polystyrene, or polypropylene capacitor. S
ee

A
ppendix E

 for how
 to calculate this value.

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

C
2
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

1.0 µF, 200 V, 10%
, low

 distortion capacitor
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

1.0 µF, 200 V, 10%
, low

 distortion capacitor
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

R
1, R

2
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

35 Ω
, 1%

, m
etal film

 or other high quality low
distortion resistor. S

ee A
ppendix E

 for how
 to

calculate this value.

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

32 Ω
, 1%

, m
etal film

 or other high quality low
distortion resistor. S

ee A
ppendix E

 for how
 to

calculate this value.

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

R
3, R

4
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

N
ot U

sed
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

7.5 Ω
, positive tem

perature coefficient resistor,
polysw

itch T
R

600–150.
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

D
1, D

2
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

M
M

B
D

7000 LT
1

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

M
M

B
D

7000 LT
1

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

D
3, D

4
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

IN
5232B

 5.6 V
 Z

ener
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

IN
5232B

 5.6 V
 Z

ener
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

D
5
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Transient voltage suppressor, T
E

C
C

O
R

P
1300E

A
70

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Transient voltage suppressor, T
E

C
C

O
R

P
1300E

A
70

Á
Á
Á
Á
Á

Á
Á
Á
Á
Á

T
1
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

P
ulse E

ngineering P
E

68628
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á
Á

P
ulse E

ngineering P
E

68628

N
O

T
E

S
:

1.
P

ulse transform
er, 1:1.25 turns ratio. S

ee A
ppendix B

 for sourcing and specification inform
ation. D

ielectric isolation m
ust

accept highest pow
er cross voltage and highest lightning surge test voltage to be applied to Tip and R

ing.
2.

P
ulse transform

ers are available from
 several m

anufacturers.
3.

D
iodes D

1, D
2, D

3, and D
4 can be M

M
B

D
7000 LT

1. It is not required that D
3, D

4 be zener diodes.
4.

22 Ω
, 5%

 resistors can be connected at R
xN

 and R
xP

 for additional surge protection, if desired.
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T
his appendix show

s suggested partial schem
atics for several M

C
145572 applications.

•
F

igure F
–1 show

s an exam
ple of how

 to connect tw
o M

C
145572 U

–interface transceivers as a
repeater.

•
F

igure F
–2 show

s how
 an M

C
68H

C
05 M

C
U

 can be connected to the M
C

145572 and M
C

145474
in an N

T
1 application.

•
F

igure F
–3 details the M

C
68302 serial interface connections to the M

C
145572 and M

C
14LC

5480
for an IS

D
N

 U
–interface term

inal.

•
F

igure F
–4 show

s an IS
D

N
 sm

art N
T

1 application w
ith the M

C
145572 and M

C
145574 in N

T
 ter-

m
inal m

ode.

•
F

igures F
–5 and F

–6 show
 tw

o different rem
ote access m

ulti–line configurations.

•
F

igure F
–7 gives an exam

ple of a m
ulti–line U

 line card.




�
�
�


�
�
�
	




�
�
�
�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
)

�
�
�
�
)

�
�
�
�
�
�

�
$%

�
&
(
'

�
�
�

�
�

�
	

�
�

�
)�

#
�

�
�
�	

�
�
�
�
*

"
�
�
�
$%

�


�
�

�


�
�

�
�

�
�

�
�

	
�

�
�

�
�




�
�
�
�
�
�
�
�

�
�
�
�
�

�
�
�
�
�

�
�
�
�
)

�
�
�
�
)

�
�
�
�
�
�

�
�
"

�
�
�

�
$%

�
�
�

�
�
�
�
�
�
�

"
�
�
�
&
(
'

�

�
�

	
�

�
�

�
�
 
��
�
�

�
�
�
��
�
�

�
�

�
	

�
�

�


�
�

�
�

�
�

�
�

�
�

�
��

�
�
���

�


!

�
�

�
�
�

�
�

�
&
(
'

�
��

�
)�

�
)�

�
)�

�
)�

�
�
���

�



�
�

� 
 �

�


!

��
�
�

	
�

�
�

�
�
 
��
�
�

�
�
�
��
�
�

�


!

#
�

�
�
�	

�
�
�
�
*

"
�
�
�
$%

�
�

�
�

"
�
�
�
&
(
'

�


�



�


!

�
)�

�
	

��

�
�

�
�

��

�
� �
��
�

�
�

�
	

�
)�

�
)�

�


!

�


!

F
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–1. U
–Interface R
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sing M

C
145572F

N
 and M

C
68H

C
05P
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T
he M

C
145572 U

–interface transceiver has the capability of forcing all outputs (both analog and digital)
to the high im

pedance state. T
his feature, know

n as the S
erial C

ontrol P
ort H

igh Im
pedance D

igital
O

utput M
ode (S

C
P

 H
ID

O
M

), is provided to allow
 in–circuit testing of other circuits or devices resident

on the sam
e P

C
B

 w
ithout requiring the rem

oval of the M
C

145572.

T
he S

C
P

 H
ID

O
M
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ode is entered by holding S

C
P

E
N

 low
 for a m

inim
um

 of 33 consecutive rising
edges of S

C
P

C
LK

 w
hile S

C
P

R
x is high. If S

C
P

E
N

 goes high, or if S
C

P
R

x goes low
, the device w

ill
exit the S

C
P

 H
ID

O
M

 m
ode and return to norm

al operation.


��

�
�
�
�
�
�
�
�
�
�
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�
�
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T
he M

C
145572 perm

its an external m
icrocontroller to take control of the transm

it S
uperfram

e F
ram

er
by w

riting to control bits in B
yte register 8. T

his is very useful for debugging prototypes, since the
M

C
145572 can be forced to transm

it a variety of signals regardless of the presence or lack of pres-
ence, of a signal on the receive pins. Table 4–8 sum

m
arizes these signals and the control bits.

T
he M

C
145572 can be forced to transm

it S
L0, S

L1, S
L2, S

L3, S
N

0, T
N

+
 S

N
1, S

N
2, S

N
3, 10 kH

z
and 40 kH

z tones, and alternating quats. S
ee the description of B

R
8 in S

ection 4.4.9 for m
ore details.
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T
he M

C
145572 m

akes it very easy to m
easure the free running frequency of oscillation of the

20.48 M
H

z crystal oscillator and to m
easure its frequency pullablility. T

his is done by using the
20.48 M

H
z square w

ave signal on the B
U

F
X

TA
Lout  pin to drive a frequency counter. M

ake sure that
this output has not been turned off. N

ever probe the crystal pins, since the capacitance of the probe
introduces severe errors in the m

easurem
ent.

A
lso, the m

easured frequency m
ust be verified against the m

ake tolerance of the crystal at 25°C
.

D
o not include the aging and tem

perature tolerances of the crystal w
hen perform

ing free running
frequency checks at room

 tem
perature. If it is desired to verify operation of the crystal oscillator over

tem
perature, then the crystal tem

perature tolerance should be included. T
he M

C
145572 has a typical

crystal load capacitance including board traces of about 24 pF. N
ote that individual board im

plem
en-

tations m
ay change this figure slightly.

T
he free running frequency of oscillation of the 20.48 M

H
z oscillator can be characterized w

hen the
M

C
145572 is set to N

T
 m

ode operation. In N
T

 m
ode, the on–chip variable capacitance array is set

for the nom
inal center frequency point w

hen the transceiver is deactivated. A
 frequency of 20.48 M

H
z

plus or m
inus the tolerance is m

easured at B
U

F
X

TA
Lout . It m

ay be necessary to change the crystal
calibration load capacitance specification slightly in order to have the free running frequency of
oscillation m

eet the 20.48 M
H

z specification. T
he nom

inal crystal load capacitance is 24 pF.

T
he pullability of a crystal can be m

easured by putting the M
C

145572 into LT
 m

ode and changing
the frequency applied to the F

R
E

Q
R

E
F

 input pin. A
ny external square w

ave clock source can be used
for this, but do not use a clock that is generated by, or derived from

, the M
C

145572 on w
hich the

test is being perform
ed, since this m

ay cause the on–chip P
LL to force the on–chip capacitance array

to its m
id–frequency point at all tim

es.

To m
easure the pullability tow

ards the low
 frequency direction, pull F

R
E

Q
R

E
F

 to V
D

D
 or V

S
S

. T
his

causes the on–chip P
LL to attem

pt to pull the 20.48 M
H

z crystal tow
ards dc. S

ince this is not possible,
the M

C
145572 pulls the crystal as low

 in frequency as possible by driving the on–chip capacitance
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M
C

145572
H

–2
M

O
T

O
R

O
LA

to its m
axim

um
 value. O

nce the frequency of oscillation has stabilized, the negative direction pull-
ability can be m

easured w
ith a frequency counter at B

U
F

X
TA

Lout . If a board is designed to have a
pull up resistor on F

R
E

Q
R

E
F, then autom

atic test equipm
ent can be program

m
ed for the low

 frequen-
cy m

easurem
ent and to inject a high frequency clock for the high frequency m

easurem
ent.

To m
easure the pullability tow

ards the high frequency direction, F
R

E
Q

R
E

F
 is driven w

ith a square
w

ave signal that can be betw
een 8001 H

z and 20 M
H

z. N
ote that 8001 H

z is +
 1000 ppm

, w
hich

exceeds the pull range of the on–chip P
LL. T

his causes the on–chip capacitance array to go to its
m

inim
um

 value and thereby increases the frequency of the 20.48 M
H

z oscillator. O
nce the oscillator

has stabilized, the frequency of oscillation is m
easured at B

U
F

X
TA

Lout .

It is also possible to use the 4.096 C
LK

O
U

T
 pin to do these m

easurem
ent, but it is necessary to relate

the pullability in ppm
 to 4096 kH

z instead of 20.48 M
H

z.

E
xam

ple 1: F
ree R

unning F
requency of O

scillation M
easurem

ent at R
oom

 Tem
perature

C
onfiguration:

M
C

145572 in N
T

 m
ode

C
rystal specification is 20.48 M

H
z ± 15 ppm

. S
ee S

ection B
.3.2.

R
esults:

B
U

F
X

TA
Lout  m

easures as 20,480,307.2 H
z

((|20,480,307.2 H
z – 20,480,000 H

z|)*1,000,000 ppm
) / 20,248,000 H

z =
 +

 15 ppm

E
xam

ple 2: O
scillator P

ullability M
easurem

ent at R
oom

 Tem
perature

C
rystal specification is ±

20.48 M
H

z w
ith 360 ppm

 or ± 180 ppm
 pull betw

een 15 and 45 pF. S
ee

S
ection B

.3.
 In this exam

ple, 20,480,000 M
H

z is used as the nom
inal frequency. In a real life situation

it m
ay be desirable to use the actual m

easured free run frequency w
hen m

easuring pullability.

C
onfiguration 1:

M
C

145572 in LT
 m

ode

F
R

E
Q

R
E

F
 connected to V

S
S

R
esults:

B
U

F
X

TA
Lout  m

easures as 20,475,801.6 H
z

((|20,475,801.6 H
z – 20,480,000 H

z|)*1,000,000 ppm
) / 20,248,000 H

z =
 – 205 ppm

C
onfiguration 2:

M
C

145572 in LT
 m

ode

F
R

E
Q

R
E

F
 connected to 4 M

H
z

R
esults:

B
U

F
X

TA
Lout  m

easures as 20,483,952.6 H
z

((|20,483,952.6 H
z – 20,248,000 H

z|)*1,000,000 ppm
) / 20,248,000 H

z =
 +

 193 ppm

C
onclusion:

S
ince 20.48 M

H
z +

 193 ppm
, – 205 ppm

 exceeds the ± 180 ppm
 m

inim
um

 crystal pull range specifi-
cation, the oscillator is w

orking correctly.
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T
he list contains term

s found in this and other M
otorola publications concerned w

ith M
otorola S

em
iconductor P

rod-
ucts for C

om
m

unications.

A
–Law

 —
 A

 E
uropean com

panding/encoding law
 com

m
only used in P

C
M

 system
s.

A
/B

 S
ignaling

 —
 A

 special case of 8th–bit (LS
B

) signaling in a µ
–law

 system
 that allow

s four logic states to be m
ultiplexed w

ith
voice on P

C
M

 channels.

A
/D

 (analog–to–digital) converter (A
D

C
) —

 A
 converter that uniquely represents all analog input values w

ithin a specified total
input range by a lim

ited num
ber of digital output codes, each of them

 exclusively representing a fractional part of the total analog
input range.

A
liasing N

oise
 —

 A
 distortion com

ponent that is created w
hen frequencies present in a sam

pled signal are greater than one–
half the sam

ple rate.

A
nsw

er B
ack

 —
 A

 signal sent by receiving data–processing device in response to a request from
 a transm

itting device, indicat-
ing that the receiver is ready to accept or has received data.

A
nti–A

liasing F
ilter —

 A
 filter (norm

ally low
 pass) that band lim

its an input signal 
before sam

pling to prevent aliasing noise.

A
synchronous

 —
 A

 m
ode of data transm

ission in w
hich the tim

e occurrence of the bits w
ithin each character or block of char-

acters relates to a fixed tim
e fram

e, but the start of each character or block of characters is not related to this fixed tim
e fram

e.

A
ttenuation

 —
 A

 decrease in m
agnitude of a com

m
unication signal.

B
andw

idth
 —

 T
he inform

ation–carrying frequencies betw
een the lim

iting frequencies of a com
m

unication line or channel.

B
aseband

 —
 T

he frequency band occupied by inform
ation–bearing signals before com

bining w
ith a carrier in the m

odulation
process.

B
aud

 —
 A

 unit of signaling speed equal to the num
ber of discrete signal conditions or events per second. T

his refers to the
physical sym

bols/second used w
ithin a transm

ission channel.

B
it R

ate
 —

 T
he speed at w

hich data bits are transm
itted over a com

m
unication path, usually expressed in bits per second. A

9600 bps term
inal is a 2400 baud system

 w
ith 4 bits/baud.

B
locking

 —
 A

 condition in a sw
itching system

 in w
hich no paths or circuits are available to establish a connection to the called

party even though it is not busy, resulting in a busy tone to the calling party.

B
O

R
S

(C
)H

T
 —

 B
attery, O

vervoltage, R
inging, S

upervision, (C
odec), H

ybrid, Test; the functions perform
ed by a subscriber line

card in a telephone exchange.

B
roadband

 —
 A

 transm
ission facility w

hose bandw
idth is greater than that available on voice–grade facilities. (A

lso called w
ide

band.)

C
 M

essage
 —

 A
 frequency w

eighting that evaluates the effects of noise based on its annoyance to the “typical” subscriber of
standard telephone service or the effects of noise (background and im

pulse) on voice–grade data service.

C
arrier —

 A
n analog signal of fixed am

plitude and frequency that com
bines w

ith an inform
ation–bearing signal by m

odulation to
produce an output signal suitable for transm

ission.

C
C

IT
T

 —
 C

onsultative C
om

m
ittee for International Telephone and Telegraph; an international standards group of E

uropean
International Telecom

m
unications U

nion.

C
C

S
N

—
C

om
m

on C
hannel S

ignaling N
etw

ork.

C
entral O

ffice (C
O

)
 —

 A
 m

ain telephone office, usually w
ithin a few

 m
iles of a subscriber, that houses sw

itching gear; com
m

on-
ly capable of handling about 10,000 subscribers.

C
hannel B

ank —
 C

om
m

unication equipm
ent com

m
only used for m

ultiplexing voice–grade channels into a digital transm
ission

signal (typically 24 channels in the U
.S

. and 30 channels in E
urope).
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M
C

145572
I–2

M
O

T
O

R
O

LA

C
ID

C
W

 —
 C

alling Identity D
elivery on C

all W
aiting; a subscriber feature w

hich allow
s for the display of the tim

e, date, num
ber,

and possible other inform
ation about the caller to the called party, w

hile the called party is off–hook.

C
LA

S
S

 —
 C

ustom
 Local A

rea S
ignaling S

ervice; a set of services, enhancem
ents, provided to T

E
LC

O
 custom

ers w
hich m

ay
include C

N
D

, C
N

A
M

, M
essage W

aiting, and other features.

C
LID

 —
 C

alling Line ID
entification; a subscriber feature w

hich allow
s for the display of the tim

e, date, num
ber, and possible

other inform
ation about the caller to the called party.

C
N

A
M

 —
 C

alling N
am

e D
elivery; a subscriber feature w

hich allow
s for the display of the tim

e, date, num
ber, and nam

e of the
caller to the called party.

C
N

D
 —

 C
alling N

um
ber D

elivery; a subscriber feature w
hich allow

s for the display of the tim
e, date, num

ber, and possible other
inform

ation about the caller to the called party.

C
O

D
E

C
 —

 C
O

der–D
E

C
oder; the A

/D
 and D

/A
 function on a subscriber line card in a telephone exchange.

C
O

F
ID

E
C

 —
 C

O
der–F

ilter–D
E

C
oder; the com

bination of a codec, the associated filtering, and voltage references required to
code and decode voice in a subscriber line card.

C
om

m
on M

ode R
ejection

 —
 T

he ability of a device having a balanced input to reject a voltage applied sim
ultaneously to both

differential–input term
inals.

C
om

panding
 —

 T
he process in w

hich dynam
ic range com

pression of a signal is follow
ed by expansion in accordance w

ith a
given transfer characteristic (com

panding law
) w

hich is usually logarithm
ic.

C
om

pander —
 A

 com
bination of a com

pressor at one point in a com
m

unication path for reducing the am
plitude range of signals,

follow
ed by an expander at another point for restoring the original am

plitude range, usually to im
prove the signal–to–noise ratio.

C
onference C

all
 —

 A
 call betw

een three or m
ore stations, in w

hich each station can carry on a conversation sim
ultaneously.

C
P

E
 —

 C
ustom

er P
rem

ise E
quipm

ent; this could be a P
O

T
S

 phone, answ
ering m

achine, fax m
achine, or any num

ber of other
devices connected to the P

S
T

N
.

C
rosspoint

 —
 T

he operating contacts or other low
–im

pedance–path connection over w
hich conversations can be routed.

C
rosstalk

 —
 T

he undesired transfer of energy from
 one signal path to another.

C
S

N
—

C
ircuit S

w
itched N

etw
ork.

C
T

S
 —

 C
lear to send; a control signal betw

een a m
odem

 and a controller used to initiate data transm
ission over a com

m
unica-

tion line.

C
V

S
D

 —
 C

ontinuous V
ariable S

lope D
elta (m

odulation); a sim
ple technique to converting an analog signal (like voice) into a

serial bit stream
.

D
3 —

 D
3 channel bank; a specific generation of an A

T
&

T
 24–channel P

C
M

 term
inal that m

ultiplexes 24 voice channels into a
1.544 M

H
z digital bit stream

. T
he specifications associated w

ith D
3 channel banks are the basis for all P

C
M

 device specifi-
cations.

D
/A

 (digital–to–analog) converter (D
A

C
) —

 A
 converter that represents a lim

ited num
ber of different digital input codes by a

corresponding num
ber of discrete analog output values.

D
ata C

om
pression —

 A
 technique that provides for the transm

ission of few
er data bits than originally required w

ithout infor-
m

ation loss. T
he receiving location expands the received data bits into the original bit sequence.

dB
 (decibel) —

 A
 pow

er or voltage m
easurem

ent unit, referred to another pow
er or voltage. It is generally com

puted as:

10 x log (P
1/P

2) for pow
er m

easurem
ents, and

20 x log (V
1/V

2) for voltage m
easurem

ents.

dB
m

 —
 A

n indication of signal pow
er. 1.0 m

W
 across 600 Ω

, or 0.775 volts rm
s, is defined as 0 dB

m
. A

ny other voltage level is
converted to dB

m
 by:

dB
m

 =
 20 x log (V

rm
s/0.775), or

dB
m

 =
 [20 x log (V

rm
s)] +

 2.22.

dB
m

O
 —

 S
ignal pow

er m
easured at a point in a standard test tone level at the sam

e point.

i.e., dB
m

O
 =

 dB
m

 =
 dB

r

w
here dB

r is the relative transm
ission level, or level relative to the point in the system

 defined as the zero transm
ission level

point.
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M
C

145572
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M
O

T
O

R
O

LA

dB
m

O
p

 —
 R

elative pow
er expressed in dB

m
p. (S

ee dB
m

O
 and dB

m
p.)

dB
m

p
 —

 Indicates dB
m

 m
easurem

ent m
ade w

ith a psophom
etric w

eighting filter.

dB
rn

 —
 R

elative signal level expressed in decibels above reference noise, w
here reference noise is 1 pW

. H
ence, 0 dB

rn =
1 pW

 =
 – 90 dB

m
.

dB
rnC

 —
 Indicates dB

rn m
easurem

ent m
ade w

ith a C
–m

essage w
eighting filter. (T

hese units are m
ost com

m
only used in the

U
.S

., w
here psophom

etric w
eighting is rarely used.)

dB
rnc0

 —
 N

oise m
easured in dB

rnc referenced to zero transm
ission level.

D
ecoding

 —
 A

 process in w
hich one of a set of reconstructed analog sam

ples is generated from
 the digital character signal

representing a sam
ple.

D
elay D

istortion
 —

 D
istortion that occurs on com

m
unication lines due to the different propagation speeds of signals at different

frequencies, m
easured in m

icroseconds of delay relative to the delay at 1700 H
z. (T

his type of distortion does not affect voice
com

m
unication, but can seriously im

pair data transm
ission.)

D
elta M

odulation
 —

 A
 sim

ple digital coding technique that produces a serial bit stream
 corresponding to changes in analog

input levels; usually utilized in devices em
ploying continuously variable–slope delta (C

V
S

D
) m

odulation.

D
em

odulator —
 A

 functional section of a m
odem

 that converts received analog line signals to digital form
.

D
N

 —
 D

irectory N
um

ber.

D
igital Telephone

 —
 A

 telephone term
inal that digitizes a voice signal for transm

ission and decodes a received digital signal
back to a voice signal. (It w

ill usually m
ultiplex 64 kbps voice and separate data inputs at m

ultiples of 8 kbps.)

D
istortion

 —
 T

he failure to reproduce an original signal’s am
plitude, phase, delay, etc. characteristics accurately.

D
P

S
K

 —
 D

ifferential P
hase S

hift K
eying; a m

odulation technique for transm
ission w

here the frequency rem
ains constant but

phase changes w
ill occur from

 90°, 180°, and 290° to define the digital inform
ation.

D
T

M
F

 —
 D

ual Tone M
ulti–F

requency. It is the “tone dialing” system
 based on outputting tw

o non–harm
onic related frequencies

sim
ultaneously to identify the num

ber dialed. E
ight frequencies have been assigned to the four row

s and four colum
ns of a typi-

cal keypad.

D
uplex

 —
 A

 m
ode of operation perm

itting the sim
ultaneously tw

o–w
ay independent transm

ission of telegraph or data signals.

E
cho

 —
 A

 signal that has been reflected or returned as a result of im
pedance m

ism
atches, hybrid unbalance, or tim

e delay.
D

epending upon the location of im
pedance irregularities and the propagation characteristics of a facility, echo m

ay interfere w
ith

the speaker/listener or both.

E
cho S

uppressor
 —

 A
 device used to m

inim
ize the effect of echo by blocking the echo return currents; typically a voice–oper-

ated gate that allow
s com

m
unication one w

ay at a tim
e.

E
ncoder

 (P
C

M
) —

 A
 device that perform

s repeated sam
pling, com

pression, and A
/D

 conversion to change an analog signal to
a serial stream

 of P
C

M
 sam

ples representing the analog signal.

E
qualizer

 —
 A

n electrical netw
ork in w

hich phase delay or gain varies w
ith frequency to com

pensate for an undesired am
plitude

or phase characteristic in a frequency–dependent transm
ission line.

E
T

—
E

xchange Term
ination (C

O
 S

w
itch).

F
D

M
 —

 F
requency–D

ivision M
ultiplex; a process that perm

its the transm
ission of tw

o or m
ore signals over a com

m
on path by

using a different frequency band for each signal.

F
our W

ire C
ircuit

 —
 T

he portion of a telephone, or central office, that operates on tw
o pairs of w

ires. O
ne pair is for the transm

it
path (generally from

 the m
icrophone), and one pair is for the receive path (generally from

 the receiver).

F
ram

e
 —

 A
 set of consecutive digit tim

eslots in w
hich the position of each digit slot can be identified by reference to a fram

e
alignm

ent. T
he fram

e alignm
ent signal does not necessarily occur, in w

hole or in part, in each fram
e.

F
ull D

uplex
 —

 A
 m

ode of operation perm
itting sim

ultaneous transm
ission of inform

ation betw
een tw

o locations in both
directions.

G
ain

 —
 T

he change in signal am
plitude (increase or decrease) after passing through an am

plifier, or other circuit stage. U
sually

expressed in dB
, an increase is a positive num

ber, and a decrease is a negative num
ber.

G
ain Tracking E

rror
 —

 T
he variation of gain from

 a constant level (determ
ined at 0 dB

m
 input level) w

hen m
easuring the

dependence of gain on signal level by com
paring the output signal to the input signal over a range of input signals.
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M
O

T
O

R
O

LA

H
D

LC
 —

 H
igh–Level D

ata Link C
ontrol; a C

C
IT

T
 standard data com

m
unication line protocol.

H
alf D

uplex
 —

 A
 transm

ission system
 that perm

its com
m

unication in one direction at a tim
e. C

B
 ratios, w

ith “push–to–talk”
sw

itches, and voice–activated speakerphones, are half duplex.

H
andset —

 A
 rigid assem

bly providing both telephone transm
itter and receiver in a form

 convenient for holding sim
ultaneously

to m
outh and ear.

H
ooksw

itch
 —

 A
 sw

itch that connects the telephone circuit to the subscriber loop. T
he nam

e derives from
 old telephones w

here
the sw

itch w
as activated by lifting the receiver off and onto a hook on the side of the phone.

Idle C
hannel N

oise
 (IC

N
) —

 T
he total signal energy m

easured at the output of a device or channel under test w
hen the input of

the device or channel is grounded (often a w
ide–band noise m

easurem
ent using a C

–m
essage w

eighting filter to band–lim
it the

output noise).

Interm
odulation

 —
 T

he m
odulation of the com

ponents of a com
plex w

ave by each other (in a nonlinear system
).

Interm
odulation D

istortion
 —

 A
n analog line im

pairm
ent w

hen tw
o frequencies interact to create an erroneous frequency, in

turn distorting the data signal representation.

IR
E

D
 —

 Infrared. U
sed as a w

ireless link for rem
ote control or to transfer data.

IS
D

N
 —

 Integrated S
ervices D

igital N
etw

ork; a com
m

unication netw
ork intended to carry digitized voice and data m

ultiplexed
onto the public netw

ork.

Jitter
 —

 A
 type of analog com

m
unication line distortion caused by abrupt, spurious signal variation from

 a reference tim
ing

position, and capable of causing data transm
ission errors, particularly at high speeds. (T

he variation can be in am
plitude, tim

e,
frequency, or phase.)

K
ey S

ystem
 —

 A
 m

iniature P
A

B
X

 that accepts 4 to 10 lines and can direct them
 to as m

any as 30 telsets.

M
u–Law

 —
 (µ

–law
) A

 com
panding law

 accepted as the N
orth A

m
erican standard for P

C
M

 based system
s.

LA
N

 —
 Local A

rea N
etw

ork; a data–only com
m

unication netw
ork betw

een data term
inals using a standard interface to the

netw
ork.

Line
 —

 T
he portion of a circuit external to an apparatus that consists of the conductors connecting the apparatus to the

exchange or connecting tw
o exchanges.

Line Length C
om

pensation
 —

 A
lso referred to as loop length com

pensation, it involves changing the gain of the transm
it and

receive paths, w
ithin a telephone, to com

pensate for different signal levels at the end of different line lengths. A
 short line (close

to the C
O

) w
ill attenuate signals less, and therefore less gain is needed. C

om
pensation circuits generally use the loop current as

an indication of the line length.

Longitudinal B
alance —

 T
he com

m
on–m

ode rejection of a telephone circuit.

Loop —
 T

he loop form
ed by the tw

o subscriber w
ires (Tip and R

ing) connected to the telephone at one end, and the central
office (or P

B
X

) at the other end. G
enerally it is a floating system

, not referred to ground, or ac pow
er.

Loopback
 —

 D
irecting signals back tow

ard the source at som
e point along a com

m
unication path.

Loop C
urrent —

 T
he dc current that flow

s through the subscriber loop. It is typically provided by the central office or P
B

X
, and

ranges from
 20 to 120 m

A
.

LT
—

Line Term
ination (Line C

ard).

M
C

U
 —

 M
icroC

om
puter U

nit (also M
icroC

ontroller U
nit).

M
P

U
 —

 M
icroP

rocessor U
nit.

M
u–Law

 —
 A

 com
panding/encoding law

 com
m

only used in U
.S

. (sam
e as µ

–law
).

M
U

X
 —

 M
ultiplex or m

ultiplexer.

M
odem

 —
 M

O
dulator–D

E
M

odulator; a unit that m
odulates and dem

odulates digital inform
ation from

 a term
inal or com

puter port
to an analog carrier signal for passage over an analog line.

M
ultiplex

 —
 To sim

ultaneously transm
it tw

o or m
ore m

essages on a single channel.

N
T

1
—

N
etw

ork Term
ination 1 (O

S
I Layer 1 O

nly).

N
T

2
—

N
etw

ork Term
ination 2 (O

S
I Layers 2 and 3).

O
ff–H

ook
 —

 T
he condition w

hen the telephone is connected to the phone system
, perm

itting loop current to flow
. T

he central
office detects the dc current as an indication that the phone is busy.
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M
O

T
O

R
O

LA

O
n–H

ook
 —

 T
he condition w

hen the telephone’s dc path is open, and no dc loop current flow
s. T

he central office regards an
on–hook phone as available for ringing.

PA
B

X
 —

 P
rivate A

utom
atic B

ranch E
xchange; a custom

er–ow
ned, sw

itchable telephone system
 providing internal and/or exter-

nal station–to–station dialing.

P
air —

 T
he tw

o associated conductors that form
 part of a com

m
unication channel.

P
ass–B

and F
ilter

 —
 A

 filter used in com
m

unication system
s that allow

s only the frequencies w
ithin a com

m
unication channel

to pass, and rejects all frequencies outside the channel.

P
B

X
 —

 P
rivate B

ranch E
xchange; a class of service in standard B

ell S
ystem

 term
inology that typically provides the sam

e ser-
vice as P

A
B

X
.

P
C

M
 —

 P
ulse C

ode M
odulation; a m

ethod of transm
itting data in w

hich signals are sam
pled and converted to digital w

ords that
are then transm

itted serially, typically as 8–bit w
ords.

P
hase Jitter

 —
 A

brupt, spurious variations in an analog line, generally caused by pow
er and com

m
unication equipm

ent along
the line that shifts the signal phase relationship back and forth.

P
LL

 —
 P

hase–Locked Loop.

P
LL F

requency S
ynthesizer

 —
 P

hase–locked loop frequency synthesizer. A
 frequency synthesizer utilizing a closed loop, as

opposed to D
D

S
 (direct digital synthesis) w

hich is not a closed loop.

P
O

T
S

 —
 P

lain O
ld Telephone S

ervice.

P
ropagation D

elay —
 T

he tim
e interval betw

een specified reference points on the input and output voltage w
aveform

s.

P
sophom

etric W
eighting

 —
 A

 frequency w
eighting sim

ilar to C
–M

essage w
eighting that is used as the standard for E

uropean
telephone system

 testing.

P
S

N
—

P
acket S

w
itched N

etw
ork.

P
S

T
N

 —
 P

ublic S
w

itched Telephone N
etw

ork.

P
ulse D

ialer
 —

 A
 device that generates pulse trains corresponding to digits or characters used in im

pulse or loop–disconnect
dialing.

Q
uantizing N

oise
 —

 S
ignal–correlated noise generally associated w

ith the quantizing error introduced by A
/D

 and D
/A

 conver-
sions in digital transm

ission system
s.

R
E

N
 —

 R
inger E

quivalence N
um

ber; an indication of the im
pedance, or loading factor, of a telephone bell or ringer circuit. A

n
R

E
N

 of 1.0 equals about 8 kΩ
. T

he B
ell system

 typically perm
its a m

axim
um

 of 5.0 R
E

N
 (1.6 kΩ

) on an individual subscriber line.
A

 m
inim

um
 R

E
N

 of 0.2 (40 kΩ
) is required by the B

ell system
.

R
epeater —

 A
n am

plifier and associated equipm
ent used in a telephone circuit to process a signal and retransm

it it.

R
epertory D

ialer
 —

 A
 dialer that stores a repertory of telephone num

bers and dials any one of them
 autom

atically on request.

R
ing

 —
 O

ne of the tw
o w

ires connecting the central office to a telephone. T
he nam

e derives from
 the ring portion of the plugs

used by operators (in older equipm
ent) to m

ake the connection. R
ing is traditionally negative w

ith respect to Tip.

R
T

S
 —

 R
equest To S

end; an E
IA

–232 control signal betw
een a m

odem
 and user’s digital equipm

ent that initiates the data trans-
m

ission sequence on a com
m

unication line.

S
am

pling R
ate

 —
 T

he frequency at w
hich the am

plitude of an analog signal is gated into a coder circuit. T
he N

yquist sam
pling

theorem
 states that if a band–lim

ited signal is sam
pled at regular intervals and at a rate equal to or greater than tw

ice the highest
frequency of interest, the sam

ple contains all the inform
ation of the original signal. T

he frequency band of interest in telephony
ranges from

 300 to 3400 H
z, so a sam

pling rate of 8 kH
z provides dc to 4000 H

z reproduction.

S
C

U
 —

 S
ubscriber C

hannel U
nit; the circuitry at a telephone exchange associated w

ith an individual subscriber line or channel.

S
idetone

 —
 T

he sound fed back to the receiver as a result of speaking into the m
icrophone. It is a natural consequence of the

2–to–4 w
ire conversion system

. S
idetone w

as recognized by A
lexander G

raham
 B

ell as necessary for a person to be able to
speak properly w

hile using a handset.

S
ignaling

 —
 T

he transm
ission of control or status inform

ation betw
een sw

itching system
s in the form

 of dedicated bits or chan-
nels of inform

ation inserted on trunks w
ith voice data.

S
ignal–to–D

istortion R
atio

 (S
/D

) —
 T

he ratio of the input signal level to the level of all com
ponents that are present w

hen the
input signal (usually a 1.020 kH

z sinusoid) is elim
inated from

 the output signal (e.g., by filtering).
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M
O

T
O

R
O

LA

S
LIC

 —
 S

ubscriber Line Interface C
ircuit; a circuit that perform

s the 2–to–4 w
ire conversion, battery feed, line supervision, and

com
m

on m
ode rejection at the central office (or P

B
X

) end of the telephone line.

S
O

G
 P

ackage
 —

 S
m

all–O
utline G

ull–w
ing package; form

erly S
O

IC
 w

ith gull–w
ing leads. T

his package has leads w
hich fold out

from
 the body.

S
O

J P
ackage

 —
 S

m
all–O

utline J–lead package; form
erly S

O
IC

 w
ith J leads. T

his package has leads w
hich are tucked under

the body.

S
peech N

etw
ork

 —
 A

 circuit that provides 2–to–4 w
ire conversion, i.e., connects the m

icrophone and receiver (or the transm
it

and receive paths) to the Tip and R
ing phone lines. A

dditionally it provides sidetone control, and in m
any cases, the dc loop

current interface.

S
ubscriber Line —

 T
he system

 consisting of the user’s telephone, the interconnecting w
ires, and the central office equipm

ent
dedicated to that subscriber (also referred to as a loop).

S
w

itchhook
 —

 A
 synonym

 for hooksw
itch.

S
yn (S

ync)
 —

 (1) A
 bit character used to synchronize a tim

e fram
e in a tim

e–division m
ultiplexer. (2) A

 sequence used by a
synchronous m

odem
 to perform

 bit synchronization or by a line controller for character synchronization.

S
ynchronous M

odem
 —

 A
 m

odem
 that uses a derived clocking signal to perform

 bit synchronization w
ith incom

ing data.

T
1 C

arrier —
 A

 P
C

M
 system

 operating at 1.544 M
H

z and carrying 24 individual voice–frequency channels.

TA
—

Term
inal A

dapter.

Talkdow
n

 —
 M

issed signals in the presence of speech. C
om

m
only used to describe the perform

ance of a D
T

M
F

 receiver w
hen

it fails to recognize a valid D
T

M
F

 tone due to cancellation of that tone by speech.

Talkoff —
 F

alse detections caused by speech. C
om

m
only used to describe the perform

ance of a D
T

M
F

 receiver w
hen speech,

em
ulating D

T
M

F, causes the receiver to believe it has detected a valid D
T

M
F

 tone.

Tandem
 Trunk

 —
 S

ee trunk.

Telephone E
xchange —

 A
 sw

itching center for interconnecting the lines that service a specific area.

T
E

1
—

Term
inal E

quipm
ent 1 (IS

D
N

 Term
inal).

T
E

2
—

Term
inal E

quipm
ent 2 (N

on–IS
D

N
 Term

inal).

T
E

LE
T

E
X

 —
 A

 text com
m

unication service betw
een entirely electronic w

orkstations that w
ill gradually replace T

E
LE

X
 w

ith the
introduction of the digital netw

ork. (N
ot to be confused w

ith teletext.)

T
E

LE
T

E
X

T
 —

 T
he nam

e usually used for broadcast text (and graphics) for dom
estic television reception. (N

ot to be confused
w

ith teletex.)

Tim
e–D

ivision M
ultiplex

 —
 A

 process that perm
its the transm

ission of tw
o or m

ore signals over a com
m

on path by using a
different tim

e interval for each signal.

T
in C

ans and S
tring

—
A

 crude analog com
m

unications system
 com

m
only used to introduce voice com

m
unications to

children.

Tip
 —

 O
ne of the tw

o w
ires connecting the central office to a telephone. T

he nam
e derives from

 the tip of the plugs used by
operators (in older equipm

ent) to m
ake the connection. Tip is traditionally positive w

ith respect to ring.

Tone R
inger

 —
 T

he m
odern solid state equivalent of the old electrom

echanical bell. It provides the sound w
hen the central office

alerts the subscriber that som
eone is calling. R

inging voltage is typically 80  – 90 volts rm
s, 20 H

z.

Trunk —
 A

 telephone circuit or channel betw
een tw

o central offices or sw
itching entities.

T
S

A
C

 —
 Tim

eslot A
ssigner C

ircuit; a circuit that determ
ines w

hen a C
O

D
E

C
 w

ill put its 8 bits of data on a P
C

M
 bit stream

.

T
S

IC
 —

 Tim
eslot Interchange C

ircuit; a device that sw
itches digital highw

ays in P
C

M
 based sw

itching system
s; a “digital” cross-

point sw
itch.

Tw
ist —

 T
he am

plitude ratio of a pair of D
T

M
F

 tones. (B
ecause of transm

ission and equipm
ent variations, a pair of tones that

originated equal in am
plitude m

ay arrive w
ith a considerable difference in am

plitude.)

Tw
o W

ire C
ircuit

 —
 R

efers to the tw
o w

ires connecting the central office to the subscriber’s telephone. C
om

m
only referred to as

Tip and R
ing, the tw

o w
ires carry both transm

it and receive signals in a differential m
anner.

U
D

LT
 —

 U
niversal D

igital Loop Transceiver; a M
otorola originated nam

e for a voice/data transceiver circuit.
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M
O

T
O

R
O

LA

V
C

O
 —

 V
oltage–C

ontrolled O
scillator. Input is a voltage; output is a sinusoidal w

aveform
.

V
C

M
 —

 V
oltage–C

ontrolled M
ultivibrator. Input is a voltage; output is a square w

ave.

Voice F
requency

 —
 A

 frequency w
ithin that part of the audio range that is used for the transm

ission of speech of com
m

ercial
quality (i.e., 300 – 3400 H

z).

W
eighting N

etw
ork

 —
 A

 netw
ork w

hose loss varies w
ith frequency in a predeterm

ined m
anner.
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O
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A
N

S
I

A
m

erican N
ational S

tandards Institute
11 W

est 42nd S
treet

N
ew

 York, N
Y

 10036
U

S
A

B
ellcore

B
ell C

om
m

unications R
esearch

C
ustom

er S
ervice

60 N
ew

 E
ngland A

venue
P

iscataw
ay, N

J 08854–4196
U

S
A

P
hone: (201) 699–5800

C
C

IT
T

C
onsultive C

om
m

ittee of the International
Telephone and Telegraph
International Telecom

m
unications U

nion
P

lace D
es N

ations
C

H
–1211 G

eneva
S

w
itzerland

P
hone: (011) 4122 730 5851

E
IA

E
lectronic Industries A

ssociation
1722 E

ye S
treet, N

W
S

uite 440
W

ashington, D
C

 20006
U

S
A

P
hone (H

eadquarters): (202) 457–4936
P

hone (S
tandards): (202) 457–4966

E
T

S
I

E
uropean Telecom

m
unications S

tandards
Institute
06921 S

ophia A
ntipolis C

edex
F

R
A

N
C

E
P

hone: 33 92 94 42 00
F

ax: 33 93 65 47 16

IE
E

E
Institute of E

lectrical and E
lectronics

E
ngineers

H
eadquarters:

345 E
ast 47th S

treet
N

ew
 York, N

Y
 10017

U
S

A
P

hone (212) 705–7900

S
tandards O

ffice:
IE

E
E

 S
ervice C

enter
P

O
 B

ox 1331
P

iscataw
ay, N

J 00855
U

S
A

P
hone: (201) 981–0060

T
IA

Telecom
m

unications Industry A
ssociation

2001 P
ennsylvania A

venue, N
W

S
uite 800

W
ashington, D

C
 2006–1813

U
S

A
P

hone: (202) 457–5430
F

ax: (202 457–4939
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A
act, 6–5

act B
it, 4–13

V
erified act, 4–13

A
ctivation, 4–6, 4–8, 4–29, 5–30, 6–1, 6–6, 8–12,
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N
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N
ew

ark
(407)896–8350

. . . . . . . . . . . . . . . . . . . . . 

F
LO

R
ID

A
 – continued

Tallahassee
FA

I
(904)668–7772

. . . . . . . . . . . . . . . . . . . . . . . . . 
Tam

pa
A

llied E
lectronics, Inc.

(813)579–4660
. . . . . . . . 

N
ew

ark
(813)287–1578

. . . . . . . . . . . . . . . . . . . . . 
P

E
N

S
T

O
C

K
(813)247–7556

. . . . . . . . . . . . . . . . . 
W

inter P
ark

H
am

ilton/H
allm

ark
(407)657–3300

. . . . . . . . . . . 
P

E
N

S
T

O
C

K
(407)672–1114

. . . . . . . . . . . . . . . . . 
G

E
O

R
G

IA
A

tlanta
A

llied E
lectronics, Inc.

(770)497–9544
. . . . . . . . 

FA
I

(404)447–4767
. . . . . . . . . . . . . . . . . . . . . . . . . 

D
uluth
A

rrow
 E

lectronics
(404)497–1300

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(770)623–4400
. . . . . . . . . . . 

N
orcross
F

uture E
lectronics

(770)441–7676
. . . . . . . . . . . . 

N
ew

ark
(770)448–1300

. . . . . . . . . . . . . . . . . . . . . 
P

E
N

S
T

O
C

K
(770)734–9990

. . . . . . . . . . . . . . . . . 
W

yle E
lectronics

(770)441–9045
. . . . . . . . . . . . . 

ID
A

H
O

B
oise
A

llied E
lectronics, Inc.

(208)331–1414
. . . . . . . . 

FA
I

(208)376–8080
. . . . . . . . . . . . . . . . . . . . . . . . . 

N
ew

ark
(208)342–4311

. . . . . . . . . . . . . . . . . . . . . 
ILLIN

O
IS

A
ddison
W

yle Laboratories
(708)620–0969

. . . . . . . . . . . . 
A

rlington H
eights

H
am

ilton/H
allm

ark
(847)797–7300

. . . . . . . . . . . 
C

hicago
A

llied E
lectronics, Inc. (N

orth)
(847)548–9330

. . 
A

llied E
lectronics, Inc. (S

outh)
(708)535–0038

. . 
FA

I
(708)843–0034

. . . . . . . . . . . . . . . . . . . . . . . . . 
N

ew
ark E

lectronics C
orp.

(773)784–5100
. . . . . 

H
offm

an E
states

F
uture E

lectronics
(708)882–1255

. . . . . . . . . . . . 
Itasca

A
rrow

 E
lectronics

(708)250–0500
. . . . . . . . . . . . 

A
rrow

 Z
eus

(630)595–9730
. . . . . . . . . . . . . . . . . 

Lom
bard

N
ew

ark
(630)317–1000

. . . . . . . . . . . . . . . . . . . . . 
P

alatine
P

E
N

S
T

O
C

K
(708)934–3700

. . . . . . . . . . . . . . . . . 
R

ockford
A

llied E
lectronics, Inc.

(815)636–1010
. . . . . . . . 

S
pringfield
N

ew
ark

(217)787–9972
. . . . . . . . . . . . . . . . . . . . . 

W
ood D

ale
A

llied E
lectronics, Inc.

(630)860–0007
. . . . . . . . 

IN
D

IA
N

A
Indianapolis

A
llied E

lectronics, Inc.
(317)571–1880

. . . . . . . . 
A

rrow
 E

lectronics
(317)299–2071

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(317)575–3500
. . . . . . . . . . . 

FA
I

(317)469–0441
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(317)469–0447

. . . . . . . . . . . . 
N

ew
ark

(317)844–0047
. . . . . . . . . . . . . . . . . . . . . 

W
yle E

lectronics
(317)581–6152

. . . . . . . . . . . . . 
F

t. W
ayne

N
ew

ark
(219)484–0766

. . . . . . . . . . . . . . . . . . . . . 
P

E
N

S
T

O
C

K
(219)432–1277

. . . . . . . . . . . . . . . . . 
IO

W
A

B
ettendorf
N

ew
ark

(319)359–3711
. . . . . . . . . . . . . . . . . . . . . 

C
edar R

apids
A

llied E
lectronics, Inc.

(319)390–5730
. . . . . . . . 

N
ew

ark
(319)393–3800

. . . . . . . . . . . . . . . . . . . . . 
K

A
N

S
A

S
K

ansas C
ity

A
llied E

lectronics, Inc.
(913)338–4372

. . . . . . . . 
FA

I
(913)381–6800

. . . . . . . . . . . . . . . . . . . . . . . . . 
Lenexa

A
rrow

 E
lectronics

(913)541–9542
. . . . . . . . . . . . . 
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not 
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A
U

T
H

O
R

IZ
E

D
 D

IS
T

R
IB

U
TO

R
S

 – continued
U

N
IT

E
D

 S
TA

T
E

S
 – continued

K
A

N
S

A
S

 – continued
O

lathe
P

E
N

S
T

O
C

K
(913)829–9330

. . . . . . . . . . . . . . . . . 
O

verland P
ark

F
uture E

lectronics
(913)649–1531

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(913)663–7900
. . . . . . . . . . . 

N
ew

ark
(913)677–0727

. . . . . . . . . . . . . . . . . . . . . 
K

E
N

T
U

C
K

Y
Louisville

A
llied E

lectronics, Inc.
(502)452–2293

. . . . . . . . 
N

ew
ark

(502)423–0280
. . . . . . . . . . . . . . . . . . . . . 

LO
U

IS
IA

N
A

N
ew

 O
rleans

A
llied E

lectronics, Inc.
(504)466–7575

. . . . . . . . 
M

A
R

Y
LA

N
D

B
altim

ore
A

llied E
lectronics, Inc.

(410)312–0810
. . . . . . . . 

FA
I

(410)312–0833
. . . . . . . . . . . . . . . . . . . . . . . . . 

C
olum

bia
A

rrow
 E

lectronics
(301)596–7800

. . . . . . . . . . . . 
A

rrow
 Z

eus
(410)309–1541

. . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(410)290–0600
. . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(410)720–3400

. . . . . . . . . . . 
P

E
N

S
T

O
C

K
(410)290–3746

. . . . . . . . . . . . . . . . . 
W

yle E
lectronics

(410)312–4844
. . . . . . . . . . . . . 

H
anover
N

ew
ark

(410)712–6922
. . . . . . . . . . . . . . . . . . . . . 

M
A

S
S

A
C

H
U

S
E

T
T

S
B

edford
W

yle E
lectronics

(781)271–9953
. . . . . . . . . . . . . 

B
oston
A

llied E
lectronics, Inc.

(617)255–0361
. . . . . . . . 

A
rrow

 E
lectronics

(508)658–0900
. . . . . . . . . . . . 

FA
I

(508)779–3111
. . . . . . . . . . . . . . . . . . . . . . . . . 

N
ew

ark
1–800–4N

E
W

A
R

K
. . . . . . . . . . . . . . . . . . 

B
olton
F

uture C
orporate

(978)779–3000
. . . . . . . . . . . . . 

B
urlington
P

E
N

S
T

O
C

K
(617)229–9100

. . . . . . . . . . . . . . . . . 
P

eabody
A

llied E
lectronics, Inc.

(508)538–2401
. . . . . . . . 

H
am

ilton/H
allm

ark
(508)532–3701

. . . . . . . . . . . 
W

ilm
ington

A
rrow

 Z
eus

(978)658–4776
. . . . . . . . . . . . . . . . . 

W
oburn
N

ew
ark

(617)935–8350
. . . . . . . . . . . . . . . . . . . . . 

M
IC

H
IG

A
N

D
etroit
A

llied E
lectronics, Inc.

(313)416–9300
. . . . . . . . 

FA
I

(313)513–0015
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(616)698–6800

. . . . . . . . . . . . 
G

rand R
apids

A
llied E

lectronics, Inc.
(616)365–9960

. . . . . . . . 
N

ew
ark

(616)954–6700
. . . . . . . . . . . . . . . . . . . . . 

Livonia
A

rrow
 E

lectronics
(810)455–0850

. . . . . . . . . . . . 
F

uture E
lectronics

(313)261–5270
. . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(313)416–5800

. . . . . . . . . . . 
N

ovi
W

yle E
lectronics

(248)374–9953
. . . . . . . . . . . . . 

S
aginaw
N

ew
ark

(517)799–0480
. . . . . . . . . . . . . . . . . . . . . 

Troy
N

ew
ark

(248)583–2899
. . . . . . . . . . . . . . . . . . . . . 

M
IN

N
E

S
O

TA
B

loom
ington

W
yle E

lectronics
(612)853–2280

. . . . . . . . . . . . . . 
B

urnsville
P

E
N

S
T

O
C

K
(612)882–7630

. . . . . . . . . . . . . . . . . . 
E

den P
rairie

A
rrow

 E
lectronics

(612)941–5280
. . . . . . . . . . . . 

FA
I

(612)947–0909
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(612)944–2200

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(612)881–2600
. . . . . . . . . . . 

M
inneapolis
A

llied E
lectronics, Inc.

(612)938–5633
. . . . . . . . 

N
ew

ark
(612)331–6350

. . . . . . . . . . . . . . . . . . . . . 

M
IS

S
IS

S
IP

P
I

Jackson
N

ew
ark

(601)956–3834
. . . . . . . . . . . . . . . . . . . . . 

M
IS

S
O

U
R

I
E

arth C
ity

H
am

ilton/H
allm

ark
(314)770–6300

. . . . . . . . . . . 
S

t. Louis
A

llied E
lectronics, Inc.

(314)240–9405
. . . . . . . . 

A
rrow

 E
lectronics

(314)567–6888
. . . . . . . . . . . . 

F
uture E

lectronics
(314)469–6805

. . . . . . . . . . . . 
FA

I
(314)542–9922

. . . . . . . . . . . . . . . . . . . . . . . . . 
N

ew
ark

(314)453–9400
. . . . . . . . . . . . . . . . . . . . . 

N
E

B
R

A
S

K
A

O
m

aha
A

llied E
lectronics, Inc.

(402)697–0038
. . . . . . . . 

N
ew

ark
(402)592–2423

. . . . . . . . . . . . . . . . . . . . . 
N

E
VA

D
A

Las V
egas

A
llied E

lectronics, Inc.
(702)258–1087

. . . . . . . . 
W

yle E
lectronics

(702)765–7117
. . . . . . . . . . . . . 

N
E

W
 JE

R
S

E
Y

B
ridgew

ater
P

E
N

S
T

O
C

K
(908)575–9490

. . . . . . . . . . . . . . . . . 
E

ast B
runsw

ick
A

llied E
lectronics, Inc.

(908)613–0828
. . . . . . . . 

N
ew

ark
(908)937–6600

. . . . . . . . . . . . . . . . . . . . . 
F

airfield
FA

I
(201)331–1133

. . . . . . . . . . . . . . . . . . . . . . . . . 
M

arlton
A

rrow
 E

lectronics
(609)596–8000

. . . . . . . . . . . . 
FA

I
(609)988–1500

. . . . . . . . . . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(609)596–4080
. . . . . . . . . . . . 

M
t. Laurel
H

am
ilton/H

allm
ark

(609)222–6400
. . . . . . . . . . . 

W
yle E

lectronics
(609)439–9110

. . . . . . . . . . . . . 
O

radell
W

yle E
lectronics

(201)261–3200
. . . . . . . . . . . . . 

P
inebrook
A

rrow
 E

lectronics
(201)227–7880

. . . . . . . . . . . . 
W

yle E
lectronics

(973)882–8358
. . . . . . . . . . . . . 

P
arsippany
F

uture E
lectronics

(201)299–0400
. . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(201)515–1641

. . . . . . . . . . . 
N

E
W

 M
E

X
IC

O
A

lbuquerque
A

llied E
lectronics, Inc.

(505)266–7565
. . . . . . . . 

H
am

ilton/H
allm

ark
(505)293–5119

. . . . . . . . . . . 
N

ew
ark

(505)828–1878
. . . . . . . . . . . . . . . . . . . . . 

N
E

W
 Y

O
R

K
A

lbany
N

ew
ark

(518)783–0983
. . . . . . . . . . . . . . . . . . . . . 

B
uffalo
N

ew
ark

(716)631–2311
. . . . . . . . . . . . . . . . . . . . . 

G
reat N

eck
A

llied E
lectronics, Inc.

(516)487–5211
. . . . . . . . 

H
auppauge
A

llied E
lectronics, Inc.

(516)234–0485
. . . . . . . . 

A
rrow

 E
lectronics

(516)231–1000
. . . . . . . . . . . . 

FA
I

(516)348–3700
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(516)234–4000

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(516)434–7400
. . . . . . . . . . . 

N
ew

ark
(516)567–4200

. . . . . . . . . . . . . . . . . . . . . 
P

E
N

S
T

O
C

K
(516)724–9580

. . . . . . . . . . . . . . . . . 
W

yle E
lectronics

(516)231–7850
. . . . . . . . . . . . . 

H
enrietta
W

yle E
lectronics

(716)334–5970
. . . . . . . . . . . . . 

K
onkom

a
H

am
ilton/H

allm
ark

(516)737–0600
. . . . . . . . . . . 

P
ittsford
N

ew
ark

(716)381–4244
. . . . . . . . . . . . . . . . . . . . . 

P
oughkeepsie
A

llied E
lectronics, Inc.

(914)452–1470
. . . . . . . . 

N
ew

ark
(914)298–2810

. . . . . . . . . . . . . . . . . . . . . 
P

urchase
A

rrow
 Z

eus
(914)701–7400

. . . . . . . . . . . . . . . . . 

N
E

W
 Y

O
R

K
 – continued

R
ochester
A

llied E
lectronics, Inc.

(716)292–1670
. . . . . . . . 

A
rrow

 E
lectronics

(716)427–0300
. . . . . . . . . . . . 

F
uture E

lectronics
(716)387–9550

. . . . . . . . . . . . 
FA

I
(716)387–9600

. . . . . . . . . . . . . . . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(716)272–2740
. . . . . . . . . . . 

S
yracuse
A

llied E
lectronics, Inc.

(315)446–7411
. . . . . . . . 

FA
I

(315)451–4405
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(315)451–2371

. . . . . . . . . . . . 
N

ew
ark

(315)457–4873
. . . . . . . . . . . . . . . . . . . . . 

N
O

R
T

H
 C

A
R

O
LIN

A
C

harlotte
A

llied E
lectronics, Inc.

(704)525–0300
. . . . . . . . 

FA
I

(704)548–9503
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(704)547–1107

. . . . . . . . . . . . 
N

ew
ark

(704)535–5650
. . . . . . . . . . . . . . . . . . . . . 

G
reensboro
N

ew
ark

(910)294–2142
. . . . . . . . . . . . . . . . . . . . . 

M
orrisville
W

yle E
lectronics

(919)469–1502
. . . . . . . . . . . . . 

R
aleigh
A

llied E
lectronics, Inc.

(919)876–5845
. . . . . . . . 

A
rrow

 E
lectronics

(919)876–3132
. . . . . . . . . . . . 

FA
I

(919)876–0088
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(919)790–7111

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(919)872–0712
. . . . . . . . . . . 

O
H

IO
C

enterville
A

rrow
 E

lectronics
(513)435–5563

. . . . . . . . . . . . 
C

incinnati
A

llied E
lectronics, Inc.

(513)771–6990
. . . . . . . . 

N
ew

ark
(513)772–8181

. . . . . . . . . . . . . . . . . . . . . 
C

leveland
A

llied E
lectronics, Inc.

(216)831–4900
. . . . . . . . 

FA
I

(216)446–0061
. . . . . . . . . . . . . . . . . . . . . . . . . 

N
ew

ark
(216)391–9330

. . . . . . . . . . . . . . . . . . . . . 
C

olum
bus

A
llied E

lectronics, Inc.
(614)785–1270

. . . . . . . . 
N

ew
ark

(614)326–0352
. . . . . . . . . . . . . . . . . . . . . 

D
ayton
FA

I
(513)427–6090

. . . . . . . . . . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(513)426–0090
. . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(513)439–6735

. . . . . . . . . . . 
N

ew
ark

(513)294–8980
. . . . . . . . . . . . . . . . . . . . . 

M
ayfield H

eights
F

uture E
lectronics

(216)449–6996
. . . . . . . . . . . . 

M
iam

isburg
W

yle E
lectronics

(937)436–9953
. . . . . . . . . . . . . 

S
olon
A

rrow
 E

lectronics
(216)248–3990

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(216)498–1100
. . . . . . . . . . . 

W
yle E

lectronics
(440)248–9996

. . . . . . . . . . . . . 
Toledo

N
ew

ark
(419)866–0404

. . . . . . . . . . . . . . . . . . . . . 
W

orthington
H

am
ilton/H

allm
ark

(614)888–3313
. . . . . . . . . . . 

O
K

LA
H

O
M

A
O

klahom
a C

ity
N

ew
ark

(405)843–3301
. . . . . . . . . . . . . . . . . . . . . 

Tulsa
A

llied E
lectronics, Inc.

(918)250–4505
. . . . . . . . 

FA
I

(918)492–1500
. . . . . . . . . . . . . . . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(918)459–6000

. . . . . . . . . . . 
O

R
E

G
O

N
B

eaverton
A

rrow
/A

lm
ac E

lectronics C
orp.

(503)629–8090
. 

F
uture E

lectronics
(503)645–9454

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(503)526–6200
. . . . . . . . . . . 

P
ortland
A

llied E
lectronics, Inc.

(503)626–9921
. . . . . . . . 

FA
I

(503)297–5020
. . . . . . . . . . . . . . . . . . . . . . . . . 

N
ew

ark
(503)297–1984

. . . . . . . . . . . . . . . . . . . . . 
P

E
N

S
T

O
C

K
(503)646–1670

. . . . . . . . . . . . . . . . . 
W

yle E
lectronics

(503)598–9953
. . . . . . . . . . . . . 
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A
U

T
H

O
R

IZ
E

D
 D

IS
T

R
IB

U
TO

R
S

 – continued
U

N
IT

E
D

 S
TA

T
E

S
 – continued

P
E

N
N

S
Y

LVA
N

IA
A

llentow
n

N
ew

ark
(610)434–7171

. . . . . . . . . . . . . . . . . . . . . 
C

hadds F
ord

A
llied E

lectronics, Inc.
(610)388–8455

. . . . . . . . 
C

oatesville
P

E
N

S
T

O
C

K
(610)383–9536

. . . . . . . . . . . . . . . . . 
F

t. W
ashington

N
ew

ark
(215)654–1434

. . . . . . . . . . . . . . . . . . . . . 
H

arrisburg
A

llied E
lectronics, Inc.

(717)540–7101
. . . . . . . . 

P
hiladelphia
A

llied E
lectronics, Inc.

(609)234–7769
. . . . . . . . 

P
ittsburgh
A

llied E
lectronics, Inc.

(412)931–2774
. . . . . . . . 

A
rrow

 E
lectronics

(412)963–6807
. . . . . . . . . . . . 

N
ew

ark
(412)788–4790

. . . . . . . . . . . . . . . . . . . . . 
S

O
U

T
H

 C
A

R
O

LIN
A

G
reenville
A

llied E
lectronics, Inc.

(864)288–8835
. . . . . . . . 

N
ew

ark
(864)288–9610

. . . . . . . . . . . . . . . . . . . . . 
T

E
N

N
E

S
S

E
E

K
noxville
N

ew
ark

(423)588–6493
. . . . . . . . . . . . . . . . . . . . . 

M
em

phis
N

ew
ark

(901)396–7970
. . . . . . . . . . . . . . . . . . . . . 

T
E

X
A

S
A

ustin
A

llied E
lectronics, Inc.

(512)219–7171
. . . . . . . . 

A
rrow

 E
lectronics

(512)835–4180
. . . . . . . . . . . . 

F
uture E

lectronics
(512)502–0991

. . . . . . . . . . . . 
FA

I
(512)346–6426

. . . . . . . . . . . . . . . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(512)219–3700
. . . . . . . . . . . 

N
ew

ark
(512)338–0287

. . . . . . . . . . . . . . . . . . . . . 
P

E
N

S
T

O
C

K
(512)346–9762

. . . . . . . . . . . . . . . . . 
W

yle E
lectronics

(512)833–9953
. . . . . . . . . . . . . 

B
enbrook
P

E
N

S
T

O
C

K
(817)249–0442

. . . . . . . . . . . . . . . . . 
B

row
nsville

A
llied E

lectronics, Inc.
(210)548–1129

. . . . . . . . 
C

arrollton
A

rrow
 E

lectronics
(972)380–6464

. . . . . . . . . . . . 
A

rrow
 Z

eus
(972)380–4330

. . . . . . . . . . . . . . . . . 
D

allas
A

llied E
lectronics, Inc.

(214)341–8444
. . . . . . . . 

FA
I

(972)231–7195
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(972)437–2437

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(214)553–4300
. . . . . . . . . . . 

N
ew

ark
(972)458–2528

. . . . . . . . . . . . . . . . . . . . . 
E

l P
aso

A
llied E

lectronics, Inc.
(915)779–6294

. . . . . . . . 
FA

I
(915)577–9531

. . . . . . . . . . . . . . . . . . . . . . . . . 
N

ew
ark

(915)772–6367
. . . . . . . . . . . . . . . . . . . . . 

F
t. W

orth
A

llied E
lectronics, Inc.

(817)595–3500
. . . . . . . . 

H
ouston
A

llied E
lectronics, Inc.

(281)446–8005
. . . . . . . . 

A
rrow

 E
lectronics

(281)647–6868
. . . . . . . . . . . . 

FA
I

(713)952–7088
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(713)785–1155

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(713)781–6100
. . . . . . . . . . . 

N
ew

ark
(281)894–9334

. . . . . . . . . . . . . . . . . . . . . 
W

yle E
lectronics

(713)784–9953
. . . . . . . . . . . . . 

R
ichardson
P

E
N

S
T

O
C

K
(972)479–9215

. . . . . . . . . . . . . . . . . 
W

yle E
lectronics

(972)235–9953
. . . . . . . . . . . . . 

S
an A

ntonio
FA

I
(210)738–3330

. . . . . . . . . . . . . . . . . . . . . . . . . 
N

ew
ark

(210)734–7960
. . . . . . . . . . . . . . . . . . . . . 

U
TA

H
D

raper
W

yle E
lectronics

(801)523–2335
. . . . . . . . . . . . . 

S
alt Lake C

ity
A

llied E
lectronics, Inc.

(801)261–5244
. . . . . . . . 

A
rrow

 E
lectronics

(801)973–6913
. . . . . . . . . . . . 

FA
I

(801)467–9696
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(801)467–4448

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(801)266–2022
. . . . . . . . . . . 

N
ew

ark
(801)261–5660

. . . . . . . . . . . . . . . . . . . . . 
W

est V
alley C

ity
W

yle E
lectronics

(801)974–9953
. . . . . . . . . . . . . 

V
IR

G
IN

IA
H

erndon
N

ew
ark

(702)707–9010
. . . . . . . . . . . . . . . . . . . . . 

R
ichm

ond
N

ew
ark

(804)282–5671
. . . . . . . . . . . . . . . . . . . . . 

S
pringfield
A

llied E
lectronics, Inc.

(703)644–9515
. . . . . . . . 

V
irginia B

each
A

llied E
lectronics, Inc.

(757)363–8662
. . . . . . . . 

W
A

S
H

IN
G

TO
N

B
ellevue
A

lm
ac E

lectronics C
orp.

(206)643–9992
. . . . . . 

P
E

N
S

T
O

C
K

(206)454–2371
. . . . . . . . . . . . . . . . . 

B
othell
F

uture E
lectronics

(206)489–3400
. . . . . . . . . . . . 

K
irkland
N

ew
ark

(206)814–6230
. . . . . . . . . . . . . . . . . . . . . 

R
edm

ond
H

am
ilton/H

allm
ark

(206)882–7000
. . . . . . . . . . . 

W
yle E

lectronics
(425)881–1150

. . . . . . . . . . . . . 
S

eattle
A

llied E
lectronics, Inc.

(206)251–0240
. . . . . . . . 

FA
I

(206)485–6616
. . . . . . . . . . . . . . . . . . . . . . . . . 

S
pokane
N

ew
ark

(509)327–1935
. . . . . . . . . . . . . . . . . . . . . 

W
IS

C
O

N
S

IN
B

rookfield
A

rrow
 E

lectronics
(414)792–0150

. . . . . . . . . . . . 
F

uture E
lectronics

(414)879–0244
. . . . . . . . . . . . 

W
yle E

lectronics
(414)879–0434

. . . . . . . . . . . . . 
M

adison
N

ew
ark

(608)278–0177
. . . . . . . . . . . . . . . . . . . . . 

M
ilw

aukee
A

llied E
lectronics, Inc.

(414)796–1280
. . . . . . . . 

FA
I

(414)792–9778
. . . . . . . . . . . . . . . . . . . . . . . . . 

N
ew

 B
erlin

H
am

ilton/H
allm

ark
(414)780–7200

. . . . . . . . . . . 
W

auw
atosa

N
ew

ark
(414)453–9100

. . . . . . . . . . . . . . . . . . . . . 

C
A

N
A

D
A

A
LB

E
R

TA
C

algary
FA

I
(403)291–5333

. . . . . . . . . . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(403)250–5550
. . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(800)663–5500

. . . . . . . . . . . 
N

ew
ark

(800)463–9275
. . . . . . . . . . . . . . . . . . . . . 

E
dm

onton
FA

I
(403)438–5888

. . . . . . . . . . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(403)438–2858
. . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(800)663–5500

. . . . . . . . . . . 
N

ew
ark

(800)463–9275
. . . . . . . . . . . . . . . . . . . . . 

S
askatchew

an
H

am
ilton/H

allm
ark

(800)663–5500
. . . . . . . . . . . 

B
R

IT
IS

H
 C

O
LU

M
B

IA
V

ancouver
A

llied E
lectronics, Inc.

(604)420–9691
. . . . . . . . 

A
rrow

 E
lectronics

(604)421–2333
. . . . . . . . . . . . 

FA
I

(604)654–1050
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(604)294–1166

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(604)420–4101
. . . . . . . . . . . 

N
ew

ark
(800)463–9275

. . . . . . . . . . . . . . . . . . . . . 
M

A
N

ITO
B

A
W

innipeg
FA

I
(204)786–3075

. . . . . . . . . . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(204)944–1446
. . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(800)663–5500

. . . . . . . . . . . 
N

ew
ark

(800)463–9275
. . . . . . . . . . . . . . . . . . . . . 

O
N

TA
R

IO
K

anata
P

E
N

S
T

O
C

K
(613)592–6088

. . . . . . . . . . . . . . . . . 
London

N
ew

ark
(519)685–4280

. . . . . . . . . . . . . . . . . . . . . 
M

ississauga
P

E
N

S
T

O
C

K
(905)403–0724

. . . . . . . . . . . . . . . . . 
N

ew
ark

(905)670–2888
. . . . . . . . . . . . . . . . . . . . . 

O
ttaw

a
A

llied E
lectronics, Inc.

(613)228–1964
. . . . . . . . 

A
rrow

 E
lectronics

(613)226–6903
. . . . . . . . . . . . 

FA
I

(613)820–8244
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(613)727–1800

. . . . . . . . . . . . 
H

am
ilton/H

allm
ark

(613)226–1700
. . . . . . . . . . . 

Toronto
A

rrow
 E

lectronics
(905)670–7769

. . . . . . . . . . . . 
FA

I
(905)612–9888

. . . . . . . . . . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(905)612–9200
. . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(905)564–6060

. . . . . . . . . . . 
N

ew
ark

(905)670–2888
. . . . . . . . . . . . . . . . . . . . . 

Q
U

E
B

E
C

M
ontreal
A

rrow
 E

lectronics
(514)421–7411

. . . . . . . . . . . . 
FA

I
(514)694–8157

. . . . . . . . . . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(514)694–7710
. . . . . . . . . . . . 

H
am

ilton/H
allm

ark
(514)335–1000

. . . . . . . . . . . 
M

t. R
oyal

N
ew

ark
(514)738–4488

. . . . . . . . . . . . . . . . . . . . . 
Q

uebec C
ity

A
rrow

 E
lectronics

(418)687–4231
. . . . . . . . . . . . 

FA
I

(418)682–5775
. . . . . . . . . . . . . . . . . . . . . . . . . 

F
uture E

lectronics
(418)877–6666

. . . . . . . . . . . . 
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IN
T

E
R

N
AT

IO
N

A
L D

IS
T

R
IB

U
TO

R
S

A
R

G
E

N
T

IN
A

E
lectrocom

ponentes
(5–41) 375–3366

. . . . . . . . 
E

lko
(5–41) 372–1101

. . . . . . . . . . . . . . . . . . . . . . . 
A

U
S

T
R

A
LIA

�
*#�(�

�
�	

!��(&$#��'
��

)'(��
(61)2 9878–1299

. . . . . 
F

arnell
(61)2 9645–8888

. . . . . . . . . . . . . . . . . . . . 
V

eltek A
ustralia P

ty. Ltd.
(61)3 9574–9300

. . . . 
A

U
S

T
R

IA
E

B
V

 E
lektronik

(43) 189152–0
. . . . . . . . . . . . . . . 

F
arnell

(49) 8961 393939
. . . . . . . . . . . . . . . . . . . . 

S
E

I/E
lbatex G

m
bH

(43) 1 866420
. . . . . . . . . . . . 

S
poerle E

lectronic
(43) 1 31872700

. . . . . . . . . . . 
B

E
LG

IU
M

E
B

V
 E

lektronik
(32) 2 716 0010

. . . . . . . . . . . . . 
F

arnell
(32) 3 227 3647

. . . . . . . . . . . . . . . . . . . . . 
S

E
I/B

elgium
(32) 2 460 0560

. . . . . . . . . . . . . . . . 
S

poerle E
lectronic

(32) 2 725 4660
. . . . . . . . . . . 

B
R

A
Z

IL
F

uture
(019) 235–1511

. . . . . . . . . . . . . . . . . . . . . . 
Intertek

(011) 266–2922
. . . . . . . . . . . . . . . . . . . . . 

K
arim

ex
(011) 524–2366

. . . . . . . . . . . . . . . . . . . . 
M

asktrade
(011) 3361–2766

. . . . . . . . . . . . . . . . . 
P

anam
ericana

(011) 223–0222
. . . . . . . . . . . . . . . 

S
iletek

(011) 536–4401
. . . . . . . . . . . . . . . . . . . . . . 

Tec
(011) 5505–2046

. . . . . . . . . . . . . . . . . . . . . . . . 
Teleradio

(011) 574–0788
. . . . . . . . . . . . . . . . . . . . 

B
U

LG
A

R
IA

M
acro G

roup
(359) 2708140

. . . . . . . . . . . . . . . . . 
C

H
IN

A



)()&�
�

�*�#���
	

!��(&$#��'
�(��

(852)2 305–3633
. . 

�
*#�(�

�
�

�
$"

%$#�#('
�(��

(852)2 357–8888
. . . . . 

�
��#�

	
!��

%%��
$&%��

�� �#�
(86)10 8188–1566

. . . . 
�

��#�
	

!��
%%��

$&%��
��"

�#
(86)592–553–487

. . . . . 
N

anco E
lectronics S

upply Ltd.
(852) 2 765–3025

. 
or (852) 2 333–5121

. . . . . . . . . . . . . . . . . . . . . . . . 
Q

ing C
heng E

nterprises Ltd.
(852) 2 493–4202

. . 
C

Z
E

C
H

 R
E

P
U

B
LIC

E
B

V
 E

lektronik
(420) 2 90022101

. . . . . . . . . . . . 
S

poerle E
lectronic

(420) 2 731355
. . . . . . . . . . . . 

S
E

I/E
lbatex

(420) 2 4763707
. . . . . . . . . . . . . . . . 

M
acro G

roup
(420) 2 3412182

. . . . . . . . . . . . . . . 
D

E
N

M
A

R
K

A
rrow

 D
enm

ark A
/S

(45) 44 508200
. . . . . . . . . . 

A
/S

 A
vnet E

M
G

(45) 44 880800
. . . . . . . . . . . . . . 

E
B

V
 E

lektronik – S
oeborg

(45) 39690511
. . . . . . 

E
B

V
 E

lektronik – A
abyhoej

(45) 86250660
. . . . . 

F
uture E

lectronics
(45) 961 00 961

. . . . . . . . . . . 
E

S
TO

N
IA

A
rrow

 F
ield E

esti
(372) 6503288

. . . . . . . . . . . . . . 
A

vnet B
altronic

(372) 6397000
. . . . . . . . . . . . . . . 

F
IN

LA
N

D
A

rrow
 F

ield O
Y

(358) 97 775 71
. . . . . . . . . . . . . 

A
vnet E

M
G

 O
Y

(358) 96 13181
. . . . . . . . . . . . . . 

E
B

V
 E

lektronik
(358) 98557730

. . . . . . . . . . . . . 
F

arnell
(358) 9 345 5400

. . . . . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(358) 9 525 9950
. . . . . . . . . . 

F
R

A
N

C
E

A
rrow

 E
lectronique

(33) 1 49 78 49 78
. . . . . . . . 

A
vnet E

M
G

(33) 1 49 65 25 00
. . . . . . . . . . . . . . . 

E
B

V
 E

lektronik
(33) 1 40963000

. . . . . . . . . . . . . 
F

arnell
(33) 474 659466

. . . . . . . . . . . . . . . . . . . . . 
F

uture E
lectronics

(33) 1 69821111
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