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TELECOMMUNICATIONS APPLICATION NOTE 2

SI SEMICOND{JCTl]R

llsing the S C ll2l0/S C ll2ll Caller I.D. Circuit

Purpose ol Application ilote
The purpose of this application note is
to provide an introduction to the use of
Siena Semiconductor's Caller ldentifi-
cation (ClD) decoding circuit, the
SC1 1210/SC1'1 21 1. This product has
been designed to provide engineers
with a highly integrated solution to de-
coding and detecting the FSK modem
signals used in the Caller ldentifica-
tion Service.

A general overview oi the functional
and performance requirements of CID
service first will be oresented followed
by descriptive and application infor-
mation relative to the Sierra Caller lD
chip. Data Access Arrangements
(DM)for general use as well as Caller
lD systems also will be discussed.
Specifically, a circuit application that
combines a DAA with the Sierra Caller
lD Chip will be detailed for designers.

System requirements for Caller lD elec-
tronics also wrll be presented includ-
ing some drscussion on srgnal flow
algor i thms and pro lotype micro-
controller embodiments.

CID Service Overview and
Discussion
In the following section, an outline of
the CID service is provided. The mate-
rial details the method of signaling,
the specific signal level requirements,
the delay and timing and the data

sequence description. Also, general
requirements for CID implementations
specific to the Sierra Caller lD chip will
be presented.

The Caller Number Delivery (CND) or
Caller ldentification Service is a new
feature that has been introduced as
part of the General Switched Tele-
phone Network (GSTN). The service
allows called parties to identify the call-
ing party's number.

Electronic circuitry is provided that
detects and decodes data that has
been transmitted by the Central Office
between the first and second ring sig-
nals on the subscriber line. Data is
encoded as phase-coherent FSK and
transmitted at 1200 Hz (Mark) and
2200 Hz (Space). The data stream also
orovides additional information con-
cerning the called message including
the date and time of the call. The trans-
mission rate is 1200 bits oer second
and is in serial, simplex, binary, asyn-
chronous format.

The transmission level into the sub-
scriber loop is assumed to be -13 dBm
at a 900 ohm impedance level. Worst
case loss through the loop is assumed
to be no more than 14 dB. Some loss,
limited to less than a lew dB, can be
expected as a result of the coupling/
protective (DAA) electronics. The
Sierra CID chips will detect errorJree

CID messages over the normal
range of levels expected in the CID
environment.

A general CID system block diagram
is shown in Figure 'l and general sys-
tem timing shown in Figure 2. An
optocoupler Ring Detection circuit is
used to "wake up'the processor func-
tion and provide data stream loading
to theTip and Ring incoming line. Some
delay (typically 500 Msec) is provided
between the end of the Ring Signal
and the beginning of the Data Stream.
The Sierra CID chip provides demodu-
lated data out to lhe microprocessor/
microcontroller for further processing.

ln the CID system, two types of mes-
sages are available: Single Data Mes-
sage and Multiple Data Message. A
Single Data Message consists of a
sequence of 8 bit bytes as ananged in
Figure 3. The initial part of the mes-
sage is the Channel Seizure signal
and is composed of 30 continuous
bytes (250 ms) of Hex 55. This signal
is followed by a carrier (Mark) of 150
ms. A Message Type word that pro-
vides information as to the service and
the capability of the particular data
message next follows as the first word
in the Data Stream. Various values are
allowed. For example, Hex 04 indi-
cates that Calling Number Delivery In-
formation is available in the messa0e.
(References 1 and 2).
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The next word provides a byte to indi-
cate the total number of data words
that follow, excluding the error-detec-
tton word. The next sequence of words
in the data stream are the Data Words.
These words provide ASCI| bytes of
DN (Dialed Number), Date, Time Etc.
Finally a checksum byte is provided at
the end of this Single Data Message
Format in order to provide a simple
error correction mechanism for the
Caller lD system. The checksum is
formed by taking the 2's complement
o{ the modulo 256 sum of the data
words. The transmission would be suc-
cessful if the calculated checksum
added to the received checksum
equals 0 modulo 256 (see Tabte 1).
Wih regard to Multiple Data messages,
the Caller lD service allows for a wide
vanety and complexity of message for-
mats. Reference 2 provides further dis-
cussions of these formats.

For Power Ringing, data is sentduring
the srlent interval between first and
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second rings. Thrs silent period is nomr.
nally 4 seconds (2 seconds on and 4
seconds off). ln order not to conflict
with distinctive Ring Signating, data rs
not sent until a 500-ms sitent period
has passed. Furthermore, itis intended
that data end at least 475 ms before
the end of the silent rnterval.

5O0 ms

Figure 2.  System Tming

500 ms

I t  should be pornted out thatspecrfrca-
trons descrrbrng CID service al low for
data to be sentat any trme as long as
a vorce path has been estabhshed. lt
is intended that Caller tD electronics
provrde a proper interface (DAA) to
the subscrrber lrne as well as CID data
stream demodulatron and processrnO.

+i



t
Blnary Contents

7 6 5 4 3 2 1 0 Descrlptlon
Dec

Value
Her

Value

Mod
256

ln Hex

1 Msg Type 0 0 0 0 0 1 0 0 CND o4 o4 o4
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Sierra SCl1210lSC11211
Galler lD Chip
The following sections provide a de-
tarled descriotion of the Sierra Caller
lD Chip including functional and elec-
trical parameters. Functionality will be
described for each pin and sugges-
tions for using the Sierra Caller lD chip
is provided. Limits on electrical pa-
rameters will be discussed and an
overall block diagram description will
be provided. Figure5 provides an over-
all block diagram of the part indicating
five basic functional components.

The Caller lD's input buffer provides a
balanced differential input to the part
with an impedance of 100k ohm (typi-
cal), measured at 1 kHz. The bandpass
filter is a four pole configuration allow-
ing a flow through of modulation fre-
quencres,  constrained by the
bandpass shown in Figure 6.

Selection of energy pass levels is pro-
vided by the Energy Detect block. This
feature orovides a method for the user

to analyze incoming signal levels as
part of the processing algonthm. For
example, the user might decide to re-
ject all signal levels below a certain
value as undesirable noise, or may
selectively allow signals within a cer-
tain range to indicate a line active sta-
tus. Four level windows are possible
and are programmed using the
EDLVL1, EDLVU inputs. The Energy
Detect circuitry requires an external
capacitor to operate. This capacitor is
attached from the EDC pin to ground.
When this capacitor has a value of 0.'l
UF the Energy Detect circuit has a
response time of approximately 5
msec. (Figure 7).

The FSK Demodulator acceots the
band limited, dual {requency modula-
tion on its input and provides NRZ
serial outout on the Data Out line. An
on chip oscillator is provided with the
Clock Generator Block. The onlv ex-

ternal conrponent required for thrs
block rs the crystal whose value rs
assumed to be 3.5795454 MHz
(Figure 8).

A Call Progress Monitor function is also
available which shifts the center fre-
quency of the on chip filter to 18 of it's
normal value (Figure 9). This function
is achieved by bringing the CPM pin
t0w.

The device uses CMOS technology
and operates with a single supply of 5
volts tl0%. Operating power con-
sumption is specified at 35 mW (max)
and assumes a clock frequency of
3.579 MHz. Considerably lower power
is achieved during Power Down Mode
enabled by brrnging the Power Down
control lrne low. Power consumptron rn
this mode is equal to the product of
supply voltage and quiescent current
(See Data Sheet).

CPM XTALIp XTALggl

Flgure 5. Slerra Caller lD Chlp - Block Dlagram
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Figure 6. SCl 1210/1 1 - Bandpass In CND ltlode

Flgure 8. Osclllator Block

The following briefly describes the
function of the various pins:

DO lData Outf: Provrdes the data
out of the demodulated FSK inout
stream. D0 is high when the input
signal is 1200112 Hz and is low when
the input ts2200t22 Hz. (See Figures
1 & 2 )

CPtl- lGall Progress Model:When
this line is brought low the filter band
pass is forced to one third of its nor-
mal value thus allowing Call Progress
analysis of input signals

fO lenergy Detectf: This line goes
low when Energy Delect criteria as
defined by Energy Detect Control In-
puts (Pins 3, 4) is valid.

ldBm = decibels above or below a reference power
of 1 mW into a 600Q load.

Flgure 7. Energy - Windows and Programming
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Flgure 9. Call Progress Mode Bandpass
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EDC lEnergy Detect Capacitorl:
As part of the Energy Detect circuit, a
0.19F capacitor is required and is
placed from this pin to ground.

EDLVLI, EDLVL2 (Energy De-
tect Control lines[ Used to de-
fine valid Energy Detect Levels as
signal levels input to the chip. Note
that these inputs have on chip pull-
down resistors providing the most sen-
sitive Energy Detect Level by default.
(See Figure 7.)

PO lRower Downf: This pin, when
brought low, forces the on-chip oscil-
lator to turn off and thus places the
chip in a low-power quiescent mode.
For current used by the chip in this
mode see data sheet.

V1p6V1sp: Differential input to the
chip. Maximum rnput allowed is 500
mV RMS. Note thatSingle Ended input
is allowed and should be brought to
the Vlpx pin, and the Vlxp ptn should
be tied directly to Vpsg

Vs6p (Reference Groundl: For
proper operatron thrs prn is normally
t i ed  to  g round  th rough  a  1  $F
caoacrtor

XTALsp, XTALqul: Connectron
points  for  f requency determrnrng
crvstal.

Vss (GND|: Power connectron pornts
for chio

EDLVL2 EDLV!-1 DETECT LEVELl

0 (or open)

0 (or open)
'I

1

0 (or open)

1

0 (or open)

1

-30 dBm on -35 dBm off
-27 dBm on -32 dBm off
-24 dBm on -29 dBm ofl
-21 dBm on -26 dBm off

Amplin,de (dB) vs. Frequency (Hz)
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The Sierra Caller lD chip is available in
both  14-p in  (SCl1211)  and 8-p in
(SC11210) versions. In the 8-pin ver-
sion, programmability of Energy De-
tect Levels is not allowed and is
preprogrammed t0 the most sensitive
level detect i.e., -30 dBm (on) and -35
dBm (off). Power Down Mode and an
onchip oscillator are not available on
the 8-pin version (SC11210).

DAA
The DM (Data Access Arrangement)
is to be provided on all subscriber
interfaces (CPE - Customer Premises
Equipment) for data and specialized
applications. The purpose of the elec-
tronic circuitry in the CID/DAA is:

. To ensure that no harm comes to
the teleohone network as a result of
the electronics associated with the
CPE.

. To provide isolation and prolection
of the electronics in the CPE that
might occur due to significant en-
ergy signals on the telephone line.

. As partof fre DMelectronics, ssne
additional functions might also be
provided (e.9. Ring Detect circuitry).

Requirements for the DM can be de-
duced kom standards rmposed by
FCC and EIA documents. (See Refer-
ences 3 & 4.)

Various modes are oossible for the
CPE electronics depending 0n he type
of system rnvolved. In typical applica-
trons, a standard telephone set ar-
rangement is in parallel wrth the Trp
and Ring input of the CPE electronrcs
requiring somewhat less complex (and
less costly) DM arrangements. 0n
the other hand, complex CID systems
are possible that provide completely
autqnatic CID implementations along
with bidirectional dah flow, and with
no parallel telephone set. For this lat
ter mode, somewhat more cornplex
DM arrangements are required. Thrs
application note is intended to pro-
vide information on the former, less
complex DAA arrangements.

When Power Rrng occurs, provision rs
made for Ring Detect s0 that caller lD
processing may begin. Ring Detect
crrcuitry might be o{ the averaging type
(capacitor output) or might allow lor
zero cross detect ion (us ing a
microcontroller as processor) for more
accurate processing of the Ring Sig-
nalwaveform.

For many CID applications, it is as-
sumed that a standard telephone ar-
rangement (or its equivalent) is in
parallel with the CID "box' electronics
Thus, the on-hooUoff-hook function will
be performed by the attached tele-
phone subset In operation, the CID

data rs sent dunng the silent period
between first and second rings (for
Power Rrngrng) The CID electronrcs,
rncludrng the DM, must therefore pro
vtde a voice/srgnal path followrng the
ring signal.

The general functional requirements
for the CID/DM are outlined in the
block diagram of Figure 10.

The Input Protection and Loading
Block provrde overvoltage protection
for the CTE, and this is usually per-
formed by MetalOxide Varistors (MOV)
that constrain the high voltage tran-
srents lo less than 250V. The Ring
Detect Block is used to detecl Power
Ring signals and provide, after pro-
cessing, an output level indicating de-
tection of the Ring Signal. Because
this output usually rs connected to other
logic (typically a microcontroller) iso-
lation must be provided from the sub-
scriber line of greater than 1500V. Thrs
function rs typically pedormed by opto-
rsolalor devices. Countrng of valid Ring
pulses combrned with sufficient delay,
generates input to the Load Connect
Control lrne The Load Connect Con-
trol provides coupling of the data path
t0 a proper termrnation during valid
CID data times. With the need for suffi-
cient isolation, both mechanical and
solid-state relays are used to perform
th is  funct ron Asrde l rom Conl ro l

rN (LOAD CONNECT CONTROT)

LIMITER
E

TERMINATION

OUT (RING DETECT)

Flgure 10. Generlc CIO/DAA



blocks, the signal path itself must be
isolated from the line. This, more often
than not, is performed by a 1:1 isola-
tion transformer. The transformer also
is used to couple to the load with mini-
mum foruard and return loss. Finally,
signal limiting and termination are usu-
ally performed respectively by voltage
limit diodes and pure resistive parallel
loads.

The Figure 1 1 provides a schematic of
a CIDIDM.

Various other DM solutions arc ce(-
tainly possible. In an effort to provide
additional alternative low cost solutions
other circuits were investigated. One
possible solution is shown in Figure 12
where capacitors are used to perform
the isolation function. Note that the
capacitor/resistance legs should be

balanced to better than 0.1% and that
the capacitors should have a break-
down voltage of greater than 1500V.

It is important that the CID system meet
the EIA/FCC standards as outlined in
the referenced documents. The fol-
lowing table Oable 2) provides a con-
densed descriotion of these limits for
both the Quiescent (Non Ringing) and
Active (Ringing) state.

10 I l

R1

1 0 ( )

LOAD CONNECT

1.8 Kl

c3

8.2 k(l .47MFD 1N5254 1N5254
200 vDc

Flgure 11. Erample CID/DAA
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.056. 1 5OO V 3OO k

c2 R2

'.056. 1500 v 300 k

Flgure 12. Alternative DAA Solution



EIA/FCC constraints also put hmtts on
other electrical environmental factors.
Telephone equipment must be pro-
tected from high voltage surges of typi-
cally 1500V and channel degradation
caused by unusually high signal lev-
els and imbalance on Tip and Ring
loading. (See References 3 & 4 for
more details.)

Caller lD Eranrple Grcuit
A CID example has been designed to
assist the user in CID prototype imple-
mentations. The Sierra CID example
essentially provides the DAA previ-
ously presented (Figure 8) combined
with the Sierra SC11210 Caller lD chio.

Thrs circuit is provided to {acilitate de-
sign of CID systems in a prototype
environment and is not intended as a
production vehicle. Proper certifica-
tion, which includes an analysis of a
complete system design as well as
overall physical ernbodiment, is left to
the user.

Table 2. EIA/FCC Limits

Ring Detect is performed by the com-
bination of back to back Zener diodes
and an opto-isolator (4N35). The di-
odes provide a sufficient threshold
(55V) for the ring voltage, whlle the
opto-isolator provides sufficient isola-
tion (1SffiV) to protect the controller
circuitry. Note that the user might wish
to provide an integrating capacitor on
the Ring Detect output node. Further,
lowering the Zener thresholds and al-
lowing a DC path on the input side of
the Ring Detect provides a method of

detecting off-hook status of the line.
The signal load is connected by means
of a simple relay controlcircuit (2N4401
and Relay K1), thus providing isola-
tion and a balanced low rmpedance
path {or the CID data stream. The trans-
iormer and output Zeners provtde cou-
pl ing wrth isolation and load ltmtt
protection. Inputs and outputs assocr-
ated wrth the crrcuit board are as-
sumed to be interfaced to a Caller lD
Microconlroller.

CPM

EO (BUS)

PD

Function Froq. State Vol l std.
Limitr
{ohmsl

DC Res.

AC Res

AC Res

AC Res.

N/A

<20O Hz

697-1633 Hz

15.358 Hz

Ouiescenl

Quiescent

Ouiescent

Active

<1OOV DC

<1OV RMS

<3V RMS

40-150 vRMS

EtA-470

EtA-470

EIA-470

FCC-68

>70  Meg

> 7 k

> 1 0 0  k

> B k

v tNN

v r t tP

sc1 1 21 0/
s c 1 1 2 1 1

LIMITER
&

TERMINATION

Flgure 13. Slerra Galler lD flemo Board Block Diagram
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Galler lD llicrocontroller
Interface
In order to perform the overall func-
tional requirements for caller lD, addi-
tional controller lunctions are required.
This requirement might be manifest
using various controller vehicles in-
cluding microcontrollers and personal
computers.

A proposed System Elock Diagram for
use in system prototype development
efforts is shown in Figure '15. The block
diagram shown indicates the use of a
specific microcontrolle(80C51 ), how-
ever numerous other controllers are
possible. In reviewing the System
Block Diagram, note that the DM and
SC11210 blocks are contained on the
Sierra CID Circuit Board. The 80C51
microcontroller performs control func-
tions, serial data processing (RDX In-
put Port), hardware timeout functions
and data store (e.9. called numbers).

Although the block diagram shows a
PROM for program storage, this func-
tion is replaced by a ROM rn the

sc r  121  l cN

Flgure 14- Slerra Caller lD Demo Board Schematic

microcontroller for final volume 0ro-
duction units. The block diagram also
indicates a '1X16 (optional 2X16) Liq-
uid Crystal Display. Ihis alphanumeric,
intelligent display is chosen to be com-
oatible with the low power, versatile
display requiremenls of CID systems

I SIERRA CID DEtilO BOARD

DO

ED

CID software flow for a typical CID
system is shown in Frgure 16. The Ring
Detect is used to detect ftrst Power
Ring The logic level thus derrved is
used to "wake up" the processrng and
display electronics Ring Signal Valrd-
rty is then checked (e g , zero cross-

c 7  |  l + c 8
.1 MFD zr- zn 1 MFO
avoc  I  I  l o vDc

v v

vcc

?
l c 6

T 
.r MFD

v

( t
a l
\ , i

TIP

Figure 15.  System Block Diagram



rng count). Next, following an appro-
priate delay (typicatty 500 msec), Load
Connect provides a logic level that
enables a data signat path to the CiD
demodulator (SC1 121 1 ). And, in com-
bination with the selected Energy De-
tect level, valid Seizure and Mark
sequences are checked. After this se-
quence, Message Type and Word
Count are processed tfus clearing the
way for the actualmessage. The mes-
sage (DN, Date and Time) is checked
for enors and displayed if none are
{ound. 0nce the Data Stream is ended.
lnterrupt back to "sleep state' is pro-
vided by time out counters or Ofl-Hook
Detect logic. Through additional con-
troller processing, numerous features
including Calling Number Store, Cross
reference Name against Calling Num-
ber, etc., can be accessed.

In most applications, power for the
CID system will be powered from a
battery and system power budgeting
thus becomes quite important. The Si-
erra SC11211 CID Circuit has been
designed with this in mind by provid-
rng a separate power control line, PD,
which, when brought low, sets the de-
vrce In a low-power quiescent mode
(See Data Sheet). Note that this fea-
ture is not available on the 8-oin ver-
sion, the SC1 1210.

During operation care should be taken
not t0 exceed maximum electrical lim-
its on all terminals of the CtD device.
Provision should be made to ensure
that large voltages available during
Power Rrng are not available at inputs
to the chio.

LOAD
CONNECT

t o

Flgure 16. Caller lD Software Flow
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Referencer
(1) SPCS Customer Premrses Equipment Data Interface, TR-TSY-000030, Bellcore.

(2) CLASS Feature: Calling Number Delivery FSD-01 {2-1051, TR-TSY-000031 , Bellcore.

(3) FCC Rules and Regulations: Part 68.

(4) EIA Standard, Telephone Instruments With Loop Signaling, ElA470-A, Electronic Industries Association

Glossary
Binary Gode - A pattern of 1's and Dll - Directory Number. Off-Hook - A condition that indicates
0's used lo represent information. the active estate of subscriber tele-

Dentodulation - The process of ex- phone apparatus.
Bit - A '1' or a "0'. tracting intelligence from a carrier sig-

nal. PABX - A private, automatic, branch
Byte - A combination of 8 bits. exchange that provides a local tele-

ESS lElectronic Switching Sys- phone switching capability
Central Office lCOl - An office temf -Anelectronictelephoneswitch-
providing switching equipment for ing apparatus containing crosspoints Power Ring - Ringing srgnal from
local eXchange telephone service. (low resistance switches) and a com- Central Office.

puter for stored program control.
Conrrnon Battery - Provided DC P0TS - "Plain Old Telephone Ser-
(Direct Current) from the Central FSK lFrcquency Shift Keying| - vice', usually rotary dial, single line
Office for operation of telephone A modulation method that represents residential service.
apparatus. a bit as two distinct frequencies.

SPCS - Stored Program Control
CllD - Calling Number Delivery local Loop - The channel that con- Swrtchrng System.
Feature...same as Caller lD feature. nects the Central Office to the sub-

scriber. Subscriber - Telephone customer
CNDB - Calling Number Delivery
Blocking - Provides method whereby toop Starl - A Method of signaling Voice Grade Line - A Local Loop
subscriber can block or disable the an Off-Hook or line seizure where loop having a bandpass of approxrmately
CND feature. closure is detected by sensing cur- 300 to 3,000 Hz.

rent flow.
CPE - Customer Premises Equipment.
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