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INTRODUCTION 

The Silicon Sy:ste~integrated DTMF Receive~s and 
TransceiverS1:tfecoinpJete Touch-,.,one™ df1tection and 
generation systems.' Each can operate in a stand-alone 
mode for ,the majority of telecommunication~, applica­
tions, thereby providing t~e most economical implemen­
tation of DTMF signaHng systems possible. Each com­
bines preciSion ',act~e filters and analog circuits with 
digital control logic on a monolithic CMOS integrated 
circuit. SSI DTMF chip use is straightforward and'the 
external component requirements are minimal. This 
application guide describes device ope~atipn, perform­
ance, system requirements and typical application cir-
cuits fortl19 5S1 bTMFehipS~ , 

HOW THE SILICON SYSTEMS DTMF 
CIRCUITS WORK 

GENERAL DESCRIPTION OF OPERATION 

The task of a DTMF Receiver is to detect the presence of 
a valid DTMF signal on atelephone line orother'transmis­
sion medium. The presence of a valid DTMF signal 

PARAMETER VALUE 

Ap'pUcation'Guide 
Mon'olithic'Dual .. To'n'e 

I 'M'Olti-Frequenc,y 
(DTMl!",Receivers 

January 1993 
indicates a single dialed digit; to generate a'valid digit 
sequence, each DTMF signal m~st be separated b~ a 
validpau~e. 

Table 1 gives the established Bell s~~~m standards for 
a valid DTMF signal and a valid pause. The SSI DTMF 
Receivers meet or exceed these ,staRdards. 

Similar device architecture is used in all SSiD.TMF 
Receivers. Figure 1 shows the S~'t:75T202 Block'Dia­
gram. This architecture is implemented in all Silicon 
Systems single chip~eqeivers" as well as SSi trans­
ceivers. In,general terms,lhede~eotIO{l,scherm~ is as 
follows:lhe input signaIJspr~-filt~~dand~ell split into 
two bands, each of which contains only one DTMF tone 
group. The output of each band-split filter is amplified 
and limited by a zero-crossing detector. ,T.b(lJlmited 
Signals, in the form of square waves, are passed through 
tone frequency bandpass filters. Digital logic is then used 
to provide detector sampling and determine detection 
validity, to present the digital output data in the correct 
format, and to provide device timing and control. 

One Low-Group Tone, and 697, 770,852 or 941 Hz 

One High-Group Tone 1209, 1336, 1477 or 1633 Hz 

Frequency Tolerance fo ± (1.5% + 2 Hz) 

Amplitude Range -24 dB S A S 6 dBm @ 6000 (Dynamic Range 30 dB) 

Relative Amplitude (Twist) -8dB S High GrolipTone s +4dB 
Low Group Tone 

Duration 40 ms or longer 

Inter-tone Pauses 40 ms or longer 

TABLE 1: Bell System Standards 

0193 - rev. 12~S 



PERFORMANGE,CONSlRAINTS . '. \ . 

spE~CH I~ITY AND NQISE TOLERANCE 

The two largest p~bl~ms confronting a DTMF Receiver 
ar~: 

1) Distinguishing between valid DTMF tone pairs and 
other speech or stray signals that contain DTM F 
tone pairfrequencies. This is referred to as Speech 
Immunity. 

2) Detecting valid tone pairs in the presence of noise, 
which is typically found in the telephone (or other 
transmission medium) environment. This is re­
ferred to as Noise Tolerance. 

The 551 DTMF Receivers use several techniques to 
distinguish between valid tone pairs and other stray 
signals. These techniques are explained in later sec­
tions. Briefly, the techniques are: 

1) Pre-filtering of audio signal. Removes supply 
noise and dial tone from input audio signal and 
emphasizes the voice frequency domain. 

ANALOG 
N 

AlB 0----------. 

2) Zero-cross detection. Limits the accepta~e level 
of noise during detecnion of a tone pair. ImPortant 
for speech re~ct~.~' ' 

3) Valid tone pairlpause sampling. Samples the 
detection filters and checks for consistency 6efore 
a valid tone is declared. 

DETAILED DESCRIPTION OF OPERATION 

AUDIO PREPROCESSOR 

The Audio Preprocessor is an analog filter that band 
limits the input analog signal between 500 Hz and 6 kHz. 
In addition, it emphasizes the 2 kHz to 6 kHz voice region. 

Band limiting suppresses power supply and dial tone 
frequencies, and high frequency noise. The emphasized 
voice region helps to equalize the audio response since 
many phone lines tend to roll off at about 1 kHz. In 
addition, preservation of the upper voice frequencies is 
important in providing speech immunity. 

TONE BAND SPLITTING 

After the analog Signal is preprocessed, it is split into two 
bands, each of which contains only one DTMF tone 

i I 
I I 
i i 

TIMNG 1-------0 EO (~) 
CIRCUITRY 

,...-----0 CLRDV 

i II XENo--------. 
DV 

i I I 
_ ...................................... J c ..................... . ,...-----+----0 HElCI928 

CHIP CLOCKS 
Dl 

lMO 

02 

08 

EN 

Vp GND NI633 

FIGURE 1: SSI 75T202 Block Diagram 
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group. The band-split filters are actually band-stop filters 
to maintain all frequencies except the other tone-group; 
this is done to maintain all analog information to enhance 
speech immunity but not allow the other tone group to act 
as interfering noise for the band being dete,~ed. ,These 
band-stop filters have ''floors'' that limit tHe amount of 
tone pair twist which further enhances speech immunity. 
See device data sheets for acceptable twist limits. 

ZERO-CROSSING DETECTORS 

The output of each band-split filter is ampRfiedand1imited 
by a zero-crossing detector (limiter). The function.ot the 
zero-crossing detector is to produce a squarew,ve at the 
prime frequency emanating from the band-split filter. If a 
Aure tone is not presenJ" aSitlttle Ci;l$(tof vo!~ ,PI oth.~r 
interfering noise, a rectangular wave with a variable 
period will result. Proportional to the interference,1he 
limiter output power is spread over a broad frequency 
range as the zero crossings "dither." When a high level 
of noise or speech occurs, no single bandpass filter pair 
will contain significant. power long efiotJgh to result in a 
tone detection. On the other hand. when a pure DTMF 
tone exists 'with acc~ptable hO'ise leVies, th~ output ofthe 
IimiterwilltnothavEJ anysigtiificant ditherl~md'tone detec­
tion will oCCur: The zero-croSSing detector also acts as 
AGe (Aufbrnatic Gain Control) in that the output ampli­
tude-is'independent of input amplitude;-this additionally 
establishes an acceptable signal-to-noise'ratio not de­
pendent on tone amplitude. 

B~NDP.A,~S '1-': TERS &,AMPLITUDE DETECTORS 

The bandpass filters perform tone frequency'discrimina­
tion. Their res~nses are taitoted so that if the frequency 
of the limited square wave'from thezero"crossing detec­
tor is within the tone frequency tolerance, the fitleroutput 
wilt>9xceedthe amplitude detector threshold. Theampli­
tude detectors are interrogated periOdically-by the digttal 
control circuitry to acertain the presence of only.'()ne tone 
in each band' fOr the required duration. In a similar 
fashion, valid pauses' are measured by the absence of 
valid tone pairs for the specified time. 

TIMING: AND' LOGIC, 

During the quaiification process, the' output decoder 
gererates the proper digital code for the received OTMF 
tone pair. Afterthefidelity and duration oftt"!is signal have 
bee~ verlfied.~the tirtling circuitry latches this code into 
the output register and raises the 'data valid (DV) ,~~ag. 

t~e Qr\ty preCiSion exfernal elem~nt needed for the SSI 
OtMF Rece;vers. is a 3~58 M,f:-Iz parallel re~onant crystal 
(color-bur~f'frequency) wit,h a .01% tqleranceforthe on­
board oscillator. A 1 Mel 10% resistdr sho(dc;S be con­
nected In parallel with the crystal. This generates J~e 

precise clock for the filters and for the logic timing and 
'control of the chip. 

CIRCUIT IMPLEMENTATION 

Standard CMOS technology is used for the entire circuit. 
Logic functions use standard low-power circuitry while 
the analog circuits use precision switched-capacitor­
fllte~ te,chnology. : 

HOW TO USE THE SSI DTMF RECEIVERS 

PRECAUTIONS 

Although static protection devices are provided on the 
high-impedance inputs, normal handling precautions 
,obsel'\{ed for CMOS devices should be used. 

All-CMOS parts a re, prone tcfa de'structive latch-up mode. 
This behavior is inherent to these parts due to their 
physical structure. The latch-up mode can best be 
described as a low impedance, high current state existing 
between tbe power SL.JppJy connections on a CMOS chip. 
This is also referred'to as triggering of. para$iti¢ SCR 
behavior. ' 

The;most cO,mr:noncause of ~l'Ia.Ch-up mode i$,operating 
a CMOS part outside its rated power supply \(oJJage. This 
over-voltt:l-Q" neeq' ~ot ,be ~gpJied at ,power' supply pins 
0IJAY to cause latch-up .. ~atch-up can o~~lff when over­
vo'ftage:i~ appllec;i at any inputoroutpu~., Forth~ SS.f~Tf\KF 
Receivers & Transpeivers. the'll?ill vol~ag~s ~~oUld be 
constrained to the range betwee.n VN - 9,5,Y. and VP + 
O.SV (except the analog input pin whose conditions are 
discussed below). Clamping ~tiodes should b.~ utilized 
wherever necessary to ensure that voltage ratings are 
not exceeded. 

Another cause for latch-up is fast dv/dt transients affect­
Ing the chip. These transients are encounteredin appli­
cations that requir~ the connection/~isconnection of ~'Iiye" 
boards. While these applicqtlonsare very rare and their 
implementatio~ is best aVQided, it, must be mentioned 
that whenever they are nece~saJY.,~hey present a severe 
environment for CMOS parts. " Care must be taken in 
such instances to ensure that ground pJan~ and r~ilsare 
connected first and disconected last. This will gO a 'long 
way in eliminating voltage transients. . 

Voltage transients that exist oR'power lines must also be 
eliminated., High voltage transients caused by switching 
of high"current devices can wigger latch"up.High fre .. 
quency decoupling, is a requirement for the proper opera­
tion of the SSI DTMF devices. A O.01J.1F to a 0.1J.1F 
ceramic decoupling capaCitor should be connected to the 
power supply pin at the Chip. 

D"FMF Receiver ·~pplicat.lgn Gul.de • 
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DTMF 

OPEN COLLECTOR INTERFACE 

FIGURE 2: Interface Circuit for Conversion from TTL Output Levels to 12V SSI DTMF Input Levels 

POWER SUPPLY 

Excessive power supply noise should be avoided, and to 
aid the user in this regard, power supply hook-up options 
are provided on some devices. 

Since the digital circuitry of the devices possess the high 
noise immunity characteristics of CMOS logiC, it is the 
analog section tliat is affected most by power supply 
noise. On those 551 DTM F Receivers that have separate 
Analog Negative and Digital Negative supply connec­
tion~ (grounds), namely VNA and VND, an unfiltered 
supply may be used at VND. It is necessary that VND and 
VNA differ no more than 0 .5V. 

The analog circuitry of the devices require low power 
supply noise levels as specified on the device data sheet. 
The effects of excessive power supply noise are de­
creased tone amplitude sensitivity and less tone detec­
tion frequency bandwidth. Power supply noise can be 
significantly reduced by decoupling the chip with a 0.1 ~F 
ceramic capacitor. Power supply noise effects will be 
Slightly less' if the ana10g input is referenced to VP. This 
Is normally accomplished by connecting VP to ground 
and utilizing a negative power supply. 

DIGIT~L INPUTS 

The digital inputs are directly compatible with standard 
CMOS logic devices powered by VP and VN (or VND). 
The Input logic levels should swing within 30%otVP or 
VNto insure detection. Any unused input must be tied to 
VN or VP. Figure 2 shows a method for interfacing TIL 
outputs to 12V 551 DTMF Receivers. 

ANALOG INPUT 

The analog input is the signal input pin for the devices, 
and is specially biased to facilitate its connection to 
external circuitry, as shown in Figure 3. The signal level 
at the analog input pin must not exceed the positive 
supply as stated on the device data sheets. If. this 
condition cannot be guaranteed by the external circuitry, 
the signal must be AC coupled into the chip with a .01 ~F 
± 20% capacitor. , 

ANALOG INPUT NOISE 

The 551 DTMF Receivers will tolerate wide-band input 
noise of up to 12 dB below the lowest amplitude tone 
component during detection of a valid tone pair. Any 
single interference frequency (including tone harmonics) 
between 1 kHz and 6 kHz should be at least 20 dB below 
the lowest amplitude tone component. Adherence to 
these conditions will ensure reliable detection and full 
tone detection frequency bandwidth. Because of the 
internal band limiting, noise with frequencies above 8 kHz 
can remain unfiltered. However, noise near the 56 kHz 
internal switched-capacitor-filter sampling frequency will 
be aliased (folded back) into the audio spectrum; noise 
above 28 kHz therefore should below-pass filtered with 
a circuit as shown in Figure 4 using a cut~off frequency 
(/c) of 6.6 kHz. . 

f\ 1 kHz cut-off frequency filter can be used on "normal" 
phone.lines for special applications. When a phone line 
is particularly noisy, tone pair detection may be unreli­
able. A 1 kHz low pass filter will remove much of the noi~e 
energy ,but m~intain the ,tone groups; however, a de­
creased speech immunity \'\Iitl, re,sult. Th,i,s usage should 
only be considered for applications where spee~h immu­
nity IS not important, Sl)q~ as control paths that c'arry no 
speech. 

" DTMF Receiver Application Guide 12-36 
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FIGURE 3: Direct and AC Coupled Configurations 

Some DTMF tone pair generators output distorted tone~ 
which the SSIOTMF Receivers niay not detect reliably 
(inexpensive extension teleph()n~fV areah example). 
Most of the interfering harmonics of these maybe re­
moved by tfr~ use of ~?,kHzlow-pass fifteras iii, Figure 4. 
Some speeth immunity degradation will result. It should 
be mentioned that when using low-pass filters, a higher 
cut-off frequ~ncy will preserve more of the speechimmu­
nity advantages. 

The 5S1 OTMF=· Receivers provide SUperior speech im..; 
munify and ·noise rejection .. The analog ·signals are 
subjected to stringent criteria and rigorous qualification in 
order to assure that only true DTMF tone pairs are 
detected and decoded properly. Stray signal and noise 
with sufficient amplitude will cause a DTMF receiver to 
disqualify a DTMF tone pair. 

Such a condition can be occasionally encountered when 
using DTMF "beepers." Beepers are normally used to 
transmit DTMF signals from dial-pulse phones. It has 
been obserVed,that the non-linearity in the response of 
carbon microphones in telephone handsets introduces 
intermodulation products, which actually produce new 
frequency components. These components happen to 
fall direclty into the useful bandwidths of some of the 
basic tones that the receiver must detect. Because of the 
presence of these components (normally referred to as 
third-tone) with a valid DTMF tone, detection is disabled. 
To inhibit the more common higher frequency third tones 
from arrivingto the receiver, the circuit showniAFigyre 5 
is suggested. 

TE,LEPHONE LINE INTERFACE 

In applications that use an SSI OTMF-Reeeiwer.\todecode 
DTMF signals from atphonf,)1~ine. a··f)AA(Direct AcceSS 
Arrangement) mllst be implemented.. . Equipment . ifl;. 
tended for connection to the public telephone network 
must compJywith and ba registere~( in accordance to 
FCC Part 68. For PBX applications refer to E'A'JStandard 
RS·464. ~- .-,-, 
So":,e o~ the basic gui~lines are:., 

1') ~aximum VOltage' ardcurre,nt~, ,ratings of th.e 
SSI DTMF Receivers must not be exceeded; thiS 
calls for protection from ringing voltage: if appli­
cable .. which ranges 'from 80 to 120V RMS over a 
20 to 80 Hz frequency range. 

2) The interface equipment must not breakdown with 
high-voltage transient tests (including a 2500V 
peak surge) as defined in the applicable docu-
ment. ) 

3) Phone line termination must be less than 2000 DC 
and approximately 6000 AC (200-3200 Hz). 

4) Termination must be capable of sustaining phone 
li~e Ilop current (off-hook condition) which is typi­
cally 18 to 120 rnA DC. 

5) The phone line termination must be electrically 
balanced with respect to ground. 

6) Public phone line termination equipment must be 
registered in accordance to FCC Part 68 or con­
nected ,through .registered ptQtectlon,.circuitry. 
Registration typically tak~s about six months. 

12-37 • 
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1.0 1.6 0.1 
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SUGGESTED 
COMPONENT VALUES 

FIGURE 4: Filter for Use In Noisy Environments 

Ready made DAA devices are also available. The 551 
73M9001 is a DAA Micromodule housed in a 30-pin DIP 
footprint. 

Figure 6 shows a simplified phone line interface using a 
600n 1:1 line transformer. Transformers specially de­
signed for phone line coupling are available from many 
transformer manufacturers. 
Figure 7 shows a more enhanced version of Figure 6. 
These added features include: 

1) A 150V surge protector to eliminate high voltage 
spikes .. 

2) A Texas Instruments TCM 1520A ring detector, 
optically isolated from the supervisory circuitry. 

3) Back-to-back Zener diodes to protect the DTM F 
(and optional multiplexer Op-Amp) from ringer 
voltage. 

4) Audio multiplexer which allows voice or other 

51K 

audio to be placed on the line (a recorded mes­
sage, for example) and not interfere with incom­
ing DTMF tone detection. 

OUTPUTS 

The digital outputs of the 551 DTMF Receivers (except 
XOUT) swing between VP and VN (or VND) and are fully 
compatible with standard CMOS logic devices powered 
from VP and VN. The 5V DTMF devices will also 
interface directly to LSTTL. The 12V DTMF devices can 
interface to TTL or low voltage MOS with the circuit in 
Figure S. 

Data Outputs DS, D4, D2 and D1 are three-state enabled 
to facilitate interface to a three-state bus. Figure 9 shows 
the equivalent circuit for the data outputs in the high 
impedance state. Care must be taken to prevent either 
substrate diode in Figure 9 from becoming forward bi­
ased or damage may result. 

ANALOG IN 551 
DTMF 
RCVR 

VCC o-_01\1'~I\I ____ "" 1\1\ ---

O.0082~F I 

FIGURE 5: Filter for Use In Environments where a Third Tone Exists 
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TIMING 

Within 40 ms of a valid tone pair appearing at the DTMF 
Receiver Analog Input, the Dat~Outputs D8, D4, D2 and 
D1 will become valid. ,Seven microseconds afterthedata 
outputs have become valid DV will be raised. DV will 
remain high and the outputs valid while the valid tone pair 
remains present. Refer to individual data sheets for the 
timing of signals. 

SYSTEM INTERFACE 

Provision has been made on the SSI DTMF Receivers 
(With the exception of SSt 75T204) forhandshake inter­
face·with an outside monitoring ~steRl.; In this mode, the 
DV strobe. is" polled py the mOnitori"o sysiem at least 
once every 40 ms to determine whether a new valid tone 
pair has been d,etec~ed. If OV is high, the coded data is 
stored inthe monitoring system and the CLROV is pulsed 
high. With some syst~ms operating in tne handshake 
mode, it may be desirable to kAOW when.a valid pause 
has ~urred. Ordinarily this would be indicated by the 
falling edge of DV. However, inthe handshake mode. OV 
is cleared by the monitoring system each time a new valid 
tone pair is detected ~d, therefwe., e;JflJiIot be usecMo 
determine when a valid pause is detected. The detection 
of a valid pause' in this case may be observed by 
detecting the clearing of ,the Data Outputs. Since, in 
hexadecimal format (the mode normally used with a 
hanctshake interf~Qe)~' the all zero state represents a 
commonly unused tone pair (0). the detection of a vaHd 

TIP] 

RING· . 

1 :1 
600n 

_----I ANALOG 
INPUT 

SSIDTMF·)'" 
RECEIVER' 

'FIGURE 6': S1fn'Pllflld Phone"Llne Inre1'face 

pause may be detected by connecting a four-input NOR 
gate to the device outputs and sensing the all zero state. 

TIME BASE 

The SSI OTMF Receivers contain an on-Chip oscillator 
for a, 3.5795, MHz parallel resonant quartz crystal or 
ceramicr~sorjator .. ,The crystal (or resonator) is p,aced 
between,XIN .and XOUT in parallel. with.a 1 MQ. resistQr. 
~hile .X~~' is ~~d ;hi.q~~ Since .~e s~itched-C~R~~j(~r­
filter tIme base .. J$ derived from .the osciflator, !fle'tone 
detect band tre4uency tolerartceiS proportional to the 
time base tolerance. The SSI DTMF Receiverfrequency 
response and timing is guaranteed with a time base 
~ccuracy of~t leas't± 0.01%~ To obtain this accuracY'the 
crs Part No. MP036 or Workman Part No,CY1~C or 

T~o-~----~~----------~~~ __ 

2.2kQ 

.47"F, 
200V 

TI ' 
TCM 1520A 

RING" 
DETECTOR 7 

..:.::E' 1S0V 4 

ISOLA TED OUTPUT 

RING o----'----ilf---------...J 

ANAlOG 
INPUT 

SSIDTMF 
RECEIVER 

FIGURE 7: Full Featured ' Phone Llne,in,terface 
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12 VOLT 
SSIDTMF 

5V 

FIGURE 8: SSI12V DTMF to TTL Level Interface 

equivalent quartz crystal is recommended. In less critical 
applications a suitable ceramic resonator may be imple~ 
mented. 

The use of a ceramic resonator requires the addition of 
two 30 pF ± 10% capacitors; one between XIN and VN (or 
VND) and the other between XOUT and VN (or VND). 
Extra caution $hOUld be used to avoid stray capac~ance 
on the resonant circuit when using a ceramic res'onator 
instead of a quartz crystal. ' , 

When the oscillator is connected as above· and XEN is 
tied high, the ATB (Alternate Time Base) pin delivers a 
square wave output at one-eighth the oscillator fre­
quency (447.443 kHz nominal). The ATB pin can be 
converted to a time base input by tying XEN low; ATB can 
then be externally driven from another device such as the 
ATB output of another DTMF. No crystal is required for 
the ATB input device; XIN must be tied high if unused. 
5everal 551 DTMF Receivers can be driven with a single 
crystal (refer to device data sheet for fan-out limit). 

XOUT is designed to drive a resonant circu~ only and is 
not intended to drive add~ional devices. If a 3.58 MHz 
clock is needed for more than one device and it is 
desirable to use only one resonant device, an outside 
inverter should be used for the time base, buffered by a 
second inverter or buffer. The buffer output would then 
drive XIN of the 551 DTMF Receiver as well as the other 
device(s); XOUT must be left floating and XEN tied high. 

DIAL TONE REJECTION 

The 551 DTMF Receivers incorporate enough dial tone 
rejection circuitry to provide dial tone tolerance of up to 
o dB. Dial tone tolerance is defined as the total power of 
precise dial tone (350 Hz and 440 Hz as equal ampli­
tudes) relative. to theJowest amplitu~;te ton.e in a validton~, 
pair. The filter of Figure 10 may be usep, for further dial 
tone rejection. This filter exhibits an· e~liptic higtlpass 

Vp 

1'1 

SSl75T20, 
OUTPUT PIN 

FIGURE 9:Equlvalent Circuit of SSIDTMF Receiver 
Data Output In High Impedance State 

response that provides a minimum of 18 dB rejection at 
350 Hz, and 24 dB rejection at 440 Hz so long as the 
component tolerances indicated are observed. The 
DTM F on-chip filter rejects 350 Hz at least 6 dB more than 
440 Hz. Therefore, employing the' filter of Figure 10 
yields a dial tone tolerance of +24 dB. 

PRINTED CIRCUIT BOARD IMPLEMENTATION 

The 5S1 DTM F Receivers are analog in nature and 
should be treated as such; circuit noise should be kept to 
a minimum. Tobecertainofthis, all input and output lines 
should be kept away from noise sources (high frequency 
data or clock lines); this is especially true for the Analog 
Input. Noise in the ground or power supply lines can be 
avoided by running separate traces to supportive logic 
circuits or by running thicker (lower resistance) busses. 
Capacitance power supply bypassing should be per­
formed at the device. Referto the Power 5upply section 
above. 

PERFORMANCE DATA 

A portion of the final 551 DTMF Receiver device charac­
terization uses the Mitel CM7290 tone receiver test tape. 
The evaluation circuit shown in Figure 11 was used to 
characterize the' 551 75T201. The speed and output 
level of the tape deck must be adjusted so that the 
calibration tone at the beginning of the tape is at exactly 
1000 Hz and 2V rms. 

The Mitel tape tests yield Similar results on all of the 
551 DTMF Receivers. Test results for the 551 75T201 
are summarized in Table 2. In short, the measured 
perf~rmance data demonstrates that the 551 DTMF 
Receivers are monolithic realizations of a full "central 
office quality" OTMF Receiver. 
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CIRCUlT IMPLEMENTATJON 
(SINGLE SUPPL V) 

TO SSIDTMF _--1'1""'11""--..... ..,.-"'\1\1\1"---1 ....... ANALOG IN PIN 

Note: All resistors 1%, all caps 5%, unless noted, op-amps: 1/2 LM1458 or equivalent 

+12V 

SSl751201 

14 3.579545 MHz 
XOOT 1-. -"'+---. 

XIN~ ____ ...J 

DV 

S1 

S2 

os 

D4 

D2 

D1 

FIGURE 11: Circuit for Receiver ~vatuatlon 
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TEST. RESULTS 

2a,b B.W. = 5.0% of fo 

2c, d B.W. = 5.0% of fo 

2e, f B.W. = 5.3% of fo 

2g,h B.W. = 4.9% of fo 

2i, j B.W. = 5.G%of fo 

2k, I B. W. = 5.3% of fo 

2m,n B.W. = 5.3% of fo 

20,p B.W. = 4.80/0 of fo 

3 160 decodes 

4 Acceptable Amplitude Ratio (Twist) = -19.1 dB to +15.2 dB 

5 Dynamic Range = 32.5 dB 

6 Guard Time = 23.3 ms 

7 100% Successful Decodes at N/S Ratio of -12 dBV 

8 2-3 Hits Typical on Talk-Off Test 
, 

TABLE 2: Mltel #CM7290 Tape Test Results tor SSl75T201 (Averaged for 10 parts) 

APPLICATIONS 

CREATING HEXADECIMAL "0" OUTPUT UPON 
DIGIT "0" DETECTION 

To be consistent with pulse-dialing systems, the SSI DTMF 
Receivers provide a hexadecimal "10" output upon the 
detection of a digit "0" tone pair when in the hexadecimal 
code format. However, some applications may instead 
require a hexadecimal "0" with a digit "0" detection. The 
circuit of Figure 12 shows an easy method to recode the 
hexadecimal outputs to do this using only 4 NOR gates. 

Note that this circuit will not give proper code for the II * ", 
"B", or "e" digits and will cause both digits "0" and "0" to 
output hexadecimal "0." This circuit should therefore be 
considered for numeric digits only. The output code 
format is shown in Table 3. 

This circuit is useful for applications that require a display 
of dialed digits; the digit display usually requires a hexa­
decimal "0" input for a "0" to be displayed. 

16-CHANNEL REMOTE CONTROL 

OTMF signaling provides a Simple, reliable means of 
transmitting information over a 2-wire twisted pair. The 
wrnp.let~,,~ql:l~!!l~tic oUJ?~2!lanneLr~!!lo,~~ c9.n~r9I,is . 
shown in Figure 13. When one of the key pad buttons is 
depressed, a tone pair is sent over'the·tr:ansmission 
medium to the SSI OTMF Receiver. 

osl---4t------\---

os 

~~~~~-----------------------------~~ 

SSI 
OTMF 

RECEIVER 

LOGIC 0 

D2 

011------------------------------001 
EACH NOR GATE 1/4 OF 4001 

FIGURE 12: Hex "0" Out with Digit "0" Detect 
Conversion Circuit 

The 4514 raises one of its 16 outputs in response to the 
4-bit output code from the OTM F. The output at the 4514 
will rem.a..!n h,.igh unti.! the next butt()~ .. i~ depressed. 
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Hexadecimal " Hexadecimal & FIgiJre12 Clrcult 
Digit 08 04 02 D1 Dlgft' :08 " 04 D2 01 

1 0 0 0 1 1 0 '0 0' 1 
2 0 0 ; 1 '0 2 0 0 1 0 
3 0 0 1 1 3 0 0 1 1 
4 0 1 0 0 4 0 1 0' 0 
5 0 , 1 ,0 1 0 0 1 0 1 
6 0 1 1 ,Q 6 0 1 1 0 
7 0 1 1 1 7 0 1 1 1 
8 1 0 0, 0 8 

, 
1 0 0 0 . ,; 

9 1 0 0 1 9 1 0 .0 1 
0 1 0 1 0 0 0 0 0;. ; 0 . 1 0 1 1 * 0 0 e 1 
# 1 1 0 0 #' 1 1 0 0 
A 1 -1 0 1 A 1 1 0 1 
B 1 1 1 0 B 0 1 0 0 
C 1 1 1 1 C 0 1 0 1, 

0 0 0 0 0 0 0 0 0 0 

TABLE 3: Output Code of Figure 13 
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FIGURE 13: 16·Channel Remote Control 
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The circuit shown in Figure 14 can be used to conv~rt the 
binary coded 2-of-8to th'9 actuaI2-of-8 code (or 2;;of-7 if 
detection of 1633 Hz tone is inhibited). The output data 
will be valid while DV is high. If it is desired to force the 
eight outputs to zero when a valid tone is not present, DV 
,should be inverted and connected to both E-NOT inputs 
of the 4555. . 

DTMF TO ROTARY DIAL PULSE CONVERTER 

'The 2-of-8 output of Figure 14 can be'modified to inter­
face with a pulse dialer as shown in Figure 15. If a 12V 
DTMF is used the 40.49 will translate the 12V outputs to 
the 5Vswings required for the MK5099 pulse dialer. 

Figure 16 shows the interface for adding pulse detection 
and counting to a SSI DTMF Receiver. 

The loop detector provides a digital output representing 
the telephone loop circuit "make" and "break" condition 
associated with rotary pulse dialing. For the circuit of 
Figure 16, ground represents a "make" and VP a "break." 
The loop detector feeds dial pulses to IC-1, a binary 
counter, and to IC-2A, a re-triggerable "one-shot." When 
a dial pulse appears the Q1-NOT output of IC-2A imme­
diately goes low, resetting IC-1. The clock input to IC-1 

Vp 

6 

2 HlB28 
Vp 

XOUT 

-=- 3 EN 

16 XEN 

XIN 

SSlOTMF 
RECEIVER 

5 INUI33 08
20 

19 eLROV D4 21 

INPUT 12 ANALOGIN 02 22 

13 VNA 01 
1 

4 VNO 
ORVN 

011 

18 

-=-

is detaye'tl tJyA1-C 1 so that' resetan<tcount input do not 
overlap. The binary outputs of 'iC-1 will reflect the pulse 
count and 0.2 seconds after the last pulse the Q1-NOT 
output will go high. C3-R3 differentiate this pulse and 
clock the output latCh, IC-3, holding the output pulse until 
the next digit. 

The 0.2 second timeout of IC-2A indicates the end of dial 
pulsing since even a slow (8 pps) dial wOllld input another 
pulse every 0.125 seconds. The binary'outputs of IC-1 
are paralleled with those of the'SSI DTMF Receiver 
circuit through diodes to the inputs of IC-3. A pulldown 
resistor is necessary on each IC-3 input pin. IC-1 must 
bea binary, not BCD, counter. 

With a 4175 for IC-3 the output data is latched until the 
next valid input, whether from a rotary dial or dual tone 
instrument. A unique situation exists, however, when 
going on-hook. The loop detector will output a continu­
ous level of VPwhich would trigger IC-2A and put a single 
count into IC-1. A high level from the loop detector also 
turns on Q1, pulling the clock input of IC-3 to ground. 
Since the loop detector output will be low at the comple­
tion of dialing, all outputs are valid even when the 
telephone is placed on-hook, an important consideration 
if output data is recorded. 

3.579545 MHz 

.-----"t-tB 00 

1! 01 

03 

697 

770 

852 

941 

1633 

Vp 

'------------.OV 

FIGURE 14: Touch-Tone™ to 2-of-8 Output Converter 
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FIGURE 15: Touch·Tone™ to Rotary Dial Pulse Converter Adding Rotary Dial Pulse Detection Capabilities 
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DATA OUTPUT 
FROM S81 oTMF 
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03 03 
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FIGURE 16: Adding Pulse Detection and Counting to the SSI DTMF Receiver 
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Usingaseriatpacketcontrollei' as a vlrtua! UART,'a 
perSonal'computers'COM pnrt can accepfmo'St·syn­
chronotisor asynchronotiscdmmuniCBtions protoCOls, 
while stiD looking to the PC host:fJke~ a dGnvenfional 
asynchrofilGus- U:ART. Ihis note will elPlain the·taeh" 
nology ·and .shawbow it eaJ(t be used in atypical 
application. The . application chosen is that. of. a fiber 
optic link to anothercomputer.at.datarates of up to 1.2 
Mbitls. 

Applications for a virtual UART stretch tHe imagination. 
It can be an Input/Output controHer for any PC or 
workstation, regardless of the operating system. When 
built into a modem, it gives incredible deslgn·tlexibility. 
ForprototMP;ngof,communications links, iUs a wonder­
ful e",ul,~tor. F~r; ~~d WAN, appfic"i~ns, il is a 
powerf~ pacJ<~tcontro~et.,lt isalsq(.!dealcfor multi­
taskil1g!~ppl~C;!tjp~s S':'OO a~a'IQwin9 *~e PC tQ com­
ml,Jnicate wtlill-another dev.lee, while simultaneously 
running a nofl .. communi~atlons pirogram. . 

This unique functionality is embodiett in ·the' Silicon 
SVSlfml,S' ssa :Z3AA659Seri~! Papket COlltroller (SPC). 
To _he ~qttost.,tn~ 6!)0 ~ays, looks like a com,mon 
S50{l(pe' asynd'ttonofjs UAflT" but. tQ a device com­
municating with the PC, th" 650 can emulate virtually 
anything, including an 8530-type USART. With 
Manchester encode/deCode capabHity, the 650 can 
even be used with fiber-optic communications links. 

USlft9

g' :'.,' anf,S~SI'~ 13M .. ' 850 
... " 

S8rial,:'PaCitet ·OOhtreUe't 

. ':;,{'" ,1)1 r, i:~ '~ 

December 1992 
, . ./ 

In add.jlion to, 'Manche$t~re.ncoding, the ~50ai~o 
support~ NRZ. NRZI andfM.. &;ncoding. .~ir1cet~.e 
dev. ice is i~eal for lapt~p, or portable. PC apP.lications, 
ftin~lUdesapoWer-doWnmodetoe~tenctmetompu18r's 
battery Iife.lnheapplicationcal~forV~42err6rcontrdr, 
the650 'includes32~bitCRC'errorcheekingforfull V:42 
compatibility. : . 

" 

OPERATING MODES 

The first step in designing with the 650 is selecting the 
mode of operation. Two basic modes are available: 
Single-processor anddl;l8l-processor (Figure 1). Single­
processor (see Figure 2) can be broken down further 
into two basic architectures. which will bEfCflscussed in 
the section on design decisions. 

Prirrtary ~~ong ~he r~aso,,"~ for, using ~ t;ingl~proce~­
$()r~es~~ iscostsavmgs;MO"'fevett~~capabl!!,,~.are 
1arlnore limlted than with adual;.processordesrgn{see 
Figure ~)~ The singfe-processorCQnfiQUration mu~t,b~ 
d~~icatedto asingte ~Sk. n ~ust'share th,e, ~ost C'~U. 
In 'most .pp11c;atibns it is Iimited'tQ' a data tatl9of~600 
bitslS due to the inte{fUPt:handHng UmilsOf thetto~t cpo. 
And~ while it is compatible with the v.22bis'd~ta oom­
mu~icatiW,lS standard, inCluding comp!'SSi~n, .it o~n 
not be used in deSigns requiri~g complibnce with mote 
advanced specifications, such as V.32 and'V.42bis. 

2 

/ Local pP " /"-

1292 - rev. 

CPU 
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Interface 
Logic 

1 
.' .' ,.' 

2 

16550A 
Registers Single-Channet 

8530SCC 

1) Dual Port Only 
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FIGURE 1: . SS.?3M650. 'BloCk Diagram 
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serial "Packel:,:Cohtrolle'r 
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OPERATING MODES (continued) 

V.32 Isa 9600 blVs modem data pump modulation 
standard. V.42bls is a CCITT compression standard 
t~at,is capable of up to 4:1 compression ratios. 

Oual-proc~ssordesig!1s offer the increased flexibility of 
multi-tasking. However. it, also requires a dedicated 
microprocessor. albeit an inexpensive one. Much higher 
data rates can be handled. and compatibility can 'be 
achieved with standards such as: 

• V.32 with compression 
• V.32 at 9600 bit/s 
• V.32 bis at 14j400 bitls 
• V.42 bis with 4:1 Compression 
• V.22 bis at 2400 bltls 

Single-processor decisions 

If the single-processor mode is selected. several ques­
tions must be asked by the designer. The first has to do 
with the method of addressing the part. There. are three 
addressing modes for the 650: 550; 8530; and 8530 in 
the 550 address space. The method of addressing that 
is selected depends upon the host software being 
used. If it expects to see a 550 UART, the 550 address­
ing mode must be used. Likewise, the expectations of 
the host software will also determine if either of the 
other two modes is correct. ' . , 

Separate addressing and chip-select pins are avail­
able for the 550 and 8530 blocks. When the 8530 must 
be addressed in the 550 address space, the chip 
selects for both blocks have to be wired together. In 
addition, an external device, for example, an intelligent 
data pump, may be mapped into the same address 
space as the 550 register set. 

~--c 
1 550 .... 
I --.. 

1-8530 

a 

\ " 

Next, the designer needs to know whether the 650 
will address external devices within the 550 address 
~ace. If the designer wishes to ,utUizethe 650's internal 
decoper to address external devices., the external 
devices must be compatible with the bus timing 
produced by the 650,,_ " 

Finally, the designer must decide whetherto configure 
the 650 in a mailbox mode, utilizing the 550'block's 16-
byte FIFO as a mailbox. In a maHbox mode, applica­
tions are possible where the 550's register set is 
requited to interface to standard software, but the 
additional functionality of the 8530 is required for either 
synchronous communications or data compression. 

Dual-processor decisions 
The main advantage of the dual-processor mode is the 
addition of a dedicated microprocessor to control the 
650. A simple inexpensive 8-bit microprocessor can be 
selected, such as an Intel 8051 or comparable part. 
With a dedicated microprocessor, it is nOlongerneces­
sary to steal cycles from the host PC CPU to control the 
synchronous section of the 650. 

As can be seen in Figure 4, along with the dedicated 
microprocessor, comes buffer storage (RAM). If a lot of 
buffer storage is required for the application, inexpen­
sive dynamic RAM is suggested. 

For the particular application under deSign, a decision 
has to be made about how much buffer storage is 
required, and what type of buffer storage will be used. 
The minimum buffer size is one packet of data. How­
ever, several packets should be stored to improve link 
efficiency. From a flow-control standpOint, the buffer 
needs to store enough data so that, when a control 
word is detected, the control action can be taken at the 
proper point in the data 5 stream. 

~I ~ 550 

Hom{ ~ 
PC ' " 

·1 ~ 8530 

b 

FfGURE 2: Operation MOde Architectures 
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Here the amountm buffer storage is related to the data 
rate and the time required to provide t8 signal to the 
other end of the link. 

The destgnerneeds to determine whether the control 
code will be resident in1he dedicated mloroprocessor, 
orsomewhet:e'elSe'in-litet'systenl RAM. There are 
maintenanoe advantages to stGring control code in 
RAM and downfoading it to the· microprocessor. 

The ,next design decision is ~owto pass controlinfor­
niati6nfrom the host cpu to the dedicated microproces­
sor. It is advantageous to use the scratch register for 
loading data patl1 flow oontrol information. If the flow 
control i~formation is not put into the scratch register. 
it would have tobe loaded in the data path itself. tn this 
circumstance. additional intelligenoe is required to strip 
theflowcontrrol cOdes out of the data stream. and to act 
upoRthem; 

f:!naIJy,~.~i~~er nee4s. to decide whethert~ use the 
p~ ~nes, ~ tile .. ~ost. procesS?r.to speed up memory 
apcess, In most cases this will not be neoessary. 

DESIGNING. A HIGH-SPEED FIBER-OPTIC DATA 
NETWORK ' ' 

An' excellent example of.1he use of the 650 is In the 
I 

o o 

lJJiSiAg"ln~SS'lg Z3JV1'50 
Ser,iaIPatket~&ol1troller 

x 

desigm ofa laigh-Speed fiI!J.e~.optic data nelWmJJ. Tf\1is 
network ties together several IBM-cornpatibt9! pe ... 
sonal computers. as well as an assortment Qf,periph .. 
eral ~~vl~s. wh,~h c,an besl1a~ed Qn th~ netw9rk. 
PartiQijarly hig~r.~s" of,d~t~' {ransfera,{e )reql)ited, 
sll1Q,e l~rge graR'1fe'tiI~lhviQ be ~nt '~~urittmelihk,'tn 
order that (he,lase'r'printeralJd pfotteibi1 tfu~ lint,< can i)~ 
used to print thQsEtfl,les: . I :.l ' 

Rathe~ than using an expensive ,hub flt,e $:erver. tbe 
network will have a ring'confjgllratlenrw~lh flO;.central 
fite server (see Figure 5). Fiber-optic cable is the choice 
for the transmission-medium due to its inherent resis­
tanoeto RFI. 

To use oonventlonafcammunlcatlo'n software on the 
network. each station on the network must look like a 
550-type UART. A serial form of commufllcatron proto­
col-wHI be used'fot the devices to communicate to .. 
geth~. ThiS~~focqf wHlprovid~' ~~tordelection~and 
retransmission,' to 'iti'sufe that di:Ua'is tran&ferred with­
out· being corrupted; and 'the . protocot Wilt provide a 
means for equal sharing of the resources between the 
demands of the users; to prevent the network from 
being dominated by. tlle.eemands of a singlfMIsef. 

.-----~~- NRZDMa 

NRZI 

Bi-Phase Mark 

Manchester 

Data Clock 

o 

FIGORE'3: Methods of EnCOding 
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DESIGNING A HIGfI-SPEED FIBER-OPTIC DATA 
NETWORK 
(continued) 

Asynchronous communications protocol, such as 
$,D~C; will be used. since these 'Pf'QtoCOIS cont~ln the 
desired error-checking facilities. SOLe has the draw­
back of requiring a clock to recover data from the 
network. However. SOLC can be transmitted, with 
Manchester clock encoding to encode the data clock 
with the serial data. to allow the clock to be recovered 
at the receiver. Encoding the clock along with the data 
has the advantage that any changes in the timing, due 
to effects of bias distortion occurring on data transmit­
ted, will be performed on the Glock information stored 
in the data stream as well. This insures that the data 
clock will always have the same timing in relation to the 
data being transmitted on the network. When the clock 
is recovered from the data path, the data clock will 
always occur with the correct timing for the serial 
communication controller to sample the serial receive 
data. 
In orderrorthe standard PCs on the network to commu­
nicate with conventional softwarej they need to see a 
conventional 550-type UART. However, a 550-type 
UART is an asynchronous device that cannot under­
stand a synchronous protocol such as SOLC. Hence, 
some sort of protocol converter is required. The SSI 
73M650 is selected for this application, since it can 
. accept most any protocol and convert it to a signal that 
.: looks to the PC host like a standard 550-type UART. 

SELECTING THE MODE OF OPERATION 

Single-processor mode is not acceptable in this appli­
cation, since, in Single-processor mode, the 650 looks 
to the PC host like either a 550-type asynchronous 
UART or an 8530-type synchronous controller. How-

Host .. 
PC 

ever, Jt wHI not allow the PC-host to see a 550-type 
UART while the network sees an 8530-type synchro­
nous controller to accept SOLC. 

Therefore, dual-processor mode of operation will be 
used (see Figure 6), with a dedicated microprocessor 
and a RAM buffer. The built-in Manchester encoder will 
be used to transmit SOLC on a high-speed fiber-optic 
network. Although only 1 K of buffer RAM is needed for 
data and about 3K are needed for control code, 32K of 
RAM will be used. 32K of RAM is on~ of the smallest, 
least expensive modules that can be readily used. Both 
data and control code will be stored in the buffer, with 
the cOntrol code being down-loaded to the micropro­
cessor when needed. The sc~atch register in the 550 
block will be used t6 load the control code. 

To see how the 650 is used, look first at the data flow. 
Data that is loaded in octets in the 550 registers can 
then be read as Qctets by a control communications 
microprocessor from the ''back-end'' of the 550 register 
set. This data is normally moved into a temporary RAM 
storage location until there is enough data to form an 
SOLC data packet. The data is then moved from the 
temporary RAM buffer to the synchronous emulation 
block in the 650. The data is transmitted out In a packet, 
according to the protocol rules of SOLC loop transmis­
sion, with the synchronous controller forming the start 
flags and the data packet, with zero insertion per the 
requirements of SOLC loop protocol. The zero-in­
serted data is then encoded with the data-clock infor­
mation through the Manchester encoder circuitry in the 
650. The serial data stream is then transmitted to a 
fiber-optic driver for transmission over the link. When 
the last 8 bits of data is transmitted to the 650 by the 
control microprocessor from the temporary storage, 
the 650 transmits the correct frame check sequence 
and a required closing flag. 

FIGURE 4: Butler Storag~ 
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SELECTING THE MODE Of OPERATION,(contir1uad) 

In SDU~, all datais'transmittedfrom'one controller' 
which is deSignated the'master, t&slaVfjcontfoilers o~ 
t~'? ,oop.' ,Alfdata on 8'slave,SOfttroliat pa~ses from the 
teeeive ,0'11 to·theutransntil"polt.«lfthe controller fs 
aHtivsry ''O'J1fo.op;''the d'alQ,tnQlis reb'Sived is tectGIke'd 
and' fElttlnSFnttt'ed"w1ti'ta' one..;bit delay. ThiS ;one>lbit 
d~lay afloWs-dafa to 'be retimed te ret:Jucebias distot,. 
tio'Jlcaused' by the fiber-optic network. &ery,,'slav.e 
controller"I'Ss:se'S" 'tiaTa 'fllOm, it'$:,'<:}wn'iredeiVer,;10,dts 
lhternatttansmitter"topass to thEfnext stave controller 
down the line. The final slave controller'transmitsth~ 
packet of data back to the host controlle(srebeiver. 

SOLe AND,EOP FLAGS' _' . 

In an SOLe loop, th~ n~twOrk starts' with' the host 
con~rollerse,nding out an End Of Poll (EOP) flag. This 
is a flag thatlfoof,(slik§ ~norm~fflagof OH~1111 () , 07Eh 
but ""hicn!l~ modlfi~~~$lightly to 111111110.' 07fh (nOfe; 
in serjal,Co~lTJuniC'ar.ons tWe:t.:SB is transmitted first, 
andhencs'fhe ~it'pattern'is' SlltiwA rather than tWa 
actual binary Inym~1~ !hi~ EOPffafrlSused'by eaoh 
slave controltetto determine:when it Shomdtransmit-to 
the host controller. 

When a slave controller encounters an EOP flag, it 
changes the EOP flag to a normal SOLe flag and 
transmits a data packet to the tlost controller. When the 
controller is finished transmitting, the controller at­
taches the correct frame check sequence tFeS) to the 
data packet and closes the frame with an EOP flag. 

tJs,i~"t9,.al1aStt7~lMi6,50 
S:elrral, PacketJCOl1ltJO'lile1f 

.-,,-... ". & e._ ...JUt"" •• ! 

Since the first deteG~d [6QPi~~banged\t:ly,tlile~~ivel1 
tran~~itting slJv~ co,rltroll~r on Jhe ne~ork to. Sifl SOLe 
fl~g, ,arrM ~W~~r~~mc9~tro!rers ar:e.prevented4rom 
transrni"t~Q!,"~~~ ,,~~ EpP~ill ~e ~ertcOdtlteT~,d; Th~ 
(fown$tr~~ $Jave !t:OnttdIJer'rtliistwait until' at!'l!op 
is,' en~~,',up", "e,,~cl\: b,.",~~or,'~,",)~' C,h, ,n,'lili,olte, t.' f~' ~In,o~elt,t ''1(10,'' 
tran~r;nlt ~J~~pket, or ,dafa"to tfle' ho~t" .tplitt4lret~:A 
sbl've co~lrO,1fef isnort:ilaJly18Sftlctedftom trariSmiffittg 
10,r a s, et p,~rlo,', d OftiOl,'~ lif~e, r,a, ,"tram,' e fI~',',bee'h?Srii~Erd' 
tQ, ,pr~vent. d~,ninatibn' ~ Jfie netw~tk' by'Upsfr~iitri 
controllers. ~ ... ' , ;." ;' "', ' , ' '.:' 

In ournetworkja d~stinatiQnaddfess byt~j~tnmsmit­
ted first. followed by a sour.ce adcdfeQs:~yte. followed by 
a control byte tnatcontqins ~~1rafJle sequence number. 
The host sQft.ware re.qUir~)tl1& host to, aokrlQ,w1edge 
thereOf)ption f~omrt"e! sf:a.~es atl~st ogce'8vel} s~ven 
datailames. A Slave:d~ta,eQntroll~{·c.anm9t 'liWlsm.il a 
data packet to the hos~l1tl11i1~~last-s~.\tenc<;ta\~,a~ket$ 
hav~ ~~~n aCkn.~wl~~~,e.#fr~m ~he ~~t co,:,t~olle,~~ :r.~e 
hpst .c~ntrol~~r~III,rlot, ~~~.,~e,c1,g~'~~lave uhtil 'EO~ 
frarres are'd,et,cted ,~~~~.'af ~t{Elh~t:S recelr~t~ '.' Ii.' 

* '.... "<I' .j.&..~' ·trr ,,,' ., 'M 

The <ho~t r:ecei'leflwiU oflly, ci~Qtqan 1E0P s~quen~,qf 
two adjacent -J;OP.tlags,jI, a ;PIlOt,·tfaI'ilSffliSS'OA" ,was 
attempted by a slave controller. Receiving two adja­
cent EOP flags indicates aU slaves have had a fair 
chance to utilize the network. This method of arbitration 
prevents domination of the network by an upstream 

. slave controiler..." 

SLAVE 2 

FIGtJRE 5: SDbCiLQop'Transhttssion 
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UiMlft.ri1:9Sr'73M660 
S.,I.I;' ltaoket~Controler 

I 

I 

I 
Ii 

---S-O-L-C-A-N-O .... E-O-P ...... FL-A-Q ... s-(-cg-nu-.n-ued-)-------O-A-TA-F-LO-W-T-H-R-O-U-G-H-T-H-E-6-SO----------i\i 

Using this ,method of flow control, the host controller Data to be transmitted is read by the microprocessor 11 
can modutate the use of the netw9rk by any slave from the 650 through the 16-byte FIFO in the 550 from I I 
controller. If,data is being received fr~m an upstream the B channel of the synchronous controller. This data I ; 
controlle!;.~he hofsdt ma

f
y recei~el onlyTha. maxi imum of iS

t 
tran~erfreldl t~O R!,M for storage·IWhen the RdAM 

]"1 I 
sev~n p~ets 0 a~ rom a s ave. IS alows new s orage IS U , ,,,e microprocessor no onger r,ads. ata 
EOP flaQs to make their way to the receivers of t,he from the 550 FIFO, causing the host processor to wait. I 

downstre~m slave,controllers. These controllers may When a 256-byte packet ·of data is formed in the \ ! 
place data on the network with the destination to the storage RAM, the controller waits for a valid EOP flag. \.~ [I 

host controller, thereby using the EOP flag and chang- The controller will also send a packet of less than 256 I ~. 
ing the EOP flag to an SOLe flag When the host bytes when a receive FI FO time-out occurs, indicating . f 
controller senses more than one contiguousEOP flag that the host has no more data to transmit. Whena valid 11 
in its receiver, the'host controller can determine that all EOP is indicated by the 650 to the microprocessor, the (\ 
slaves have had an opportunity to utilize the communi- microprocessor adds a destination address byte, a f I 
cation channel. The host controller may then acknowl- source byte, a control byte and then data is transferred J.

11 
edge the oldest frame, or atl frames, from a slave to the three-byte transmit FIFO within the 650 synchro-
controller, allowing the slave controller to transmit nous controller. J! 
more data to the host controller. The microprocessor control software keeps a copy of 
The slave controlier software is very simple. The control- the data received from the host until a message is 
ler software consists of RAM buffer routines to store data received from the host coritrollerthat the data has been 
in RAM, which will be later transmitted, and a very simple received correctly. When an acknowledgement packet 
controller device driver to control the 650. The 650 does is received from the host controller, the, data is cleared 
most of the protocol work for the microprocessor. from the directory in the slave controller . 

. FIGURE 6:SSI13Nt660.S0LC LOQP 
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~ DATA FLOW THROUGH THE 650 (continued) 

If an acknowledgement packet from the host controller 
indicates that the data frame was received corrupted, 
the packet and all newer packets waiting for 
acknowledgement from the host, are transmitted back 
to the host controller. 

Using a fiber-optic network, with SOLC synchronous 
transmission protocol, and an SSI 73M650Seriai Packet 
Controller in each PC around the ring network, data can 
be transmitted at data rates of up to 1.2 Mbit/s.lf external 
clock recovery circuitry is used, this data rate can even 
be higher. 

PACKAGE PIN DESIGNATIONS 
(Top View) 

~ ~ fi 
0 

~ i 0 5:r > 

4 3 2 1 28 27 26 
0 

SSI 
73M1650 

12 13 14 15 16 17 18 

2S-pln PLCC 

25 trrs' A2 
24 'DiR A1 

23 RTS' AO 

22 TXD mm 
wm 

Using an 551 73M650 
Serial Packet Controller 

For a complete SSI 73M650 data sheet contact. your 
local Silicon Systems sales office. 

~ i 
sa 

~ B ~ IE 8 ~ ~ 
r:: ii5 o 0 

> ::& ::& 

6 S 4 3 2 1 44 43 42 41 40 
7 0 39 M05l(DS'A) 

8 38 M04(~) 

9 37 M03('DTRi 

10 38 M02(R~) 

11 3S M01(MAlE) 
SSI 

34 MOO 73M650 
33 TXREQ 

32 TXO 

31 RXO 

30 ~ 

29 'RTXe" 
18 19 20 ·21 22 23 24 2S 26 27 28 

44-pln PLCC 

________________ S_iliCO __ n_Sy_s_m_m_s._ln_~_1_43_5_1_~_ro_~ __ Ro_a_d._T_US_tin_._C_A_~_~_O_._(7_14_)_57_3_~_OOO __ .F_A_X_(7_1_4)_5_n_
0
6_9_14 ______________ 1 
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SSlt~73Q8330 
Ef'herftet TtihsceiVer Oemlt~Board 

DESCRIPTION 

The SSI 7808330 Demo Board is the evaluation 
vehicle for Silicon Systems' low power 78QJ330 
Ethernet Transceiver IC., This board ,is ~signe4o be 
connected tQ' ,1 0~~se;(2 thin coax alble that corQplies 
with the IEE~802.3 standard for Local Area Ne~orks. 
The board can be used as a transceiver unit and fled to 
a networkil\terface -board in through an AUl"cable of 
up to 50 meters in length. 

The SSI 7808330 works with thick coax Cable 
(10Base-5) but different connection hardware must be 
used in such an application. Contact Silicon Systems' 
appl.iCation engineering for more information. ~ 

'January 1993 

15-pin AUI cable. The AUt ca~le can be connected to 
a network interface board in tlte OTE. Please be sure 
that the network interface boarEi is p.-operly cPflfigured 
(either jumpers or software) to accept AUI (.externalj 
interface rather than an on-board (iritern~t 1 OBase~2 or 
10Base-T) interface. 

FEATURES 

• Evaluation board for low power 10Base-2/ 
10Base-5 transceiver 

• Provides AUlpon to connect to a network card 

Figure 2 shows a typical application with three systems • Jumpers for easy change of heBnbeat feature 
already connected to the Ethemet 10Base-2 ne\Work. 
The Ethernet, catile, is'then connected to the Qemo • : Test.PQlntsto measure data to/from DT,E USing 
Board at the' BNCconnector (BNC1). A' son StOpea'~:)'" 
termination resistor must be placed at last statioB ... Th& !I? , : 

three pairs of differentia. signals ·(01+/01- data int&the" -
OlE, 00+/00-data out oithe PTE and CI+/CI-control . 
into the OTE) are available at test points and at the 

BLOCK DIAGRAM 

AUI SS17808330 
ETHERNET 

GOA)( 
TRANSCEIVER 

FIGURE 1: SSI 78Q8330 Demo Board Block Diagram 
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,< "I'l.!'.,' ',' 

r;'h.~n:tcRiT~,,,~e.ly~, C,mo ~qa~d 

, BNC ''T'' 
CONNECTORS 

/ 
R058 COAXIAL 
CABLE (50Q) 

50Q TERMINATOR 

SSI 78Q8330 DEMO BOARD 

BNC 
CONNECTOR 

JP1 2-3 
JP2 2-3 
JP3 2-1 

AUI 
CONNECTOR 

SYSTEM 4 
AUI PORT 

FIGURE 2: Silicon Systems' Typical LAN Connection Using Demo Board 

TABLE 1 : Jumper Description 

JUMPER CONNECTION DESCRIPTION 

JP1 SQE-Disable Disable SQE (Heartbeat) Note 1 

SQE-Enable Enable SQE (Heartbeat) 

JP2 10Base-2 Thin-coax connection 

10Base-5 Thick coax connection Note 2 

JP3 Test Test mode Note 3 

Normal Normal mode 

JP4 Open Normal Note 4 

Short Insert 78Q termination resistor on CI+/CI- pair 

JP5 Open Normal Note 4 

Short Insert 78Q termination resistor on 01+101- pair 

JP6 Open An Ammeter can be used to measure Ie -9V supply current 

Short Normal 

JP7 Open An Ammeter can be used to measure OTE +12 volt current 

Short Normal 
.,., 
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I 

I'I I 

~ I 

S8:1 ,iSQ833& 
Ethe:Fnet Tran'sceiven Demo, )8:QarCl~ 

TABLE 1: Jumper Description (continued) 

JUMPER CONNECTION DESCRIPTION 

JP8 Open This jumper is used to monitor IC -9V supply voltage. Top 
pin is -9V (VEE) and Bottom: pin is GNO (YCC) , 

Short ILLEGAL CONNECTION i ) 

NOTE: (1) SeE (heartbeat) inserts a 10 MHz signal on the CI+/CI-lines at the end of each transmission. The 
signal is used by the OTE for checking the transceive:r. This signal is used bythe·OTE for checking 
the transceiver. This option must be disabled if the transc~i~r is connected to ~ repeater device. 

(2) Contact Silicon Systems CIPD Application Engineering for more information·on interface to thick 
coax (10Base-5). 

(3) Place jumper in NORMAL mode. 

(4) If on-board termination resistance is used, disconnect the AUt cable to avoid double termination. 

c.: 
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FIGURE 3: SChematics of 78Q8330 Demo Board 
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INTRODUCTION 
Ahal~9~lte~riQ"j$ a u"(~.rs~ fe~v;~re.rn~nt In, any ~ignal 
proa~~mg sy~tefD. ,rllter ~~slgn is no\'V mad,e"easy 
with the 'programmable filtets,from Silicon Sy~terns 
Jnc. Whelher,ttl$ 'tequiremeotis,a1jxed fllterirtd cHarac­
~ri.iii o~ s' prog~amrriabte l~spO~se, thil3. f~ilY of 
programmable filters offe~sdist~"Gtadvaf'!tage~ ()f de­
sign simplicity, accuracy, versatility and board space 
saving. Additional features, such as high' frequency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI 32F8001, cutoff 
frequen9Y programmable from 9-27,.MHz. 

VIN+' 
VIN-

VBP 

IFP 

VFP 

FBST 

SSJ'BJ~'&OjQ1~ 
progtamma~bltf:EledmJA1c Flher 

. "oec&m6~ 1992 

The objectJvesof this ~J2R:lic~ion note are: ,.." 
• ,'( To p~ei.~t a ~~soripti~n'~fthe ,S~l321f~oo,i':' 
• To discuss itS applicatibns i, , i! ;'. 

• To pre~~!1}," ~y~ica.1 fix~4.respons$de~ign , , 
• TnpliesentaprOgrammable re$l\lOfilse application 

", 

Vd_NORM+ 
VO_NORM-

VO_OIFF+ 
VO":OIFF-

VPTAT 

PWRON 

FIGURE It: Block iQJagram 

1292- rev. 

,.. \ . ~ 

Si+ ,S 1.54203.j. 2.95139 
2.,95139 1.3t703 

S'+ S 1.68495+ 1.31703 

_"1-.:--_-KS_
2 
--r-- Transfer Function normalit~cf for c.o = 21t If) =,1,' 

S2..S1.68495+1.311703 le=euto,Htequeney. " " ' ........ __ .......... 
AN and AD.areadjusted for unity gain (0 dB) at f = .067 te 
Frequency'scaling s = s' 2 1t Ie 
Eq. for I~:~ 27 MHz, s = sI[21t) (27 x 106

)] 

FIGURE '2: ?he SS132F8001 Transfer Function 
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1.0", DESCRIPTION 
The SSI 32F8001 is a programmable 7-pole 0.05° 
equirlpple linear phase low passfil~er in a Silicon bipolar 
integrated circuit. Figures 1"and' 2 show the block 
diagram and the filter transfer function. 

The SSr32F8001 cutofffrequency and high frequency 
boost can be independently controlled by two control 
signals. Two sets offilteroutputs are available: normal 
low pass output and differentiated low pass output. As 
an equiripple linear phase type filter, the filter outputs 
exhibit constant group delay in the pass band and out 
to 1.75 Ic. Furthermore, the delays through the normal 
output and the differentiated output are well matched. 

The input and outputs of the SSI32F8001 are differen­
tial signals, requiring external AC coupling capacitors. 
The given transfer function shows the relationship 
between the input and the two sets of outputs. Typical 
differential input resistance Is 4 1<0. 

1.1 CUTOFF FREQUENCY PROGRAMMING',·, 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, can be programmed between 
9 - 27 MHz. It can be set by one of three methods: ' 

• A resistor can be inserted between the VPTAT 
and the VFP pins. This setting is only used for a 
fixed response design. The IFP pin should be left 
open. The design equation for this resistor value 
is: 

Rx (kO) = 27 1 Ic (MHz) 

A design example is given in Section 4. 

• A current source input can be fed into the IFP pin. 
The VFP pin should be left open. A current source 
digital-to-analog converter (OAC), such, aathe 
OACF in the SSI3204661 Time Base Generator, 
allows a microcontroller to change the filter re­
sponse dynamically. To achieve the highest ac­
curacy the current source OAe should be refer­
enced to the reference voltage at the VPTA t pin. 
The design equation for this current source value 
is: 

IFP (mA) = 0.0222 x Ic (MHz) , 

A design example is given, in Section 4. 

• A current sink input can be fed into the IFP pin. A 
1 kO resistor should be placed across the VPTAT, 
and the VFP pins. With a currel')t sink DAC, this 
design also allows a microcontroller to change the 
finer response dynamically. To achieve the highest 
accuracy and temperature stabntty, the current 
sinkOAC shQufd be referenced to the reference 
voltage at the VPTAT pin. The design equation for 
this current sink value is: 

IFP (mA) = 0.0222 x (27 - Ic) (MHz) 

A design example is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic input at the FBST pin. With FBST = '1' 
or open, the amount of high frequency boost, mea­
sured at the cutoff frequency, can be programmed from 
o to 13 dB at Ic by a voltage input at the VBP pin. 
External resistors can be designed in for a fixed filter 
response. For a programmable high frequency boost, 
a voltage DAC, such as the OACS in the SSI 3204661 
Time Base Generator, can be used to control the VBP 
pin. This input voltage should be made proportional to 
the reference voltage at the VPT AT pin for accuracy. 
The design equation for this control voltage is: 

VBP = VPTAT x (10A(FB/20) - 1) 13.46 where FB is in 
dB. 

Oesign example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre­
quency. The effective pass band bandwidth is wider. 

1.3 OTHER FEATURES OF THE SSI32F8001 

The ,SSI 32F8001 features excellent constant group 
delay. At Ic = 27 MHz, the group delay variation from 0.2 
Ic to Ic is less than 0.5 ns. Furthermore, the hi9tl 
frequency boostfunction does not affect th~ group delay 
variatioh.Group delay variation is within ±3% out to 
1.751.c. 

In additIOn to the normal low pass output, the SSI 
, 32F8001 also provides a<lifferentiated low pass output 

of the input signal. The signal delay is well matched to 
the normal output. 

12-60 



The SSI32FaOO1 prowdesa refeAmCe voltage VPTAT 
for the DAC references. Because.,tbe intemal filter 
control circuitry is referenced to VPTAT,'tfie Control 
curtentforfiltercutoffifrequency and control voltage for 
hlgh'frequency boost should be feference~ to VPT AT;' 

. " ., . 

The S$~32F8001 can be switChed into a sleep mode', 
dissipating: less than 3 mW, by a TTL input at PWRON. 

Two package'options are avaHableforthe'SSf32F8001 : 
1S!.lead SOLand 16~read SON~'T-he small feature size 
of the 16-lead SON package offers significant board 
space saVing. 

2.0 APPLICATIONS 
A programrriable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro­
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8001 offers a simple-to-use solution. The once 
complex design of cutofffrequencyor magnitude equal­
ization is now rendered to simple resistance calcula­
tion. The narrow 16-pin small outline package offers 
significant board space economy. 

In variable data rate processing, a programmable filter 
can be used to optimize bandwidth and signal-to-noise 

SSI!32f80Qt 
Programmable ElectroB(i'cFilter 

tradeoff. On~~plioat!(\)n isoonstant ~,ens;~ recerding 
for high capacity s,orage,pro~ycts. As t"'$ d~ta rate 
increases from the innertracks'to the outer tracks, the 
fil~er outoff~.trequeQOY ,oan ,be. soaleCliraoeordingly .. to 
maximize the signal-to-noise performance. The t:U9b, 
frequency boost function provides pulse sUmming' for 
accurateipufsedetectlon. ,', ( 

A programmable tiltel Q1ter~ a revol.ulloJ\tary approach 
to adaptive equalilatioll.:\ln;:sigqal transrnis~~C)nappli­
cations. an equalizationfilterisU$e.dwcombat~hannel 
distortion. The magnitude of chamleiltfistortioftiS often 
not known a p.~ori. AcJ~ptive eq\laliz~~ion qan dynami-. 
cally shape the equalization function: With an appropri­
ate exter:nal adaJ?~ive sens~ function, th~ c~f9~ fre­
quency and the highfrequeneyboostoftheSSI32F8001 
can be dynamically programmed through mictopro-
cessor control. ' ! 

3.0 FIXED RESPONSE DESI.GN 
PROCEDURE 

This secflOn sugge~fs some designglJilfttlines to apply' 
the SSI 32F8001 as a fixed response filter. Figure 3 
shows the design schematic. Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with; 
no boost. The ratio of RB1 and RB2 determines the. 
amount of high frequency boost. 

1 NlC VO_DIFF+ t-
16 
__ 

C-t7 H VO_DIFF+ 

VO_NORM- HI--_~2 VO_NORM- VO_DIFF- 15 <18 H VO_DIFF-

VO_NORM+ ~t--_---i3 VO_NORM+ 

+5V 4 VCC1 

VIN- ~1--_~5 VIN­

VIN+ ,~ 6 VIN+ 

7 VBP 

8 FBST 

PWRON t-14 ___ ~ 

VPAT t-13 ___ -...~ 

NlC 12 

IFP 11 

VFP t-10 __ ~-c' 

GND 1-9 
..... _..--_--.--1 

32F8001 

FIGURE 3: The 32F8001 Setup as a Fixed Response Filter 
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SSlJaaFadDf, 
p,fjgfaml1nltJle-Electron'tc Fittefi 

3.0'iFIXED RESPONSE DESIGN 
~ROCEDURE (continued) 

Given fe, outoff frequency 'ihMHz, and FB, high 
fr~quency boo,st in dB:' 

• Rx can be calculated, as given in Section 1. 
Rx (kO) = 27 I fc (MHz) 
VoHage aeross Rx Is 0.33: VPTAT. The current 
through Ax is 0.33 (VPTAT I Rx). 
Rx' should be' between 1 kO to 3 kg, i.e., fC 
betWeen 9 MHz to 27 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 
RB11 RB2 = 3.46/(10"( FB 120) - 1) - 1 

• Total current drawn out of the VPTAT pin should be 
limited to 2 rnA max. Thus, RB1 and RB2 should be 
designed accordingly. 

• The IFP pin· should be left open. 

Vcx:~ 1 1 ~ 
C1 C2 

O.01J1.F T T O.1JI.F 

1 NlC VO_DIFF+ 
C3 

VO_NORM- H .2 VO_NORM- VO_OIFF-
C4 

3 VO_NORM+ VO_NORM+ ~ PWRON 

+5V 4 VCC VPTAT 

VIN-~ 5 VIN- NlC 

VIN+~ 6 VIN+ IFP 

7 VBP 

32FaOO1 

4.0 PROGRAMMABLE RESPONSE 
,DESIGN PROCEDURE 

This section suggests some deSign guidelines to apply 
the ,SSI 32F8001 as. a programmable filter. The high 
frequency boost can be controlled by a vottage DAC 
driving the VBP pin. The VBPvoltage should be be­
tweenO and VPTAT. The cutoff frequency can be 
controlled by a current DAC. The application setup for 
using a current source DAC is different from the one 
using a current sink DAC. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR-
RENT SOURCE DAC 

Figure 4 shows the setup schematicofthe SSI32F8001 
using an external current source DAC to control the 
fitter's cutoff frequency. 

16 
C7 H VO_DIFF+ 

15 caH • VO_DIFF-

14 
• PWRON 

13 

12 

11 

FIGURE 4: The SSI'32F8001 Setup Schematic Using a Current Source DAC for Cutoff 
Frequency Control 
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SSI32F8001 
Programmable Electronic Filter 

~~"""'--D-e-S"ig-n-g-Ui-d-el-in-eS-f-or-t-he--SS-I-3-2-FS-0-0-1 :------4-.2--P-R-O-G-R-A-M-M-A-e-L-E-FI-L-TE-R--US-I-N-G-C-UR-R-EN-T---

I • The VFP pin should be left open. SINK DAC 

1,,: I · Both the current source DAC and the voltage DAC Figure 5 shows the setup schematic ofthe SSI32FS001 
should reference to VPTAT for accuracy. using an external current sink DAC to control the filter's 

• The reference bias current drawn from VR should cutoff frequency. The high frequency boost control is 
be less than 2 rnA. the same as in Section 4.1. 

• The current source output voltage compliance Some design guidelines: 
should be between 1.1 V to 1.SV. • Rx should be setto 1 kO between VPTAT and VFP. 

• The IFP current and the filter cutoff frequency are • Both the current source DAC and the voltage DAC 
related as follows: should reference to VPTAT for accuracy and tem-
Ic (MHz) = 45 x IFP (mA) x ~ perature stability. 

VPTAT • The total current drawn from VPTAT should be 
IFP should be between 0.2 mA to 0.6 rnA with less than 2mA. This includes the 0.6mA through 
VPTAT = 1.SV (at room temperature). Rx. Thus, the current sink DAC and the voltage 

• The VBP voltage and the high frequency boost are DAC reference should not draw more than 1.4 rnA. 
related as follows: • The current sink DAC output voltage compliance 

should be between O.SV to 1.4V. 
FB = 20 x log (3.46 x VBP I VPTAT + 1) dB 

• The IFP current and the cutoff frequency are 
related as follows: VPTAT 
fc (MHz) = 27 - 45 x IFP (rnA) x ~ 

IFP should be between 0 rnA to 0.4 rnA. 

C3 

1 NlC VO_DIFF+ J-16 __ C-/7 M VO_DIFF+ 

VO_NORM- MI---~2 VO_NORM- VO_DIFF. 15 C8 M VO_DIFF. 

VO_NORM+ ~1--_--=-!3 VO_NORM+ 

4 VCC1 

VIN. ~1--_~5 VIN. 

VIN+ ~ 6 VIN+ 

7 VBP 

FBST e>----' 1\..-...:...j8 FBST 

PWRON 1-14"--__ ~, 

V~~r13----+---+---__ ~ 
NlC 12 

IFP t-11 ___ ....I11..~,----{ 

VFP 1-1° ___ ---1 

GND 9 

32F8001 

FIGURE 5: The SSI 32FSOO1 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 
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INTROQUCTION · 
Analog~iltering i~auoivet;sal reqLJ1rement in any signal 
prjljcesSind,system.IRlter(fesi~t;j 'is now mad9 i easy 
with· thei pargy,armmable' lfiHe't-s ifrGA'lr ·SlliccJ~ Systems 
tA~~V\lhefherlhetleqtliremerlt4§Wfj}('edlilfe'fii1g,charac­
t~(4stie)orapmgtam"rabter'resPbtfse., this family of 
prog,ammabfe;filtersi OffersCllstinnt advanfages of de­
Sign simplicity, atOuraey. ,\1srsatiblyaJird board space 
saving. Additionat features.! :stJ~11J ·:as high'freql:Jency 
boost. differentiated outputs, afe also ,available. This 
application ·note focuses on the SSI 32F8011, cutoff 
frequency progtammabfefrom 5 - ·13 MHz. 

SSI' ~3)a'F80!1~1:' 
Prbgrammable ·:Electr.Rf~ FUteZ

, 

The objectives of this:>appJicatlof\l-not9iare: 
" ." , ..... ,.,.~ )~', 

.• :.:. Td pr~sent a description of the SSf~2F8011 
• To discuss its applications 

• ·1io·pres~ht ~ t~pfa~l· fixed'fesJ)Onse design 

.! .. JO pr;ese{lt a pT()gra"1rr.able response appl}patiol1. 
\ j' 

VO_NORM+ : 

VP",,"NOR~ 
.', """ . 

VO_DIFF+ 
VO_DIFF-

VR 

PWRON 

FIGURE 1': 'Block Diagram 

INPUT 
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4.20584 
8' + 1.8208~8 + 4.20534 

Transfer FunCtidrMClrmalizetHorlll = 2 2C fc = 1 . . , 
AN and AD 8Iie adjusted forruni.l¥.gain (OdB) at f=·9.67.fc 
Frequency Scaling s = s 12 : fc -; . . . 

FIGURB2: The'SS132F8011 Transfer Function 

CAlJTIONt Use handllngproceciures necessary 
lor a static sensitive corl1lOnent. I 



$SIC; StDt;, 
l?~pgr .... bll':'EleQtrmtic Filter 

Application Note 

1.0 DESCRIPTION 
The SSI32F8011 is a programmable 7 -pole Bes$ellow 
pass filter in a silicon bipolar integrated circuit. Figures 
1 and 2 show the block diagram and the filter transfer 
function. " 

The SSI32F8011 cutoff frequ~ncy and high frequency 
boost can be independently controlled by two control 
signals.' Two sets of filter outputs are available: nonnal 
low pass output and differentiated low pass output. As 
a Bessel type filter, the filter outputs exhibit constant 
group delay in the pass band. Furthermore, the delays 
through the normal output and the differentiated output 
are well matched. 

The input and outputs of the SSI32F8011 are differen­
tial signals, requiring external AC coupling capacitors. 
The given transfer function shows the relationship 
between the input and the two sQt$ of outputs. The 
maximum input signal is 1.5 vpp differential, with 
differential input resistance 4 kO typical. The minimum 
recommended output load is 1 . kO differential, AC 
coupled. 

1.1 CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, can be programmed between 
5 - 13 MHz. It can be set by one of three methods: 

• A resistor can be inse rted between the VR and the 
VFP pins. This setting is only used for a fixed 
response design. The IFP pin should be left open. 
The design equation for this resistor value is: 

Rx (1<0) = 11.92/ fc (MHz) 

A design example is given in Section 4. 

• A current source input can be fed into the IFP pin. 
The VFP pin should be left .open. With a current 
source digital-to-analog converter (DAC) , such 
as the DACF In the SSI 3204661, this design 
allows a microcontroller to change the filter re­
sponse dynamically. To achieve the highest ac­
curacy and temperature stability, the current 
source DAC should be referenced to the tempera­
ture compensated reference voltage at the VR 
})in. The deSign equationfGr this current source' 
value is: ~ , 

IFP (I1)N =-0.Q6,15 xfc (MHz) 

A design example is given in Section 4. 

• A current sink input can be fed into the IFP pin. A 
917Q resistor shoAJId be placed ,across the VR and 
the VFP pins. With a current sinKPAC, this design 
also allows a microcontroller ,to change the fifter 
response dynamieally. To achieve the. highest 
accuracy and temperature stability, the; current 
sink DAC should be referenced to the temperature 
compensated reference voltage at the VR pin. The 
design equation for this current slnk.value Is: 

IFP (mA) = 0.0615 x (13 - fc) (MHz) 

A design example is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic Input at the FBST pin. With FBST = '1' 
or open, the amount of high frequency boost, mea­
sured at the cutoff frequency, can be programmed from 
o to 9 dB at Ic by a voltage input at the VBP pin. 
External resistors can be designed in for a fixed filter 
response. For a programmable high frequency boost, 
a voltage DAC, such as the DACS in the SSI3204661 
Time Base Generator, can be used to control the VBP 
pin. This input voltage should be made proportional to 
the reference voltage at the VR pin for accuracy and 
temperature stability. The deSign equation for this 
control voltage is: 

VBP= VR x (10"(FB/20) -1)/1.884 where FBisindB. 

Design example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre­
quency. The effective pass band bandwidth is wider. 

1.3 OTHER"FEATURES OF THE SSI32F8011 

The SSI 32F8011 is a 7 -:pole Bessel type filter. It 
features excellent constant group delay. At Ic = 13 
MHz, the group delay variation from 0.2 fc to fc is less 
than lns. Furthermore, the high frequency boost func­
tion does not affect the group delay variation. 

In' additio"n to the normal 'tow pass outpot, theSSI 
32F601 talso prQvides a differentiated low pass output 
of the input signal. The signal delay is well matched to 
the normal output. 
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1.3 OTl'leR fE~'IURES Of ",HE SSt ,32P8011 
(continued) 

The, SSI 32FSO
c
11, p,rovides fl, temperature, compen": 

sated ref,er,nce vOltage~ VA, for the OAC refer~nC~$. 
BecausemE),~n~erpani~~pontrol circuitr.Y i~ refere,nged 
to VR~jbe comroI6w:~n~-for JUter cutbfft~eqyencY"'f;l~ 
control voltage for 'h19h' frequency bqost should be 
refercmced to VA. , " 

Th.~ $$1 3;!F801,i can be switched iht()'.'s'e,p mpde, 
dissipatihg only 60 mW, by a 1fL Input atPWRON. 

Two package options are availableforthe SSI32F8011 : 
16-lead SOL and 16-lead SON. The small feature size 
of the 16-pin SON package offers significant board 
space saving. 

2.0 APPLICATIONS 
A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
inglude flxe~ r~!~nse filtering, variable data rate pro­
cessing and adaptive equalization. ' .... 

For fixed response filtering applications, the SSI 
32F8011 offers a simple-to-use solution. The once 
complex design of cutofffrequency or magnitude equal­
ization is now rendered to simple resistance calcula­
tion. The narrow 16-pin small outline package offers 
significant board space economy. 

Vcc9 1 1 • 
C1 C2 

O.01~ -I- -I-D.11lF 

VIN-~I---~ 
VIN+ ~ 6 VIN 

7 VSP 

SSl~32~'80;1t 
P,ragrammable .:Electro,njafiilter, 

Application Note 

In variable data ratepro~,~i 'prOtJr,~Je filter 
can be used to optimize ban' . Aitds{gJ1abkl~noise 
tradeoff. One application'is cOnStanf ~en~ rE;Cording 
for high capacity storage prodttcts ... ~Sl.thEt data rate 
increases from the imer traCks to tba,qutertrflCkst the 
filter cutoff frequency can be scaled accOrdingly to 
maximize ,signalft01IRGfseperfofJil'tamce. The high fre­
quency boost function: provides pulse slimming for 
accurate pulse "detection. 

Ii" 

Programmabte filter offers a revolutionafY approach to 
adaptive equalization. '" signal transmission applica­
tions, an equ~lIzationfilter Is used to combat channel 
distortion. The magnitude of channel distortion is often 
not known a priori. Adaptive equalization can dynami­
cally shape the equalization function. With an appr6pri-. 
ate external adaptive sensing 1unction,thecutoff fre­
quency and the Illighfrequency ooostefthe SSt32F8011 
can be dynamically program~· through micrGpro­
cessor control. 

3.0 FIXED RESPONSE DESIGN 
PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8011 as a fixed response filter. Figure 3; 
shows the design schematic; 'Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with 
no boost. The ratio of RB1 and RB2 determines the 
amount of high frequency boost. 

32F8011 

FIGURE 3: The 32F8011 Setup as a Fixed Response Filter 
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3.0 FIXED RESPO~SE DESIGN 
PRO'CEDORE (continued) 

G~en fc, cutoff frequency In MHz, and FB, high fre-
quency boost in 'dB: . 

• . Rx can be calculated, as given in Section 1. 
Rx (kO) = 11.92 I fc (MHz) 
Voltage across Rx is 0.33 VA. The current through 
Rx is 0.33 (VR I Rx). 
Rx should be between 917 0 to 2.38 kO, i.e., fc 
between 5 MHz to 13 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 
RB1 1 RB2 = 1.8841 (10"( FB 1 20 ) - 1) - 1 

• Total current drawn out of the VR pin should be 
limited to 2 rnA max. Thus, RB 1 and RB2 should be 
designed accordingly. 

• The IFP pin should be left open. 

VCC~ 1 1 .. 
C1 C2 

O.01JlF T T 0.1JlF 

1 GND1' VO_DIFF 
16 

C3 - 2 VO_'FJO'ml 15 
VO_NORM-H VO_rnFF' 

C4 
3 VO_NORM 

14 
VO_NORM+ H PWRON 

VIN-~ 5 VIfJ 

VIN+ ~ 6 VIN 

4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guidelines to apply 
tIle SSI 32F8011 as a programmable filter. The high 
frequency boost can be controlled by a voltage DAC 
driving the VBP pin. The VBP voltage should be be­
tween 0 and VA. The cutoff frequency can be con­
trolled by a current DAC. The application setup for 
using a current source DAC is different .from the one 
using a current sink DAC. Both.are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR-
RENT SOURCE OAC 

Figure 4 shows the setup schematic ofthe SSI32F8011 
using an external current source DAC to control the 
filter's cutoff frequency. . 

C7H • VO_DIFF+ 

C8H • VO_DIFF-

• PWRON 

VFP 1-1_0 ___ -l 

GND2 9 

32F8011 

FIGURE 4: The SSI 32F8011 Setup Schematic Using a Current Source OAC for Cutoff 
Frequency Control 
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4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC (continued) 

Some design guidelines: 

• The VFP pin should be left open. 
• Both the current source DAC and the voltage DAC 

should reference to VA for accuracy and tempera­
ture stability. 

• The reference bias current drawn from VA should 
be less than 2 rnA. 

• The current source output voltage compliance 
should be > 2.0 V. 

• The IFP current and the filter cutoff frequency are 
related as follows: 
fc (MHz) = 16.25 x IFP (rnA) x VR 

2.2 
IFP should be between 0.31 rnA to 0.8 rnA with 
VR = 2.2V. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1.884 x VBP I VR + 1) dB 

VCC~11· 
01 02 

O.01pf.l ~.1!1F 
~ -=-

VIN-~ 5 VIR 

VIN+~ 6 VIN 

7 VBP 

FBST. 8 FBST 

SSI32F8011 
Programmable Electronic Filter 

Application Note 

4.2 PROGRAMMABLE FILTER USING CUfJRENT, 
SINKDAC 

Figure 5 shows the setup schematic of the SSI32F8011 
using an extemal current sink DAC to control the filter's 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1. 
Some design guidelines: 

• Ax should be set to 9170. between VA and VFP. 
• Both the current source DAC and the voltage DAC 

should reference to VR for accuracy and tempera­
ture stability. 

• The total current drawn from VA should be less 
than 2mA. This includes the 0.8mA through Rx. 
Thus, the current sink DAC and the voltage DAC 
reference should not draw more than 1.2 rnA. 

• The current sink DAC output voltage compliance 
should be between 0.75V to 1.2V. 

• The IFP current and the cutoff frequency are 
related as follows: 
fc (MHz) = 13 - 16.25 x IFP (rnA) x VR 

2.2 
IFP should be between 0 mA to 0.49 rnA. 

FIGURE 5: The SSI 32F8011 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 
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programmable EleCtl'On:itt Pilie'r 

Application Note 
~6iW1992" 

INTRODUCTION The obJectives, ot ~his ap,plioation note are: " 

Analog filt~ring is a universal requirement in any signal 
processing system. ~ilter des~gn is now made easy 
with the programmable JilterfJ' from Silicon Systems 
Inc. Wh~therthe reqUirement is a fixedfilteririg charac­
terisUC . or a ,programma,ble r~sporise, this' family of 
prdgrammable filters offers diStinct advantages of de­
sign SimpUcitYA,.accuracy, verSahltY'~nd board space 
savings; Additional features; SUch as high fr.equency 
boost, differentiated outputs, are also available. This 
application note focuses on the SS132F8020A, cutoff 
frequency programmable from 1.5 - 8 MHz. 

VIN+ 
VIN-

YBP 

FBST 

IFI 

IFO 

• To present a de~r~tionof the .sSt 32F8020A 
• To discuss its applications 
• To present a typj~al tixedlesponse design 
• To present a programmable response ap}l)lication 

VOJ40,AM+ 
YO_NORM-

VO_OIFF+ 
VO_DIFF-

YR 

RX 

PWRON 

FIGURE 1: Block Diagram 

1.31703 2.951,39 __ ........ 5;:;:;.'!o;.70;,::3;.:,.;.4 ,_' _____ L_-.J 

$2+ 1.542035 + 2.95139 5 2+ 1.145585 + 5.37034 
INPUT 

5 2+ 1.68495$ + 1.31703 

Transfer FunCtion normalized for (t) = 2 n: Ic = 1 
AN and AD are adjusted for unity gain (0 dB) at f =; 0.,67 Ie' , 
Frequency scaling s = s 12 1t Ie . , 

FIGURE 2: TheSSI32F8020A Transfer Function 
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1.0 DESCRIPTION 

The SSI 32FS020A is a programmable 7-pole O.OS" 
equlripple low pass filter in a silicon bipolar integrated 
circuit. Figures 1 and 2 show the btock diagram and the 
filter transfer function. . 

The SSI 32F802-0A cutoff frequency and high fre­
quency boost can be independently controlled by two 
control signals. Two sets of filter outputs are available: 
normal low pass output and differentiated low pass 
output. As a 0.05° equiripple type filter, the filter outputs 
exhibit constant group delay beyond its cutoff fre­
quency. Furthermore, the delays through the normal 
output and the differentiated output are well matched. 

The Input and outputs of the 551 32FS020A are differ­
ential signals, requiring external ac coupling capaci­
tors. The glventransferfunction shows the relationship 
between the input and the two sets of outputs. The 
maximum input signal Is 2.0 Vpp differential. The 
differential input resistance is 4 1<0 (typ.). 

1.1 CUTOFF FREQUENCY CONTROL 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, is programmable from 1.5 -S 
MHz. It can be set by one of three methods: 

1) A resistor is connected between Rx and Ground. 
The IFO and IFI pins are shorted. This setting is 
only used for a fixed response design. The deSign 
equation for this resistor value is: 

Rx (kQ) = 10.00 / Ic (MHz) 

A design example is given in Section 3. 

2) A current source input can be fed into the IFI pin. 
With a current source digital-to-analog converter 
(DAC) , such as the DACF in the .551 32D4661 
Time Base Generator, this design allows a 
microcontroller to change the filter response dy­
namically. A resistor from Rx to Ground is needed 
to establish a bias current on the IFO pin. To 
achieve the highest accuracy and temperature 
stability, this bias current on the 'FO pin is used to 
reference the current source DAC. This bias cur­
rent should be set such that the maximum DAC 
output current is 0.6 rnA at room temperature. The 
design equations for Rx and the current source 
value are: 

Rx (1<0) = 0.7S / 'FO (rnA) at T = 27°q 

IFI (mA) = 0.075 x Ic (MHz) 

A design example is given in Section 4. 

. ,\ 

3) A current sink input can be fed into the IFI pin. With 
a current sink DAC, this design also allows a 
microcontroller to change the filter response dy­
namically. To achieve the highest accuracy ,and 
temperaturQ stability, the current sink DAC should 
be referenc~ to the proportional to absolute tem­
perature voltage at the Rx pin, nominally at 750 
mV. The DAC maximum sinking current should be 
at least 0.49 rnA. A resistor. from Rxto Ground is 
needed. The total current drawn from the Rx pin 
needs to be 0.6 rnA at room temperature. The 'FO 
and IFI pins are shorted. The design equations for 
Rx and this current sink value are: 

Rx (kQ) = 0.7S / ( 0.6 - IDAC Bias) (rnA) 

IFI (rnA) = 0.60 - 0.07S x Ic (MHz) 

A design example is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic input at the FBST pin. With FBST = '1' 
or open, the amount of high frequency boost, mea­
sured althe cutoff frequency, can be programmed from 
o to 9 dB by a voltage input at the VBP pin. External 
resistors can be used in for a fixed filter response. For 
a programmable high frequency boost, a voltage DAC, 
.such as the DACS in the 551 32D4661 , can be used to 
control the VBP pin. This input voltage should be made 
proportional to the reference voltage at the VR pin for 
accuracy and temperature stability. The deSign equa­
tion for this control voltage is: 

VBP = VR x (10"(FB/20) -1) / 1.SS4 

where FB is in dB. 

DeSign example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency Slightly higher than the .original cutoff fre­
quency. The effective pass band bandwidth is also 
wider. 

1.3 OTHER FEATURES OF THE SSI32FS020A 

The 551 32F8020A is ,a 7-pole O.Oso equiripple type 
filter. It features excellent constant group de1ay. The 
group delay variation from 0.2 Ic to 1. 7S Ic is less than 
±-2% mthe total fitter delay. Furthermore, the high 
frequency bQost. tunGtion does not affect the group 
delay variation. 
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In addition to "the,;.normal low pass output. the SSt 
32F8020A also provides a diffemntiated fow pass 
output of the input signal. The signal delay is well 
marChed to thenotMaJ()lIItput. . 

The SSI 32f~O~Pf. provi~,~a temperature compen­
s~~(trefe"'c.,·voJtage;'·\/pft . and a li»fqPQ.rtio~FlI tQ 
absolUte temperature voaage. Ax. fOT tne' CAe ~e'er­
ences. The JUter c:l#toff frequenqy should be referE~nced 
to the currerit at the.IRx ·pin. The high freqJJeney bo9st 
oori.rol s~ould 'b~. referenced to the vOltage at the VR 
pin. ' 

The SS132F8020A can ~e switched 'into a sleep mode, 
dissipating less than 2.SmW, by a TTL low level input 
at the PWRON pin. 

Three package options are available for. the SSI' 
32F8020A: 16-pin DIP, 16-pin SOL>and16-pin SON. 
The small feature size of the . 16-pin . SON package 
offers significant board sp~ce saving. 

2.0 'APPLICATIONS 

A programmable fHter is a versatile component.in any 
signal processing system. Some areas of applications 
include fixed response fUterin",. variable Qata rate pro­
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8020A offers a simple-to-use solution. The once 

Va; ~ 1 1 • 
C1 C2 

0.0111~ J-D.1I1F 

1 N/C 

C3 
VO_NORM- M 2 VO_NORM-

C4 
3 VO_NORM+ VO_NORM+ ~ 

4 VCC 

VIN-~ 
VIN+~ 6 VIN+ 

7 VBP 

FBST • a FBST 

SSf,32Aa021~! 

Programmable.:elactroDre'"lte' 

Application Note 

complex design of\Cutofffr,que1,T.cyort1i1a99~t~qual­
izalion is now rendered to simpl ... resist~c~lcula­
tions. The narrow 16-pin small otitline package offers 
significant:looard space eeonomy. 

In v~ria~1~data r~"pr~CeSSIt19, a.p'~grarnmabtefilter 
~anb~.u~to. pr>t!MiZ~ baftdWidthai'rdsignar-to"noi~~ 
tradeOff. Oneap~lrcation is cohstantdl!nstly recorBliig 
for ;htgh:!capacity storage prodJetS:' As tt1$ data· rate 
increases from the innertracks toth~outer!t(acf(s.tfle 
filter ct.Itoff,frequ~ 'can be, ,caJed ·8ccordinflJ~· .to 
maximize signal-to-noise performance. The higlt'ffe,:, 
quency boost function proviQf3S Pl!lse Slimming for 
accurate pulse detection. . . 

A progr~mmable filter offers a revolutionary approach 
to adaptive equalization. In Signal transmission appli­
cations, an equalization filter is us-edto combat channel 
distortioo:Themagnitude of char1mel distortierr,is often 
not known a priori. Adaptive equalization cani(1j~nami­
cally snape tli1e equfilization (unction.\Withan apPIZCl>pri­
ate external adaptive sensing function, the cutP.~f fre­
quency and the high frequency bOO$! Qf ttte .. SSI 
32F8020A can be dYnamically programmed through 
r1IfcF'oprocessor control: 

VO_DIFF+ 
16 

C7 ~ VO_DIFF+ 

VO_DIFF-
15 caM • VO_DlfF- . 

PWRON 
14 

VR 
13 

RX 
12 

IFO 11 

IFI 10 

GND 9 

32F8020A 

FIGURE 3: The 32F8020A Setup as a Fixed'ReSponse Filler 
12-Y3 • 
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3.0 .' FIXED'RESPONSE DESIGN 
PROCEDURE 

·This section suggestS'some design guidelines to apply 
the SSI32F8020A as a fixed response filter. Figure 3 
shows the design schematic. Ax determines the filter's 
cut~ freql,4ency, defined as the -3 dB frequency with 
no boost. The ratio of AB1 and AB2 determines ,the 
amount pf high fr~quency boost. 

Given fc, cutoff frequency in MHz, and FB, high 
frequency boost In dB: 

• Rx can be calculated, as given in Section 1. 
Ax (1<0) = 10 .. 00 1 Ic (MHz) 

4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guideUnes to apply 
the ~S132F8020A as a programmable filter. The high 
frequency boost can be ,controlled by a voltage DAe 
driving the VBP pin. The VBP voltage should be be­
tween 0 and VA. The cutoff frequency can be con­
trolled by a current DAe. The application setup for 
using a current source DAe is different from the one 
using a current sink DAe. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC 

Voltage across Ax is 0.75V, and is proportional to 
the absolute temperature. 

Figure4showsthesetupschematicoftheSSI32F8020 
using an external current source DAC to control the 
filter's cutoff frequency. ' 

Ax should be between 1.25 kO to 6.67 kn, i.e., Ic 
between 1.5 MHz to 8 MHz. 

• Aa1/RB2 sets FB, and can be determined as 
follows: 
AB1 1 RB2 = 1.8841 (10"( FB 120 ) - 1) - 1 

• Total current drawn out of the VA pin should be 
limited to 2 rnA max. Thus, AB1 and AB2 should be 
designed accordingly. 

• The IFO and IFI pins are shorted together. 

1 NlC VO_DIFF+ 
C3 

VO_NORM· H 2 VO_NORM- VO_DIFF-
C4 

VO_NORM+ ~ PWRON 

+5V VR 

VIN-~ RX 

16 

15 

14 

13 

12 

VIN+~ .6 VIN+ IFO 11 

7 VBP IFI 10 

8 FBST GND 9 

32F802OA 

Some design guidelines: 

• The current source DAe should be referenced to 
the IFO current. The voltage DAe should refer­
ence to VA. 

• The reference bias current drawn from VA should 
be less than 2 mAo 

• The I FO current biases the cu rrent source DAC for 
0.6 mA maximum output at room temperature. 

C7 ~ VO_DIFF+ 

C8H • VO_DIFF-

~PWRON 

Rx 

CURRENT SOURCE 
DAC 

fIGURE 4~ 'The'SSI 32F8020A Setup SchematiC Using a CUnent SOurce DAC forQltoff 
Frequency Control , 
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4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC (continued) 

• The Rx resistor determines the IFO current. 

Rx (kQ) = 0.75/10AC Bias (mA) 
• The current source output voltage compliance 

should be between 0 to 2.SV. 

• The IFI current and the filter cutoff frequency are 
related as follows: 

Ic (MHz) = 13.33 x IFI (rnA) 

IFI should be between 0.11 rnA to 0.6 rnA at room 
temperature. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1.884 x VBP I VR + 1) dB 

4.2 PROGRAMMABLE FILTER USING 
CURRENT SINK DAC 

Figure 5 shows the setup schematic of the SSI32F8020 
using an external current sink OAC to control the filter's 

VCC~11· 
C1 C2 

O.01/lF T T O.1p.F 

SSI32F8020A 
Programmable Electronic Filter 

Application Note 

cutoff frequency. The high frequency boost C&flt~ 
the same as in Section 4.1. 

Some design guidelines: 

• The current sink OAC should reference to the 
voltage at the Rx pin. 

The voltage OAC should reference to VA. 

• The IFO and IFI pins are shorted. 
• The total current drawn from VR should be less 

than 2 mAo 

The total current drawn from the Rx pin should be 
0.6mA. 

Rx (kQ) = 0.75/ ( 0.6 - IOAC Bias) (mA) 
• The current sink OAC output voltage compliance 

should be between 0 to 2.5V. 

• The IFI current and the cutoff frequency are related 
as follows: 

Ic (MHz) = 8 - 13.33 x IFI (mA) 

IFI should be between 0 mA to 0.49 mAo 

1 NlC VO_DIFF+ ~1_6 __ C--f7 H VO_DIFF+ 

VO_NORM- ~1--_---f2 VO_NORM- VO_DIFF- 15 C8 H VO_DlFF-

VO_NORM+ ~ 3 VO_NORM+ PWRON 14 • PWRON 

VIN-~ 5 VIN-

VIN+ ~ 6 ~IN+ 

VR~1~3 ________________________ -, 

32F8020A 

CURRENT 
SINK DAC 

FIGURE 5: The SSI 32F8020A Setup Schematic Using a Current Sink DAC for Cutoff 
Frequency Control 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 
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INTRODUCTION 
, ,: r1 ,'i" ,,", 

A, ,nalog filtering is,, u,nJv~,r$, ,a,f ~qUjremen, 'f i~ ~rw, ,Signal 
proce~s,ingSY$te,m.' r.Uttr , desiQn ~s . .nP)Y~ ~~tf~~easy 
wfth tl1,e plogf~mlDab~fift~rs ~mS~!~rr$Ystems 
I~C., ~hetlter il1~ a " fil.ril i~' a fixe~1'1t'~h'f~ char-
aHferisfic or a,J~n , " , ~~ r~pcmse:thiS'1amily of 
prograrryfY)8bl~'fllfers bffer~~is.nct ad~an~ase~ of de­
sign '$i.mp1icity, accotaqy~. versatility'Sttd board,~ace 
savings. Additional features, stJch' as htgh rr~quency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI ; 32FSf>SO, cutoff 
frequency programm~ble from 250 kHz - 2.5 MHz. 

¥IN~ 

VIN· 

vap 
IFP 

VFP 

FBST 

SSll;seW80r30 
~agraMmabt~ -:eledtrCJnlo "P,ihe"r 

~'!"".' "·DeCem8b.1~9~ 

The.q~~~Ftive"Of:th's applicatiq~.rtQi!e a~.;; ': 
• ::TOrpre§~At a d~sQrdptionof the, SS132F803.0, 

• To discuss its applications: , , /' . I, ' 

•• < To p,es~ ,a tv-pical fixed respo,ns;e d~si~,! 
',.' TopresentaprograrnmaJ:ilerespomseapplication 

,( . 
")(.11, ,I, " 

i"' , 

vo:...,NORM+ " 
VO_NORMi. 

fiGURE 1:' Block Diagram 

INPUT _-I_~_+~1.~:S1:.:.:70::.3 __ 
8'+ 1.684~~+,1.317o.s ' , 

-, lran~ferFunction nGrmalizec:tfOl (0 =2: 2t Ie = ..... J 

-.,-.~--"I"""""-~~ AN::~d AD ate ,djl,l~ted for unily gain '9\dB~ at f~T,O.61 Ie, 
Frequency scaling s = s 12 2t Ie . ., 

;. 
fiGURE!! Th".SI32F8030 Transfer function 

, ';.' , ~ '. 

12-7'7 
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1.0 DESCRIPTION 
The SSI 32F8030 is ~ programmable 7-pole 0.050, 
Equiripple low pass filter in a silicon bipolar integrated 
circuit. Figures 1 and 2 show t"e block diagram and the 
filter transfer function. 

The SSI32F8030 cutoff frequency and high frequency 
boost can'be independent4y controHed by two control 
signals. Two sets of filter outputs are available: normal 
low pass output and differentiated low pass output. As 
a 0.05° Equlripple type filter, the filter outputs exhibit 
constant group delay beyond the pass band. Further­
more, the delays through the normal output and the 
differentiated output are well matched. 

The II'1JUl and outputs of the SSI 32F8030 are differential 
signals, requiring external AC coupling capacitors. The 
given transfer function shows the relationship between 
the input and the two sets of outputs .. The maximum 
input signal Is at least 1.0 Vpp differential, witbdifferen­
tial input resistance 4 kn typical. 

1.1 CUTOFF F~EQUENCY PROGRAMMING 

The cutoff frequency, defined to be the -3 dB corner 
frequency with no boost, can be programmed between 
250 kHz - 2.5 MHz. It can be set by oneofthree method$: 

• A resistor can be inserted between the VR and the 
VFP pins. This setting is only used for a fixed 
response design. The IFP pin should be left open. 
The design equation for this resistor value is: 

Ax (1<0) = 2.292 1 Ic (MHz) , 

A design example is given in Section 4. 

• A current source input can be fed Into the IFP pin. 
The VFP pin should be left open. A currentsource 
dlgital-to-analog converter (DAC), such as the 
DACF in theSS132D4661 Time Base Generator. 
allows a microcontroller to change the filter re­
sponse dynamically. To achieve the highest ac­
curacy and temperature stability, the current 
source DAC should be referenced to the tempera-

: ture compe.nsated reference voltage· at the VA . 
pin. The design equation forthls current source 
value is: 

IFP (mA) = 0.320 x Ic (MHz) 

A design example is given in Section 4. 

• A current sink input can be fed into the IFP pin. A 
9170 ,resistQr sh~vld be placed across the VA 
and the VFP pins. With a current sink DAC, this 
design also allows a microcontrollertochange the 
filter re~ponse dynar;nically. To achieve the high­
est accuracy and terriperaJJ,lre stability, the cur­
rent sink DAC should.be referenced to the tem­
perature compensated refer~nce voltage at the 
VR pin. The design equation tor this current sink 
value is: 

IFP (mA) = 0.320 x (2.5 - Ic) (MHz) 

A design example Is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnitude equalization 
applications. This functiOn can be enabled or disabled 
by a TIL logic input at the FBST pin. With FBST = '1' or 
ope~, the amount of high frequency boost measured at 
the cutoff frequency can be prOgrammed from 0 to 9 dB 
by a voltage Input at the VBP pin. External resistors can 
be designed in for a fixed filter response. For a program­
mabie high frequency boost, a voltage DAC, such as the 
DACS In the SSI 32D4661 Time Base Generator, can 
be usedtocontrolthe VBP pin. This input voltage should 
be made proportional to the reference voltage at the VA 
pin for accuracy and temperature stability.The design 
equation for this control voltage is: 

VBP= VA x (10"(FB/20) -1)/1.884 where FBisindB. 

Design example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency Slightly higher than the original cutoff fre­
quency. The effective pass band bandwidth is wider. 

1.3 OTHER FEATURES OF THE SSI32F8030 

TheSSI32F8030 isa 7-pole 0.05~ Equirlpple filter. It 
features exceilent consta!')t grOUp delay. The group 
delay variation from 0.2 Icto Ic is less than 2%of mean 
groupdelay .... -Furthermore. the high frequency boost 
function do~(oot affect the group delay variation. 

In' addition to the normal tow pass output, the SSI 
:S2F80S0 alsoPfovides a differentiated low pass output 
of the input signal. The signal delay is well matched to 
the normal output. 

'"2-78 
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~ The SSI32F8030provides ~a te,mper$,Ore compen­
sated reference vo~ge, VR, fortherrQ~Cr~ferences_ 
Because the internaffl~tercontrol circuitry)s referenced 
to VR, the control curr.enl for filter cutofUtequency and 
co~rOI voltage for highfr.equency boGst' should be 
referer1cedto VA. " >" 

The sst ~F8OS0 can be switcttecf into a sleep mode, 
dlsslpafmg < 5 mW, by a TTL inJ?UI at PWRON. 

Three package options . are . available for the SSI 
32F8030: 16-pin DIP, 16-pln SOL and 16-pin SON. 
The small feature 'size ·of· the 16-pin SON package 
offers significant board space saving. . 

2.0 APPLICATIONS· 
A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro­
cessing and adaptive equalization. 

For fixed response fittering appfications,the'SSI 
32F8030 offers a simple-to-use solution. The once 
complex design of cutofffrequency or magnitude equal­
ization is now rendered to simple resistance calcula­
tion. The narrow 16-pin small outline package offers 
significant board space economy. 

VCC~ 1 1 • 
C1 C2 

O.01j.L~ ~.1j.LF 

S81" 3'2JfBOaO 
Programm'a;ble :Eleetron-ic finter 

In variable data rateilFQcesSing,.il programmable fDter 
can be used to optimize bandwidth ang signaHo-noise 
tradeoff. One application is consfant density recording 
for high capacity storageprod,ucts~ As' ttle . "ata rate 
increases from the inner tracks t9!M1e Quter trflcks, the 
filter cutoff frequency can be sCaled accordingly' to 
maximize Dte:~gJl1af..;to-noise pei!formanee. The high 
frequency boost function provides pulse slimming for 
accurate pulse detection. 

Programmable fiJter off,ers a revolutionary approach to 
adaptive equalization. In signal transmission applica­
tions, an equalization filter is used to combat channel 
distortion. The magnitude of channel distortion is olten 
not known a priori. Adaptive equalization can dynami­
cally shape the equalization function. With an appropri­
ate external adaptive, sensing function, the cutoff fr~­
quency and the bighfrequencyboostefthe SS.~2<f8030 
can be dynamically programmedthfougha mi0Fopro­
cessor control. 

3.0 FIXED RESPONSE DESJGN 
PROCEDUr::IE 

This section suggests some design guidelines to apply 
the SSI 32F8030 as 'a' fixed response filter. Figure 3: 
shows the design schematic. Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with' 
no boost. The ratio of RB1 and RB2 determines the 
amount of high frequency boost. 

1 GND1 VO_DIFF+ 1-1_6 --
07-tH VO_DIFF+ 

VO_NORM- ~1---_---I2 VO_NORM- VO_DIFF- 15 08 H VO_DIFF-

VO_NORM+ ~ 3 VO_NORM+ PWRON 1-14 ___ --< 

VR 13 

VIN- ~I-------I 
VIN+ ~ 6 VIN+ 

7 VBP 

32F8030 

FIGURE 3: The 32F8030 Setup as a Fixed Response Filter 
12-19 • 
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3.0 . FIXED RESPONSE DESIGN 
PROCEDURE (continued) 

Given fc, cutoff frequency in MHz, and FB, high 
frequency boost in dB: 

• Rx can be calculated, as given in Section 1. 
Rx(kn) = 2;292 tfc (MHz) 
Voltage across Rx is 0.33 VA. The current through 
Rx is 0.33 (VR I Rx). 
Rx should be·between 9170 to 9.17 kn, i.e., fc 
between 250 kHz to 2.5 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 
RB1 I RB2 = 1.8841 (101\( FB 120 ) - 1) - 1 

• Total current drawn out of the VR pin should be 
limited to 2 mAmax. Thus, RB1 and RB2 should be 
designed accordingly. 

• The IFP pin should be left open. 

Va; ~ 1 1 ' • 
. C1 C2 

O.01jiF T T O.1jiF 

1 GND1 VO_DIFF+ 

C3 
VO_NORM- H 2 VO_NORM- VO_DIFF-

C4 
3 VO_NORM+ VO_NORM+ ~ PWRON 

VIN-~ VIN-

VIN+~ 6 VIN+ 

7 VBP VFP 

8 FBST 

32F8030 

4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

. ' 

This section sugge$ts some design guidelines to apply 
the SSI 32F8~0 as a programmable filter. The. high 
frequency boost can be controlled by a voltage CAe 
driving the VBP pin. The VBP voltage should be be­
tween 0 and VA. The cutoff frequency can be con­
trolled by a CUrrEmt CAe. The application setup for 
using a current source CAe is different from the one 
using a current sink CAe. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR-
RENT SOURCE DAC 

Figure 4 shows the setup schematic of the SSI32F8030 
using an external current source DAC to control the 
filter's cutoff frequency. 

16 
C7 M VO_DIFF+ 

15 C8H • VO_DIFF-

14 

10 

FIGURE 4: The SSI32F8030 Setup Schematic Using a Current Source DAC for Cutoff 
Frequency Control 
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Design guidelines for the SSI 32FS030: 

• The VFP pin should be left open. 

• Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera­
ture stability. 

• The reference bias current drawn from VR should 
be less than 2 rnA. 

• The current source output voltage compliance 
should be between 1.3V to 2.1 V. 

• The IFP current and the filter cutoff frequency are 
related as follows: 

Ic (MHz) = 3.125 x IFP (rnA) 

IFP should be between O.OS rnA to O.S rnA. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1.SS4 x VBP / VR + 1) dB 

VCC~ 1 1 .-
C1 C2 

O.01~ + -J.?1j1f 

1 GND1 VO_DIFF+ 

-=- 2 VO_NORM+ VO_DIFF-

3 VO_NORM- PWRON 

16 

15 

14 

SSI32F8030 
Programmable Electronic Filter 

4.2 PROGRAMMABLE FILTER USING CURR£NT 
SINK DAC 

Figure 5 shows the setup schematic of the SSI32FS030 
using an external current sink DAC to control the filter's 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1. 

Some design guidelines: 

• Rx should be set to 9170 between VR and VFP. 
• Both the current source DAC and the voltage DAC 

should reference to VR for accuracy and tempera­
ture stability. 

• The total current drawn from VR should be less 
than 2 rnA. This includes the O.S rnA through Rx. 
Thus, the current sink DAC and the voltage DAC 
reference should not draw more than 1 .2 rnA. 

• The current sink DAC output vo~age compliance 
should be between 0.S5V to 1.6V. 

• The IFP current and the cutoff frequency are 
related as follows: 
Ic (MHz) = 2.5 - 3.125 x IFP (rnA) 
IFP should be between 0 rnA to 0.72 rnA. 

C7 H VO_DIFF+ 

C8H • VO_DIFF-

• PWRON 

FIGURE 5: The SSI 32FS030 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 573-6000, FAX (714) 573-6914 • 
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Glossary 

~K -"Acknowledge"chara6t~. A transmission control 
character transmitted by a Station as an affirmative 
response to the station with which a connection has 
been set up. An acknowledge cha~acter may also be 
used as ~n accuracy oontrof CharaCter'. ' 

_, I ~. , 

~~OUSTIC c.c;>U~~ER - A tYPtt of Iow-sp,~ modem 
Interfa..ce. freqtJentl~ used with pOt'labl~ f*rfiinals'. It 
sendt; and receives data using a conventiOnal tele­
phone handset and does not require an eledrlcal con-
nection to the line. ' , 

ADAPTIVE DIFFERENTIAL PULSE CODE MODU­
LATION (ADPCM) - An encoding technique, standard­
ized by the CCITT, that allows an analog voice conver­
sation to be carried within a 32K bf!)s digital channel. 
Three or four bits are use'd to describe each sample, 
which represents the difference between two adjacent 
samples. Sampling. is dane 8,000 times per second .. 

A\..GOI:t111'lM -A prescribed set olwell-defined rules fOr 
the solution of a problem in a finite numberOf,steps, e.g., 
A full statement of an arithmetic procedure;:Yor evaluat­
ing sine x to a stat~d precision. 

AMPLITUDe ... Magnitude or size. 'In waveforms or 
signals occurring in a data transmission, a complete 
definition CSf the wave~orrn'can be made'tf'the voltage 
level is known at a1Itirnes'; In this ease, the voltage revel 
is' called the amplitude. . 

AMPLITUDE MODULATION - Method of modifying the 
amplitude of a sine wave signal in order to encode 
information. . \ 

ANALOG LOOPBACK - A technique used for testing 
transmission equipment that isolates faults to the ana­
log signal receiving or transmltting cIrcuitry. Basically, 
where a device, such as a modem, echoes back a 
received (t9st).' sigHai that is then c~pared with the 
original signal'., '. " 

ANSWERBACK - A reply message from a terminal that 
v~rifies that the 'Correct terminal has beel')J~ached aQd 
that it is operational. .. ' ' 

AI'PUCATION LAYER -The.top,of the seven",layerOSI 
model, generally regarded as offering an interface to. 
and largely ~efifled.bYflthe network use{; lin.la,M's SNA, 
the end-user layer.· '. , .. . ' 

ASCI"., AmeriClnStandardCode:for Information Inter­
change. A 7·bit binary code thatQ.efines 1 ~8 standard 
characters for use in data communications. 

ASYNCHRONOUS - Occurring without ~ .regular or 
predictable time lelationshipto a specified\event. e.g., 
The transmission of characters one at a time as they are 
keyed. Contrast with synchronous. 

ASYNCHRONOUS ,TRANSMISSION - Transmission 
in which each information character, or sometimes each 
word or smaH block, is individually $ynchronizec:t, usu­
ally by the use of start and stop elements. Also called 
start-stop O,r characte, asynchronQUS ttransmission.. . 

ATTENUATION -,A decrease iritl1EtPQMV8J' of· a current, 
voltage, or Power of·.a re;ceivedsignal in transmission 
betwe,n points because O,f loss ;through line;;. equip­
ment or otherlransmissjo.o devices .. UsuaUV l1I\easured 
in decibels. 

AUT~NSWER - Automatic answertnQ; the capabiiity 
of a terminal,1'llOdem, c()rnputer, or a similar device to 
respond to an incoming Gall on a dial-up telephone line, 
and to establish a data connection with a remote device 
without operator intervention. 

AUTOBAUD - The generally used term for automati­
cally detecting the bit rate of a start/stop (character 
asynchronous) communication ~ormat by measuring 
the length of the start bit of· the first character transmit­
ted: Some modems extend this to additionally deter­
mine the parity in use by stipulating that the first two 
characters from t~e, DlF Should be "A r'. The. ~ord 
autobaud comes from a popular misuse of baud rate to 
mean the same as bit rate. 

~NA,LOG SI,GNAL -Si9,nal in the form Of a;conttnuously 
varyl"gp~ysiealquantitysuChasvoltage,whichreflects AUTOOIAL. Autqrnati~ dialing;'the capabUityof a 
val'lations in some quantity. te!minal, modem, co~uter,.or a sllTlilar device to place 

~. cAlf over the switched .. Jephone r)etwo~, and estab­
.lish· a conr:t~ction witl10ut pp'~rator intervention .. ANSI'- Arner.lcan Naiional"Standarcts Institute. A highly 

active group affi6ate~\with the Internatldnal StandardS 
Organization (ISO) that prepares and establishes stan­
dards for transmission codes (e.g., ASCII~, protocOls 
(e.g., ADCCP), media (tap'e and diskette), and high 
level languages (e.g., Fortran and Cobol), among other 
things. 

AUTOMATIC DIALER, .. 'oRAUTODIALER - Device 
which allows the user to dial preprogrammed numbers 
simply by pushing a single button . 
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, ;,.jPJNhich-ijle signal carrying the binary value success­
~. fr1JJV alternates between positive and negative polari­

ties. Zero and one values. are represented by the Signal 
amplitude at either polarity, while no-value "spaces ..... : •• ,. 
at zero amplitude. 2) A type of integrated circuit(tCm 

BANDPASS FILTER· A'circuit desiofl'ed to allow a 
sihgle band Offreqdencies to pass; neither of thecut.oOff 

semiconductor) that uses NPN, PNP, and junCtio'n 
FET's as the primary active ~(ievices, as opposed~o 
CMOS, which uses MOS fET's~ See Alternate Mark 

frequencies can be zero or infinite. . 

BANDWIDTH· 1) the'range of frequencies that can 
pas~over a given circuit. The bandwidth determines the 
rate at Which information can be transmitted through the 
circuit. The greater the bandwidth, the more information 
that can be sent through the circuit in a given amount of 
time. 2) Difference, expressed in hertz (Hz), between 
the highest and lowest frequencies of a transmission 
channel. 

Inversion. ' 

BIT - The smallest unil of information used in ,data 
processing. It is a contraction of the words "binary digit." 

Bit ERR.OFilRATE (BER) • In data"communications 
testing, the ratio between the total number of bits 
transmitted in a given message, and the number of bRs 
in that message received in error; a measure of the 
quality of a data transmission. 

BASEBAND· Pertaining or referring to a signal in its 
original fdrm and not changed by modulation. A 
baseband signal can be analog or digital. 

BITS PER SECOND (BIT/S) - Basic unit of measure for 
BASEBAND SIGNALING -Transmission of a digital or serial data tr~nsmission capacity; KbiVs, or I<ilobits, for 
analog signal at its original frequencies, i.e., a signal in thousands of bits per second; MbiVs, or megabit/s,for 
its original form, not changed by modulation; can be an millions of bits per second, etc. 
analog or digital signal. 

BAUD • A measure of data rate, often misused to 
denote bits per second. A baud is equal to the number 
of discrete conditions or signal events per second. 
There is disagreement over the appropriate use of this 
word, since at speeds above 2400 bit/s, the baud rate 
does not always equal the data rate in bits per second. 

BELLCORE - Bell Communications Research; organi­
zation established by the AT&T divestiture, represent­
ing and funded by the BOCs and RBOCs, for the 
purposes of establishing telephone network standards 
and interfaces; includes much of former Bell Labs. 

BOC - Bell Operating Company. One of 22 local tele­
phone companies spun off from AT&T as a result of 
divestiture. The 22 operating companies are divided 
into seven regions and are held by seven RBHes 
(Regional Bell Holding Company). 

BROADBAND - Referring or pertaining to an analog 
circuit that provides more bandwidth than a voice grade 
telephone line, i.e., a circuit that operates at a frequency 
of 20 kHz or greater. Broadband channels are used for 
high-speed voice and data communications, radio and 
television broadcasting, some local area data networks, 
and many other services. Also called wideband. 

BERT - Bit Error Rate Test. A test conducted by BUFFER-Astoragemediumordeviceusedforholding 
transmitting a known, pattern of bits (commonly 63, one or more blocks of data to compensate for a differ-
511, or 2047 bits In length), comparing the pattern enceinrateofdataflow,ortimeofoccurrenceofevents, 
received with the pattern transmitted, and counting the when transmitting data from one device to another. 
number of bits received in error. Also see bit error rate. 
Contrast with BLERT. BUS - 1) Physical transmission path or channel. Typi-

cally an electrical connection, with one or more.conduc­
BINARY ~DE -Representation of quantities expressed tors, wherein all attached devicel:l receive all trans mis­
in the base-2 number systE!m. sions at the same time. Local network topQlogy. such as 

used in Ethernet and the token bus, where all network 
BINARY SYNCHRONOUS COMMUNICATIONS - A nodes listen t~ al~ trc;lOsmi~ions, selecting certain o~s 
half-duplex, character-oriented data' communications ba$ed on address idQntific~tion.ln~qlvessome type of 
protocoloriQinated'by ISM in 19~. It incllJdescontrol contention-control mechanism for accessing.,the bus 
characters and procedures for contrdllrng theestab1ish- transmission medium. In data communiCations, a net­
mentof'avalidconnectionandthetransferofdata.Also work topology in which stations are arranged along a 
called bisync ~n~ BSC. ~lthou91l.still enjoying wide- line~r me<Jium~e~g",a length QfG~bJEt).,~) In computer 
~p"a~. usage, it' is beingteplac~ by IBM's mdre ar~hitec.tu~~, a patl10yer which;tnformationtravels 
effib~ protocol, SDLC. ' ,.1, int~nany am9ng. variQus qomponents of a.system. ~ . 

. " · 'i:·.' 

BIPOLAR - 1) The predominant signaling method used BYTE -<;3roupof b~s handled as a 199icaluni~; us~ally ~.' 
for digital transmission services, such as DDS and T1 , 
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.' CIRCUIT; 1iWQi"iWIRE -AcircuitlorrrledbytwO<COIiJ{i!l!JC­
tors insulat_ frotrieachother1bat oanbe used as either 
a one;.;wS'y· or·twolo\Vsy transmission patb. 

CABLE - Assembly ofoneormoreC0rtgllctors within.a 
pro.tectiye sheath; constrocted 10 anow.the use of con- CLOCK - In logic or transmission, repetitive, precisely 
dUCfors,.separ~~~~or in 'groups., timed signal usedto contlo1ia~ynchfEYnCUS'prooess . 

CALL PROGRESS DETECTION (CPD) - A technique 
for monitoring the connection status during initiation of 
a telephone callby..deteeJJng .pre$,en~ find/or duty 
cYQle of call progress signaling tones $uchasdial-tone 
oftnlsy signhlS commonly used in the telephone riet-
~oi'k: ,.,',! 

.. ""." " .. 

. , 

CMOS - Complementafy Metal-Oxide Semioonduotor. 
A type of transistor, typicallly used in tow-power inte" 
grated circuits: 

COAXIAl OMJUi .; Cabte conslstiQI 'of. illl outer 
conductor surroundinglln inner'conductol, wittta fayer 
of insulating material in between; Suoh oable can carry 

C~L PROGRESS TONES - Audible signals returned a much higher bandwidth than a wire pair. 
to the. station user. by the switching equipment to indi-
cate the status of a call; dial tones and busY'signals are CPE - Customer Premises Equipment 
common examples. 

CCITT -Comite Consultatif International de Telephonie 
et de Telegraphie. Telegraph and Telephone Consul­
tive Committee. An advisory committee to the Interna­
tional Telecommunications Union (ITU) whose recom­
mendations covering telephony and telegraphy have 
international influence among telecommunications en­
gineers, manufacturers, and administrators. 

CENTRAL OFFICE (CO) - See Ex-change 

CHAtfNEL BANK ~ Equipment typically used in a tele­
phone central office'that performsrnultiplexirrg of lower 
'speed, digital channels., into a higher speed compoSite 
channel. The channel bank also detects and transmits 
signalinginfor1liation for each channel, and transmftf5 
framing infQrma.ion so that time slots allocated to each 
channe' can be identitied'by the receiver. 

CHANNEL SERVICE UNIT (CSU) - A component of 
customer premises equipment (CPE) used to terminate 
a digital circuit, such as DOS or T1 at the customer site; 
performs certain line-conditioning functions, ensures 
network compliance per FCC rules and responds to 
loopback commands from central office; also, ensures 
proper ones density in tran~tnitted bit stream and per­
forms bipolar violation correction. . . 

CHANNEL, VOICE GRADE - Channel suitable for 
transmissio~ of speech, analog data, or faCSimile, gen­
erally with a frequency range of about 300 to 3000 Hz. 

CROSSPOINT. - 1) Switching array element in an 
exchange that!can be mechanical or electronic. 2) 'two­
state semiconductor switching device having a low 
transmission system impedance in one state and a "err 
high one in the other. 

CROSSTALK -, Interference or an unwaf\ted. signal 
from one traflsmissioR~cjrcuit detected . on. another, 
usually an adjacent circuit. 

CYCLIC REDUNDANCY CHECK (CRC) - A powerful 
error detection technique. Using a jttOJynomial, a series 
of two 8-bit block check characters are generated that 
represent the entire' block of data. The block cheek 
characters are incorporated·into tbetrahsmissionframe~ 
then checked at the receiving end. 

II' 
DATA COMMUNICATIONS EQUIPMENT (DCE) -
Equipment that performs the functions required to con­
nect data terminal equipment (OTE) to the data circuit. 
In a communications link, equipment that is either part 
of the network, an access-point to .the network, a 
network node, or eqyipment at which a network circuit 
terminates; in the case of an RS-232Ccpnnection, the 
modem is usually regarded as DC~\ while. the user 
device js OTE.l)r data terminalequlPmeRt; in a CCITT 
X.2S connection, the network access and packet~ 
switching node is viewed as the DCE. 

CHARAC:t".ER - Lett~r, figure, number, punctuation, or DATA LINK - Any serial data, communications trans­
other symbol CQntained in the m.essage. In data com- missionpathigen~rallybetweentwoadjacentnodesor 
munication, Co,minon characters flJ'e defjn~d by 7 ~ or 8- devtces and without any intermediate switching nodes. 
bit binary codes, such 'as ASCII. . ' .' . " . 

DATA SET - A synonym for modem used bY·AT&T and 
CHIP - A commonly used term which refers to an a few other vendors. . 
integrated ciruit. 
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DAll';A.S_~10E'tJN:lfl('DSUl- Adevi6~\,tharrepta~es DIP - Dual-ln~Line Package. Method of packagin~f1f~9i 
8fiQf1Iemon a Digital DataServite (D6S) line).' The data troniccomponents for mounting on printed circuit ~~~ 
service unit regenerateMhedigitaJ signalS'for1ransmis .. 
sion over digital facilities. 

,., 

DATA TERMINAL E!OUIPMENT (DTE) - Equipment 
which is attached to a network to send or receive data, 
generany end-user devices, such as terminals and 
computers, that connect to DCE, which either generate 
or receive the data carried by the network; in RS-232C 
connections, designation as either DTE or DCE deter­
mines signaling vole in handshakin~; in a CCITT X.25 
interface, the device or equipment that manages the 
interface at the user premises; see DeE. 

dB - Decibel; unit for measuring relative strength of a 
signal parameter SUCh as power, voltage, etc. The 
number of decibels is twenty times the logarithm (base 
10) of the ratio of the power of two signals, or ratio of the 
power of one signal to a reference level. 

dBm - Decibels relative to one milliwatt. 

DDS - 1) Digital Data Service. A digital transmission 
service supporting speeds upto 66 Kbitls. 2) Dataphone 
Digital Service. An AT&T leased line service offering 
digital transmission at speeds ranging from 2400 to 
56 Kbitls. 

DELAY DISTORTION -The change in a signal,from the 
transmitting end to the receiving end resulting from the 
tendency of some frequency components within a 
channel to take longer to be propagated than others. 

DIAL·UP -The process of, or the equipment or facilities 
involved in, establishing a temporary connection via the 
switched telephone network. 

DIAL TONE (DT) - Signal sent to an operator or sub­
scriber indicating that the switch is ready to receive dial 
pulses. 

DIGITAL - Referring to communications procedures, 
techniques, and equipment whereby information is en­
coded as either binary "1" or "0"; the representation of 
information· in discrete binary form, i discontinuous in 
time, as opposedt01he analog representation of infor­
mation in variable, but continuous, waveforms. 

DIGITAL LOOPBACK - A technique for testing the 
digital processing circuitry of a commullicatlons device. 
It may be' initiated locally, or remotely via a telecomrnu­
nicationscircuit. The device being tested will echo back 
a received test message, after first decoding and then 
re-encoding it; the results of which are compared with 
the original message. ' 

DISTORTION~~, The modification of the waveform or 
shape of a slQria.1 ~used by Qutsip;e interference or by 
imperfections of the transmission syst~m. Mosfforl11sof 
distortion are the result of the characteristics of the 
transmission system to the different frequency compo­
nents. 

DOTTING, DOUBLE DOTTING, PATTERN - The term 
"dotting" was coined by Bell to describe a data pattern 
consisting of alternate marks and spaces. The CCITT 
uses the full description of "alternating binary ones and 
zeros" on first needing this idea in a recommendation, 
but then abbreviate this to "reversals." By extrapolation, 
"double dotting" has come into use to refer to the data 
pattern termed "81" which is used in V .22bis to indicate 
2400 bitls capability. The full description is "unscrambled 
double dibit 00 and 11 at 1200 bitls for 100 ± 3 ms." 

DS-1 - Digital Signal level 1 ; telephony term describing 
a digital transmission format in which 24 voice channels 
are multiplexed into one 1.544 Mbitls (U.S.) T1 digital 
channel. 

DS-3 - Digital Signal level 3; telephony term describing 
the 44.736 Mbitls digital signal carried on a T3 facility. 

DTMF - Dualtone Multifrequency (DTMF) - Basis for 
operation of most push button telephone sets. An in­
band signalling technique in which a matrix combination 
of two frequencies, each from a group of four, are used 
to. transmit numerical address information; it encodes 
16 possible combinations of tone pairs using two groups 
of four tones each. The two groups of four frequencies 
are 697 Hz, 770 Hz, 852 Hz, and 941 Hz, and 1209 Hz, 
1336 Hz, 1477 Hz, and 1633 Hz. DTMF is used primary 
for call initiation in GSTN telephone applications. 

II 
ECHO - The distortion created when a transmitted 
signal is reflected· back to the originating station. 

ECHO CANCELLER .- A devise used to reduce or 
eliminate echo. It operates by placing a signal that is 
equal and opposite to the echo signal on the return 
transmission path. 

ECHO SUP.PRESSOR - A mechanism' used to' sup­
press echoes on . tong-distance analog connections. 
The device suppresses the transmission path opposite 
in direction to the one beiog used. This feature, although 
necessary for voice transmission, often interferes with 
data tranSmission. 

DIGITAL SIGNAL - Discrete or discontinuous signal; 
one whose various states are discrete intervals apart. 
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alloWS, 'calls to. be :transmitt,ed to or ,·from'. the' publio 
. ~~L; , tetephonanetwofk~, ! ,: ' " "1 

EIA INTERFACE, EIA232D, RS 232C - The IdOical, I ,'I' ;" ,. , , 

EIA - Electronic Industries Association 

Etleptrical,~~.physioaf:char~m~"js'jps of lhe conne91ion EXCIllANGE.· AREA 'I. Araa' containing, 6.tti;)scribers 
between a OTE and a modem is set out in EIA specifi- served bye a locatexcbange .. 
catipQ2~2D.,Prev;OY$~Jhli~fl~$b,~~MI1Q"m~~a~32Ci F 
TheIQgl~l. c~f~qteristj9~, ~fe e~se.n.tjalty! ,similar ,to . ' 
tho~e.s~~I~~n~9'TT r~C,QmQ1e,ndation V.24fln,dtfle 
electrical characteristics to those in V.28. ,'I' I 

~LI;~TROM4GNET1C .. ~N1;~Rf:aRqNC:;E: ~MI~" 
Radj~tion l~akage:Qut~ide~'&r.~Jl~lllission m.ediUm ~~t 
res14lts,matnw fr;om I~ ~~~ .of ~igh-fr~quen~~, w.a,ve 
energy and signarmodulation. EMI calV~~ rE;~~~ed by 
appropriate shielding. 

FILTER - Circuit designed to transmit signals ~'fte. 
quencies within one or more frequency bands atlef tJ) 
attenuate signals of other frequencies. 

ilBMWARE • ,Pennanent or semi~petnlanent .control 
coding implemented at a micro-instruction level for an 
application program;·instructioll'Set; operating routine, 
06 similar usen-ori&nted ftJnoti0n.~ ~2 

',"'1'1":' . t,,\ '. If· 

ENVELOPE DELAY - An analog line impairment RDW CONTROL, .. Tke use of'cufter4ng.and[Qther 
involving a variation of signaldelaywit~ frequency mechanisms, sucbas oontrols,thatturn;adeviaeon aJld 
across the data channel bandwidth. off~ to prevent data loss dul!iRg transmisSion. 

EQUALIZATION - The ,intrpductiop of CGmpOnent$ to 
an analog circuit by a modem to compensate for the 
attenuation (signal loss) variation and delay dist~i(7n 
with frequency (attenuation equalization) andp~ a-
tion time variations with frequency (delay equaliza ): 
Generally", the ,highertl!te~transmission ratetlthe;grreatQr 
the need for equalizat~on. 

ERROR - In data communications, any, .wnwaAtfid 
change in the original contents of a transmission. 

~t;",' ~;. 

ERROR BURST - A concentration of errors w!~iq:e 
short period of time as compared with the average 
incidence of~errors. Retransmission is Il~· nerrnal 001-
raction pr~cedure in the; event of an er'rar burst. 

ERROR CONTROL - A process of handling errors, 
whidh includes the detectton and in some cases, the 
correction of errors. 

EKCHANG& ";'Assembly of equipment inacomnrunica­
lions system that controls the connection of incoming 
and outgoiftglin.s~ and includes the necessary signal­
frig'and sUpeMsolY functions. Dif.ferentexchanges •. or 
-switClTes; can be costed to pelform different flllnctiORS., 
ft.g., Localexchange, trunk exchange,.etCl SeeClaSS'of 
Exchange; Atso know''Jias Central Offioe (ll:S:,Term). 

EXCHANGE, PRIVATE AUTOMATIC BRANCH 
(P,.BX) - :P.r.i~Bte atttomatic1felephone exchange that 
provides for the switching of calls internally and to and 
from the public telephone network. 

) 

EXCHANGE, PRIVATE BRANCH (PBX) - Private, 
manUally· operated telephone exchange that:provides 
private telephone service to an organization and that 

FOUB~WIRe'CIRCUIT QRJlHANNEL ,;A circuit con­
taiming'twopaifS'Of wire (Of their logical equivalent) for 
simultaneous (i.e., full-duplex) two-way transmission. 
Gontrast with two .. wire'channel. ;.', - . 

FRAME - 1) A group of bits sent serially over a co~u~ 
nications channel; generally a logical transmissiGi,;urr~ 
sent between data-link-layer entities that contail') its 
'ewn:conttbl1hft)rmationforal!fd,~ssing and error,check .. 
ing. 2) A piece of equipment in'a eortlfn'(l)n carrlef'oHiCe 
where physical cross connections are made between 
CirellitS~ 

FRAMING - Control procedure used with multiplexed 
digital channels such as T1 carriers, whereby bits are 
inserted so the receiver tan identify the time slots 
allocated 'to· each subchaf'lnel. Framing bits can also 
carry alarm signals indicatlng'specific alatrnconditions. 

fREQUENCY- Rate at which an event occurs, mea­
sured in 'het12; kilohertt; megahertz,.etc. 

FREQUENCY BANDS - Frequency bands are defined 
,arbitrMilyas follows:· j ) , 

Range (MHz) Name 

0.03-0.3 
O~3-3.0 

"mao I, 

30-300 
300-3000 
3000-30,000 

Low frequency (LF) 
Medium frequency (MF) 

. High freqtlency~HF.) 
, Very High freqllency~VHF) 
Ultra high .frequency (UHF) 
Super high frequency (SHF) :(micrQ 
wave) 

30,000-300,000 Extremely high frequency 
(EHF)(millimeterwave) 
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PSK"'! Freqli1endy 8hift Ke,yiRg::Atmethodof::mdlllation 
that uses two dHferent frequencies,. usuaBV "Pi:lElS$ 
continous, to distinguish between a mark (digital 1 ) and 
a'space'(cdigitaIO) when transmitting~.an analog line; 
Used in modems operating at 1200 bit/s.orsJower. ' 

.\ . 

lee! -in~tuteof EI~ttricat!andEtectronic~ Engineers. 
I r ,. ~~. ~ , . , I ~ (i .~. ' .. :,. ;, 

INITIAlize :To's~t counter's; sWitches. addresses, or 
FULL-DUPLEX - Pertaining to the capability to\~nd contej,tsofstoragetOzeroorothetstattlngv~luesatthe 
and receive simultaneously. beginning Of, or at prescribed poi,"ts in, the operation of 

a computer roUtine.' " ' 

INTERl=ACE'-A Hardware and/orsOftware link betWeen 
two devices. The interlace "defines all signal charaCter­

GAIN -Denotes an increase in Signal power in transmis- Istics and other specificatiOns for physical interconnec­
~ionfr()mone point to '8noth~r jusuafly expressed in dB. tion of the devices. 

GUARD TONE -In CCtTT recommendations V.22 and 
V.22bis, guard tones may optionally. be transmitted 
along with the data signal from the answering modem. 
A single frequency of either 1800 or 550 Hz is used and 
the- data signal power must be reduced to keep the 
overall energy level the same as for transmission with­
out guard tone. The purpose of the guard tone is to 
prevent the high-band data signal from interfering with 
the operation of billing apparatus in certain countries. 

;. 

GSTN - General Switched Telephone Network 

III 

INTEROFFICE TRUNK - Direct trunk between local 
central offices (Class 5 offices), or between Class 2, 3, 
or 4 offices; also called intertoll trunk. 

ISO - International Organization for Standardization. 

ITU - International Telecommunications Union. The 
parent organization of the CCITT. 

II 
JITTER - Slight movement of a transmission signal in 
time or phase that can introduce errors and loss of 
synchronization for high-speed synchronous communi­

HAL~DUPLEX - Pertaining to the capabilityto·send cations. See Phase jitter. 
and receive but not Simultaneously. 

HANDSHAKE - An exchange of control sequences II 
between two locations to set up the correct parameters 
for transmiSSion. KEY PULSING (KP) - Manual method. of sending 

numerical and other signals by the operation of 
HOLC - High-level Data Link Control. Bit-oriented com- nonlocking pushkeys. Also called Key Sending. 
municationprotocol developed. by the ISO (Interna-
tional Standards Organ~ation). 

HARMONIC DISTORTION - A waveform· dJstQrtion, 
usually caused by the nonlinearfrequencyre$ponse p1 
a transmission. 

KEY SERVICE UNIT (KSU) ~' Main operating unit of a 
key telephone system. 

KEY TELEPHONE SYSTEM (KTS) - When more than 
one telephone line per set is required, pushbuttQn or key 
telephone systems offer flexibility and a wide variety of 

HERTZ(Hz)-Ameasureofelectromagneticfrequenoy; uses, e.g., pickup of several exctlange lines, PABX 
one hertz is equal to one cycle per second. station ,lines, private lines, and intercommunicating 

HF - High Frequency. 
lines. Features of the system include pickup and hold­
ing interCQmmunication~ visual, and audible signals, 
cutoff, exclusion, and signaling. 

HIGH FREQUENCY (MF) -Portion of the electrorn~g-; '! 

netic spectrum,.typically used in short-wave radiQ appli- KP - Key P~lse (signaling unlocking: signal). See Key 
cations. Frequencies in the 3 to 30 MHz range. tPulsing. 

Hz oj See Hertz. kHz - Kilohertz, kilocycles per second. 

KTU'~ 1Key:Telephone Unit,··SeeJ<ey,Seryic8;,Unit. 
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.. 
LEASED lIN~ - A 'line' rented 6XGlusively 10 one :etts .. 
tomer fer' voice or 'dala ,commlJllicati()ns; dedicated 
CirCUit,' typically supplied by the telephone company or 
t~n_Ss1of):at!fthohl)t,·that petmaneAlly connebfs·tWo 
Gf'tflbre User ;lQcati6fis and is'fOr the, sole U's& d the 
sObseril1et.t'Su~llOiroo1ts are generaUy voiee grade ·in 
capacity, and; in ,range' of· freqlleftOies $uppOrtedare 
typically analog, are usedforvolceordata, oan be Point­
te~~nt"Gt mUltipGiht; rand can ,b~'enhaftced'with\llAe 
condit toning. Also called private line, t~1Jine, 'or de'lf.. 
cated facillty. 

I ~' ,,' r:! 

LSD-lIght.o.Emifting Dibde. .!.! ' 

. "/ "',, 

11.00AL LOOP ~ ,'he part 6f a comrnuillieations circuit 
between the sutrscliibe~lequipm'9ntand:the elqlllip .. 
ment in the local exchange. ,\:-' 

LOCALliRUNK -,lronkSlbelweeA ,loO'al exchanges ... 
~:~. t~'J r2r'~" ':.'-0 -""i"~' ''l~~., l\.1i.1 " 

LOSS, (tRANSMISSION)" ~ Decrease in ener9yof sig­
nat po-wer' in transmission atdng a. dfcuit' due to :toe 
resistameo,impedance of:the circUit or eqpipment~i, II' " ", " fl 

"1 \':' .' k 

MARK - T~e signal (communications channel,lt,ste) 
corresponding to a binary one. The marking co.itlO1't 
exists when current flows (current-loop chan"~lff;,r 
when the voltage is more negative than -3 volts (EIA 
RSo282 dianne:!). i < UGH:r-:EM.TTING-, DIODE (LED) • \ Semiconduotor 

junction diode'that'ernits radiant 'energy ,and is USed as 
a light source fO't fib'sr opticcomrnunicatiorts, p~rticu- MATRIX - In switch technology, thatportioA' of the 
larly for short-haullinks.' ., switch architecture where input leads and output leads 

meet, any 'pair of whtch maybe connemedto 'establish 

LIMITED-DISTANCE MODEM - A short-haul modem 
or line driver that operates over a Umited distance. 
S~!'le~"limited~istarice :modems:operate ;It :higher 
speedS 'han"ma.ms' that, ate 'deslghe'd 'for use jover 
analog1etepHonfffAt)ilitieSi :sirfoe nn$1 condition&0atrbe 
better contrOlled.;' i" .' 

LlNE~HIT - AtFan$l~ntd'isturbanee causing a deteetabte 
error bn I comm'tln~ioAs'IiAe; , " . .: 

',';9 "\', . 

LtNE .. LOAD1N8-'T1fe process'Ofirtstall"mg loadingooils 
in series with'each"oonductdr on a ttanSnliSsitmline. 
,Usually 88 milliHenry coils installed at 6,000 foot inter-
vals. ' , 

LINK - 1) A physical circuit between two points. 2) A 
logical circuit between two users of a packet switched 
(or other) network permitting them to communicate 
(a~ough different physical paths may be used). 

LINK LAYER - The logical entity· in 'the' 081 mo(jef 
concernedwithtransmlssion of~ata between adjacim 
nelWoik AOde~t.Uis·ttlesecond1layer processing'tn the 
OSlmodel, between the phySica, and the netwofk 
layerS."': I ", ," ' 

LOADING COILS - An inductance coil Installed at 
resular interva1s along 'a transmission line.. Used 'te 
improve the quality of'voiceg~ade Oirtuits. ; . 

• . j • ~ 

1.0CAt:eXCHANGE -Exdhange in which sub$crib'ets' 
lines terminate. Thcf exchange has'access to'other 
exchanges and to national trunk networks. Also called 
local central office, end office. 

a througtlcircult. Also called swilChiflgmatrix. 

Mblt/S - Megabits per second. 
:)~ , . . 
MEGAHERTZ (MHz) - A unit of frequency equal toone 
million cycles per second. 

MF - 1) !'Aedi~m Frequency. 2) MUltifrequency.·se~ 
DualtOne Multlfrequency SI9~~ling (OTMF): ' 

MODEM -'A' contraction o';modulate and demodulate· 
a convers10rrdeviceinstalted in tyalrS at each end of ati 
analog communications line. the m06em at ttut trans­
mittinq, end modulates digital signals received locally 
fromacomputerorterminal;the modem at the receiving 
end .demodulates the Incoming Signal, converting it 
baek 10 its original (te., digital) format, and passes it to 
the destination business machine. ' 

MODULATION - The application of information onto Ii 
car~ier sig~1 by varying one or more of the Signal's 
baslccharactenstlcs (frequency, ~mplitude, or phase) ; 
the conversion of a signalfrom its original (e.g., digita~ 
formattoanalog format. ," , " ,,~, 

MODULATION, PtiLSECOOE '(PCM) - Digitaltrans­
mission;techniquethat~~olves sampling of an analog 
information signal at regular time intervals and ooding 
the measured amplitude value into a $eries of binary 
v~lues, whi,ch are transmitted bymodulationof a pulsed 
or intermittent, carrier. A:e-ofnmonmethdt}o' speeoh 
digitizing using 8-bit Code Words, or samples, sAd'a 
sampling rate of 8 kHz. 

Ms - Millisecond. One-thousandth of a second . 
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~l.f1kJiKa!':<De~e $at$flebtes mote tllan~1ile 
SJ9Illa' tQlbe',sem:'$im.ultaf1~u* ;O'/ef one ,phy$ical 
channel. 

MUlJtIPLElUtiG;:iDhtisionof,atrSJilsmiss;aml8cUity into 
two or more channels either by splitting the frequency 
bandt~nsmitted by,thevchannetklto narrower bands, 
each, 'of, whichjS'1Jsedto, constitute a distinct channel 
(frequenQ)f~divislo.n., multiplex), 'Qr ,by" allotting this com­
mon channel to several different information channels, 
one at a time (time-division multiplexing). 

MUX - See Multiplexer. 

NAK - "Negative acknowledge" character. A transmIs­
sion control character that indicates a block of data was 
received Incorrectly. 

NOISE - Undesirable energy in a communications path, 
which Interferes,with the reception or processing of a 
signal. 

PAJilX - Pr~~te, AutQnJatic,Brane,h ~change. ,See 
Excha!ilge, .Pril't-. AUlematlc Branch (J:' ABX) ,! 

.: , \' 'f i;( , 
PACKET - A group of binary digits:in(l,lOOing(Ja~and 
call ,control signals that ,is sWitQhed'as a".compOsite 
who,le. The data"call..control signals, and error control 
information are arrangep in a specified format. 

I?BX - Private Branch Exchange. See Exchange, 
prlvate Branch. ' " 

PHASE JITTER - In telephony, the measurement, in 
degrees out of phase, that an analog signal deviates 
f~om the referenced phase of the main data-carrying 
signal. Often caused by alternating current components 
in atelecommunications network; or: a random distor­
tionof signal lengths caused by the rapid fluctuation of 
the frequency of the transmitted signal. Phas,e jitter 
interferes with interpretation of information by changing 
the timing. , 

Ns - Nanosecond; also nsec. One-billionth of a second. ~HAS~ MODUL~TION • .one Of three ways of modify-

a
' Ing a Sine wave slgnaHo make it carry information. The 

OFF HOOK - By analogy with the normal household 
telephone, a modem is off-hook when it is using the 
telephone line to make a call. This is similar to raising 
the telephone handset, or taking it off the hook. Going 
off-hook is also known as "seizing the line." 

ON-HOOK - By analogy with the normal household 
te!ephone. a modem is on-hOOk when IUs not using the 
telephone line. As with a telephone where the handset 
is on the hook, the line may be used by other equipment 
to make a call. Going on-hook is also known as "drop­
ping the line .~' 

OSI ~ Open Systems Interconl;lection. Referring to the 
,reference mo,del, ,OSI isalogical structure for network 
operations standardized within the ISO; a seven-layer 
network architecture being used for the definition of 
netwo\1< prQtocol,standa{ds to ~n,able any OSI-compa.­
. !bJ$ pp,mputer or dev,ice to co.m'11L,lnicate with any ot~r 
9SHlompUant qQl1lPUter qr device for "a meaningful 
eX~flge ()finforrriatlon.~;" . , . 

OVif.lF~qW· -.EX~e$$ tr¢fic on a parti9ular rouie, 
.Vtl'!i~ i~q~efed to anoUler (~ernate) route,. . ' 

sine wave or "carrier" has its phase changed in accor­
dance with the information to be transmitted. 

PROPAGATION DELAY -The period b~tweenthe time 
when a signal is placed on a circuit and when it is 
re~gnized and acknowledged at the other end. Propa­
gation delay is of great importance in satellite channels 
because of the great di~tances involved. 

PROTOCOL - A set of procedures for establishing and 
controlling communications. Examples include BSC, 
SDLC, X.25, V.42, V.42bis, MNP, V.22bis handshake, 
etc.: 

PSK - Phase Shift Keying. A method of moduJation that 
uses the differences in phase angle between two sym­
bols to encode information. A reference oscillator deter­
min.es the phase angle change of the incomiag signal, 
whia'" in turn determines which bit .or d!blt js being 
tfam~mltted. DP,SK (Differential Phase Shift Keying) is a 
variation of PSK which changes the phase relative to 
the previous phase . 

,PULSE CODE MODULATION' (PCM) - A method of 
transmitting information by varying the characteristlcs 
of a sequence of pulses, in terms of amplitude, duration, 
ph$se.ornumber.Usedtoconverta"a~IQg~iQrntUnto 
a digital bit stf,eal'J.,\ for transmission. . 
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REGENERATIVE REPEATeR -1) Repeater utlli:ted In 
telegraph applications to' retime and retransmit the 
received signal impulses and restore them to their 
dtiaiilal strength. ThesE{ repeaters llr8 speed- and code­
sensitive and are intendfkj'for Use YllfltstandSrd tele~ 
graph speed,s and code~. 2) Repeat,,, used in PCM or 
ctigital circu~s which CI~~ects. retime's. arid reconstructs 
the' bits transmitted. ' 

I' 
RE~NERA1OR -Equipment that takeS a digitalsfgnal 
thaf has been dl$'t<)rted 'I)ytfansmission and PtOduees 
from 'it a ne~ sibn'alln:which the'Shape. timing. ;and 
amplitude of the pulses are that same -as those-of the 
original before distortfOn. ' 

REPEATER -1) In analog transmission. equipmentthat 
receives a pulse train, amplifies it and" retimes it for 
retransmission. 2) In digital transmission, equipment 
that receives a pulse train, reconstructs it, retimes it, 
and often then amplifies the signal for retransmission. 
3) In fiber optics. a device that decodes a 10w-poWer 
light signal. converts it '0 electricCiI energy. and~hen 
ret~nsmits ftviaanLED or, las~r~enerating lig~t source. 
See. alSo Regenerative, Repeater.' . 

II 
SCRAMBLER/DESCRAMBLER - A scrambler func­
tionuses a defined methodfor modifying a'data atream. 
in' order to make the altered data streamaJ)peat'ran­
dom. A descrambler reverses the' effect Of the scram­
bler using the previously defined method to recover the 
origit'lal data stream. Most often\Jsedfordafa"encryp­
tiOn, or to- avoid transmitting repetitive data patters'that 
can adversely afteer 'datareacwery In 'Modems and 
o~Her dali11ransmissIOrfequip,~e.nf. ' . . .'.~ 

SOle'~ SynchretlOUs Data'link Control:' IBM'tiit, OR­
ented prOtocol providing fer half .. duplex t,ansmis~loA; 
associated with IBM's System Network ,Architecture 
(SNA). I ' , 

SHIELDED PAIR - Two insutated wires in 'a cable 
wrapped with metallic braid or foil to prevent Interfer­
ence and provide noise-free transmission. 

SIGNAL-TO-NOISE 'RATIO ~The relative powel' of a 
signal as compared to the power of noise on a line. As 
the ratio decreases; itbecomes more,difficult todlstin­
gufSh between information ahdinte~re~ceJ ' 

SIMPLEX - Pertaining to the capability to move~Qfle 
REVERSE CHANNEL ~ A simultaneous low speeddata direction only. Contrast with half-duplex andfull~pf~X. 
path in the reverse direction over a half-duplelc'facility. ", , ' 
Normally. it is used for positive/negative SIGNALlNG- Process by which a caller or equipment 
acknowledgements of previously received data blocks. on the' transmittipg end qf a Ii~e inr~rrns a 'particular 

party or equipment aft he receivinQ,~nd th~t a message 
RINGER EQUIVALENCE NUfJllBER -This is a number 

.. ' ,~, , 

that the FCC assigns to approved telecom equipment 
that measures how much load it places on the network 
during ringing. In the U.S.A.. you can connect tele­
phones. modems, FAX machines etc. In parallel to the 
same telephone line only as long as the sum of their 
ringer equivalence numbers is less than five. Most 
countries have a similar regulating system in force, 
although the methods,used to arrive at th~ numbervary 
widely. 

RINGING SIGN,AL - Any AC or DC signal tra,nsmitted 
over a line or trunk for the purpose of alerting a party at 
the distant end of an incoming call. The .signal can 
operate a visual or sound-producing device. 

RINGING TONE - Tone received by the calling tele­
phone indicating that the called telephone is being rung. 
Also called Ringback. ' 

is to be cOmmunicated. c,' , , 

SPACE - Opposite signal condition to a "mark." The 
signal (communicationschannnel state) corresponding 
to a binary zero. In an EtA RS-232 channel, the spacing 
condition exists when the voltage is more positive than 
+3 volts. 

ST - Start (signal to indicate end of outpulsing). 

START-STOP (SIGNALING) -Signaling in which each 
group of code element's corresponding to a Character Is 
preceded by a start signal that serves to 'prepare the 
receiving mechanism for the reception and registration 
of character. an~ is followed by a stop signal that serv~,$ 
to bring the receiving mechanism to rest i"preParation 
for the reception of the next character.'Also known as 
asynchronous tr~nsrrlission. ' , 

StO'P-BIT - In asynchrOnou~ transm'sston,i1hequies­
cent state following the transmission of a ettatabter; 
usually 1-. or 2-bit times long .. 

• 



STOP ELEMENT - Last bit of a character in asyrtCtit. 
nous serial transmission, used to ensure recognitioo,9'f 
the next start element. 

SUBSCRIBER LINE - Telephone line connecting the 
exohange, ;to the subscriber'~' station. Also called 
(U.S.te~m) access line ,and subscriber loop. 

SYNCHRONOUS, - Having a, constant time interval 
between successive ~ts, characters, or events. Syn­
chronous transmission doesn't us~non-information bits 
(such as the start and stop bits in asynchronous trar:u;­
mission) to identify the beginning and end or characters, 
and th-..s is faster and more efficient than asynchronous 
transmission. The timing is achieved by transmitting 
sync, characters prior to data or by extracting timing 
Information from the carrier or reference. 

TRUNK -Transmission paths that are used to int 
nect exchanges in the main telephone netwo 
switching centers, or a switching center and a diStribu­
tion point, such as a ,te~hone exchange line, ttlat 
terminate,s in a PABX network. ' 

TTL - Transistor-Transistor Logic. Digital logic family 
having common electrical ~haracteristics. ' , 

TURNAROUND TIME - The time required to reverse 
the direction of transmission, e.g; to change from re­
ceive mode to transmit mode in order to acknowledge 
on a half-duplex line. When individual blocks are ac­
knowledged, as is required in certain protocols (e.g., 
IBM BSC) the turnaround time has a major effect on 
throughput, ,particularly if the propagation delay is 
lengthy, such as on a satellite c,hannel. 

SYNCHRONOUS NETWORK - Network in which all TWO-WIRE CIRCUIT - Circuit formed of two conduc­
the communications links are synchronized to a com- tors insulated from each other, providing a send and 
mon clock. return path. Signals may pass in one or both directions. 

SYNCHRONOUS TRANSMISSION ,. Transmission 
process where the information and control characte~s 
are sent at regular, clocked intervals so that the sending 
and receiving terminals are operating continuously in 
step with each other. 

II 
T-CARRIER -A time-division multiplexed, digital trans-

VIDEOTEX - An interactive data communications appli­
cation designed to allow unsophisticated users to 
converse with remote databases, enter data for trans­
actions, and retrieve textual and graphics information 
for display on subscriber television sets or low-cost 
terminals. 

mission facility, operating at an aggregate data rate of VSLI - Very Large Scale Integration. 
1.544 Mbitls and above. T-carrier is a PCM system 
using 64 Kbitls for a voice channel. V SERIES RECOMMENDATIONS· 

(CCITT V.xx Standards) 
T1 - A digital facility used to transmit a DS-1 formatted Also see Voiceband Modem Standards chart on 
digital signal at 1.544 Mbitls; the equivalent of 24 voice page 9-12. 
channels. 

V.1 -Definitions of key terms for binary symbol notation, 
T1 Crr2rr3IT4 - Digital carrier faCilities used to transmit such as binary 0 = space, binary 1 = mark. 
signals at 3.152M, 6.312M, 44.736M, 274.176 Mbit/s, 
respectively. V.2 (1):' Specification of power levels for data transmis-

sion over telephone line. 
T3 - A digital carrier facility used to transmit a DS-3 
formatted, digital carrier Signal at 44.736 Mbitls; the V.4 - Definition of the order of bit transmission, the use 
equiv,~lent qf 672 voice channels. of a parity t)lt, and the use of start/stop bits for asynchro­

nous transmission. 

V.5 - Specification of data-signaling rates (bit/s) for 
synchronous transmission in the switched telephone 
network. ' , 

TOUC,H-iONE- All AT&T trademark for dualtone mul­
tifrequency signaling equipment. Use ()f tones simpli­
fies the switching' system design and, grea,ly expanQs 
the potential for adding features to telephone systems. 
It a!,fo speed~.up the dialing operation foria person 
",*n,g a call.),; Ii' ' V.6 - Specification of data signaling rates (bit/s) for 

synchronous transmission on leased telephone cir­
TRANSCEIVER - Device that can trahsmit and receive cults. 
traffic. 

V.7 - Definitions of other key terms used in the V-series 
recommendations. 
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V.10 - Description of an,'4rtbaiancedf?hS!sical'il~vel ~'M~32.;.Qpe(atingat9.6~itls, encodes four consecutive 
interchange circuit (unbalgnced means one active wire "tilfs (quadb1ts); the bits are mapped to a OAM signal. 
between transmitter and receiver with ground providing 
the return). V.32 - Op,eratingat 9.6 Kbit/s with Trellis-coded rrloc.tu-

lalion (TCM) , encodes four co'l8.89uJjye bits, two of 
'1,,11 -Description.of a balanced. physical level inter- which are used to generate a fifth bit; the bits~re 
ohangecircuit (balanced means two wires between the . mapped to a OAM signal. 
transmitt3r and receiver with both wires' signals con-
stant witll respect to Earth). V.32 -Operating 814.8 Kbitls, encodes two consecutive 

bits (dibits), which are mapped to a OAM signal. 
V.15 - Description of use of acoustic couplers for data 
t(ansmi.on. V.42' - Defines a method of error control. 

V.16 - DesCription of the transmission of ECG (electro- V~42b1s: - Defines a method of data compression. 
cardiogram) signals on the telephone channel. 

Note: In the United States, EIA RS-496 specifies these 
V.19 - Description of one-way parallel transmission measurements and RS-366spee;ifiesthese procedures. 
modems using push-button telephone sets. 

VOICE-GRADE CHANNEL - a channel with a fre­
V.20 - Description of one-way parallel transmission quency range from 300 to 3000 Hz and suitable for the 
modems, excluding push-button telephone sets. transmission of speech, data, or facsimile. 

V.22 -Operating at 1.2 Kbitls, encodes two consecutive 
bit (dibits); the dibits are encoded as a change relative 
to the previous signal element .. 

V ~22bls - Operating at 2.4 Kbitls, encodes four con­
secutive bits (quadbits); the first two bits are encoded 
relative to the quadrant of the previous signal element, . 
tbe last two bits are associated with the point in new 
quadrant. 

V.24 - Definition of the interchange cirruit pins between 
DTEs (data t~minal equipmen~) and DCEs (data cir­
cuit-terminating equipment). 

V.25 - (2) - Specifications for automatic-answering 
equipment. 

V.25bfs - (2) - Specifications for automatic-answering 
equipment. 

V.28 - Description of unbalanced interchange circuits 
operating below 20 Kbitls. 

V.29 -Operating at 9.6 Kbitls, encodes four consecutive 
bits (quSdbits); the first bit determines the amplitude, 
the last three bits use the encoding scheme of V.27. 

V.29 -Operating at.4.8Kbitls, encodes two consecutive 
bits (dibits); amplitude is constant and phase changes 
are the same as V.26. 

V.31 -Description of low-speed interchange ci~ts (up 
. to 75 Bit/s). 

V.31bts - Description of low-speed interchange circuits 
(up to 1.2 Kbitls). 

WORD - A group of bits handled as a logical unit; 
usually 16.· 
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