ANALOG
DEVICES

Low Power
PCM Repeaters

RPT-86/RPT-87

FEATURES

e Low Power Consumption (56mWw)
Single-Supply Operation

Wide Data Rate Range <100kbit/s to >3Mbit/s
Dual ALBO Diodes; Dynamic Range >50dB
Clock-Shutdown Circult (RPT-87)

ORDERING INFORMATION!

PACKAGE OPERATING
TEMPERATURE
CERDIP PLASTIC SO RANGE
RPT86FQ RPT86FP RPT86FSTT XIND
RPT87FQ RPT87FP RPT87FST! XIND

with T1 (1.544Mbit/s), CEPT/E1 (2.048Mbit/s), and T1C
(3.152Mbit/s) systems.

A key feature of the RPT-86/RPT-87 repeaters is the ability to
operate on a single supply of 5.6V with a typical quiescent sup-
ply current of only 10mA. in addition, the RPT-86 and RPT-87
have two Automatic Line Build-Out (ALBO) diodes coupled with
a high-gain preamplifier that allows for a dynamic input signal
range exceeding 50dB.

The RPT-87 also contains a clock-shutdown circuit. This shut-
down circuit senses the incoming signal level and disables the
clock drive to the output latches if the incoming signal is below
the level where accurate pulse reconstruction is possible. This
prevents noise or crosstalk from being mistaken as valid data

and retransmitted.

t  Burn-in is available on commercial and industrial temperature range parts in
CerDIP, plastic DIP packages.

#t For availability and burn-in information on SO packages, contact your local
sales office.

GENERAL DESCRIPTION

The RPT-86 and RPT-87 are monolithic repeater circuits con-
taining all the active functions required in regenerative PCM
repeaters. These devices automatically adjust gain to optimize
signal levels, determine if a pulse is present, and re-transmit the
reconstructed pulses. The RPT-86 and RPT-87 operate at data
rates from under 100kbit/s to over 3Mbit/s and are compatible
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RPT-86/RPT-87

ABSOLUTE MAXIMUM RATINGS
Voltage Pin 10to Pin 7, 20ms Pulse,

Duty Cycle <0.05 .......coeivinrciiccncnrccanes

Voitage Pin 10 to Pin 7, Continuous 50Hz

Half-Wave Sinusoid ....
Pin 1010 Pin 7, Continuously ...
Voltage Pins 8 or 9 to Pin 7, Continuously .
Voltage Pins 3,4,5,6,11,12,14t0 Pin 7
Sinking Current at Pin 8 or 9
Operating Temperature Range
Storage Temperature Range

ELECTRICAL CHARACTERISTICS at V.

........... 35V, -1.0V

.25V,-1.0V
..13.5V,-0.7V

.~40°Ct0 +85°C

Lead Soidering Temperature ..300°C
Junction Temperature . 150°C
PACKAGE TYPE 8, (Note 1) 8. UNITS
16-Pin Hermetic DIP (Q) 100 16 °C/W
16-Pin Plastic DIP (P) 82 39 CW
16-Pin SO (S) 111 35 “C/W
NOTE:

1. 6, is specified for worst case mounting conditions, i.e., 8., is specified for
device in socket for CerDIP and P-DIP packages; 8., is specified for device

soldered to printed circuit board for SO package.

=5.6V,-40°C<T, < +85°C, unless otherwise noted. Vo 7= Voin 13

=GND.

RPT-86F/RPT-87F

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SUPPLY
Supply Current lee {Note 1) 5 9.8 105 mA
PREAMPLIFIER
Preamplitier Open-Loop Gain Aq 46 49 54 d8
Preamplifier Bandwidth By —3dB (Note 3) 3 5 - MHz
Preamplifier Input
f = 1.544 MHz - 50 ~ kQ
Impedance, Differential Z'N
Preamplifier Input
Note 1 - 05 25 mv
Offset Voitage Vos (Note 1)
Preamplitier Output Impedance  Z, ¢ (Note 2) - 200 300 Q
Preamplifier Qutput High VoHA TA =+25°C 3.30 3.50 - v
Preamplifier Output Low VOLA TA =+25°C - 1.20 1.45 v
Preamplifier Input _ ’ 4
Bias Current s (Note 1) KA
Preampilifier Input _ 0.01 0.1
Offset Current los {Note 1) : : A
Preamplifier Output
= M 1 235 2.45 2.60 v
Self-Bias Voltage Voe Ta=+25°C (Note )
OUTPUT DRIVE
QOutput Voltage Low Voo } oap = 20MA 0.65 0.85 1.05 v
Differential Output
Vv, [} = 20mA - 0.02 0.1 V'
Voltage, Low oLb LOAD
Voin14=49V.
Output Leakage Current lon Voing= VP'N o= 20V - 0.05 50 A
(Note 1)
Output Puise Rise-Time Toa {Note 2) - 30 50 ns
Output Pulse Fall-Time TOF {Note 2) - 10 60 ns
Output Pulse Width Pw f=1.544MHz - 324 - ns
Pulse-Width Differential Pwo (Note 2) - 3 12 ns
CLOCK CIRCUIT
Tank Emitter-Follower | loin 14 Vein 14 = 49V _ 3 10 A
Base Current T8 (Note 1)
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RPT-86/RPT-87

ELECTRICAL CHARACTERISTICS at Ve =5.6V,-40°C < T, £ +85°C, unless otherwise noted.

PIN7™

Voin 13 = GND. Continued

RPT-86F/RPT-87F
MIN TYP MAX

PARAMETER SYMBOL CONBITIONS UNITS
Oscillator Bias Current losc :r:é?;:; BV, (lggc = lrg) 10 30 50 pA
Oscillator Injection Current [ SetVoyyg = Vo s =114V, 80 110 140 pA
Voin 14=39V, (5= losc)
Data Sampling Intervat TD s (Note 3) - 70 95 ns
Measured from pin 11,
Delay Circuit Resistor Ra or pin 12 to pin 15 356 4.4 5.2 kQ
TA =+25°C
Oscillator Bias Voltage Vaias Voins - 4.4 - v
ALBO
Differential voltage, measured
ALBO Threshold Via between pins 6 and 5, required 1.25 1.45 1.65 v
to activate the Peak Detector.
ALBO Threshold + Differential V.l.AD - - 100 mvV
Measured at pin 16,
ALBO ON Voltage Vote Voine~Veinsl = 1.0 1.6 25 v
ALBO Threshold + 20mV
ALBO OFF Voltage Vers (“:'qe;::':d atpin 16, pin 1, and pin 2 _ _ 75 mv
Minimum ALBO Forced al of 6 mA lo.7 mA,
. N R, MIN measure voltage atpins 1 and 7, - 6 10 Q
Diode Resistance 0
Calculate RD by 1/2.
Maximum ALBO
Diode Resistance R,y MAX f=1.544MHz (Note 4) 20 30 - kQ
ALBO Diode
Impedance Matching Romin<Rp Rpyax - 10 - %
DATA /CLOCK THRESHOLDS
Differential voltage, measured
Clock Threshold VTC between pins 6 and 5, required 0.85 1.0 1.15 v
to activate the Clock Detector,
Clock Threshold
6! 75 %
as % of ALBO Voltage Vicw &3 °
Differential voltage, measured
Data Threshold Voo between pins 6 and 5, required 0.65 0.75 0.85 v
to activate the Data Detector.
Data Threshold
1 %
as % of ALBO Voltage Vriw 48 5 56 *
NOTES:
1. Preamplifier self-biased. VF,IN 3=VpiN e = VPIN 5= VPlN &

2. Sample tested.

3. Guaranteed by correlation to other tested parameters.

4. Guaranteed by design.
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RPT-86/RPT-87

TYPICAL PERFORMANCE CHARACTERISTICS
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RPT-86/RPT-87

APPLICATIONS iNFORMATION

FUNCTIONAL DESCRIPTION

The Preamplifier: The RPT-86 and RPT-87 repeater ICs con-
tain a differential input, differential output preamplifier. From the
differential input to the noninverting output, it behaves as a con-
ventional op amp. The preamplifier has typically 5MHz, —3dB
bandwidth. Its open-loop gain-phase frequency response is
shown in Figure 1. In order to operate the preamplifier under a
stable condition, some amount of external feedback is neces-
sary to control the frequency response. The open-loop fre-
quency response suggests that the feedback network must
have 40dB attenuation or more at 20MHz and above to ensure
stability.
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FIGURE 1: Gain-Phase Frequency Response of the Preamplifier

TABLE 1: Typical Preamp Gain/Phase Response

FREQUENCY (MHz) AVOL(dB) PHASE(DEG)
1.0 50 -12
1.544 50 -20
6.2 47 -60
20 39 -119
25.3 36.3 -135
45 29.5 -180
Voua 3.25V

Voc

N

Voia 175V

FIGURE 2: The differential outputs of the RPT-86/87 pream-
plifier swing symmetrically around a DC bias point of about
2.5V. V7 is inverted with respect to V ,{*) about this point.

REV. B

The RPT-86/87's preamp is designed to operate around a bal-
anced DC common-mode bias level roughly equal to 2.5V on
both its inputs and outputs. This allows the outputs to achieve
maximum swing when amplifying an AC-coupled, bipolar signal.
It also produces zero differential preamp output voltage for zero
input signal. Operating from a +5.6V supply, the preamp out-
puts will balance at approximately +2.5V allowing an output
voltage swing of £0.75V around its bias level as illustrated in
Figure 2.

Figures 3 and 4 show two methods of configuring the preamp to
automatically self-bias both the inputs and outputs to an opti-
mum level. The single resistor and capacitor used in Figure 3
extracts the DC average of the inverting output and feeds it back
to the noninverting input to establish the input common-mode
level. This negative feedback will force the outputs to center
their swing around the DC level at which V(Diff) = OV. This type
of self-biasing is practical only when the preamp is passing a
balanced, AC coupled, bipolar signal. If the preamp must pre-
serve the DC level of an unbalanced, unipolar signal, then a self-
biasing scheme as is shown in Figure 4 is required. This network
sets the input common-mode level by establishing the DC aver-
age of both differential outputs. In this way, the input common-
mode level will always be that voltage at which Vo(Diff) = OV
regardless of the input signal.

O + N\t
RPT-86/87
PREAMP

AAA
VWA
k]
&

Ay

AAA
VWA

ol

FIGURE 3: Preamp self-biasing for use with AC coupled, bal-
anced bipolar signals.

RPT-86/87
PREAMP

P
3
% Ra Ry 3 Ay

FIGURE 4: Universal preamplifier self-biasing technique
allowing unipolar signal amplification.
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RPT-86/RPT-87

Threshold Comparators: The RPT-86/87 contains three pairs
of threshold comparators to monitor the differential outputs of
the preamplifier. Each of the six comparators is set to detect a
specific differential preamp output level. Three comparators
measure positive differentials and three measure negative dif-
ferentials. The individual threshold comparators are labeled as
positive and negative Peak, Clock, and Data detector, as shown
in Figure 5.

0.75 PEAK (+)

& —— CLOCK (+)

4 — DATA (+)

o

2z

£ [

a

£ —— DATA (-)

——CLOCK (-)

-0.75 PEAK (-)

FIGURE 5: Six threshold comparators detect positive and
negative differential preamp output levels.

The data Detector thresholds are set at 50% of the Peak levels
for maximum noise immunity. The outputs of these compara-
tors contain the digital data and are presented to the output R-S
flip-flops. The Clock Detector thresholds are set at 70% of the
Peak levels. When the Clock thresholds are reached, the com-
parators send a synchronization pulse to the on-board oscillator
to lock its frequency and phase to that of the incoming signal.
The peak detectors trip when the signal exceeds the peak
thresholds. Peak Detector outputs are used to perform an AGC
function to maintain a constant preamp peak output level.
Thresholds and waveforms are shown in Figure 6.

PREAMP
QUTPUT

l I I I I | DATA DETECTOR
OUTPUT

CLOCK DETECTOR
OUTPUT

PEAK DETECTOR
ouTPUT

FIGURE 6: Comparator Thresholds and Waveforms
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ALBO: The ALBO function is driven from the Peak threshold
detector outputs. The ALBO (Automatic Line Build-Out) cir-
cuitry consists of two current-driven diodes which act as vari-
able impedance elements enabling the RPT-86/87 to close an
AGC loop around the preamplifier. As a peak level is detected,
a current pulse is sourced into the ALBO diodes. These pulses
are averaged to a DC current by an external ALBO filter capaci-
tor. As the current flowing through the diodes increases, their
incremental impedance is lowered as described by the expo-
nential I-V curve for a diode-connected NPN transistor shown in
Figure 7. The impedance of the NPN transistor emitters which
source the current to the ALBO diodes follows an identical
curve. Because the bases of these transistors look like an AC
short to ground by virtue of the external ALBO filter capacitor,
the total AC impedance of each ALBO port looks like the paraliel
combination of two diodes.

Equation t: Rp= 02%‘5\/ +RsTRaAY
D

where | is equal to the DC current flowing through the diodes
and Rg ., represents the stray resistance inherentin the RPT-
86/87, about 3Q.

The longer a peak level is detected, the greater |, becomes,
lowering R,. When no peak levels are detected, the voltage on
the ALBO filter capacitor becomes zero, shutting off current to
the diodes. Under this condition, the stray pin capacitance of
about 3pF will limit maximum ALBO impedance. A 1.544MHz
signal will see an effective port ALBO impedance of about 30kQ.

In the RPT-87 only, a low voltage at the ALBO filter enables a
clock-shutdown circuit when there is no input signal. The clock-
shutdown circuit disables the clock strobe, preventing it from
latching the output flip-flops. This prevents the RPT-87 from
sending false data that is triggered by noise or crosstaltk when
the incoming signal level is too low.

] Rine = ‘i—‘{

FIGURE 7: The incremental impedance of the diode-con-
nected NPN transistor used as the ALBO diode is dependent
on the DC bias current flowing through it.
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RPT-86/RPT-87

The Oscillator: The RPT-86/87’s on-board oscillator is de-
signed to be free-running at a frequency, f, set by an external
inductor and capacitor across pins 14 and 15, where f,=1
(2nVLC). The phase and exact frequency of the oscillator are
synchronized to the incoming data signal by the Clock threshold
comparators. Each time the preamplifier's differential output
exceeds the Clock thresholds, the comparator’s outputs injecta
current pulse into the LC tank oscillator aligning its oscillation
with the incoming signal. During periods where no Clock levels
are detected by the comparators, the LC tank’s oscillation will
relax back to its own resonant frequency. An internal compara-
tor is used to square the LC tank’s sinusoidal oscillation into
digital level clock. This comparator incorporates a delay func-
tion (a capacitor across pins 11 and 12) that provides additional
phase-shift so that the strobe pulses will occur at the center of
the incoming pulses, thus allowing the user to control when the
clock strobe will reach the output latches.This provides opti-
mum timing for determining if a “1” or a “0” is present. A 0 to
30pF capacitor (10pF is typical at 1.544MHz) will optimize the
performance of the complete repeater.

Data Output: When the incoming signal is detected as valid
data, itis strobed into the two output R-S flip-flops. Theirrespec-
tive outputs are open-collector drivers that allows driving di-
rectly into a center-tapped isolation transformer. This recreates
a full amplitude bipolar, AMI signal and transmits it down the
next length of transmission line.

DESIGNING WITH THE RPT-86 AND RPT-87

DESIGNING A WIDEBAND AMPLIFIER

Figure 8 shows a typical configuration using the RPT-86/87's
preamplifier to create a high-gain, wideband amplifier. The
capacitor C, determines the ampilifier's low frequency gain roll-
off while resistors R, and R, setthe AC closed-loop gain. AtDC,
the amplifier is in unity gain. A zero at o, = 1/(R,C,) causes the
AC gain to rise until a pole is reached at w, = 1/(R,C,). The final
value of closed-loop signal gain is equal to:

AvoL

Equation 2: AygL=—"1VO0L
1 +(AVOL R1)
Rz

To ensure preamp stability, the ratio R,/R, must be a minimum
of 100 to a bandwidth of at least 20MHz. Low value resistors
should be used for R, and R, to minimize the effects of stray
capacitance in the feedback loop. Since PC board applications
exhibit at least 2pF of stray feedback capacitance (equal to
about 4kQ impedance at 20MHz), R, should be less than 40Q.

Because the preamp’s differential output voltage is monitored
by the internal threshold comparators, any output offset will
degrade the symmetry of positive and negative threshold levels.
Operating the preamplifier in DC unity gain is instrumental in
minimizing the output offset voltage. Offset can be further re-
duced by balancing the preamp’s DC input source impedance.

REV. B

FIGURE 8: Typical noninverting preamplifier gain configura-
tion with self-biasing.

Preamp output loading in the form of feedback and biasing net-
works should also be balanced to ensure uniform inverting ac-
tion between the two preamp outputs.

AGC USING THE ALBO DIODES

The variable impedance action of the RPT-86/87’s internal
ALBO diodes can be used to create a wide dynamic range AGC
loop with the preamplifiers as shown in Figure 9. While the
preamp operates at a fixed AC gain, the input signal is variably
attenuated by the impedance-divider networks of R,/Z,, and
R,/Z,,. As the input signal magnitude increases and the
preamp’s outputs cross the Peak thresholds, ALBO diode im-
pedance decreases providing more signal attenuation prior to
the preampilifier input. If input signal magnitude decreases,
diode impedance will increase, reducing signal attenuation.
The result is a constant preamp input level creating a constant
preamp output amplitude.

FIGURE 9: By attenuating the input signal through imped-
ance dividers, the ALBO network simulates the attenuation
and frequency characteristics of maximum line length.
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RPT-86/RPT-87

The DC blocking capacitors C, and C, are required to remove,
from the signal path, the DC bias voltage, OV to 0.8V, of the
ALBO diodes. These capacitors also create a frequency de-
pendency by adding a pole/zero pair in the attenuation charac-
teristics of each ALBO diode stage. Figure 10 illustrates the gain
vs. frequency response of the first ALBO stage assuming that
R,«R,and Z, «R,. As Z,,, changes depending on input sig-
nal amplitude, o, also changes. At Z,,,=R MAX, o,= w,, and
the stage gain equals unity with flat frequency response. At
ZD1= F{DMIN, there is maximum separation between o, and ®p
and a maximum attenuation equal to approximately Z,,/R,.
Combining the effects of two ALBO stages allows the program-
ming of two variable-duration poles and a gain ranging from
unity to (Z,,,Z,,.)/(R,R,).

ALBO GAIN (dB)

Zo.
20 ——
LOG( A )

FREQUENCY

FIGURE 10: The ALBO impedance creates frequency dependent
aftenuation.

DESIGNING THE LC TANK OSCILLATOR

The oscillator on board the RPT-86/87 is based on a pulsed LC
resonant tank and produces a continuous “square-wave” clock
output even in the absence of an incoming data signal. Con-
nected as shown in Figure 11, the oscillator input, Pin 14, oscil-
lates sinusoidally about the 4V oscillator bias, Pin 15. The
nominal oscillation frequency, f , is given by the formula:

Equation 3: fo= L\/ﬁ
2nV LC amRc?

which takes into account the effect of the damping resistor, R.
The damping resistor is used to reduce the Q of the LC tank
where:

Equation4: Q= R\/?

As the Q of the tank is reduced, the oscillation frequency becomes
more easily pulled away from f_ by the synchronizing pulses of the
Clock threshold comparators. Alow Qis desirable forthe repeater’s
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i WA
0.1pF c
I i
= 1
L
— YV ¢
15 14 13 1_
RPT-86/87

FIGURE 11: A simple LRC resonant tank oscillator is used by
the RPT-86/87 to recover the encoded clock from an incoming
data signal.

oscillator because often the incoming data bit stream is timed at
a clock rate slightly different from f . The bit stream may also
contain timing jitter where each data bit or packet of bits arrives
with a slightly different clock timing. To ensure that no data bits
are missed under these conditions, the RPT-86/87's oscillator
must be flexible enough to track the clock frequency carried
within the incoming bit stream.

The damping resistor also determines the amplitude of the LC
tank’s oscillation. Assuming R is the only dissipative elementin
the tank, its value can be calculated as a function of the peak-to-
peak oscillation amplitude on Pin 14:

. T Vpp
Equation5: R=
4(30p8)

where 30pA equals the oscillator bias current, losc- To avoid
driving the tank oscillation onto the oscillator clamping diode
contained within the RPT-86/87, Vp_ 0 should be set less than
1.2V . Letting R = 24kQ sets an optimum oscillation level of
1V op for the RPT-86/87.

The values for L and C can be calculated by choosing the de-
sired Q and f | and then substituting Equation 4 into Equation 3.
The generalized formulas for L and C become:

(_*,=_¥'4C’2‘1

Equation 6:
4n foR

Equation7: L=CR®

Note that to maintain a sustained oscillation during the absence
of an incoming data bit stream, the Q of the LC tank must be
greater than 1.

When an incoming data bit stream is of sufficient amplitude to
cross the Clock Detector's thresholds, a pulse of current is in-
jected into the tank to synchronize the oscillator frequency to
that of the incoming encoded clock. When synchronization is
achieved, the various voltage and current waveforms are
aligned as shown in Figure 12.
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Ve

Voins
losc

7

L% ] 1
1
Vo (mmT

PEAK

-~ —— CLOCK
DATA

! !
FIGURE 12: The LC tank is synchronized to the incoming

data when the clock detactor injection current, |, is

"IN
entered inside the oscillator’s bias current pulse.

TYPICAL APPLICATIONS

Thecircuitshownin Figure 13is atypical T1, 1.544Mbit/s repeater
system. The repeater is placed in series with a #22AWG
unshielded, twisted-pair transmission line at distances of up to
every 9,000 feet. The power is supplied by a constant current of
60mA thatis sent common-mode down the transmission line. This
constantcurrentis separated from the signal by inputtransformer
T4 and output transformer T3, and is converted to a 5.6V supply
voltage that powers the RPT-86/87 by the Zener diodes Zp. The
incoming signal is coupled into the input network by the trans-
former T1.One end of T1's secondary winding is held at AC ground
by capacitors Cg and C1g; and the other end is terminated by the
line-matching resistor R4. The line-matching resistor is followed
by a line equalization network, which includes the preamplifier
feedback circuit and ALBO diodes. This network is designed to
compensate for the losses and distortion of the #22AWG twisted-

+6.3V D2
[}

1N4001 Dy
N X
4l N _L Ris,
56V =% YW
= Cyp 24KQ
Ci2 H|—L Cia
| § 2200F
= 0.pF [ = 100F
15 47uH 14 |13 = 1|12
oS

T
1CT:1

o—

INPUT

\

<

INPUT
TRANSFORMER

PREAMP

L To
/" 3CTICT

—o
} g OUTPUT

QUTPUT
TRANS-
FORMER

DATA
DETECTOR

.14l
6 Loy

: 1
10uF I 0.1uF

Ao

RPT-86/87

TRANSFORMERS: MINI-CIRCUITS #T1-67 (T,)
#TTWO-6 (Tp)
PULSE ENGINEERING #PE-64936 (T,)
#PE-64933 (Tp)

FIGURE 13: A complete 1.544Mbit/s T1 Repeater Design.
For additional details, see application note AN-140. (Note: for
2.048 Mbit/s E1 application, this same circuit works well to
—44dB. The only changes necessary are R, = 1202, C,, =
150pF, and L, = 39uH. See application note AN-118).
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RPT-86/RPT-87

pair wire transmission line whose characteristics of loss vs. fre-
quency vs. length are shown in Figure 14. The goal of the
repeater's equalization network is to allow the recovery of the
1.544 Mbit/s T1 format data with an input level that varies from
0dB (6Vpp) to —36dB (35mV, ) measured at a frequency 1/2
the data rate, or 772kHz. As evidenced in Figure 14, at 0 feet of
transmission line, the receiver's incoming signal has 0dB attenu-
ation with no frequency distortion. By 3000 feet, the signal am-
plitude reduces to—12dB level and falling at—6dB/octave, single-
pole roll-off, between 770kHz and 1.544MHz. At 6000 feet of
transmission line, the signal falls to —~26dB with —12dB/octave,
double-pole frequency roll-off.

Datarate and transmission line characteristics play an important
role in determining the maximum line length from which the RPT-
86/87 can recover data. From figure 14 it can be seen that
#22AWG twisted-pair wire exhibits much less loss and frequency
distortion at lower frequencies. Thus, the RPT-86/87 can recover
data from much longer transmission lines if a lower data rate is
used. Similarly, using a transmission line with less loss and fre-
quency distortion will allow the RPT-86/87 to recover higher speed
data over longer line lengths.

[
- =
N \\1 00 .
g < SN
Z -2 \\ ™ t
E \—6 ™
£ 16
z N \
E 2
-« \ ‘
w ~12
z 2
- N 000 ft.
-28
32
\woof
3%
100K ™| 10M
770k 15M

FREQUENCY (Hz)

FIGURE 14: Both line attenuation and frequency distortion
become worse as line length increases.

In the repeater's equalization network, Ro, Rz and C¢ form one
zero while the preamp feedback, Ry, Rg, Rg, R1g, Cs, Cg, and Lo
create a second zero in addition to signal gain. At long transmis-
sion line length, this provides a double-zero rise pius gain to
equalize the lines double-pole roft-off and attenuation. At short
line length, the two ALBO diodes will be driven ON by the increased
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input signal amplitude and will create two poles in the equalization
network as well as attenuation. At O feet, the two ALBO poles
cancel the two network zeros, matching the line's flat frequency
response and reducing the overall network gain to ~12dB to ac-
commodate the peak threshold comparators. The oscilloscope
photos of Figure 15 show: a) both 0dB and —-36dB incoming signal
levels; and b) the reconstucted data.

SIGNAL AT 0dB

(a)

SIGNAL AT -36dB

INPUT (8000 FT)

(b}

OUTPUT

FIGURE 15: The RPT-86/87 receives the transmitted signal,
as shown in (a), ranging in amplitude from 0dB to —36dB. It
then recovers and reconstructs the data for retransmission
in(b).

In the repeater application of Figure 13, resistor Ry terminates
the incoming line matching its characteristic impedance. Be-
cause the preamplifier is operating at high gain over a wide
bandwidth, impedances in the signal path must be kept as low
as is practical to minimize their noise contributions. A low im-
pedance at the preamp input also helps reduce the pick-up of
stray radiated system noise including noise capacitively
coupled from the RPT-86/87's own digital outputs.
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