ANALOG PCM
DEVICES Repeater

RPT-85

FEATURES ate from less than 100kHz to greater than 3MHz. In PCM sys-
¢ Automatic ALBO Function tems, information is transmitted by the presence or absence of
* Low-Power Operation (100mw) bipolar pulses in specified time siots. The RPT-85 repeater
* Wide Data Rate Range <100 kbit/s to >3 Mbit/s automatically adjusts gain to optimize signal levels, determines
¢ Compatible with T1, CEPT/E1, and T1C Systems if a pulse is present or not, and retransmits the reconstructed
* Pin Compatible with XR-T445 pulses.
s For higher dynamic range performance and single supply de-
ORDERING INFORMATION signs, see RPT-86 and RPT-87.
PACKAGE OPERATING
TEMPERATURE
CERDIP S0 RANGE PIN CONNECTIONS
RPT-85FQT RPT-85FStt XIND
! Bumn-in is available on extended industrial temperature range parts in CerDIP. e (1] [16] ALBO FILTER 16-PIN
1t For availability and burn-in information on SO packages, contact your local preamp [+ [2] [15] v,
sales office. INFUTS {_ 7] Lo ank HERMETIC DIP
PREAMP {* (<] 73] 2oRteaL R (Q-Suffix)
OUTPUTS | _ }PNASE
ANALOG GND [5] ot 16-PIN SO
GENERAL DESCRIPTION DIGITAL GND [7] [10] Vees (S-Suffix)
The RPT-85 is an integrated circuit that performs the active Shwven [5] SRvER
functions required for regenerative PCM repeaters. It can oper-
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RPT-85

ABSOLUTE MAXIMUM RATINGS
Pin10toPin7or6..
Pin15toPin7o0r6..

! - . PACKAGE TYPE 8,, (Note 1) 8 UNITS

Maximum Voltage at Pins 80r 9 ........cccccevvvneciinecans 30V, -0.2V - -

Maximum Voltage at Pins 2, 3, 4,5, 11, 12, 14 .....oocove.. Vees 16-Pin Hermetic DIP (Q) 100 16 bl

Maximum Sinking Current at Pin 8 or 9 16-Pin SO(S) mn 35 A
NOTE:

Operating Temperature Range ...
Storage Temperature Range ....

Lead Soldering Temperature ............ccccceueen

Junction Temperature ...

.~40°C to +85°C

ELECTRICAL CHARACTERISTICS atV, ., =4.4V,V ., =6.8V,-40°C < T, < +85°C, unless otherwise noted.

1. @, is specified for worst case mounting conditions, i.e., CN is specitied for
device in socket for CerDIP package; ej » 18 specified for device soldered to
printed circuit board for SO package.

Veine = Vein7= Ve 13 = GND.

RPT-85
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SUPPLY
Supply Current leet T,=+25°C (Note 1) 5.0 85 95 mA
Supply Current leea Ty =+25°C (Note 1) 1.0 25 35 mA
Total Supply Current leet *lece T, =+25°C (Note 1) 6 11 13 mA
PREAMPLIFIER
Preamplifier Open-Loop Gain %ﬂﬂf Ag Maasuro A¥pyy z Mecessary to Change " 4 53 dB
Preamplifier Bandwidth By 3dB Points (Note 2) 3 5 - MHz
Preamplitier Input Impedance ZIN - 600 - kQ
Preamplifier input Offset Voltage Vos Voin2~ Vpin 3 (Note 1) - 1 15 mv
Preamplifier Qutput Impedance ZOUT (Note 2) - 80 150
Preamplifier Output High Voua Voin s With Vo ;= 2.5V, V=27V, T, = +25°C 3.35 3.45 3.75
Preamplifier Output Low VOLA Vo s With VPIN 2= 2.5V, me 2= 23V, T, = +25°C 1.0 1.4 1.45
Preampiifier Input Bias Current IB l'.,IM 2 0f IP|N 3 (Note 1) - 1 4 pA
Preampiifier Input Offset Current los lom 2= lpin 5 (Note 1) - 0.05 2 pA
OUTPUT DRIVE
Output Voltage Swing Vop vPINBHigh_vPINB LW.V,,I_N_‘,ﬂgl_,'-V,,INQLW - 6 - v
Qutput Voltage, Low oL TA =+25°C. ILOAD =15mA 0.5 08 1.1 v
Differential Output Voltage, Low Vouo T, =+25°C. I gpp=15MA - 0.02 0.15 \
Output Leakage Current lon ¥:Ig 1§5=°4C'9V‘ Veine = Vpin g =20V, (Note 1) _ 0.05 50 pA
Output Pulse Rise-Time lor (Note 2) - 30 50 ns
Output Pulse Fall-Time lor {Note 2) - 10 60 ns
Output Pulse Width Pw Atf=1.544MHz - 324 - ns
Pulse-Width Differential Pwo (Note 2) - 3 12 ns
Bipolar Violations at Maximum Density BV1 MAX - [ - -
Bilp::;l:: \F:i:lllz;t'isns with Quasi-Random BV, MAX _ 0 _ _
CLOCK CIRCUIT
Tank Emitter-Follower Base Current [ loin 14 Voin 14 = 4-9V (Note 1) - 4 15 pA
Tank input impedance Zint Measured From Pin 14 to Pin 15 - 300 - kQ
Oscillator Bias Current losc Voin 14 = 3.9V (gl g) (Note 1) 10 30 50 A
Oscillator Injection Current [ ﬁ:;’_"'zs‘; Voin s £14V: Vi 14 =39V 60 160 190 pA
Delay Circuit Resistor R Measured From Pin 11 or Pin 1210 Pin 15, a2 40 48 K

T, = +25°C
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ELECTRICAL CHARACTERISTICS at Viogy =44V, V., =6.8V,-40°C<T, <+85°C, unless otherwise noted.

\ =V

=V,

=GND. Continued

PIN6 PIN7 PIN13
RPT-85
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
MISCELLANEOUS
Differential voltage, measured between pins 4
ALBO Threshold Via and 5, required to activate the Peak Detector. 1.35 1.5 1.65 v
TA = +25°C
Differential voltage, measured between pins 4
Clock Threshold Vie and 5, required to activate the Data Detector. 0.85 1.0 1.2 v
T, =+25°C
Differential voltage, measured between pins 4
Data Threshold Vi and 5, required to activate the Data Detector. 0.65 0.75 0.85 Vv
TA =+25°C
Clock Threshoid as % of ALBO Voitage V., T, =+25C 67 73 78 %
Data Threshoid as % of ALBO Voltage V. T, =+25C 46 54 58 %
Measured at Pin 16,
ALBO ON Voliage Vo Vo o= Voin 5] = ALBO Threshold o 17 25 v
Measured at Pin 16 and Pin 1
ALBO OFF Voitage Ve 6 TA = +25°C (Note 1) - - 75 mV
Minimum ALBO Diode Resistance Ry MIN - 8 - Q
Maximum ALBO Diode Impedance Ry MAX f=1.544MHz - 30 - kQ
ALBO Gain Range AL (Note 3) 36 48 - dB
NOTES: 2. Sample tested.
1. Vo= 25V, adjust Vp  quntit Vo = Vo o 3. Guaranteed by design.

FUNCTIONAL DESCRIPTION

Bipolar-pulse transmission, the transmission of alternately
positive and negative pulses, is used on repeater lines to re-
move the DC component present in unipolar PCM pulse trains.
This also places the principal energy components in the
0-1.544MHz band, as opposed to the 0-3.088MHz band for

unipolar pulse trains. The absence of a DC componentin bipolar
pulse trains permits the repeater to be transformer-coupled to
the repeater line and helps prevent time-shifting of the regen-
erator firing levels with variations in input pulse density (see
Figure 1).
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FIGURE 1: Energy Specira of Bipolar and Unipolar Pulse Trains
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FIGURE 2: Functional Block Diagram

The bipolar-PCM pulse train is transformer-coupled into the pre-
amplifier as shown in the functional block diagram (Figure 2).
The secondary of the input transformer is loaded with the proper
terminating resistor, R, to match the line impedance. One side
of the transformer secondary is AC-coupled to ground by ca-
pacitor C,; the other side of the secondary winding is in series
with resistance Rg. Resistor Rg and the RC network R ,C, are
AC-coupled to the ALBO (Automatic Line Build-Out) input by ca-
pacitor C,,. The impedance of the ALBO input to ground is gov-
erned by the amount of current through the ALBO diode. Ry, in
series with R, C,,, provides signal attenuation proportional to the
current flowing through the ALBO diode. When minimum cur-
rent flows through the ALBO diode, C, is effectively isolated
from ground and the input signal attenuation is minimal. The
ALBO diode range of 8Q2 to 30kQ provides compensation for line
losses of approximately 5dB to 41dB.

The preamplifier stage amplifies the input signal and appliesitto
the three comparators labeled data detector, clock detector,
and peak detector, respectively. Each comparator provides an
output whenever the signal exceeds the trip point on both posi-
tive and negative pulses. Each comparator trips at a different
threshold. The data detector is set to trip at the 54% point; the
clock detector trips at the 73% point; and the peak detector trips
at peak amplitude. Thresholds and waveforms are shown in Fig-
ure 3.

Current pulses from the peak detector are integrated by the ca-
pacitor in the ALBO filter. This causes a relatively constant cur-
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rent to flow through the emitter foilower and D,.

The clock detector output locks the oscillator to the input fre-
quency. The following amplifier stages shape the oscillator out-
put and shift it in time. The phase-shift capacitor is selected to
provide additional phase-shift so that the strobe pulses will
occur at the center of the incoming pulses. 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.

PEAK
CLOCK

DATA PREAMP

OUTPUT

| | I | | I DATA DETECTOR
OuUTPUT
I | | | | I CLOCK DETECTOR
OUTPUT
I | l | I | PEAK DETECTOR
OUTPUT

FIGURE 3: Thresholds and Waveforms
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The delayed regenerated clock and the data-detector outputs
drive the input flip-flops and output transistors. The output tran-
sistors are coupled to the transmission line through an output
transformer.

DETAILED DESCRIPTION

PREAMPLIFIER

The preamplifier performs two basic functions. The first is to
raise the level of the incoming signal to the correct level to trip
the comparators. The second is to provide frequency/gain
compensation to enhance the signal-to-noise ratio of the incom-
ing signal. The preamp is designed to be operated in a near
open-loop condition. A limited amount of feedback is used to
control the frequency response. The gain-phase relationship of
the preamp (see Figures 4 and 5) implies that the feedback
network must have 40dB attenuation or more at 20MHz and
above to ensure stability.

ALBO

To enable the preamp to operate open-loop with a wide range ot
signal levels, the ALBO diode is connected between the preamp
input and ground. Since the ALBO-diode conductance is directly
proportional to the ALBO-diode current, and the ALBO diode is
driven by the peak detector, any signal in excess of that required
to trip the peak detector will be shunted to ground through the
ALBOdiode. This automatic-gain-control function maintains the
signal at the optimum level to operate the clock and data detec-
tors.

The combination of Rg and R,, in parallel with both C, and the
series impedance of the ALB(S diode, perform the following two

functions: 1) the automatic-gain-control function previously de-
scribed, and 2) the frequency/phase compensation for trans-
mission line losses.

FREQUENCY/PHASE COMPENSATION
Frequency/phase compensation is desirable for three reasons:

1. Ifthebandwidthiswiderthannecessary, noiseandcrosstalk outside
of the signal-frequency band will appear at the threshold detec-
tors. Out-of-band signals increase the probability that an incor-
rect logic decision will be made. These incorrect logic decisions
will increase the bit error rate.

2. Nonlinear phase-shiftsinthe transmission line may causethe signal
to be distorted to the extent that bit errors occur. Phase compen-
sation in the repeater can partly correct for this problem.

3. Largephase-shiftsinthe preampiifier athighfrequencies can cause
instability if not compensated for by the feedback network (see
Figures 4 and 5).

CLOCK DETECTOR

The clock detector drives the clock-tank circuit with a pulse each
time that the incoming signal is greater than 73% of the average
peak signal.

PEAK DETECTOR

The peak detector drives the ALBO buffer and ALBO diode at
the peak of the amplified "1" bits. Whenever the preamp AC-
sigal-output exceeds about 1.5V peak-to-peak, the ALBO buffer
becomes forward biased and drives current into both the ALBO
diode and the ALBO filter. This closed-loop AGC action main-
tains the preamp input signal at about 5mVp_p.

QAN (08)
8
:AE;

1°

01 1 0 100 1000
FREQUENCY (MHz)

240 {1
- |
300
0.1 1 0 100 1000
FREQUENCY (MHz)

FIGURE 4: Preamplifier Frequency Response
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FIGURE 5: Preamplifier Phase Response
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FIGURE 6: RPT-85in Typical 1.544MHz T1 Repeater System

APPLICATION

In a typical T1, 1.544MHz repeater system (see Figure 6), the
repeater is placed in series with a twisted-pair transmission line
at distances of up to approximately 6000 feet. The power is
supplied by a constant current of 60mA that is sent common-
mode down the transmission line. This constant current is sepa-
rated from the signal by input transformer T, and output trans-
former T, and is converted to voltages V..., and Vo bY Zener
diodes ZD, and ZD,. The signal is coupled into the input net-
work by T,. One end of T, is held at AC ground by C,; and the
other end is terminated by the line-matching resistor R,. The
line-matching resistor is followed with a resistive attenuator con-
sisting of R, and R, and the ALBO series impedance R,. The
two resistors, R, and R,, isolate the changing ALBO-diode im-
pedance from the transmission line such that the transmission
line is always correctly terminated. Resistor R, in series with
the shunt ALBO-diode impedance, determines the amount of at-
tenuation provided at any given ALBO-diode current. Capacitor
C, provides a shunt path to ground for signals that are above the
signal frequency.
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When the ALBO-diode impedance is high, the ALBO series and
shunt impedances have very little effect, so the unattenuated
signal is applied to the preamp input with only C, affecting the
frequency response. When the ALBO-diode inputimpedance is
reduced by higher signal levels, more of the input signal is
shunted to ground through the ALBO shunt impedance.

The ALBO shunt impedance, C, and R, changes the input at-
tenuation vs. frequency such that the system has more high
frequency response at low signal levels, and less high fre-
quency response at high signal levels. This change in band-
width with signal level is intended to partially compensate for the
increased high-frequency losses that occur inlong transmission
lines.

The bias feedback components between pin 5 and pin 2, con-
sisting of C_, R,, and C,, operate as a DC self-biasing network.
This C-R-C network prevents AC feedback and allows the
preamp to establish a balanced input-and-output DC bias of 2.5
to 2.6 volts. Resistor R, , provides the DC path for biasing be-
tween pins 4 and 3.
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Resistor R, , and capacitor C; provide an AC feedback path.
Resistors R, and R, act as an AC voltage divider that is
shunted by the variable impedance of the resonant circuit com-
prising L, and C,. This frequency-selective feedback path, be-
tween pin 4 and pin 3, increases preamp gain at approximately
900kHz which further improves the system signal-to-noise ra-
tio. The beneficial effect of the frequency-selective network is
shown in Figure 7. The lower trace is a typical input signal (all 1's
in this example) and the upper trace is the preamp output.

Figures 8 and 9 show the appearance of different preamp inputs
measured at pin 4. Figure 8 is typical of an all 1's signal pattern
with very little crosstalk or noise. Figure 9 shows a normal pat-
tern of random 1's and 0's.

Due to the automatic-gain-control action of the ALBO circuitry,
the peak amplitude is held constant for line losses of approxi-
mately 5dB to greater than 36dB. These signals are superim-
posed on a DC level of approximately 2.5V.

The preamp output drives the clock detector (reference Figures
2 and 6) which drives the clock-tank circuitry (L,, C,, and R, ).
The signal at pin 14, a sine wave of 0.2 to 1.0V__ (depending
upon the percentage of 1-bits), drives the clock amplifier. The
phase-shift capacitor, C,,, provides the additional phase shift
so that this integrated and phase-shifted signal (Figure 10) will
strobe the output flip-flops at the optimum time to determine ifa
1-bitis present. If a 1-bitis present, outputs from the data detec-
tor and the strobe cause the flip-flops to drive alternate output
transistors. This signal is coupled through the output trans-
former into the next section of transmission line (see Figure 11,
all 1's; and Figure 12, a random 1-0 pattern).

Figure 13 is a scope photograph of the signals as observed at
several locations in the system. All traces are DC coupled and
referenced to zero volts at the bottom graticule line. All signals,
except the output, are displayed at 1-volt-per-division. The out-
put is shown at 2-volts-per-division. The signai is all 1's. The
phase relationships are typical for this type of repeater.

The signals shown are:

1. The preamp output at pin 4.

2. The clock-tank at pin 14.

3. The phase-shifted clock at pin 11.
4. The output signal at pin 8.

R;s R, , R,5and C , control ringing and overshoot in the output
waveform.

The fault-locating winding with L, and R, . is used in long-line
systems to determine which repeater, in alarge series of repeat-
ers, has become defective.

The RPT-85 can be used in a variety of systems over a wide
range of frequencies. The low-frequency response is limited by
the difficulty in maintaining useable Q in the clock-tank circuit
and by transformer-coupling losses. At high frequencies, the
major limitation is the output-pulse rise-and-fall time.

REV. A

The preamp is a high-gain, wide-bandwidth linear amplifier.
Analog circuits do not have the noise rejection that is common
with most digital circuits. To obtain best performance, certain
precautions should be observed.

Circuit layout techniques used for R.F. amplifiers should be fol-
lowed. Use of double-sided boards with all unused circuitboard
area made into a ground plane is highly recommended. Keep
input and output leads as far apart as possible, and signal runs
as short as possible. Locate the attenuator network and the
ALBO series impedance R, as close to pin 2 as possible.

Power supply voltages V.., and V.. , should be bypassed near
pins 10 and 15. A bypass capacitor between the V.., connec-
tion on T, and pin 7 is also recommended.

FIGURE 7

FIGURE 8

FIGURE 9
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FIGURE 10

FIGURE 12

FIGURE 11
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FIGURE 13
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