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1. GENERAL 

1. l This section contains information on 2-wire voice frequency repeaters 
and their applicatim in two-wire trmk circuits and subscriber loop:;. 

The application techniques presented in this practice are based on the 
stability design rrethod which eliminates the need for idle-line terminations, 
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gain disablers, and other devices used to keep the circuit fran singing 
while idle. 

1.2 This section has been revised to reflect the current state of the 
art in repeater design. With the recent advances in repeater 

technology the application of repeaters has been sirrplified. ~ a result, 
the folla-,ing TE&CMs have been ccndensed into this revised Section 427: 

1.2.1 TE&Q.1 427, 11Applicaticn and Use of Voice Frequency Repeaters for 
Subscriber Loo:ps 11

, Issue No. 2, November 1965. 

1. 2. 2 TE&CM 444, 11Negati ve Resistance and Negative Impedance Voice 
Frequency Repeaters and Voice Frequency Repeatered Tnmks 11

, Issue 
No. 2, Novenber 1961. (Cancelled) 

1. 2. 3 TE&CM 446, 11Design of 'Two-Wire D66 Loaded Negative Resistance 
Repeatered Trunk Plant 11

, Issue No. 1, April 1964. (Cancelled) 

1.3 Repeaters rreeting the requirenents of REA PE-29, 11Si;::ecification for 
'lwo-Wire Voice Frequency Repeater E'quipnent 11 will give excellent 

p:rfor:mance when applied to circuits designed in accordance with the 
folla.ving: 

1. 3 .1 TE&CM 424, 11Design of 'Two-Wire Sul::scriber _Loop and PABX Tr:unk 
Plant 11

• 

l. 3. 2 TE&CM 431, 11Voice Frequency I.oadin;;r for Tnmks 11 
• 

1. 4 S:i;:ecial applications of repeaters are included in TE&01 470, 11Switched 
S:i;:ecial Services and Private Branch Exchange Services 11

• 

2. DESCRIPl'ICN OF 2-WIRE VOICE FREQUENCY REPEATERS 

2.1 General 

2. 1. 1 'Two-wire voice frequency re:i;:eaters for 11plain old telephone servi.ce 11 

(POIS) ty:i;:e application are divided into two categories, negative 
impedance ty:i;:e and hybrid type. 'Ihe negative :irrq;:edance type applies bi­
directicnal gain in series with the transmission line. The hybrid type 
re:i;:eater separates the line into two transmission paths and applies gain 
in each direction of transmission. The gain n,ay be fixed, manually adjusted, 
or self adjusting (see TE&CM 429 for infonnaticn on repeaters with autanatic 
gain control (AGC)) • 

2 .1. 2 Generally repeaters for use on subscriber looi;:s require little or 
no user adjustments, while repeaters for use on trunk circuits 

require precision adjustments. 

2.1.3 switched gain repeaters provide bidirectional gain. HONever, the 
gain is applied in the direction of the stronger signal and an 

equal arrount of loss is applied in the direction of the weaker signal. ) 
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Therefore, this type repeater provides unconditional stability without 
the need for special line matching networks. It is recarmended for use 
in special service applications only and should not be used for POTS 
type circuits. 

2.2 Negative impedance repeaters are normally canposed of a series gain 
unit, a shunt gain unit and a line matching unit carrncnly referred 

to as a line buildout (LID) network, as illustrated in Figure 1. The 
definition of repeater insertion (or net) gain varies arrong equiprrent 
manufacturers. When specifying overall repeater gain sare include the 
LBO loss (normally about 0. 5 dB) and others do not. 

eries 
Gain 
Unit 

o-------'rvr~~·~ 
CO* ~ 

Shunt 
Gain 
Unit 

IBO 
---o 

Line 

* If used as an intermediate repeater (transmission line on both sides) 
an LBO is required at the O'.) side also. 

Figure 1. Ne;;rati ve Irr[::edance Repeater 

2.2.1 The series and shunt gain units are connected to the line through 
a transfonner as shown in Figure 1. They arrplify the line current 

and voltage in such a way as to produce series ne;;rative and shunt negative 
impedances across the trans former. These impedances C'ClTlbine to provide the 
gain unit irrage impedance of 900 9. in series with 2µF. The series can­
ponent is open circuit stable and the shunt canponent is short circuit 
stable. The transfonner provides a low resistance de path for ringing and 
supervisory signals. 

2.2.2 The line build out network provides the means for matching the 
line impedance to the gain uni ts image impedance. Separate LID 

networks are usually provided for D66 loaded, H88 loaded, and nonloaded 
cable. Each type LBO network usually consists of buildout resistors (BCR), 
line 1:uildout capacitors (:OOC), and a high frequency and lc:M frequency cor­
rector network. 

2.2.2.1 CaTipranise LBO networks provide the best fit match for more 
than one cable gauge witrout user adjustments. 
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2.2.2.2 Repeaters for use en subscriber loops niay have LBJ networks 
which have vecy simple or no user adjustrrents. 

2.2.2.3 Repeaters for use en toll-trtmk circuits require precise LOO 
adjustments to rreet the required retum lass i:erfonnancec 

2
0
3 'Iwo-wire hybrid repeaters are cattX)Sed of two hybrid networks, 

two unidirectional line amplifiers , and two balance networks as 
sham in Figure 2. 

East 
or 

co 

Signaling Path ,---- --------------7 
I ;-----1 ~----. I 

I 
r! -\ 

i------1 Nl 

L_ ... _ 

west 

R 

~,=East Balance Network 
~=West Balance Network 

H = Hybrid Network 
A

1
= East to West anplifier 

A
2
= West to East J.roplifier 

Figure 2. Hybrid Repeater 

2.3.1 The hybrid network separates the two wire path into blo distinct 
transmission paths. One path transmits fran east to west through 

anplifier A1 and the other transmits fran west to east through amplifier 
A2. 'Ihe degree of isolation between the two transmission paths depends an 
the impedance rratching between the balance networks and the circuits con­
nected to the east and west tenni.nals. Therefore, a high degree of balance 
is required to prevent regenerative feedback between the two transmit paths 
of the hybrid. For tenninal repeaters the east :port faces the central 
office and a canpranise balance network of 900 ohrrs in series with 2 µF 
is used to match the central off ice irrpedance. 'Ihe west network facing 
the line side matches the cable irrq::edance. 'Ihe balance network which faces 
a cable pair consists of balance network resistance (NR), network build-cut 
capacitance (B:C), and network gau;1e canpensation. 

2.3.2 Repeaters used on toll trunk circuits require adjustable precision 
balance rietworks. Terminal repeaters used on sul::scriber loops 

with a central office end section equal to approximately 50 percent of a 
full section need not have any user adjustments available on the balance 
network. 

2.3.3 As illustrated in Figure 2, A and B leads are provided for 
signaling continuity. The A lead is associated with the tip 

side arrl the B lead is associated with the ring side of the line. 
\ 
) 
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3 .1 Minimum operating requirerrents for repeaters are cx:mtained in REA 
specification PE-29, "'Iwo-Wire Voice Frequency Repeater Fquiprent". 

Repeaters manufactured in accordance with the REA specification and used 
on looi;:s designed in accordance with REA recornnended practices will pro­
vide the desired transmission performance of REA TE&CM 415, "Transmission 
Objectives''. 

3.2 A brief outline of scrre of the perfonnance characteristics as re­
quired by PE-29 is as fella.vs: 

3.2.1 The amplitude-frequency resoonse of the repeater determines the 
rnaxim.un usable bandwidth of the repeatered. voice frequency cir­

cuit. The bandwidth is normally limited to those frequencies between the 
points where their amplitude is diminished by 3 dB with reference to the 
1000 Hz level. The arrplitude of the frequencies between the 3 dB points 
soould be relatively flat (± 1 dB) with respect to the 1000 Hz level. 

3. 2 .1.1 Repeaters for use with D66 loaded cables have a mininurn band­
width of 300 to 3400 Hz. 

3.2.1.2 Repeaters for use with H88 loaded cables have a minimum band­
width of 300 to 2800 Hz. 

3.2.2 Stability: 'Ihe repeater is \IDconditionally stable when its central 
office tenninals are opened, or shorted and the subscriber end 

of the loop is either open or shorted. 

3.2.3 The ecoo return loss and singing return loss performance is based 
on the repeater application. Terminal repeaters, for use on 

subscriber loops, rray have a minim.un of 16 dB echo return loss and 11 dB 
singing return loss when their line matching network (canpromise) has no 
user adjustrrents and may be used on more than one gauge of cable. All 
other repeaters provide a minim.un of 18 dB echo return loss and 12 dB 
singing return loss. 

3.2.4 Crosstalk separation between adjacent \IDits is nominally 90 dB. 

4. APPLICATION OF REPEATERS TO SUBSCRIBER IDOPS 

4.1 General 

4.1.1 Repeaters should be applied according to the general rules of 
TE&CM 424, "Design of 'Iwo-Wire Subscriber Loop and PABX Trunk 

Plant". 

4.1.2 The application of self regulating repeaters to camon rrode 
operaticn is discussed in TE&Qll 429, 11Autanatic Gain Control 

Repeaters and their Application to Canrron Mode Operation". 
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4.1.3 When the system has more than one gauge of loaded cable pairs ) 
which require gain, repeaters with a carpranise LEO network may 

be used. To assure reasonable return less performance the central office 
end section length should be 50% of a full section length. 'Ihe benefit 
in using the carpranise LOO is that the sane fixed LOO network can treat 
rrore than one cable gau;ie thereby reducing engineering, adninistration, 
and record keeping expenses. Repeaters with ccrnpranise LOO networks have 
lX)Orer retw:n less than th::lse with rnore precise LOO networks. 

4.2 Loading 

4.2.1 To maximize repeater perfo.r:rrance loaded subscriber leaps should 
be designed according to the office end section length and load 

spacing requirements of TE&01 424. · 

4.2.2 When existing loaded loops are being extended they should meet the 
desired results of the acceptance tests of fi:-4, "REA Standard for 

Acceptance Tests and Measurerrents of Telephone Plant" before applying 
rei:;eaters. - Leaps which do not meet REA standards should be upgraded to 
assure stability when using repeaters. 

4.3 Circuit Net Less 

4.3.1 'Ihe 1000 Hz circuit net loss (arr,), calculated in accordance with 
TE&CM 426, "Subscriber Loop Canputation (Design by Loss Methcd)", 

should range between 3 and 8 dB for all rei:;eatered looI;E. A CNL less than 
3 dB may degrade the repeater return loss i:;erforrrance and result in stability 
prcblems. Generally repeaters may be set for an insertion gain as high as 
9 dB and still provide satisfactory crosstalk performance. 

4.3.2 When the cbjective 8 dB CNL is exceeded the loop may be extended 
by using a carrier derived circuit or an intennediate or field 

:rmunted rei:;eater. Intennediate rei:;eaters require remote pc:,t1er and weather 
proof housings. Physical loops becane increasingly susceptible to noise 
as they extend beyond the point where an intermediate repeater is required. 
Considering the J;X)Ssible transmission degradation, installation costs, and 
on-going maintenance costs, carrier derived circuits are preferred to the 
use of intennediate repeaters. 

4.4 Subscriber End Sections 

4.4.1 As defined in TE&G1 424 the subscriber end section is the "total 
length of exchange cable (0.083 microfarads i:er mi.le average mutual 

capacitance) extending beyond the last loading coil on the subscriber end 
of the facility". For best perfonrence, the ideal end section of a loaded 
loop should equal 50% of the full section. The ideal end section length 
for D spacing is 0.686 kilaneters (2.25 kilofeet) and for H spacing is 
0.914 kilaneters (3 kilofeet). As the end section increases beyond its 
ideal length it degrades the i:;erformance of the loop. The 1000 Hz insertion 
less increases and the bandwidth decreases. Figure 3 shews the average in­
sertion lass for end sections in excess of their ideal length. As can be 
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seen fran Figure 3 the end section length rapidly replaces the repeater 
as the controlling factor for circuit bandwidth. Also, as the end section 
length increases the line impedance seen by the repeater changes. Loops 
with less than 9 load mils are affected the most by excess end section 
lengths. These loops may deteriorate the repeater return loss scmewhat. 

4.4.2 Loops designed for single-party service should have end sections 
clese to their ideal length. Ho.,rever, these single-party loops 

with the max:i.mJrn reanmended end section lengths should provide satisfactory 
performance. A D66 loop with an ideal end section reaches about 193 kilo­
meters (120 miles) before it exhausts its usable bandwidth. The maximum end 
section recarmended for D66 loaded loops, 2 kilaneters (6.5 kilofeet), 
increases the 1000 Hz less by abcut 1. 3 dB and 3000 Hz less by about 2. 9 dB 
for a net reduction of 1.6 dB in the usable bandwidth. This reduces the 
maximum length of the D66 loop to 113 kilaheters (70 miles), certainly 
not a significant i.rrpact on single party design. 

4.4.3 Loops designed for multi-party service which require end sections 
in excess of about 2.6 kilaneters (8.5 kilofeet) may have a serious 

irrpact on the circuit bandwidth, as illustrated in Figure 3. At about this 
length the end section exhausts all the useable bandwidth. Jls the end 
section increases beyond this length the circuit bandwidth diminishes. 
These circuits provide adequate transmission perfonnance but do not meet 
REA bandwidth objectives. 

10 

C/l 6 

~ 
3000 Hz End Section Loss H88 ~ 

5 dB ------------------------------
2.9 dB 

I 

00 Hz End Section Loss D66 
2800 Hz End Section Loss H88 

dB 

\_ 1000 Hz End Section Loss D66;H88 
I 

2.25 3 4 5 6 6.5 7 

j· l -- ··• T .... 

8 8.5 9 10 11 

End Section Length (kf) 

Figure 3. Average End Section Insertion Loss Between 900 Ohm Impedances for 
Different Lengths of D66 and H88 loaded 24 Gauge Facilities 
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4o5 Bridged Tap Isolators 

4.5.l Repeaters may be used on loaded loops requiring bridged tap 
isolators (BI'I) located at either the subscriber end or central 

office end of the lcop. When the BI'I is located at the central office 
end of the loop, repeaters meeting REA require:nents for stability should 
be placed between the BTI and the line. This arrangement requires a 
repeater for each branch. Af3 an alternative arrangement a single rei;:eater 
with an idle circuit disable feature should be placed on the central office 
side of the BTI. Either of these rrethods will ensure stability in the 
idle circuit state. 

4.5.2 Consideration should be given to using a repeater with autanatic 
gain control as a means to provide unifonn gain to each party on 

the line. 

4.5.3 As indicated in TE&CM 428, "Application and Use of Brid;;red Tap 
Isolators (BTI) for Subscriber Lcops 11 great care should be used 

when designing circuits requiring the use of BTis as they are a potential 
source of trouble. 

5. APPLICATION OF REPEATERS 'IO 'IRUNK CIRaJI'IS 

5 .1 General : To rnaxinti. ze repeater performance, loaded trunk circuits 
should be designed in accordance with TE&CM 431, "Voice Frequency 

Loading for Trunk Cables 11
• Insertion less and structural return loss 

measurerrents should be made in accordance with PC-4, "REA Standard for 
Acceptance Tests and Measurements of Telephone Plant 11

• The structural 
return loss should oonply with PC-4 Paragraph 9.4, 11~pplicable Results 11

• 

5. 2 Inserted Connection Loss (ICL) as defined by the 1980 AT&T 11Notes 
on the Netw'Ork11 is the net circuit loss which 11reflects all of the 

gains or losses £ran the originating out going switch appearance through 
the tnmk to the out going appearance of the terminating switch with the 
switch tenninated in the naninal office impedance 11

• Table l lists the ICL 
objectives for trunks with gain £ran the 1980 11Notes on the Network 11

• 

Figure 4 illustrates the ccrnponents that are included in the ICL for trunk 
circuits a 



REA TE&CM 427 
Page 9 

Table 1. Inserted Connection Loss Design Objectives 

ICL 
'fype Trunk Length in Miles Objectives Maximum 

Toll Connecting <200 3 dB 4 dB 

Class 5 to Class 5 <200 3 dB 

Class 5 to Higher <200 3 dB 
Class 

Interend Office 1 200 Max 3 dB 5 dB 

Tandem Connecting 2 200 Max 3 dB 4 dB 

Notes: 1. An interend office trunk connects any two end offires but 
does not connect to another trunk. Interend office trunks 
carry only local traffic. 

2. A tandem connecting trunk connects an end offire with a 
tandem switching system and may connect to another trunk. 

ICL = Originating Office Lesses+ Trunk Facility Less+ Terminating Office 
Losses 

Figure 4. Canpcnents of Trunk Circuit ICL 



REA. TE&Qv1 4 27 
Page 10 

5.3 liffiplitude - frequency resoonse (bandwidth) objectives as defined -"') 
in TE&CM 415, Table A are based an the minirrum design objectives 

of a repeatered D66 loaded trunk circuit. A repeatered H88 loaded trunk 
circuit can not meet the TE&CM 415 objective. It should be noted, hONever, 
that in their publication "Notes on the Network" AT&T does not specifically 
define bandwidth lirni ts for trunk circuits in general. They do, hcwever, 
define the overall arnpli tude-frequenc.y resp:mse ( 11 slope") for data trans­
mission as a maximum less of 8 dB at 2804 Hz relative to 1004 Hz for all 
trunks and switching equipnent between two class 5 offices. Repeatered 
H88 loaded trunk circuits and all other trunk facilities designed in 
accordance with REA sug;;rested practices exceed the su:;;rgested resp:::,nse of 
AT&T's "Notes on the Network". 

5.4 EchJ return loss cbjectives as stated in Table B of TE&CM 415 should 
exceed 18 dB and singing return less should exc:eed 10 dB. 

5.5 Repeater Location 

5.5.l Nrn toll trunk circuits should have repeaters located in the 
electrical mid-third p:::,rtim of the trunk facility to allOM for 

rraxirnum re:i;::eater gain and the best return. loss performance. Where the 
repeater can not readily be placed in the middle p:::,rtion of the facility, 
terminal repeaters may be used at either or both ends of the facility. 

5.5.2 Toll connecting trunk circuits should have the repeater located 
in the electrical mid-third p::>rtion of the trunk facility or at 

the class 5 office. 'll1e minimum return loss objective of 18 dB is dif­
ficult to meet during terminal balance procedures if the repeater is 
located at the class 4 office. If a repeater must be placed at the toll 
center the gain should be set no higher than 3 dB. Each dB of repeater 
gain degrades the echo return lcs s by 2 dB. 

5. 5. 3 Repeaters may be used at the junction of D66 and H88 loaded cables 
to eliminate the need for junction :impedance cx::rrtp=raators. 

5.6 Calculation of Repeater Gain 

5.6.1 The objective ICL for trunks less than 322 Km (200 mil ) · 
, length is 3.0 dB as indicated in Table 1. The repeate~ ~~ 

required to prcduce the desired ICL is determined by subtracting the 
ICL_value (usually 3.0_dB) fran the total lesses in the trunk circuit. 
Typical losses for eqw.pnent and facilities used in trunk cirai't d · 
are listed in Table 2·. 1 esign 
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Table 2. Typical Equipnent and Facility Losses 

Item Insertion Loss (dB) 

Class 5 Central Office 0.5 (Note 1) 

Class 4 Central Off ice 

22 D66 or H88 Cable 

24 D66 or H88 Cable 

Negative Impedance Repeater 
22 gauge cable LOO 
24 gauge cable LOO 

Jrnction Impedance Canpensator (JIC) 

Reflection Loss 

O. 52 dB/Km (0 .16 dB/kf) 

0.75 dB/Km(0.23 dB/kf) 

0.4 
0.5 

0.3 

(Note 2) 

Notes: 1. 'Ihe O. 5 dB loss for class 5 analog central of fices is generally 
attributed to the repeating coil. Class 5 digital central 
office less is set between 0 and 0.5 dB. Losses for office 
cabling less than 500 feet can be neglected. A good ccmpromise 
value for office cabling longer than 152 meters (500 feet) is 
(0.4 dB/kilofoot). 

2. Reflection loss is encountered at the junction of facilities 
with dissimi.lar impedances. Table II in TE&CM 431 lists 
reflection losses for various combinations of cable facilities. 

5.6.1.1 With the transmission level at the originating central office 
assigned the level of O dB, the transmission level at any :i;:oint 

in the trunk cira.1it should not exceed an objective of +6 dB. 'Ihe minimum 
repeater input level should be no la..rer than -9 dB relative to the origi­
nating off ice. 'Ibe controlling factor for the maximum level is crosstalk 
performance. 

5. 6 .1. 2 If cables and equi:µrent are manufactured in accordance with cur­
rent REA specifications the repeater gain may be set as high as 

9 dB and provide good crc:sstalk performance. In such cirCL1ITStances the 
upper limi. t of the Paragraph 5. 6 .1.1 transmissioo level is 9 dB and the 
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minimum input level is -12 dB relative to the originating office. 

5.7 Examples of Repeater Applications 

5.7.l The first step in e~ineering the repeater application is to cal-
culate the required gain in accordance with Paragraph 5. 6. After 

calculating the required gain the repeater locaticn is selected in accord­
ance with Paragraph 5. 5. Preference should be given to maintaining the 
transrnissicn level belc,..; the +6 dB objective of Paragraph 5.6.2.1. Ha.vever, 
if the +6 dB objective level can not be maintained and the crosstalk 
conditions of Paragraph 5.6.2.2 are met the repeater gain may be set to 
provide a transmissicn level not exceeding +9 dB. 

5. 7. 2 Figure 5 illustrates a direct trunk facility between class 5 
offices and its transmission level diagram. All canp::,nents of 

the circuit meet REA standaras • For the sake of establishing the initial 
design criteria assume a single terminal repeater will meet the 3 dB ICL 
requirements. Fran Table 2 the circuit losses are as follows: 

00 loss (.5 + .5) 
I.BO less ( 24066) 

24 D66 Facility loss (38 kf x . 23 dB) 
Total loss 

dB = l dB 
= 0.5 dB 
= 8.7 dB 
= 10.2 dB 

The required repeater gain is 10. 2 dB - 3 dB = 7. 2 dB. Fran the trans­
mission level diagram we see that inserting 7.2 dB of gain exceeds the 
objective limit of +6 dB. Rather than use two repeaters to rreet the , 
objective a single repeater set for 7. 2 dB rray be used at either central 
office since we determined the conditions of Paragraph 5.6.2.2 are rret. 
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Figure 5. Local Trunk Circuit and Level Diagram 
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5.7.3 Figure 6 illustrates a toll connecting trunk facility through an 
intennediate office and its transmission level diagram. All can-­

l,X)nents within the exchange area neet REA standards • '!he repeater lo­
catiai of first choice is the internediate office. Fran Table 2 the 
circuit lesses are as follCM: 

CO Less ( • 5 + • 7) dB = 1. 2 dB 

LBO Less (.4 + .5) dB= .9 dB 

Facility Less 

22 H88 (.16 dB/kf x 29 kf)= 4.6 dB 

22 1:66 (.16 dB/kf x 20 kf)= 3.2 dB 

24 D66 (.23 dB/kf x 25 kf)= 5.8 dB 

Ji.mctioo Impedance Canpensator (JIC) = O. 3 ---
Total Less = 16 dB 

Therefore the repeater gain required to produce the objective 3 dB ICL 
is (16-3) dB= 13 dB. 



-r@ 8 -
,--1 

6 

§ 4 
2 

8 0 
,,..; 

-2 (/) 
(/) 

-~ -4 

~ -6 
-8 

REA TE&<N 427 
Page 14 

Class 4 
Office 

A JIC 

Class 5 
Inte.rmediate Office 

B 

7. 6 km ( 25 kf) 

Class 5 
Office 

z 
8.8 J<:m(29kf) 6.1 km (20 kf) 

-+--------,.------t=-----Cl 
'"'4 :c66 (5. 8 dB) 

.7 dB 

22 H88 (4.6dB 22 D66 (3.2 dB) 
(. 3 dB) 

-------- IL = 9. 2 dB 

(.4 dB) (.5 dB) (. 5 dB) 

IL= 6.8 dB 

----rCL = 3.0 dB-----------~ 

+3.8 dB 

-3.0 dB 

--
-9.2 dB 

Figure 6. Toll Connecting Trunk and Level Diagram 
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