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MC3419
MC3519

Advance Information

SUBSCRIBER LOOP

INTERFACE CIRCUIT

(sLic)

TELEPHONE LINE FEED AND 2-TO 4-WIRE
CONVERSION CIRCUIT

-+ . designed to replace the hybrid transformer circuit in Class 5,
PABX and Subscriber carrier equipment, providing signal separation
for two-wire differential to four-wire single-ended conversions and
suppression of longitudinal signals at the two-wire input. It provides
dc line current for powering the telset, operating from up to a 60 V
supply.

® Transmit and Receive Gain is Externally Selected

® On-Hook Power Below 5.0 mw

® Current Sensing Outputs Provided for Off-Hook Status from Both
Tip and Ring Leads

® Size and Weight Reduction Over Present Approaches
® Compatible with [EEE and REA Specifications

® The sale of this product is licensed under patent No. 4,004,109,
All royalties related to this patent are included in the unit price.

BIPOLAR LASER-TRIMMED
INTEGRATED CIRCUIT

P SUFFIX

CASE 701

PLASTIC PACKAGE

L SUFFIX

CASE 726

CERAMIC PACKAGE

FIGURE 1 - SUBSCRIBER LOOP INTERFACE

CIRCUIT DIAGRAM
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This is advance information and specifications are subject to change without notice.
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MAXIMUM RATINGS

Rating Symbol Value Unit
Maximum Rated Voitage Veg1. VEE2 60 Vde
Maximumn Power Dissipation Ta = 25°C
D:rate above +;5EC * A Po 15 Watts
Operating Ambient Temperature Range MC3412 TA 0to+70 oc
MC3519 -40 to +85
Storage Temperature Range Tstg -65 t0 +150 oS¢
Operating Junction Temperature Ty 150 oc
ELECTRICAL CHARACTERISTICS (VEg1=VEE2™ _48V,Vcc=0,VaGg=60V.Ta= 25°C)
Characteristic Symbol Min Typ Max Unit

o T Ran
) 7%5:;:30 2600 2) Lp 20 - 120 mA
Transhybrid Reception Ratio — Figure

a(;LyE 9%0 ?zc,\;/’ﬁi =Rg.7°75 ngMS, f/G =0) VRL/VRX -01 o +0.1 a8
Transhybrid Transmission Ratio — Figure 2

mt_y= 900 2, Vex = 0, vG=o.735 Vams) vixVeL | 01 0 01 8

ransh i jecti io — Figure
! a?r;gzrledog?le.c\‘/':,‘(za:).77s i/':ums,sz =0) VTX/VRX - -46 - a8
Input Resistance (@R and T)—Figure 2 Rin 900 Q
In-Band Longitudinal Suppression Ratio — Figure 3 VrxleL B B

(6L on - 0.775 VRMS, f = 1 kHz, Ry =900 Q) on - 66 a8

0 Cycle Longitudinal Suppression Ratio — Figure 3
° ((:;Lonl; 20V R, P60 H, R - 1900 sg) VTx/eLon - 66 - d8
Lon(gsl:)u:;r;m Capacity — Figure 3 iLon _ 35 _ mARMS
Level Linearity

(f = 300 Hz to 3400 Hz,

Reception Vix = 0.775 VRMS. Vax/VeL -0.1 - +0.1 dB

Transmission VR = 0.775 VRMS! VRL/VTX -0.1 - +0.1 dB
Idle Noise = Q - dBrnCq
Off-Hook Power Dissipation {1C)

ULoop = 120 mA) PD(OtH) - 0.6 - Watts
On-Hook Power Dissipation PD(On) - 5.0 — mw
Tip Status Current

(1 Loop = O t0 120 mA] \rs/lT - 0.0104 - mA/mA
Ring Status Current

{lLoop = 0 to 120 mA} IRS/IR - 0.0104 - mA/mA
Voltage Range of Analog Ground VR ¢ - -12 Volts
Analog Ground | nput Current IGnd — 1.0 - LA
Fault Currents

(Tip to V¢g — Figure 2 T - 0 - mA

(Ring to Vo — Figure 2} IR - 6.0 — mA

{Ring and Tip to V¢g — Figure 2) Irl+ligl - 5.0 - mA

{Tip to Ring Short — Figure 2) 1T +IR 120 - mA
Power Down Input Levels vdc

Logic High ViH Vee-1.0 - -

Logic Low ViL - - Vce-2.0
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FIGURE 2 — AC TRANSMISSION TESTS OF MC3418 AT BALANCE
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FIGURE 4 — DESIGN EQUATIONS
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Internal to the MC3419 are three precise gain constants

K1 =4 K2=2375 K5 =04 K5 =06

K5 and K5’ are selected by connecting TX1 of TX2 to RX respectively.
The remaining TX pin is connected to R6 and R7.

1. The dc feed resistance is R¢
R1+R2

Rt = fvkikz * R3TR4
2. The termination resistance is Rg
_ _R1+R2
Ro = TrKiKzKs * A3 R4

FIGURE 5 — HYBRID LOOP CURRENT versus LOOP RESISTANCE

{FOR 24 AND 48 V SUPPLY)

100 I
A\ N W VL
\( | mMC3419
:(E‘ 80 \ [-48 v|
; sy Loop Resistance
z \ Match < 0.1%
g NN
NI
-9
S 40 AN < 2av SN
-
i \\\ 20 V P~— —
- \ \\\
20 By, oo $—
ad
]
] 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

R . LOOP RESISTANCE (k§2)

6-33




MC3419, MC3519

A 8P~

SLYEOW ONISN didl ONIY — 9 3HNONS

EEVNEE-EPY /
\l 0zz Joressuen) v
XLy 0— ot ZX1 N3 vaw Bury Ve
. 0LZarw
4170t / SSVSdA
ey +98) X1 \\
S NE .
. 9 ®
" wl . ) . v {oww
A O It VWA—®- ] o€ ¥0'L00
an ot s 2N
VA O AN [4?] .
- A pol
| ND &
ad
AZTL— 4 42 y ANN— L 1
Yoz o no'Lorg  AINDHID
7 1z Y AIND3
NOOH-HO $ mG_M% Ap9l 13873t
LYEOW
- * sH
49
M yze
=zo
a: LLZICW
A/ Sl 43
% 00€
e EET
AL * oAMv
"I
is 5 o o 'A'A
3oL
3 —em O o

8:34



MC3419, MC3519

3

ay
Ixls
ad
AZL-—
1y |
Ho 3
47 L0
=
% 0F
{ssa zoof&t—k eed $
Loo A2 000F 7 | 087 o2z W
O it m 4 N o=
slae  oavisy % 008 0Lz 'a
oW ,ﬂm; SSATg Lieasp 133nf arw y /
0 08 1SW -
> B Lo oafz wos$ | Lfas N3 /
1% 0'8 o301 zy L [ < a1 s p
1Lz
ISW ' sk N8 Buiy
18w BYO'T T TR oL XL 1ey] v ) /
su ND 7o
sjoar  z20 2 ) T3 R £ It 9t z 7 N
39 0002 e v * ) ofexs Zutwwy
ZHW 8Y0°Z > sas  1zolg 9 € ) ERE T diy
o e+ v+ gree XL Ly —wW» AN
ZHY 0'8 w— FAEEG] z1D rlv 7 z N z\ v ypoL % 0F
4d 0002 oxi - ANW—@— X d2
siaw 80z zzjaas  uofg zL OXHjpyl . A8l z
_ = ov oV 48
1% 8TL ]2 aviz 91|99/ Al v €
ELPYLOW 298 a3
v aan  9vp T %0z u" 81 L X
1 LLZIATN
LOVYLOW €ovl 1 6LPEOW
oW -
pug

LINN TINNVHD H38180S8NS dIHO€ YIOBOLO0W — £ 3UNDId

6-35



MC3419, MC3519

*8314d 1 UN Byl W1 papn|oul
@ik 1usied $iyl 03 peleje.s
$618A0. |1V 601 P00’V 'ON
1ueled 18pun PesuRd|| S
19npo.d $14l O et8s 8yl (3LON

AH LEENN Agy—
OVA ad - -
133,
>0 2
AV Avc_ Avl-
Xla b3 3 20 $° 0zz
N3 vaw
AV 1 8 L L8 1 v oLZarw
gy X4,
b =4 o] oV v
N8
A P9l
ZXL AN~ AAA, AMV—0 Bulyy
991 td  zy NJ oe
1011U0) seig vy
b
9y s
X1 M-
s A§Z $oip x,
nEu" L
I AAA X9 9L
x4 \A4 Cle)
A 4 54 Xd M MA—0 diy
iy 1y og
“ 1 1023UCD ey
8 Lez arw
Si
SH
d8
e ] N
i 14 L v L Ly
d3
NSO S
0(> | .u “vm, o _
LT
9,
8LPEON

6LYEDW "LINDHID IDVAHILNI dOOT HIARIHISEANS — 8 IHNOIA

6-36



MC3419, MC3519

DESCRIPTION OF MC3419 SUBSCRIBER LOOP INTERFACE CIRCUIT

Figure 8 depicts a complete subscriber loop interface
circuit for standard end-office telephone loop
connections. The circuit consists of an 18 pin dual in-line
MC3419, MJE271 PNP and MJE270 NPN power
darlington transistors, an MDA220 bridge rectifier and six
resistors. This composite circuit provided the following
line interface functions:

1. 2-wire balanced to 4-wire single-ended signal
conversion.
. Independent Receive Gain selection (R5).
. Independent Transmit Gain selection (R8).
. Independent Transhybrid null selection (R6 + R7)"
. 600 to 900 € resistance ac loop termination (R1, R2,
R3, R4)*.
6. Resistive dc power-feed from 400 to 800 £ (R1,
R2, R3, R4}.
7. Ring to ground, Tip to ground, Ring and Tip to
ground fault current timiting (10 mA).
8. Rejection of longitudinal or common mode inter-
ference from 50 to 3400 Hz (30 mA RMS).
9. 1500 volt secondary lightning protection.
10. Temporary power line fault protection.
11. Proportional ring current sense indication in RS.
12. Proportional tip current sense indication in TS.
13. Suppression of longitudinal component in RS and
TS normal connections.
14. Independent 4-wire common input for noise iso-
lation.
15. Independent quiet battery supply input for battery
noise rejection.
16. Near zero power dissipation in normal on-hook
condition.
17. Level linearity of better than 0.1 dB over the entire
level and frequency range.

O s wWN

'Reﬂected complex impedances may also be provided
with an additional capacitor.

DC CHARACTERISTICS

The first function the SLIC must perform is to enable
and disable itself on the basis of the switch-hook
condition in the attached instrument. With the station
on-hook, the Ring and Tip terminals are open. No metallic
current can flow in resistors R1 and R2, thus the input
and various outputs of circuit A and A' are zero. The
control outputs of 'lA and A’ are off, causing the op amps
B and B’ and the voltage reference to have no bias. The
reference pull down resistor pulls the reference voltage to
VEeEg. No current flows in any part of the circuit if the Tip
and Ring terminals are open. The power dissipation in this
state is back bias leakage only.

When a load resistance (R ) is connected to Tip and
Ring, the dc current flows in R1, R2, and circuits A and
A’, The control outputs, op amps B, B’, and the voltage
reference are now on. The current gain of circuit A and A’
to the TX outputs is K2 = 4, The current gain of circuits B
and B’ is K1 = 23.75. For a current in R1 and R2 of Iy,
the current in the collector of circuits B and B’ is
K1K2lp. The total current in the load is (1+K1K2)Iy.
The dc feed resistance at the Tip and Ring terminals is

_{R1+R2)
1+K1K2

The curgent which flows in the load wiil be:

R¢ +R3+R4

_Vec- VeE2

1 =
Loop RL *R¢

The dc feed current is thus determined by the loop
resistance.

The dc component of iy is a measure of the mismatch
between the source and the sink current of the various
differential stages. Circuit C and C’ source or sink current
through CN and CP until the dc component of ix = 0. C
and C’ also keep the mid-point voitage of the load at
VCC/2. Thus, with a metallic current in the load, the
SLIC supplies current to the load with impedance R¢.

Various fault dc conditions must be accounted for in
practice. The Tip and Ring leads can be shorted to ground
in the field in any combination. The SLIC limits these
fault currents by the arrangement of the control outputs
of circuit A and A’. If the Ring lead s tied to ground, a
current through R2 will turn on the control output of
circuit A. This enables op amp B’ and provides a sinking
path for the voltage reference. If the Tip lead is open or
connected to ground, the current in R1 is zero. The iy
control lead is sinking current but cannot turn on circuit
C’ because the voltage reference is Vgg. Circuit B is also
off since the contro! output of circuit A’ is off. The
current in the Ring lead is now [{Voe-Veg)/(R4 + R2)].
The Ring fault current in the SLIC is less than 10 mA.

SMALL SIGNAL AC CHARACTERISTICS

With a load Ry applied across Tip and Ring, the flow
of metallic current in R enables and biases the SLIC
circuit. Now consider an ac generator in series with Ry
causing differential signal across Ring and Tip at a
frequency between 300 and 3400 Hz. The impedance
presented to the generator is R| + R, where R, is the ac
input impedance of the SLIC at the two-wire part. Ry is
derived by a method similar to Rs.

The gain of circuits A, A’, B, and B’ is K1 =4 and K2 =
23.75 as before. However, the TX2 path to i1y is an
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added load for ac signals and the current returned to Ry

is divided by the current divider of 2.5 kQ and 1.66 kS2.

As connected, the ratio of these resistors creates another
constant K6 = 0.4. (TX1 and TX2 connection can be
reversed to produce K5' = 0.6).

The ac termination is thus:

R1 +R2

Rt =TrkiKzks * RO+ R4

The ac current in SLIC is then
v
R [*] .
ig = ————RL *R, where vg is the generator voltage.
i

The current in R1 and R2 is given by 1+K1K2K5
and the output signal current is

; _ K1{1-K5) thus

TX = ig (1+K1K2K5)

VTx K1(1-K5} RS

vg 1+K1K2K5 \R| + R,

The differential signal in the load is input, as two out
of phase signals, into circuits A" and A. The A’ signal is
inverted and summed in phase with the output of A in
A”. The transmit gain voltage of the SLIC can be set at
any arbitrary value by selecting R8.

Now assume a two-wire load R and a generator vgat
Vgx- The generator sees a low impedance at Rx.
assuming Vg is connected to a dc potential. The current
into Ry is simply igy = vg/R5.

This current is multiplied by K1 in circuits B and B’.
The output transistors drive a Yoad R + R3 + R4 in
parallel with (R1+R2)/{1+K1K2K5) so that the voitage
gain from Vg to Tip and Ring is

v R
“BL -K2 _L x Cq where
VRx RS
- R1+R2
17 |(R1+R2)+(R| +R3+R4)(1+K1K2K5)

The signal current across the load is in phase with V gy
and out of phase with the termination R,. The current in
R causes a signal at iTx.

This current may be cancelled for any load Ry by
selecting the sum of (R6 + R7).

Balance is achieved for a load R by designing

R5{1+K1K2K5}

(RE+R7) = S K201-K8)

x Co where

(R1+R2) + (R +R3+R4)}(1+K1K2K5)
C2 = R1+R2
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The current amplifiers within the SLIC are all
wide-band amplifiers such that essentially no group delay
occurs for 4kHz band limited signals and resistive loads.
Thus, the SLIC functions as a near ideal transimpedance
converter for ports VRrx.VRL, and Vx. Complex loads
Z| may be balanced by replacing (R6 + R7) with a
complex balance network z.

LONGITUDINAL SIGNAL SUPPRESSION

Both low frequency and voice-band longitudinal
rejection are produced by the same mechanisms within
this SLIC.

A longitudinal interference from O to 3400 Hz in the
{oop produces a common mode voltage at Ring and Tip.
Circuit A and A’ sense these in phase currents in R1 and
R2 and cause an ac signal iy. Circuit C and C’ are driven
by the Class B transistor pair to produce currents which
will reduce the common mode component at nodes CN
and CP by the open loop ac gain of the circuit C and C'.
The high compliance of the i, output and a large current
gain in circuit C and C’ allow the open loop gain to be
quite large.

Constants K1, K2 are held in close tolerance within the
integrated circuit. If R1 + R3 = R2 + R4, then the
longitudinal balance at Tip and Ring wilt be good. Thus,
the remaining component of common mode signal at CP
and CN will be equal. The phase inversion in A" will cause
the common mode remainder to sum out of phase at TX2
and thus will contribute fittle output at V1x- The overall
performance of this common mode rejection loop is
determined by the matching of R1 + R3 and R4 + R2, as
well as the matching of constants within the chip. 60 d8
appears readily achievable.

The circuit C and C’ outputs are limited to 30 mA to
insure fongitudinal capacity for both the |IEEE and REA
standards.

LOOP CONDITION SENSING

Three analog sensing outputs are provided for detecting
the condition of the subscriber loop. Each output consists
of the open collector of a current sourcing device. The RS
and TS outputs are derived from the sense currents in
circuits A and A’. Thus, in a normal metallic connection
the TS and RS currents are related to Ring and Tip
currents by constants.

DC Metallic
e = —R__ Vec-VEE
RS © 1+K1K2 ~ (R + Re{1+K1K2)
e = T _ _Vec—Vee
TS 7 1KIK2 T (RUFRp(1+KIK2)
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AC Metallic
o o VRL
RS = {R| +R }H1+K1K2K5)
: _ VRL
TS 7 (RL+RJ(1+KTK2K5)

Note that if the current has a metallic path from Tip to
Ring, but also an unbalanced load to ground in Ring or
Tip, that the RS current will be proportional to the Ring
current and the TS current will be proportional to the Tip
current. Second party detection and ground start
detection can be handled using this feature. Providing a
metallic path does exist, the longitudinal component in
RS and TS will be suppressed in RS and TS by circuit C
and C’. With no metallic connection, circuit B and B’ are
off such that the longitudinal impedance is R1 + R3 and
the induced current from a given source will be decreased
by 1 + K1K2. In this case, the longitudinal current will
produce peak outputs at RS and TS which are less than
the average output of a long-loop metallic current.

The longitudinal sense output provides a full-wave
rectified current proportional to the tongitudinal loop
current once metallic connection has been established.
Simple filtering of this lead can produce a dc measure of
the longitudinal status of an operating loop. Excessive
longitudinal current can produce a fault indication.

NOISE AND POWER SUPPLY REJECTION

The main 48-volt battery in a large office can supply
considerable power but is often quite noisy and difficult
to filter. Without a means of rejecting supply noise, the
channel to channel crosstalk can‘also become excessive. In
this SLIC, two Vg pins are provided to allow for quiet
battery and power battery connection. Circuits A and A’
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support the sensing resistors and control all other current
in the SLIC. If the voltage across Vee and Vggo s fil-
tered, noise at Ve will not effect the performance of the
loop. In a short circuit condition, the VgE current will be
about 130 mA while the Vgpp current is 3 mA. It is,
therefore, possible to supply Vggg from a far quieter
supply.

Furthermore, an analog ground input (Vag) is pro-
vided to allow for proper noise grounding for the VRX
and VTy terminals. The true input signal is the ac voltage
between VG and VRy. The true output voltage should
be taken between V oG and V.

PROTECTION

Two types of electrical hazards can be expected at the
Ring and Tip terminals of the SLIC. Transient currents
caused by electrical storms and power line cross connects
during installation and maintenance. The diode bridge,
coupled with R3 and R4, provide this protection. Ring
and Tip are normally protected by a gas tube or carbon
blocks against the primary effects of a near lightning
strike. The SLIC itself must provide secondary protection
for 1600-volt transients. A transient voltage at Ring or Tip
will turn on one of the four diodes. The resistors limit the
maximum current to 50 amps, which is the rated surge
current of the diodes. A typical turn on time of 200 ns is
readily achievable with silicon rectifiers.

Power line faults from 120-volt lines will be half-wave
rectified by the upper and lower pair resulting in a current
of 2 amp RMS in each with 30 ohm source resistors.

Extended short circuit conditions will cause R3 and R4
to burn open, eliminating the fault and causing no further
damage. The externalization of the R3 and R4 resistors
from the SLIC's feedback loop is a critical step in provid-
ing sufficient electrical hazard protection.




