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Subscriber Line
Interface Circuit

Description

The PBL 3765 Subscriber Line Interface Circuit (SLIC) is a bipolar integrated circuit in
75 V technology which replaces the conventional transformer based analog line
interface clrculf In PABX and other telecommunications equipment with a modern,
compact solid state design. Not only Is required PCB area reduced, but lesser compo-
nent weight and helght result as well. The PBL 3765 has been optimized for low cost
and to require only a minimum of external components.

The PBL 3765 programmable battery feed system can operate with battery supply
voltages down fo 24 V to reduce line card power disslpation,

The SLIC Incorporates loop current, ground key and ring trip detection functions as well
as aring relay driver,

Two- to four-wire and four- to two-wire voice frequency (vf) signal conversion is accom-
plished by the SLIC in conjunction with either a conventional CODEC/filter or with a
programmable CODEC/fiiter (e.g. SLAC, SiCoFi, Combo Il}). The programmable
CODECHfilter option provides for flexible line card deslgns with features such as
transmit and receive gains, hybrid balance and two-wire Impedance adjustable by the
system controller. In the conventional CODEC/filter implementation the two-wire im-
pedance Is set by a simple external network.

Longitudinal line voltages are suppressed by a feedback loop in the SLIC. Longitudinal
balance specifications exceed FCC and EIA requirements.

The PBL 3765 package is 22-pin dual-in-line, 28-pin j-leaded chip carrier or 32-pin
leadless chip carrler.

Refer to Ericsson Components AB family of central office SLICs for applications
requiring additional functions.
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Key Features

+ Battery fesd characteristics
programmable via external resistors;
feed characteristics independent of
SLIC battery supply variations

Battery supply voltage as low as 24 V
for power efficient line card designs

Ring relay driver

+ Ground key and loop current/ring trip
detectors with Individual outputs

Programmable loop current detector
threshold

Hybrid function with all types of
CODECHfilter devices

Programmable line terminating
Impedance, complex or real

On-hook transmission

Longitudina! balance specifications in
excess of FCC and EIA requirements

+ Low 21 mW on-hook power dissipation
Tip-ring open circult state

-40°C to +85°C amblent temperature
range

22-pin ceramic DIP
22-pin plastic DIP
28-pin plastic PLCC
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Maximum Ratings

ILE D

M 337340 000L527 2 MM
ERICSSON 2

T=-75-/1-17

Parameter Symbol Min Max Unit
Temperature, Humidity

Storage temperature range T, -60 +150 °C
Operating temperature range Teaco -40 +110 °C
Operating junction temperature range T, 40 +140 Cle}
Storage humidity, Note 1 RH 5 95 % RH
Power supply, -40°C ST, <85°C

Ve With respect to AGND Vee -0.5 7 \
Vee With respect to AGND Vee -7 0.5 1
V. With respect to BGND Vou -70 0.5 vV
Power dissipation

Continuous power disspation at T,_, < 70 °C P, | 1.5 w
Peak power dissipation at T, <70 °C, t< 100 ms, te, > 1 56C. Poe w
Ground

Voitage belween AGND and BGND v, -0.3 0.3 v
Relay driver

Ring relay supply voltage Va 0 Vg, 75 Vv
Ring relay current jm 50 mA
Ring trip comparator

Input voitage Vir Vor Vi 0 1
Input current or bon -5 5 mA
Digital inputs, outputs (C1, C2, E0, DET1, DET2)

Input voltage Ve 0 Vee v
Output voltage (DET1, DET2 not active) Voo 0 Vee \
Output current (DETT, DET2) loo 5 mA
TIPX and RINGX terminals, -40°C < T, , < 85°C

TIPX or RINGX voltage, conlinuous (referenced 16 AGND), Note 2 Vie Van  Via 2 \
TIPX or RINGX, pulse < 10 ms, t,., > 105, Note 2 Vie Ve Vg, 20V 5 v
TIPX or RINGX, pulse < 1 ps, t,_ > 10's, Note 2 Vie Vaa Vi 40V 10 3
TIP or RING, pulse < 250 s, {,, > 10 s, Note 3 Vie Via Vg -70V 15 v
TIPX or RINGX current [, 70 mA
Recommended Operating Conditions

Parameter Symbol Min Max Unit
Case temperature Teaso -40 100 °C
Ve With respect to AGND Vee 4.75 5.25 \
Ve With respectto AGND Vee -5.25 -4.75 v
Vi With respect to BGND V -58 -24 \

Notes

1. Applicable for ceramic package.

2. Adiode in series with the Vga input increases the permitted continuous voltage and pulse < 10 ms to

increased to the greater of |-70 V| and [Vegq - 40 VI.

3. R, R, 220 Qs also required. Pulse Is supplied to TIP and RING outside R
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-40°C < Ty, $85°C, Vo = +5 V35 %, Ve = -5 V £5%, Vy, = -58 V10 -24 V, AGND = BGND, Ry, = «, (For Vpa 42V to -58V A
=20 kQ could be used), Ry, = Ryg, =20 kQ, Z, =600 Q, C,,, = 10 nF, Cy, = 3.3 uF unless otherwise specified. All pin number re-
ferences in the text and figures refer to the 22-pin DIP unless otherwlse indicated.

ERICSSON COMPONENTS INC 16E D

ERICSSON 2

Electrical Characteristics

Ref
Parameter ﬂg Conditlons Min Typ Max Unit
Two-wire port
Overload level, V., 1 Z =600Q, 1% THD Note 1 3.1 Vooux
Inputimpedance, Z, Note 2
Longitudinal impedance, Z,, Z, 0<f<100Hz 20 35 Qiwire
Longitudinal current fimit, I, |, , active state 20 mA,_./wire
stand-by state 5 mA, . /wire
Longitudinal to metallic balance, B, ,, IEEE standard 455-1985
0.2kHz <f<4.0kHz
0°C=<T,,,$70°C 63 70 dB
-40°C<T, ,<85°C 55 70 dB
Metallic to longitudinal balance, B,,, FCC part 68, paragraph 68.310
0.2kHz < f < 1.0 kHz 60 65 dB
1.0kHz <f< 4.0 kHz 50 55 dB
Longitudinal to metallic balance, B, ,,. 2  02kHz<f<4.0kHz
Bue=20Log l—\%‘-|
TR
0°C<T,,,<70°C 63 70 dB
-40°C<T,,,<85°C 55 70 dB
Longitudinal to four-wire balance, B, .. 2  02kHz<f<4.0kHz
Bure =20+ Log | 2|
T
0°C<T,,,s70°C 63 70 dB
-40°C<T,.,$85°C 55 70 dB
Metallic to longitudinal balance, B,,, 3 02kHz<f<3.4kHz
* B,,.=20Log |5V& =0 50 55 dB
L
Figure 1. Overload level, V., two-wire G
11° TIP
port L 5 X vz"f
1
—<<R,, R,= 600 ohms Ry Vro locmer PBL3765 Rr
oC Enx
R, = 600 kohms, Ry, = 300 kohms QINGX RS
RRX —
Figure 2. Longitudinal to metaliic (B,,,.)
and Longitudinal to four-wire (B, ..) AN TIPX Vi
balance EL f 5 2
c LT
1« R, B,= 600 ohms I@") - VA PBL3765 Rr Vrx
G = R
- LR
R, = 600 kohms, Ry, = 300 kohms AN AINGX - RsH
Rax —
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Parameter fig Conditions Min Typ Max Unit
Four-wire to longitudinal balance, B, . 3 0.2kHz<f<4.0kHz 50 55 dB
Bg  =20°Log |%
L
E,p source removed
Two-wire return loss, r - r=20+Log 1Zig+Z,]
Zin- ZLI
Z,.=Z, =nom. 600 Q
0.2kHz <f<0.5kHz 25 dB
0.5kHz < f< 1.0 kHz 27 dB
1.0 kHz < f < 3.4 kHz, Note 3 23 dB
TIPX idie voltage, V;, active, |, =0 -4 v
stand-by, | =0 0 v
RINGX idle voltage, Vy, active, | =0, V,, =-48V -44 v
stand-by, |, =0, V,,, =-48 V -48 \
Four-wire transmit port (VTX)
Overload level, V., 4 Loadimpedance > 20 kQ, 3.1 Vieak
1% THD, Note 4
Output offset voltage, AV, 0°C<T,,,<$70°C -25 15 25 myv
-40°C< T, , <85°C -40 15 30 mV
Output impedance, z., 0.2kHz <f<3.4 kHz <5 20 Q
TIPX-RINGX metallic voltage to V., 0.3kHz<f<3.4kHz
voltage gain, G, 0°C<T,, ,<70°C 0.988 1.000 1.012 ratio
-40°C<T,  <85°C 0.980 1.000 1.020 ratio
Four-wire recelve port (RSN)
Recelve summing node (RSN) dc voltage lggy = 0 MA 0 v
Receive summing node (RSN) impedance 0.2kHz<f<3.4kHz <10 20 Q
Receive summing node (RSN) 0.3kHz < f< 3.4 kHz
current (l,4,) to metallic loop current (1,,) 0°C<T,,,<70°C 988 1000 1012 ratio
gain, Gy -40°C<T,,  <85°C 980 1000 1020 ratio
Frequency response
Two-wire to four-wire, g, , 5 0.3 kHz < f < 3.4 kHz
relative to 0 dBm, 1.0kHz. E;, =0V
0°C<T,,,s70°C -0.1 £0.03 0.1 dB
-40°C<T,  <85°C -0.2 10.03 0.2 dB
Figure 3. Metallic to longitudinal and four-
AN ;lPX Vg){ wire to longitudinal balance .
c Aur ’
<|>—| H Em | PBL3765 Ry e pr 150 ohms, R, = R, ;=300 ohms
VL A RX
RINGX RSN R; =600 kohms, R, = 300 kehms
i MWy ¢ 6 19 T ax
= RHX e
(1C TIPX Vrx Figure 4. Overload level, V., four-wire
" 5 21 ; T*o!
transmit port
Ru
locmeT PBL3765 Rr Vo ic <<R,, R,= 600 ohms
Ea . AINGX RSN R, = 600 kohms, R, = 300 kohms
Rrx —
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Ref 7
Parameter fig Condltions Min Typ Max Unit
Four-wire to two-wire, g, , 5  03kHz<f<3.4kHz
relative to 0 dBm, 1.0kHz. E; =0V
0°C<T,,,s70°C -0.1 +0.03 0.1 dB
-40°C< T, <85°C -0.2 $0.03 0.2 dB
Four-wire to four-wire, g, , 5 0.3kHz<f<3.4kHz
relative to 0 dBm, 1.0 kHz. E; =0V
0°CsT,,,s70°C -0.1 40.03 0.1 dB
-40°C<T, . <85°C -0.2 +0.03 0.2 dB
" Insertion loss
Two-wire to four-wire, G,,, 5 0dBm, 1.0 kHz, Note 5
G,,=20+Log |yn‘ Eay=0
VTR
0°C<T,,,s70°C -0.1 10.03 0.1 dB
-40°C< T,  <85°C -0.2 +0.03 0.2 dB
Four-wire to two-wire, G, , 5 0 dBm, 1.0 kHz, Notes 5, 6
G,,=20+Log %\ Eg=0
X
0°C<T, ,<70°C -0.1 +0.03 0.1 dB
-40°C<T,. ., $85°C -0.2 +0.03 0.2 dB
Galn tracking
Two-wire to four-wire 5 Ref. -10 dBm, 1.0 kHz, Note 7
+3 dBm to +7 dBm -0.15 +0.03 0.15 dB
-40 dBm to +3 dBm -0.1 +0.03 0.1 dB
-55 dBm to -40 dBm -0.2 +0.05 0.2 dB
Four-wire to two-wire 5 Ref. -10 dBm, 1.0 kHz, Note 8
-40 dBm to +7 dBm -0.1 +0.03 0.1 dB
-55 dBm to -40 dBm -0.2 10.05 0.2 dB
Nolse
ldle channel noise at two-wire C-message weighting 75 8.9 dBrnC
(TIPX-RINGX) or four-wire (V,,) output Psophometrical weighting -83 -81.6 dBmp
Note 9
Harmonic distortion
Two-wire to four-wire 0 dBm, 1.0 kHz test signal -65 -54 dB
Four-wire to two-wire 0.3kHz <f< 3.4 kHz -65 -54 dB
Battery feed characteristics
Apparent battery voltage 48 50 52 Vv
Feed resistance to programming 48 50 52 ratio

resistance conversion factor, K,
R Roc1 +Roge
ooz,

Foad™
1

Figure 5.
Frequency response, insertion Io_ss, L. TIPX Ve o
gain tracking I 5 21

Ru
1 <R, B=600 ohms Via locmer PBL3765 Ry Enx Vix
oC

Ea RINGX RSN
R, =600 kohms, R, = 300 kohms 8 19 Rnx
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Parameter fig Conditions Min Typ Max Unit
Loop current, |, 14 Active state, C,,C, =1,0;
Rgq=20k, -420 VsV, <-68.0V
R =0Q 24 28 30 mA
R, =830Q 235 25 30 mA
R =1800Q 17 18.5 30 mA
Stand-by state toop current, |, Vigar -3l . .
tolerance range = R+ 1800 Tamy=26°C,R inQ 080l | 1201, mA
Loop current detector
On-threshold, |, 1,0, 0°C<T,,,s70°C, Note 10 403/R, 465MR, 520/R, mA
Off-threshold, | yyoy R, = threshold programming 355/R, 405/R, 455/R, mA
Hysteresis, Al resistor in kQ 35/R, 60/R, 90/R, mA
On-threshold, 1, 10, -40°C<T,, , <85°C, Note 10 372/R, 465/R, 558/R, mA
Off-threshold, | 10n R, = threshold programming 326/R, 405/R, 485/R, mA
Hysteresis, Al, ¢, resistor in kQ 25/R, 60/R, 95/R, mA
Ground key detector
tpx @nd gy ax Current difference, Al o, 0°C<T,,,s70°C 9 12 16 mA
to trigger the ground key detector -40°C<T, , <85°C 8 12 17 mA
bipx 8nd [y x CUrrent difference, Al o 0°C<T,,,s70°C 4 7 11 mA
to return the triggered ground key -40°C<T, ,$85°C 3 7 12 mA
detector to Idle state
Hysteresis, Al 1Al g, = Al o
0°C<T,,,s70°C 3 5 8 mA
-40°C<T,, , <85°C 0 5 9 mA
Ring trip detector
Offset voltage, V4 Source resistance, R; = 0 Q -20 0 20 mY
Input bias current, I, y=(lyp+1p)/2 -500 -100 nA
Input resistance
unbalanced 1 MQ
balanced 3 MQ
Input common mode range, V1, Vg, Voa -2 v
Ring relay driver
Saturation voltage, V, lo, =50 mA 1.0 1.5 v
Off state leakage current, |, Vou=15V 10 HA
Digital inputs (C1, C2, EO)
Input low voltage, V,, 0 0.8 v
Input high voltage, V,,, 2.0 Ve Vv
Input low current, I, Vi =04V
C1,c2 -200 pA
EO -100 pA
Input high current, i, V,=24V 40 HA
Detector output (DET1, DET2)
Output low voltage, V,, lor =2mA 0.45 \
Output high voltage,V,,, loy =100 pA 2.7 1
Internal pull-up resistor 10 15 20 kQ
Power dlssipation (V,, =-48V)
P, Open circuit state, C, C, =0, 0 25 35 mw
Stand-by state,
P, C,C,=1,1;0n-hook 35 45 mwW
4-136
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Max Unit

Ref

Parameter fig  Conditlons Min Typ
Active state, C,, C, =0, 1

P, On-hook, R, == Q 160 220 mW
P, Oft-hook, R =0 Q 1.5 1.7 w
Py Off-hook, R =300 Q 1.2 1.4 w
P, Off-hook, R, = 600 Q 1.0 1.2 w
Temperature Guard
Junction threshold temperature, T, 150 °C
Power supply currents (V,_, = -48V)
Veoceurrent, log Open circuit state, C,, C, = 0,0 1.3 1.5 mA
Vgecurrent, b, On-hook 07 1.0 mA
Ve current, b, 0.35 0.5 mA
Veoourrent, I, Stand-by state, C,, C, =1, 1 1.6 1.9 mA
Vgecurrent, | On-hook 0.7 1.0 mA
Vg current, |, 0.45 0.6 mA
Veecourrent, lge Active state, C,, C, = 1,0 | 4.2 6.0 mA
Ve current, | On-hook 1.8 25 mA
Vgacurrent, iy, 2.7 35 mA
Veocurrent, loq Active state, C,, C, =1, 0 4.9 6.0 mA
Ve current, |, Off-hook, R, =0 Q 20 25 mA
Vaacurrent, I, . 30.5 33.0 mA
Veecurrent, e Active state, C,, C, =1,0 5.0 6.0 mA
Vee current, b Off-hook, R, = 600 Q 2,0 25 mA
Vaacurrent, i, 28.2 31.0 mA
Veocurrent, by Active state, C,, G, =1,0 5.0 6.0 mA
Vi current, lge Off-hook, R, = 1800 Q 20 25 mA

Vggcurrent, lg

214 23.0 mA

Power supply rejection ratios

Ve 10 2- or 4-wire port Active state 44 50 ds
Ve o 2- or 4-wire port C2,Ct=1,0 40 45 dB
Vaat 10 2- or 4-wire port 50Hz <f<3400Hz,V =100mV, . 44 50 dB
Vg 10 2- or 4-wire pont B0Hz <f<3400Hz, V=2V, 40 50 dB

Active state C2,C1 =1, 0

Notes

1. The overload level is specified at the two-wire port with the
signal source at the four-wire receive port.

2. The two-wire Impedance is programmable by selection of
external component values according to:

Zypx = Zy|Giry* Gyl Where:
Zx = impedance between the TIPX and RINGX terminals

Z, = programming network between the VTX and RSN
terminals

G = transmit gain, nominally = 1

Gk = recelve current gain, nominally = -1000 (current
defined as positive flowing into the receive
summing node, RSN, and when flowing from tip to
ring).

3. Higher return loss values can be achieved by adding a
reactive component to R, the two-wire terminating
impedance programming resistance, e.g. by dividing R, into
two equal halves and connecting a capacitor from the

Powered by ICminer.com Electronic-Library Service CopyRight 2003

common point to ground For R; = 600 kohms this capacitor
would be approximately 30 pF. Increasing C,,, to 0.033 pF
improves low frequency return loss.

The overload level is specified at the four-wire transmit port,
Vi with the signal source at the two-wire port. Note that
the gain from the two-wire port to the four-wire transmit port
is Gy =1.

Fuse resistors R_ impagct the insertion loss as explained in
the text, section Transmission. The specified insertion loss
isforR.=0.

The specified insertion loss tolerance does not include
errors caused by external components.

The level is specified at the two-wire port.

The level is specified at the four-wire receive port and
referenced to a 600 ohm impedance level.

The two-wire idle nolse is specified with the port terminated
In 800 ohms (R} and with the four-wire receive port
grounded (E,, = 0; see figure 5).
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The four-wire idle noise at V., is specified with the two-wire resistor R, R, connects between pins RD (pin 2)and V.

port terminated in 600 ohms (R,). The noise specification is (pin 20). The pragramming resistor can be calculated as R,

referenced to a 600 ohm impedance level at V.,. The four- =K/, ,,, where K, is the conversion factor and i, ,,, is the

wire receive port is grounded (Eg, = 0). loop current threshold. Numerical values for K, are given in
10. The loop current value, at which the loop current detector the table. For further information in the form K,/R,,, refer to

changes state, is programmable by selecting the value of g“: S“i"“‘:" Loop monitoring functions, Loop current

etector.

Pin Descriptions

Refer to figure 6. Note: All pin number references in the text and figures refer to the 22-pin DIP unless otherwise specified.
DIP  PLCC Symbo{ Description

1 21 HPT Tip side of ac/dc separation capacitor C,,,. Other end of C,,, connects to pin 22, HPR.

2 22 RD Off-hook detector programming resistor R, in paraltel with filter capacitor C,, connect from RD to V..

3 23 DT Inputs to the ring trip comparatar. With DR more positive than DT the detector output, DET1 {pin 14), is at

4 25 DR logic leve! low, indicating off-hook condition. The ring trip network connects to these two inputs.

5 27  TIPX The TIPX and RINGX pins connect to the tip and ring leads of the two-wire

6 28 RINGX interface via overvoltage protection components and ring relay (and optional test relay).

7 2 BGND Battery ground

8 4 Vee +5V power supply

9 5 RINGRLY Ring relay driver output. Open collector. Sinks 50 mA to BGND. Must be protected by external inductive
kick-back diode.

10 6 Vau Battery supply voltage, -24V to -58V. Negative with respect to BGND (pin 7).

11 7 RSG Saturation guard programming resistor, R, connects from this terminal to V¢ (pin 20). Refer to section

Battery feed for detailed information.

i2 8 DET2 Ground key detector output. A logic low at the DET2 output Indicates a triggered detection condition, i.e. | "
exceeds the threshold value (tip-ring current difference; refer to table "Electrical specifications”). The D_E_TLSZ)
output is an open collector with an internal pull-up resistor (approximately 15 kohms to Ve (pin 18)). A fogic
low level at input E, enables, while a logic high leve! disables the DET2 output.

13 9 EO TTL compatible enable input. Enables the DET1 (pin 14) and DET2 (pin 12) outputs when set to logic level
low and disables the DET1 and DET2 outputs when set to logic level high. Refer to section Enable inputs
for detailed information.

3
o2 B
sog22x¥
s 2 @8 &€ E F ~ -
] [ [ ] & =] HPT [1] 22] HPR
RD [Z] Z1] Vrx
RINGRLY [g] 2] DR DT [3] 120} Vee
Vaat [€] 73] NIC DR 3] [ig] RSN
RSG (7] & oT TIPX [£] 5] AGND
DET2 (3] ] RD RINGX [§] 7] RDC
EO [§] 1] HPT " BGND [7] 6] C
N/C [i] HPR Vee [g] 15} Co
DET1 ] @l vix RINGRLY [3] [ia] DETH
Vear [19) [13] Eo
FEEEEEE RSGa 3 DET2
o — w 1
8cggEzd

Figure 6. Pin configuration, 28-pin j-leaded chip carrier and 22-pin dual-in line package, top view.
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14 1 DET1 Loop current or ring trip detector output. Inputs C1 (pin 16) and C2 (pin 15) together with enable input EO
(pin 13) select one of the two detectors to be connected to the DET1 output. A logic levei low at the
enabled DET1 output indicates a triggered detector condition. The DET1 output is open collector with
internal pull-up resistor (approximately 15 kohms to V (pin 8}).

i6 12 G2 C1 and C2 are TTL compatible inputs controlling the SLIC operating states.

i6 13 C1 Refer to section Control inputs for details.

i7 14 RDC Dc feed resistance is programmed by two resistors connected in series from this pin to the receive sum-
ming node (RSN, pin 19). The resistor junction point is decoupled to AGND to isolate ac signal compo-
nents.

18 15 AGND Analog and digital ground. Analog ground is a quiet ground for vf signal processing circuits.

19 16 RSN Receive summing node. 1 000 times the current (dc and ac) flowing into this pin equals the metallic
(transversal) current flowing from RINGX (pin 8) to TIPX (pin 5). Programming networks for feed resistance,
two-wire impedance and recelve gain connect to the receive summing node.

20 18 V., -5V power supply.

21 19 V., Transmit vf output. The ac voltage difference between TIPX (pin 5) and RINGX (pin 6), the ac metallic
voltage, is reproduced as an unbalanced AGND referenced signal at V., with a gain of one. The two-wire
impedance programming network connects between V,, and RSN (pin 19).

22 20 HPR Ring side of ac/dc separation capacitor C,,,. Other end of CHP capacitor connects to pin 1, HPT.

3 N/C Some of the pins marked N/C will be used for heat sinking and may be internally connected to V,,,,. Contact
10 N/C the factory for further information before making external connections to these pins.

17 N/C

24 N/C )

26 TIPXg., TIPXge,and RINGX,, . areinternally connected to TIPX and RINGX respectively. TIPX,, .. and RINGX,,, .,
1 RINGX,,,, are used during manufacturing, but require no connections in SLIC applications, i.e. leave open.

Functional Desctription and Applications Information

is the analog ground referenced
receive signal.

Two-wire impedance

To calculate Z,,, the impedance
presented to the two-wire line by the SLIC

Transmission Vax

General

A simplified ac model of the transmis-
sion circuits is shown in figure 7. Circuit

analysis ylelds: including the fuse resistors R, let:
VigsVig+ly* 2R (1) Vqy = 0. Then from (1) and (2):
Vi, Vax o @ Z,y=Z,/1000 + 2R,

Z Zax 1000 Thus with Z, . and R, known:
Vie=Ea=ly*Z, )] Z,=1000 (Z,,—2R,)

where:

Example:
Calculate Z, to make Z;, = 900 ochms
in series with 2,16 pF. R_ =20 ohms

Vix Is aground referenced unity gain
version of the ac metallic voltage

between the TIPX and RINGX 1000+ (9 220
i = +{900 4 ————— ~242
terminals. 4 ( [ 216-10° )
Via :ls tI;?] ;cr:l rznetalhc voltage between which yields:
wpancrng. _ Z,=860 kohms in series with 2.16 nF.
E; s the line open circult ac metallic
voltage. Two-wire to four-wire gain
Ly s the ac metallic current. From (1) and (2) with Vj,, = 0:
R isafuse resistor. G Vi ___Z/1000
Z_ isthe line impedance. 247V Z,/1000 + 2R,

determines the SLIC TIPX to
RINGX impedance.

Z,¢  controls four-to two-wire gain.
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Four-wire to two-wire gain
From (1), (2) and (3) with E; = 0:
V.

=_1R

G _.& . ——_—Z'-
2"V Zy Z71000+2R.+Z,
For applications where Z,/1000 + 2R,

is chosen to be equal to Z, the expression
for G, , simplifies to: .

1
Four-wire to four-wire gain
From (1), (2) and (3) with E; = 0:
GM*% ='% Z /10(2351' i*Fl;F +Z
RX T F L
Hybrid function

The PBL 3765 SLIC forms a
particularly flexible and compact line
interface when used with a SLAC
(Subscriber Line Audio Processing
Circuit) or other programmable CODEC/
filters. The SLAG allows for system
controller adjustment of hybrid balance to
accommodate different line impedances
without change of hardware. In addition,
the SLAC permits transmit and receive
gain adjustments in 0.1 dB steps. Please,
refer to SLAC or other programmable
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Figure 7. Simplified ac transmisslon circuit.
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Figure 9. Longitudinal impedance.
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CODECHfilters data sheets for design :
information. :

The hybrid function can also be
implemented utilizing the uncommitted
amplifier in conventional CODEC/filter
combinations. Pleass, refer to figure 8.
Via impedance Z; a current proportional
to V,,, Is injected Into the summing node
of the combination CODEC/tilter amplifier.
As can be seen from the expression for
the four-wire to four-wire gain a voltage
proportional to V,, is returned to V... This
voltage is converted by R,, to a current
flowing into the same summing node.
These currents can be made to cance! by
letting:

VTX VRX
=2+ =0 (E,=0
R]'x ZB ( G )

The four-wire to four-wire gain, G, ,,
includes the required phase shift and
thus the balance network Z, can be
calculated from:

v,
=—R,, e—BX
% =Ry
R Zx  Z/1000+ 2R, + 2,
™z T Z +2R,

Example: calculate R; for the line
interface shown in figure 10.
634+10° 562+ 10°/1000 + 2+ 20 +600
§62+10° 600+2+20
= 42.37 kohms, i.e, standard value

42.2 kohms, 1%

R,=20+10°

Longitudinal impedance

A feed back loop counteracts
longitudinal voltages at the two-wire port
by injecting longitudinal currents in
opposing phase. Thus longitudinal
disturbances will appear as longitudinal
currents and the TIPX and RINGX
terminals will experience very small
longitudinal voltage excursions, leaving
metallic voltages well within the SLIC
common mode range. This is
accomplished by comparing the
instantaneous two-wire longitudinal
voltage to an internal longitudinal
reference voltage, V 4.,.. As shown below,
the SLIC appears as 20 chms per wire to
longitudinal disturbances. it should be
noted that longitudinal currents may
exceed the dc loop current without
disturbing the vf transmission. Refer to
figure 9.

Circuit analysis yeilds:

(V2 +V /2R =1/1000
which reduces to R ; =R, =V /I, =200hms
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Figure 10. Single-channel subscriber line interface with PBL 3765 and combination CODECfilter.
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Figure 11. Battery feed (C,, C, = 1, 0; active state),
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where:

R, = 20 kohms

R;=R_ s = longitudinal resistance/wire
V. = longitudinal voltage at TIPX, RINGX
I, = longitudinal current

Ac transmisslon circult stability

To ensure stabllity of the feadback
loop shown in block diagram form in
figure 7 two compensation capacitors C;
and C,; are requlred. Figure 10 Includes

NC

Ac - dc separation capacitor, C,,,

The high pass filter capacitor
connected between terminals 1 and 22
provides the separation between circuits
sensing tip-ring dc conditions and circuits
processing ac signals. A C,,, value of 10
nF will position the low end frequency
response 3dB break point at 48 Hz (f, )
accordingtof,;, =1/(2+n+R,,*C,,)
where R, = 330 kohms.

ILE D W 3373680 0001537 5 M

these capacitors. Recommended value is Battery Feed
2200 pF. The block diagram in figure 11 shows
the PBL 3765 battery feed system for loop
Vo (Vpeax)
L~ ]
T
2
/
L |
L1
1
° Mvargin (V)
P
"N\
o \\\\\
05 \\\
0 25 50 Wu\' 125\ 1
Tamb (°C)
TL {(mA)
0 556 ﬁto‘o ] 3000 7500 ﬂjooo
Ry {ohms)
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currents, lpcyo, < 760/Ry6, + Rygo) (Roey
Rpc2 In kohms yields current in mA). For
larger loop currents, the PBL 3765
exhibits a semi-constant current feed with
short circuit loop current of 1080/(R, +
Foca)-

For a tip to ring dc voltage V. ; less
than the saturation guard reference
voltage V., and loop currents less than
760/(Ryc, + Rygyp), the SLIC emulates a
resistive feed characteristic with an
apparent battery voltage of 50 V. The
apparent battery voltage Is independent of
the actual battery voltage, V,,,, connected
to the SLIC.

Figure 12. Overload level, Vy,, as a

functionofV,,,, ..

Figure 13. Power derating.
_ Ty-Tyw P=Power

P
©,  T,u,=Ambient Temperature
Curve A: T,= 110°C, Junction Temperature
©,, =50°C/W, Junction-to-ambient
Thermal Resistance
CurveB: T,= 140°C, Junction Temperature
©,, =50°C/W, Junction-to-ambient
Thermaf Resistance
Curve C: T,= 140°C, Junction Temperature

©,,=36.5°C/W, Junction-to-ambjent
Thermal Resistance (heatsink

added to PBL 3765)
Figure 14. Example of PBL 3765 loop
feed. Loop current vs loop resistance.
Rygy =Ry =20kohms
Rgg =20 kohms
Vg =-58Vio-42V
T, =0°Cto +70°C
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With the tip to ring dc voltage V.,
exceeding Vgqp,, the foed characteristic
changes to a nearly-constant voltage
feed. This is to prevent the tip and ring
drive amplifiers from distorting the ac
signal as might have otherwise occurred
dus to insufficient voltage margin between
Vin @nd Ve, (pin 10). Thus the SLIC auto-
matically adjusts the tip to ring dc voltage
Vi to the maximum safe value.

With the SLIC in the stand-by state
(C,. C, = 1,1) a high resistance feed
characterlstic is enabled.

The foliowing text explains the four
battery feed cases in more detail.

Case 1: SLIC In the active state;
I,>760/(Ry, + Ryea)

In the active state C, = 0 and C, =1.
Under these operating conditions, the
PBL 3765 SLIC exhibits a semi-constant
current feed. At short circuit, i.e. R, =0,
the loop current; |, = 1080/(Ry, + Ry,).
For higher loop resistance values, the
battery feed is described under cases 2
and 3.

Case 2: SLIC In the active state;
Via<Vaagers I < 760/(Ryq, + Roca)

In the active state G, =0 and C, = 1.
In this operating state tip to ring voltages
Vigplessthan Vg, cause the block titled
saturation guard (figure 1) to be disabled,
i.e. its output is equal to zero. For this
case circuit analysis yields:

-50. R
Viq=50 W or,
I = _ 50
¢ R +Repp
where:

I = the loop current

R, = theline resistance

Rog = (= Ry, + Rycy) the programming
resistance which sets the equiva-
lent feed resistance, R, = R,/50

Viq = thetip to ring dc metallic voltage

Note that for simplicity the fuse
resistors R, have not been included.

For tip to ring voltages V., less than
Vsaner the PBL 3765 thus emulates a
resistive battery feed with 50 V apparent
battery and a feed resistance, R, equal
to R;/50.

Capacitor G, atthe Ry, - Rygs
common point removes vf signals from
the battery feed control loop. G, is
calculated according to:

1 1
Roor Poce
Note that R,,,, = R, yellds minimum
Cy value. For this case the feed resis-
tance programming resistors can be
calculated from Ry, =Ry, = Re, .+ 50,
where R, is the desired feed resistance.

Coc=Te (5 + ) where T = 30ms
1

Case 3: SLIC In the active state;
Via>Vsarat

In the active state C, =0 and C, = 1.
The saturation guard reference voltage is
user programmable according to:

5105
V. =125+
SGRet RSG
where:
Rye = saturation guard reference

programming resistor in ohms.

Vsara = Saturation guard reference
voltage in volts.

Once the dc metallic voitage, V,,
exceeds the saturation guard reference
voltage, Vqqq, - the saturation guard
becomes active and the following
expression describes the battery feed
characteristic:

Vo = (15.38 + 4.62* 10%Ry,) * R,

TR R, +(R,g, + Rys,)/650
where Rq, R, and V. have the same
meaning as described above. The
reduced apparent battery voltage limits
the open circuit dc voltage to:

4.62+10°
Rsa

The saturation guard ensures the line
drive amplifiers of sufficient bias voltage
at high R_values or even at open loop by
limiting the tip-to-ring dc voltage. Without
this function, distortion of the vf signal
would result. Of interest for some applica-
tions is, that the saturation guard permits
on-hook (open loop) transmission. The
function of the saturation guard is user-
programmable through Ry, which can be
calculated from:

Vip=1538+

4.62+ 10

Fio™ ot Vo) Progmt o+ PG50

Max

-15.38

which for R,,,., — e simplities to:

A < 4.62+10°
sa IVBa|I b VMargin -15.38
where
Ry = maximum loop resistance in

ohms

Powered by ICminer.com Electronic-Library Service CopyRight 2003

1LE D NN 3373L480 00015348 7 W

PBL 3765
Vi = tip-to-ring de voltage at maxi-
mum loop resistance in volts
Viiagn = Voaul - Viguax = 8V 10 allow

distortion-free transmission of a
3.1V, Vi signal

Note thatatV, , = -23.4Vand
Vitagin = 8Y, Rgg — o0, 0. the R, terminal
can be left open. For higher battery
voltages, e.g. -48V, a finite R, value
must be calculated and installed or the
tip-to-ring dc voitage would be limited to
16.38V, thus not yielding the expected
loop resistance range.

In many applications a less than
3.1V, Mmaximum vf signal is satisfactory.
In such applications, V... may be set to
less than 8V in accordance with the
diagram shown in figure 12, The maxi-
mum tip-to-ring dc voitage will conse-
quently be somewhat greater and a
correspondingly longer loop can be
accommodated.

Case 4: SLIC In the stand-by state.

In the stand-by state, C, = 1 and
C, = 1. With the SLIC operating in the
stand-by, power saving state the tip and
ring drive amplifiers are disconnected and
a high resistance battery feed is engaged.
The loop current can be calculated from:

| = Vg -3V

" R +1800Q
where:

l. = loop current

R, = loop resistance
V,, = battery supply voitage

PBL 3765 power dissipation

The short circuit SLIC power
dissipation is:
PSTol = 'LS M (IVEall = I[_s ¢ 2Rp) +0.1W
where:

s =1080/(R,, + Ry, is the short circuit
loop current, V,, is the battery voltage
connected to the SLIC at pin 10, R, is the
fuse resistance.

Consult the power derating diagram,
figure 13, to determine maximum
allowable safe dissipation at the required
maximum ambient temperature. For
extreme reliabilty requirements select
110°C maximum junction temperature
and for normal requirements 140°C.
Should the calculated value for Py,
exceed the maximum allowable safe
dissipation, |, ¢ or V. must be reduced.
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Note that a short circuited loop is not a safe value. Once below 150°C, the SLIC
normal operating condition. The Is returned back to its normal operating

terminating equipment will add some dc mode and will remain in that state,
resistance (200 ohms to 300 ohms) even  assuming the fault condition has been

if the wire resistance is near 0 ohm. removed.

Figure 14 shows an example of PBL 3765

loop feed. Loop Monitoring Functions
Temperature guard The loop current and ring trip

detector report their status through the
DET1 (pin 14) output, whereas the ground
key detector report its status through the
DET2 (pin 12) output. Both detector
outputs are enabled via input E, (pin 13).
Refer to respectively section and Control
and Enable inputs for more information
about these digital inputs and outputs.

A ring to ground short circuit fault
condition as well as other improper
operating conditions may cause
excessive SLIC power disslpation. If
junction temperature Increases beyond
150°C, the temperature guard will trigger,
causing the SLIC to be set to a high-
impedance state. [n this high-Impedance
state, power dissipation is reduced and Loap current detector
the junction temperature will return to a The loop current value, at which the

‘oo i__
Ground 21 5ET2
| Key Det. ;
‘*—Im‘ Input 6&
2-Wire
G i : Interface Renglrip Decc'der 158
lnzia {tp - tamal l
| e |
MUX 14 A DET1
134 Eo
PBL 3765

5V

_I- ’ "-------------7’
H
= R MmsS \
RT CRT — |3 \“
Y
P DT A3 Y
M . \
T or 7 /
'I
'I
m§ Re§ !
L g ]
1
Ena PBL 3765 ',
Kn
AING e A Vear

Figure 16. Ring trip network.
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loop current detector changes state, is
programmable by selecting the value of
resistor R,. R, connects between pins
RD (2) and V. (20). Figure 15 shows a
block diagram of the loop current detec-
tor. The two-wire interface produces a
current flowing out of pin RD (2):

lap = Itip - 1ing /600 = 1,/300
where [ and i,  are currents flowing into
the TIP)@and thX terminals and |_is
the loop current. The voltage generated
by I, across the programming resistor R,
is compared to an internat 1.25 V refer-
ence via a comparator with hysterésis,
shown as positive feedback resistor, R, in
the block diagram. R, adds an additional
voltage component, AV, across R,,.
causing the loop current detector on-
threshold to be slightly higher than the off-
threshold, i.e. hysteresis. A logic low level
results at the DET1 (pin 14) output when
the loop current exceeds the on-thres-
hold:

{l1ro/300) « Ry - AV, > 1.25V.

Taking the hysteresis voltage into
account, the value for R, can be calcu-
lated for adesired |, 1,4, as Ry =465/ ;...
Ry, Is In kohms for | ;... in mA. A lagic
high level results at the DET1 output
when the loop current is fess than the off-
threshold:

(lL1o/300) * Ry + AV, (=0) < 1.25V.

The loop current off-threshold for a known
R, isthen | 1, =375/R,. Theloop
current detector filter capacitor is calcu-
lated according to C,, = T,/R,, with time

constant T, = 0.5 ms Note that C, may
not be requtred if the DET1 output is
software filtered.

Ground key detector

The ground key detector circuit
examines the difference in TIPX and
RINGX currents. Should the current
difference exceed the threshold value,

Al g, the detector is triggered. As the
current difference decreases, the detector
is reset at current threshold Al, .,

Al o, > Al o, 1.0, the detector has hystere-
sis. The triggered detector results in a
logic low at the DET2 (pin 12) output,
assuming the output has been enabled
via E,. For Al o and Al, ;. numerical
values please refer to table Electrical
characteristics.
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Ring trip detector

Ring trip detection is accomplished
by connecting an external network to a
comparator In the SLIC with inputs DT
(pin 3) and DR (pin 4). The ringing
source can be balanced or unbalanced
superimposed on V.. The unbalanced
ringing source may be applied to either
the ring lead or the tip tead with return via
the other wire. A ring relay driven by the
SLIC ring relay driver connects the ringing
source to tip and ring.

The ring trip function is based on a
polarity change at the comparator input
when the fine goes off-hook, In the on-
hook state no de current flows through the
loop and the volfage at comparator input
DT is more positive than the voltage at
input DR. When the line goes off-hook,
while the ring relay Is energized, dc
current flows and the comparator input
voltage reverses polarity. _

Figure 16 is an example of a ring trip
detection network, This network Is
applicable, when the ring voltage super-
imposed on V,, is Injected on the ring
lead of the two-wire port. The dc voltage
across sense resistor Ry is monitored by
the ring trip comparator input DT via the
network R;, R, and C,,. Input DR s setto
a reference voltage by resistors R, and
R,. With the line on-hook (no dc current)
DT is more positive than DR and the
DET1 output will report logic level high,
i.e, the detector is not tripped. When the
line goes off-hook, while ringing, a d¢
current will flow through the loop, includ-
ing the sense resistor, Ry,, and will cause
input DT to become more negative than
input DR. This changes output DET1 to
leglc level low, l.e. tripped detector
condition. The system controller (or line
card processor) responds by de-energiz-
ing the ring relay, lL.e. ring trip.

Complete filtering of the 20 Hz ac
component at terminaf DT Is not neces-
sary. A toggling DET1 output can be
oxamined by a software routine to
determine the duty cycle. When the
DET1 output Is at logic leve! low for more
than half the time, off-hook condition is
indicated.

Relay Driver

The PBL 3765 SLIC Incorporates a
ring relay driver designed as open
collector (npn) with a current sinking
capability of 50 mA. The drive transistor

INC

emitter is connected to BGND. An
external Inductive kick-back clamp diode
must be employed to protect the drive
transistor.

Control Inputs

The PBL 3765 SLIC has two TTL
compatible control inputs, C, and C,. A
decoder in the SLIC interprets the control
input conditions and sets up the com-
manded operating state.

Open circuit state (C,, C, = 0, 0) '

In the Open Circuit State the TIPX
and RINGX line drive amplitiers as well as
other circtit blocks are powered down.
This causes the SLIC to present a high
Impedance to the line. Power dissipation
is at a minimum. No detectors are active.

Ringing State (C,, C, =0, 1)

The ring relay driver and the ring trip
detector are activated. The ring trip _
comparator is connected to the DET1 (pin
14) output. TIPX and RINGX are in the
high impedance state and signal trans-
misslon is inhibited.

ltE D WE 3373L80 0001540 §
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Active State (C,, C, =1, 0)

TIPX is the terminal closest to ground
and sources loop current while RINGX is
the more negative terminal and sinks loop
current. Vf signal transmission is normal.
Both the loop current and the ground key
detectors are activated. The loop current
detector is connected to the DET1 (pin
14) output and the ground key detector is
connected to the DETZ (pin 12) output.
Input E, (pin 13) enables the two detector
outputs. Refer to section “Enable inputs”
for more information.

Stand-By State (C,,C, =1, 1)

In the stand-by state the line drive
amplifiers are disconnected. The loop
feed is converted to resistive form
according to:

_ Vg,l-3V

L"R_+1800Q

where:

| = loop current (A)

Vuu = battery supply voltage (V)
R_ = loop resistance (ohm)

State EO0 C1 C2 SLICoperating state Active detectors DET 1 Qutput DETZ Qutput

1 0 0 0 Opencircuit No active detector  Logic level high Logic level high.

2 0 0 1 Actve Ground key and Loop current status  Ground key status
loop current
detectors

3 0 1 0 Ringing Ground key and Ring trip status Ground key status
loop current
detectors

4 0 1 1 Stand-by Ground key and Loop current status  Ground key status
Ring trip
detectors

5 1 0 0 Opencircuit .

6 1 0 1 Acive Note 1 :—;gr Il_ogilc

i evel
7 1 1 0 Ringing high high
8 1 t 1 Standby

Table 1. SLIC operating states.
Note 1

For operating states 5-8, active detectors are as for operating states 1-4. The

DET1 and DET2 outputs are, however, disabled and remain at logic level high

regardless of detector status.
Note 2

For operating states 1-4, the DET1 and DET2 output, are enabled and will

report the status of the active dtector. Logic level low indicates a triggered

detector
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The stand-by short circuit loop
current (I, o) for Vg, = -48V Is then limited
tol g~25mA.

The SLIC on-hook power dissipation
Is 35mW at V,,,, = -48V.

Both the loop current and ground key
detectors are activated In this operating
state. Input E, enables the two detector
outputs. Pleass, refer to section “Enable
Inputs”.

Table 1 summarizes the above
description of the control inputs.

Enable Input, E;

A TTL-compatible enable input, E,
(pin 13), controls the function of the DET1
(pin 14) and DET2 (pin 12) output.

E,, when set to logic level low,
enables the DET1 and DET2 outputs,
which are collector outputs with internal
pull-up resistors (approx. 15 kohms). A
DET1 or DET2 output at logic level low in-
dicates triggered detector condition (loop
current above threshold current, ground
key depressed or telephone off-hook
during the ringing cycle). A DET1 or
DET2 output at fogic level high indicates a
non triggered detector condition.

E,, when set to logic level high,
disables the DET1 and DET2 outputs; i.e.
it appears as a resistor connected to V...

Table 1 summarizes the above
description of the enable input.

Information given in this data sheet is believed to be
accurate and reliable. However no responsibility is
assumed for the consequences of its use nor for any
infringement of patents or other rights of third parties
which may result from its use. No license Is granted
by implication or otherwise under any patent or patent
rights of Ericsson Components AB. These products
ara sold only according to Ericsson Components
genearal conditlons of sale, unless otherwise confirmed
in wriling.

Specifications subject to change without
notice.

IC4 (88071) C-Ue

© Ericsson Components AB 1988
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Overvoltage Protection

The PBL 3765 SLIC must be
protected against overvoltages and power
crosses. Refer to “Maximum Ratings,”
TIPX and RINGX terminals for maximum
allowable transient voltages that may be
applied to the SLIC. The circuit shown in
figure 10 utilizes diodes together with a
clamping device to protect against high
voltage transients.

Diodes D, and D, clamp positive
transients directly to ground. These two
diodes are reverse biased by the normal
negative tip, ring operating voltages.

Diodes D, and D, clamp negative
transients to ground via a device, which is
not conducting when exposed to the
normal, negative tip, ring operating
voltages, but will conduct when exposed
to negative transient voltages. This device
Is necessary since D, and D, would
otherwise be forward biased in the normal
operating mode. A zener diode type
device (e.g. General Semiconductor
Tranzorb) is suitable for lower energy
transients and an SCR type device (e.g.
RCA Surgector) is suitable for higher
energy transients due to its voltage
foldback characteristic. In applications
requiring protection only against low
energy transients, it is acceptable to
connect the anodes of D, and D, directly
to the V;,, supply rail, thus eliminating the
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need for a device to block normal
operating voltages.

The line resistors, R, serve the dual
purpose of being non-destructing energy
dissipaters, when transients are clamped
and of being fuses when the line is
exposed to a power cross. Ericsson
Components line reslistor PBR 5087 is
designed for this application.

Power-up Sequence

The voltage at pin V,, sets the
substrate voltage, which must at afl times
be kept more riegative than the voltage at
any other pin to prevent possible latch-up.
The correct power-up sequence is ground
and V,,, then other supplies and signat
leads.

A diode with a 2A current rating
connected with its cathode to V. and
anode to Vg, ensures the presence of the
most-negative supply voltage atthe V,
pin, it the V,_, supply voitage should be
absent. The V,,, pin should not be applied
at a faster rate than corresponds to the
time constant formed by a 5.1 Q resistor
in series with the V,, pin and a 0.47 pF
capacitor from the V,_, pin to ground.
This RC network may be shared by -
several SLICs,

Printed Circuit Board Lay-out

Care in PCB lay-out is essential for
proper PBL 3765 function. The
components connecting to the RSN pin
(19) should be in close proximity of that
pin such that no interference Is injected
into the RSN terminal. Ground plane
surrounding the RSN pin is advisable.

The two ground pins AGND and
BGND should be connected together on
the PCB at the device location.

Ordering Information

Package Temp. Range Part No.
Plastic DIP 0 to 70°C PBL 3765N*
Ceramic DIP Qto 70°C PBL 3765J

Ceramic DIP -40t0 85°C  PBL 3765/2J

PLCC 0to70°C PBL 3765QN*
CLCC 0t070°C  PBL 3765QC
CLCC -40 to 85°CPBL. 3765/2QC*
LLCC 0to70°C  PBL 3765CC

*: Contact factory for availability.




