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Features

Full feature set for central office applications

Also ideal for ISDN terminal adapters, pair gain,
and cable telephony applications

Auxiliary input for second battery, and internal
switch to enable its use to save power in short tele-
phone loops

5V only operation or optional £5 V operation for
reduced power consumplion

Low active power (85 mW typical) and scan power
{61 mW typical) with +5 V only operation

Low active power (68 mW typical with auxiliary bat-
tery) and scan power (45 mW iypical) with t5 V
operation

Quiet Tip/Ring polarity reversal
Per line ringing available for short loops

Reduced overhead and increased current limit dur-
ing ring mode for lower-batiery operation or
increased ring loop length

Supporis meter pulse injection

Distortion-free full duplex from 0 mA dc loop cur-
rent on-hook transmission

Convenient operating states:
— Forward powerup

— Polarity reversal powerup
— Forward sleep

— Ground start

— Disconnect

Adjustable supervision functions:

— Oii-hock detecior with longitudinal rejection

— Ground key detector with longitudinal rejection
— Ring trip detecior

Independent, adjusiable de and ac parameters:
— dc feed resistance (44-pin PLCC version)
— Loop current limit

— Termination impedance

Thermal protection

Description

The L8560 full-feature, low-power subscriber line
interface circuit (SLIC) is oplimized for low power
consumption while providing an extensive set of fea-
tures. This part is ideal for ISDN terminal adapier
applications and short loop power-sensitive applica-
tions such as pair gain and cable telephony. This part
is also designed for PBX, DLC, or CO applications.

The SLIC includes an auxiliary battery input and a
battery switch. In short loop applications, SLICs can
be used in high battery to present a high on-hook
voltage, and then swiiched to low battery fo reduce
ofi-hook power.

To help minimize the required auxiliary battery volt-
age, the dc feed resistance and overhead voltage are
sel at b5 Q and 6.7 V, respecilively. This allows an
undistorted cn-hook transmission of a 3.14 dBm sig-
nal into a 900 Q loop impedance.

The device offers the reverse battery function. Using
the reverse battery, the device can provide a bal-
anced power ring signal to Tip and Ring. In this mode
of operation, the battery switch is used to apply a
high-voliage battery during ringing and a lower volt-
age batlery during the ialk and idle states. Also
included in the L8560 is a dc current-limit swiich,
which increases the dc current limit during power
ringing. In additicn, dc overhead voliage is reduced
during the ring state. With the battery and current-
limit switches, and overhead reduction, the L8560
can provide sufficient power fo ring a true North
American 5 REN load of 1386 Q + 40 pF.

The device offers ring trip and loop closure supervi-
sion. It also includes the ground slarl stale and ring
ground detection. A summing node for meter

pulse injection [o 2.2 Vrms is also included. The
44-pin PLCC version also has a spare uncommitied
op amp, which may be used for ac gain setting or
meter pulse filtering.
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L8560 Low-Power SLIC with Ringing

Description (continued)

The L8560 product family is graded by different fea-
fures and specifications and package options. The
L8560Axx is the basic full-feature SLIC that operates
with a +5 V and battery supply, and is available in the
32 PLCC (AAU) package and the 44 PLCC package
{AP). This part is graded as the —54 dB longitudinal bal-
ance park. This part has a higher voltage battery rating
than other devices in the L8560 product family, —70 V.
Additional features (spare op amp and overhead volt-
age programming) are available in the 44 PLCC pack-
age.

The L8560CAU is available only in the 32 PLGC pack-
age and has a fealure set similar to the AAU version,
except the CAU version requires +56 V, -5V, and battery
power supplies. With this option, power consumption is
greatly reduced.

Table 1. L8560 Product Family Feature Summary

The L8560 DAU and L85B0OEP are available in the 32
and 44 PLCC package and have feature sets identical
to the L8560AAU and LB8560AP, respeciively, with the
jollowing modifications. These paris are graded as high
longitudinal balance (> —63 dB), and have an additional
logic state (scan with low baitery) which allows for low
on-hook power dissipation.

The L8560FAU and L8560GP are available in the 32
and 44 PLCC package and have feature seis identical
to the L8560AAU and L8560AP, respectively, with the
jollowing modifications. These paris are graded for
lower longitudinal balance (>—50 dB), and have an
additional logic siate (scan with batiery) which allows
for low on-hook power dissipation.

Table 1 below summarizes the features in the L8560
product family.

L8560
Feature

AAU AP CAU DAU EP FAU GP
32 PLCC X X X X
44 PLCC X X
+5 V Operation X X X X X X
15 V Operation (reduced power consumption) X X
Operational Vear1 (V) -70 —70 —65 —65 —65 —65 —65
Battery Switch X X X X X X X
Balanced Ring Mode X X X X X X X
Adjustable Overhead X X X
Spare Op Amp X X X
Reverse Baliery X X X X X X
Scan Mode X X X X X X X
Scan Mode with Low Battery X X X X
Longitudinal Balance (dB) b4 b4 b4 63 63 50 50
On-hook Transmission X X X X X X X
Ground Start X X X X X X X
Loop Start X X X X X X X
Ring Trip Detector X X X X X X X
Programmable Current Limit X X X X X X X
Thermal Protection X X X X X X X

Lucent Technologies Inc. 3
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Description (continued)
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Pin Information
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Pin Information (continued)

Table 2. Pin Descriptions

32-Pin | 44-Pin | Symbol | Type Description

9 1 DCOUT| O |dec OutputVoltage. This ouiput is a voliage thal is directly proportional to the
absolute value of the diffierential Tip/Ring current.

10 2 IPROG | Current-Limit Program Input. A resistor to DCOUT sets the dc current limit of
the device.

11 3 CF2 — | Filter Capacitor 2. Connect a 0.1 pF capacitor from this pin to AGND.

12 4 CF1 — | Filter Capacitor 1. Connect a 0.47 uF capacitor from this pin fo pin CF2.

— 5 SN | | Summing Node. The inverting input of the uncommitted operational amplifier.
A resistor or network io XMT seis the gain (44-pin PLCC only).

— 6 XMT O | Transmit ac Output Voltage. The oulput of the uncommitted operational ampli-
fier (44-pin PLCG only).

13 7 RTSN I Ring Trip Sense Negative. Gonnect this pin o the ringing generaior signal
through a high-value resistor.

14 8 RTSP | |Ring Trip Sense Positive. Connecl this pin Lo the ring relay and the ringer
series resisicr through a high-value resistor.

— 9 NG — | No Connection. May be used as a tie point.

15 10 AGND — | Analog Signal Ground.

— 11 NG — | No Connection. May be used as a tie point.

16 12 Ve — |5V Power Supply.

17 13 VBAT1 — | Battery Supply. Negative high-voliage battery, higher in magniiude than Vearz.

2 — VEE — | -5V Power Supply L8560C.

2 — NC — | No Connection L8560A/D/F. May be used as a tie poinl.

18 14 VBaT2 — | Auxiliary Battery Supply. Negative high-voliage battery, lower in magnitude
than Veat1, used to reduce power dissipaltion on short loops.

19 15 BGND | — |Battery Ground. Ground return for the battery supply.

20 16 | RGDET| O |Ring Ground Detect. When high, this open-collector output indicates ihe pres-
ence of a ring ground. To use, connect a 100 kQ resistor to Vece.

21 17 ICM | Common-Mode Current Sense. To program ring ground sense threshold, con-
nect a resistor (o Vee and connect a capacitor to AGND 1o filler 50/60 Hz. Ii
unused, the pin should be connected to ground.

22 18 BS2 — | Battery Switch Slowdown. Ccnnect a 0.22 uF capacitor to pin BS1.

23 19 BSA — | Battery Switch Slowdown. Conneci a 0.22 pF capacitor io pin BS2. Also, con-
nect a 0.1 pF capacitor in series with a 100 Q resistor from BS1 1o VeaTi for sia-
bility.

— 20 NC — | No Connection. May be used as a tie point.

— 21 NC — | No Connection. May be used as a tie point.

6 Lucent Technologies Inc.




Preliminary Data Sheet
April 1998 L8560 Low-Power SLIC with Ringing

Pin Information (continued)

Table 2. Pin Descriptions (coniinued)

32.Pin | 44-Pin | Symbol | Type Description

24 22 PT I/O | Protected Tip. The outpui of the tip driver amplifier and inpui to loop sensing.
Connect to loop through overvoltage protection.

25 23 PR I/O | Protected Ring. The output of the ring driver amplifier and input to loop sens-
ing circuitry. Gonnect to loop through overvoliage protection.

— 24 NC — | No Connection. May be used as a tie point.

26 25 B2 | State Control Input. B0, B1, B2, and BR determine the state of the SLIC.
See Table 2.

27 26 B1 | State Contral Input. BO, B1, B2, and BR determine the siaie of the SLIC.
See Table 2.

28 27 BO | State Control Input. B0, B1, B2, and BR determine the siaie of the SLIC.
See Table 2.

29 28 BR I State Control Input. B0, B1, B2, and BR determine the state of the SLIC.
See Table 2.

— 29 NG — | No Connection. May be used as a tie point.

— 30 NG-NTP | — | No Connection. May not be used as a tie point.

— 3 NC — | No Connection. May be used as a tie point.

30 32 TG — | Transmit Gain. Connect a 4320 Q resisior from this pin to VTX.

31 33 VTX O | The voltage at this pin is directly proportional to the differential Tip/Ring cur-
rent.

32 34 I — |ac/de Separation. Connect a 0.1 pF capaciior from this pin to VTX.

1 35 NSTAT O | Loop Detector Cutput/Ring Trip Detector Output. This output is a wired OR

of the NLC/NRDET outputs. When low, this logic output indicates that an off-
hook condition exists or that ringing has been tripped.

— 36 NC — | No Connection. May be used as a lie point.

3 37 VITR O | ac Output Voltage. This ouiputl is a voliage that is direcily proporiional io the
differential ac Tip/Ring current.

4 38 RCVP | Receive ac Signal Input (Noninverting). This high-impedance input conirols
the ac differential voltage on Tip and Ring.

5 39 RCVN | Receive ac Signal Input (Inverting). This high-impedance input controls the
ac differential voltage on Tip and Ring.

— 40 NC — | No Connection. May be used as a tie point.

6 4 FB2 — | Polarity Reversal Slowdown. Connect a capacitor to ground.

7 42 FBA1 — | Polarity Reversal Slowdown. Connect a capacitor to ground.

8 43 LCTH | Loop Closure Threshold Input. Connect a resistor to DCOUT 1o set off-hook
threshold.

— 44 DCR I | de Resistance. Shorl to analog ground for de feed resistance of 55 Q. The dc

feed resistance can be increased to a nominal 760 @ by shorting DCR to
DCOUT. Intermediate values can be set by a simple resistor divider from
DCOUT io ground with the trip at DCR (44-pin PLCC only).

Lucent Technologies Inc. 7
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Functional Description

Table 3. Input State Coding

BoO

B1

B2

State/Definition

1

1

0

1

Powerup, Forward B attery Veatz Pin PT is positive with respect to pin PR. Vearz is applied
to the Tip/Ring drive amplifiers. On-hook transmission capability. All supervision active—an
off-hook condition or a ring irip causes output NSTAT to go low. Current limit set per
RrroG = 0.555 ILim.

Powerup, Reverse Battery Vearz2. Pin PR is positive with respect io pin PT. Veatz is applied
io the Tip/Ring drive amplifiers. On-hook transmission capability. All supervision active—an
off-hook condition or a ring trip causes output NSTAT to go low. Current limit set per
RrroG = 0.555 ILm.

Powerup, Forward Battery Veat:. Pin PT is positive with respect to pin PR. Veat1 is applied
to the Tip/Ring drive amplifiers. On-hook transmission capability. All supervision active—an
off-hook condition or a ring irip causes output NSTAT to go low. Current limit set per
RproG = 0.555 ILim.

Powerup, Reverse Battery Veari. Pin PR is positive with respect io pin PT. Veat1 is applied
to the Tip/Ring drive amplifiers. On-hook transmission capability. All supervision active—an
off-hook condition or a ring irip causes output NSTAT o go low. Current limit set per
RproG = 0.555 ILim.

Ground Start. Tip drive amplifier is turned off. The device presents a high impedance
(>100 k) fo pin PT and a curreni-limited baitery (Vsat1) o pin PR. Output pin RGDET indi-
cates current flowing in the ring lead.

Low-Power Scan. Except for off-hook supervision, all circuits are shut down fo conserve
power. Only the off-hook detecior affects output pin NSTAT. VeaT1 is applied to the Tip/Ring
drive amplifiers. Pin PT is positive with respect to pin PR. On-hook transmission is disabled.

Low-Power Scan (L8560D/E/F/G Only). Except for off-hook supervigion, all circuits are shut
down to conserve power. Only the off-hook detector affects output pin NSTAT. Vearz is ap-
plied o the Tip/Ring drive amplifiers. Pin PT is positive with respect [o pin PR. On-hook trans-
mission is disabled.

Forward Disconnect. The Tip and Ring amplifiers are turned off and the SLIC goes into a
high-impedance state (>100 kQ). VeaT2 is applied o the SLIC.

1/0

Ring State. SLIC is powered up. VBat1 is applied to the Tip and Ring amplifiers. Current limit
is increased (and set per Rproa = 0.198 lLm). Overhead voltage on Tip or Ring is reduced to
approximately 2.4 V. These condilions are necessary io supply sufficient power o drive a
true North American 5 REN ringing load (1386 Q + 40 pF). Loop closure detector is dis-
abled—only the Ring Trip detector affects output pin NSTAT. To apply a balanced ring signal
to pins PR and PT, apply a 0 V to 5 V square wave 1o input pin B1. Ringing frequency is the
frequency of the inpui wave at B1. To shape the ring signal at pins PR and PT, connect a
capacitor from pin FB1 to ground and from pin FB2 to ground.

Table 4. Supervision Coding

Pin NSTAT Pin RGDET
0 = oif-hook or ring trip 1 = ring ground
1 = on-heok and no ring Irip 0 = no ring ground

Lucent Technologies Inc.
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L8560 Low-Power SLIC with Ringing

Absolute Maximum Ratings (Ta=25°C)

Stresses in excess of the absolule maximum ratings can cause permanent damage to the device. These are abso-
lute slress ratings only. Funclional operation of the device is not implied at these or any other conditions in excess
of those given in the operational sections of the dala sheel. Exposure 1o absolute maximum raiings for extended

periods can adversely affect device reliability.

Param eter Symbol Value Unit
+5 V Power Supply Vce 7.0 A
-5 V Power Supply (L8560C) VEE —7.0 \
Battery (talking) Supplies (LB560C/E/F/G) VeaT1, VBaT2 —70 \
Battery (talking) Supplies (L8560A/D) VBaT1, VBAT2 —75 A
Veat2 Magnitude IVeat2l IVBaTil + 0.4 vV
Logic Input Voliage — -0.510 +7.0 vV
Analog Input Voltage — —7.010+7.0 vV
Maximum Junction Temperature Ty 165 °C
Storage Temperature Range Tstg —40 1o +125 °C
Relative Humidity Range RH 51095 %o
Ground Potential Difference (BGND 1o AGND) — 13 Vv
PT or PR Fault Voltage (dc) VPT, VPR (VBaT1 —b) 10 +3 A
PT or PR Fault Voliage (10 x 1000 ps) Ve, VPR (VBaT1 — 15) 10 +15 Vv
Current into Ring Trip Inputs IRTsP, IRTSN +240 RA

Note: The IC can be damaged unless all ground connections are applied before, and removed aiter, all other connections. Furthermore, when
powering the device, the user must guaraniee that no exiernal potential creaies a voltage on any pin of the device that exceeds the
device ratings. Some of the known examples of conditions that cause such potentials during powerup are 1) an inducior connected to Tip
and Ring can force an overvoliage on VBAT through the proteciion devices it the VBAT connection chatters, and 2) inductance in the VBAT
lead could resonate with ihe VBAT filter capacitor io cause a desiructive overvoliage.

Lucent Technologies Inc.
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Recommended Operating Conditions
Parameter Min Typ Max Unit

Ambient Temperature —40 — 85 °G
Loop Closure Threshold-detection Programming Range 5 10 ILim mA
de Loop Curreni-limit Programming Range 5 40 50 mA
On- and Off-hook 2-wire Signal Level (@ Zioor = 200 Q) — — 2.2 Vrms
ac Termination Impedance Programming Range 150 600 1300 Q
Veati1 (L856OC/E/F/G) —24 —48 —65 Vv
Vear1 (LBSGOA/D) —24 48 —70 Vv
VeaT2 -16 —28 VBAT1 v
Vee 4.5 5.0 5.5 Vv
VEE (L8560C) —4.75 5.0 —5.5 Vv
dc Feed Resistance Programming Range (excl. RP) 55 55 760 Q

Electrical Characteristics

Minimum and maximum values are testing requirements in ithe temperature range of 25 °C {o 85 °C and baltery
range of —35V 1o —65 V. These minimum and maximum values are guaranteed to —40 °C based on component sim-
ulations and design verification of samples, but devices are not tested to —40 °G in production. The test circuit

shown in Figure 5 is used unless other noted. Positive currenis flow into the device.

Typical values are characteristics of the device design at 25°C based on engineering evaluations and are not part
of the test requirementis. Supply values used for typical characterization are Vec = 5.0 V, Vee = 5.0 V, VBaT1 =

—48YV, Veat2 = —25.5 V, unless otherwise noted.

10
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Electrical Characteristics (continued)

Table 5. Power Supply (Vcc = 5.0V, VEe = 5.0V, Vear1 = —48 V, Vearz = —19 V unless otherwise noted)

Parameter Min Typ Max Unit
Power Supply Rejection 500 Hz to 3 kHz
(See Figures 6, 7, 14, and215.)1:
Vee (1 kHz), VEe (1 kHZ) 35 — — dB
VBat1, VBar2 (500 Hz—3 kHz) 45 — — dB
Thermal Protection Shutdown (Tic) — 165 — °G
Thermal Resistance, Junction to Ambient (8.4a) Still Air — 47 — "C/W
44-pin PLCC
Thermal Resistance, Junction to Ambient (8.ua) Still Air — 60 — *C/W
32-pin PLCC
Power Supply—Powerup, No Loop Current, Vearz Applied
L8560A/D/E/F/G:
lec — 6.0 7.2 mA
IBAT1 — 120 200 RA
IBAT2 — 2.6 3.2 mA
Power Supply—Powerup, No Loop Current, Vear1 Applied:
lce (L856OA/D/E/F/G) — 6.0 7.2 mA
IeaT1 (L85G0A) — 2.8 3.3 mA
IBaT1 (LBS6OD/E/F/G) — 1.65 2.0 mA
IBaT2 (L85S60D/E/F/G) — 1.0 1.3 mA
Power Supply— Scan Mode, Vear Applied
(L856OD/E/F/GY):
lce (LBS6OA/D/E/F/G) — 4.0 b.2 mA
IeaT1 (L8560A) — 1.3 1.6 mA
IBaT1 (L8S6OD/E/F/G) — 0.5 0.75 mA
IBaT2 (L85GOD/E/F/G) — 0.9 1.2 mA
Power Supply—Scan Mode, Vearz Applied,
L8560D/E/F/G Only:
lcc (Vec=5.0V) — 41 — mA
IBaT1 (VBAT1 = 65 V) — 200 — pA
IBaT2 (VBAT2 = =30 V) — 1.2 — mA
Power Supply—Powerup, No Loop Current,
L8560C Only:
lec — 5.8 7.2 mA
leE — 0.9 1.26 mA
IBaT1 (VBAT1 @pplied) — 1.65 2.2 mA
IBaT2 (VRAT2 applied) — 1.50 1.96 mA
lear1 (VBAT2 applied) — 120 200 pA
Power Supply—Scan, Forward Battery, No Loop Current, Veat1
Applied, L8560C Only:
lcc — 41 55 mA
IEE — 0.81 1.1 mA
IBaT (VBAT1 applied) — 0.43 0.56 mA
Power Supply—Ring Mode, No Loop Gurrent:
lcc — 6.45 — mA
IBAT4 — 2.2 — mA
1. This parameter is not tesied in production. I is guaranteed by design and device characterization.
2. VeE used for L8560C version only.
Lucent Technologies Inc. 11
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Electrical Characteristics (continued)

Table 6. 2-Wire Port

Parameter Min Typ Max Unit

Tip or Ring Drive Current = de + Longitudinal + Signal Currents 65 — — mA
Signal Current 15 — — MArms
Longitudinal Curreni Gapability per Wire! 8.5 15 — mArms
de Loop Current Limit?:

Rioor = 100 - lLima - mA

Programmability Range 5 — 50 mA

Accuracy (20 mMA < lim< 40 mMAYBR =+5V — — t12 %
Powerup Open Loop Voltage Levels:

Differential Voltage — Veatz2 |VBatz + 7.2 | |VBaT2 + 6.7]| |VBAT2 + 6.0 vV

Differential Voltage — VeaT1 (VBaT1 = 48 V) |VeaT1 + 7.6 | |VBAT1 + 7.1] | |VBAT1 4 B.1] Vv
Ground Start State:

PT Resistance 100 — — kQ
de Feed Resistance (for lLoop below current limit) — B5 80 Q
Loop Resisiance Range (3.17 dBm overload into 800 Q; not in-

cluding protection):

ILoop = 20 mA at Veat1 =48V 1940 — — Q

lLoor = 20 mA ai VeatTz =24 V 760 — — Q
Longitudinal to Metallic Balance—IEEE?® Sid. 455 (See Figure

8.)%5:
L8560A/C
200 Hz to 2999 Hz Forward/Reverse Batlery 54 59 — dB
3000 Hz 10 3400 Hz Forward/Reverse Battery 49 54 — dB
L8560D/E
200 Hz to 2999 Hz Forward Battery 63 68 — dB
3000 Hz to 3400 Hz Forward Battery o8 63 - dB
200 Hz io 2999 Hz Reverse Battery o8 63 — dB
3000 Hz 1o 3400 Hz Reverse Battery 54 59 - dB
L8560F/G
200 Hz 1o 2999 Hz Forward/Reverse Batlery 50 55 - dB
3000 Hz to 3400 Hz Forward/Reverse Baltery 45 50 - dB
Metallic io Longitudinal Balance:

200 Hz 10 4 kHz 46 — — dB
RFI Rejection (See Figure 9.)8:

0.5 Vrms, 50 Q Source, 30% AM Mod. 1 kHz

500 kHz to 100 MHz - —55 —45 dBv

1. The longitudinal current is independent of dc loop current.

2. Current-limit ILIM is programmed by a resisior, BPROG, irom pin IPROG 1o AGND. ILIM is specified ai ihe loop resisiance where curreni limiting
begins (see Figure 22). Select RPROG (k) = 0.555 x ILIM (mA) with input BR high. When input BR is low, use Brros (k) = 0.198 x ILM (MA).

3. IEEE is a regisiered irademark of The Instituie oi Elecirical and Elecironics Engineers, Inc.

4. Longitudinal balance of circuit card will depend on loop series protection resistor maiching and magnitude.

5. Tested ai 1000 Hz only. Full frequency specilications guaranteed by design and device characterization.

6. This parameter is not tested in production. Ii is guaranteed by design and device characierization.

12
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L8560 Low-Power SLIC with Ringing

Electrical Characteristics (continued)

Table 7. Analog Pin Characteristics

Parameter Min Typ Max Unit
Difierential PT/PR Curreni Sense (DCOUT):
Gain (PT/PR to DCOUT) — —-41.7 — V/A
Oifsel Voliage @ lLoor = 0 —200 — 200 mv
Loop Closure Detector Threshold':
Programming Accuracy at 10 mA — — +20 Yo
Ring Ground Detector Threshold?:
Ricm = 83 kQ 3 6 10 k2
Programming Accuracy — — 25 Yo
Ring Trip Comparator®:
Input Offset Voliage — +10 — mV
RCVN, RCVP:
Input Bias Current — -0.2 -1 pA
Loop Closure Detector Hysteresis — 2 — mA
Variation — 15 — %
THD? at VPTPR = 2.2 Vrms, Vor = 12V, Z1 = 200 @ — — —35 dB
{not tested in production)
VITR Output Impedance — 5 — Q
VITR Output Offset Voltage — 20 — my
1. Loop dosure threshold is programmed by resistor BLCTH from pin LCTH to pin DCOUT.
2. Ring ground threshold is programmed by resisior RICM2 from pin ICM 1o VGC.
3. This parameter is not tesied in production. It is guaranieed by design and device characterization.
Table 8. Uncommitted Op Amp Characteristics (44-Pin PLCC Only)
Parameter Min Typ Max Unit
Input Offset Voliage — t5 — mV
Input Offset Current — +10 — nA
Input Bias Current — 200 — nA
Differential Input Resistance — 1.5 — MO
Output Voltage Swing (RL = 10 k) — 3.5 — Vpk
Output Resistance (AveL = 1) — 2.0 — Q
Small-signal GBW — 700 — kHz
Lucent Technologies Inc. 13



Preliminary Data Sheet

L8560 Low-Power SLIC with Ringing April 1998
Electrical Characteristics (continued)
Table 9. ac Feed Characteristics
Param eter Min Typ Max Unit
ac Termination Impedance’ 150 — 1300 Q
Longitudinal Impedance — 0 — Q
Total Harmonic Distortion—200 Hz to 4 kHz?:

Oii-hook — — 0.3 %
On-hook — — 1.0 %
Transmit Gain, f = 1 kHz {PT/PR to VITR; see Figure 11.) —392 —400 —408 VIA

Receive + Gain, f = 1 kHz {RCVP 1o PT/PR) 7.76 8.00 8.24 —
Receive — Gain, i = 1 kHz (RCVN to PT/PR) —7.76 -8.00 -8.24 —
Group Delay?:

Transmit, Powerup — 1 — ps

Receive — 0.5 — us
Gain vs. Freguency (fransmit and receive)

{800 Q termination; reference 1 kHz, 1 Vrms)*:

200 Hz to 300 Hz -1.00 0.0 0.05 dB

300 Hz io 3.4 kHz -0.3 0.0 0.05 dB

3.4 kHz to 16 kHz -3.0 -0.1 0.3 dB

16 kHz 10 266 kHz — — 2.5 dB
Gain vs. Level (transmit and receive)(reference 0 dBV)?:

—50 dB io +3 dB -0.05 0 0.05 dB
Return Loss®:

200 Hz to 500 Hz 20 24 — dB

500 Hz to 3400 Hz 26 29 — dB
2-wire Idle-channel Noise (600 Q termination):

Psophometric? — —87 77 dBmp

C-message — 2 12 dBrnC

3 kHz Flai2 — 10 20 dBrn
4-wire ldle-channel Noise:

Psophometric? — -82 —77 dBmp

C-message — 7 12 dBrnC

3 kHz Flai? — 15 20 dBrn
Transhybrid Loss3:

200 Hz to 500 Hz 21 24 — dB

500 Hz to 3400 Hz 26 29 — dB

—_

2. This paramster is not tested in production. It is guaranieed by design and device characierization.
3. Returnloss and transhybrid loss are functions of device gain accuracies and the exiernal hybrid circuit. Guaranieed performance assumes

1% iolerance external components.

14

. Sei by exdernal componenis. Any complex impedance R1 + B2 || C between 150 & and 1300 Q can be synthesized.

Lucent Technologies Inc.
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L8560 Low-Power SLIC with Ringing

Electrical Characteristics (coniinued)

Table 10. Logic Inputs and Qutputs

Parameter Symbol Min Typ Max Unit
Input Voltages:
Low Level (permissible range) ViL -0.5 0.4 0.7 v
High Level (permissible range) ViH 2.0 2.4 Voo Vv
Input Currents:
Low Level (Vcc=5.25V, Vi=0.4V) e —75 -115 -300 RA
High Level (Vcc =525V, Vi= 2.4 V) lH —40 —60 —100 pA
Output Voltages {open collector with internal pull-up resistor):
Low Level (Vcc = 4.75 V, loL = 360 pA) Vou 0 0.2 0.4 Vv
High Level (Vcc = 4.75 V, loH = —20 pA) VoH 2.4 — Vee Vv
Ring Trip Requirements
. . 200 Q
m Ringing signal: TP o .\. AN 5 RING
— Voltage, minimum 35 Vrms, maximum 100 Vrms. SWITCH GLOSES <12
— Frequency, 17 Hz to 23 Hz. <lems
— Cresl factor, 1.4 10 2. & pF per TA 909
8 uF per TR 57
» Ringing trip: TIP © | RING
— <100 ms (iypical), £250 ms (Vear = -33 V, loop
length = 530 Q). 10 k2
m Preirip: Wy
— The circuits in Figure 4 will not cause ringing trip.
2 uF 100Q
TIP © [ AN 0 RING

Lucent Technologies Inc.

12-2572.2 (C)

Figure 4. Ring Trip Circuits

15
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Test Configurations
VB{A}TZ OI1‘HF 1
VBAIT‘I VGo
0.1uF .;7 01 uF
— —
VBAT2 VBAT1  BGND VoG AGND
100 0
PT VITR
TIP -
<20 kn
SN
RLooP 320 ki
XMT L o XMT
SE65ka
RING 1000 " BCVN 3 30.9 k02
¥ RCV
DCOUT ROVP L 137k
L8560 -
237k o
IPROG SLIC ES1
B®2 I a ©
825 kix BO |—A\—o0
AN LOTH 100 2
B1 |—AW—o0
2 MG 100 2
e RTSP B o
402 k@2 BR | W o
NSTAT|— o
2 Mo ATaN RGDET|——o
B ICM GFt ——
o |
0.1 uF
CF2 —}
TG VTX TXI FB2 FB1 01 uF
VBAT T H
432 kix 01 ufF —
ot 6 b
A
12-2670.d ()
Note: Nodes DCOUT, SN, XMT not available in 32 PLCC Testi Circuit.
Figure 5. Basic Test Circuit (44-Pin PLCC)
VeaT OR Voo VeaT OR Ve
1000 1008
DISCONNEGT DISCONNECT
4.7 uF / BYPASS CAP 4.7 uF /
— Vs — — Vs —
Vear OR Vear OR
Voo Ve
6750
TP PT
+ 10 puF
BASIC
BASIC
90082 2 g TEST CIRCUIT TEST GIRCUIT
PR PR
10 pF
Vs Vs
PSRR = 20log y— PSRR = 20log —
12-2335.a (C) Vi 12-2336.a (C)

Figure 6. Metallic PSRR

16

Figure 7. Longitudinal PSRR
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Test Configurations (continued)

100 pF
—WA— 00— PT
Vs 3w/EQ 4
A Vi BASIC
@ 1 TEST ciRCUIT
— S
—a—]—0—| PR
100 pF

LONGITUDINAL BALANCE = 20log %

12-2584.a (C)
Figure 8. Longitudinal Balance
0.01 pF 8250
H WV PT
600 O 1
500
8,7 ugEIEQ BASIC
215 - Veat| TEST CIRCUIT
Vs HFT -
I* b Wy PR
0.01 pF 82.5Q
HP * 4935A
TIMS
12-2686 b (C)

* HP is a registered trademark of Hewlett-Packard Company.

Notes:
VS = 0.5 Vrms 30% AM 1 kHz modulation.

f = 500 kHz—1 MHz.

Device in powerup mode 600 & termination.

Figure 8. RFl Rejection

Lucent Technologies Inc.

ILoNG
PT
i
VPT
BASIC
_° | tesTciRCUIT
lone VPR
+
u—‘:’—m PR
A VPT A VPR
ZLONG =
A ILONG A ILoNG

Figure 10. Longitudinal Impedance

- XMT
T
BASIC
6000 VTR | TEST CIRCUIT
— RCV
PR
VXM
GXMT = F:’F:—
VTR
GRov = VRoV

Figure 11. ac Gains

12-2585 {C}

Vs

12-2587 {C}
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Characteristic Curves
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12-2828 (C)

Figure 12. L8560 Receive Gain and Hybrid Balance

vs. Frequency

D B
\THANSMIT GAIN
-10 /
@ 20 /
—30 \
\( RETURN LV
—0 S
—60 I T . I | I I
100 1000 104 105

FREQUENCY (Hz)

122829 (C)

Figure 13. L8560 Transm it Gain and Return Loss

vs. Frequency
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PSRR (dB)
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12-2830 (C)

Figure 14. L8560 Typical Vcc Power Supply

PSRR (¢B)

Rejection
CURRENT
| LIMIT //
AN /4
\ SPEGIFICATION RANGE //’
AN
\—AY" | BELOW
CURRENT
T LIMIT
L Ll Ll L Lol Ll L Ll Ll ]l L IH\\H‘ L Ll LIl
10 100 1000 104 108 108

FREQUENGY (Hz)

12-2871 (C)

Figure 15. L8560 Typical Vear Power Supply

Rejection
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Applications (continued)

Characteristic Curves (continued)

25

20

| EEP
yd

r

il

OFF-HOOK THRESHOLD LOOP CURRENT
(mA)

0 IS T T T T [N T T N T T T T AN BN

0 10 20 30 40 50 60

LOOP CLOSURE THRESHOLD RESISTOR, BLCTH (k)

12-3015 (C)
Note: VBAT1 = —48 V, ITR = 1.2 x 1075 RLoTH (kW).

Figure 16. Loop Closure Program Resistor
Selection

35

30
25 \
20

15

10

‘-._.‘__

20 40 60 80 100 120 140

RING GROUND CURRENT
DETECTION RESISTOR, Ricwm (kQ)

THRESHOLD RING GROUND CURRENT (mA)

ST

12-3016 (C)
Note: Tip lead is open; VAT = 48 V.

Figure 17. Ring Ground Detection Programming

Lucent Technologies Inc.

50

iy
o

LOCP CURRENT (mA)
(73]
=)
T {\\

lum

10 kQ

B T ——

20
i —
| Rdct

10

ol ) . - o . o ) ) .

0 10 20 30 40 50

LOOP VOLTAGE (V)

12-3050 ¢ {F)
Noie: VBAT1 = —48 V; ILIM = 22 mA; Rdci1 = 55 Q.

Figure 18.Loop Current vs. Loop Voltage

50

40

£
=

LOOP CURRENT {mA)
)
(=]

10

500 1000

L L
1500 2000

[=]

LOOP RESISTANCE, RLooP {£2)
12-3051 {C)

Note: VeAT1 = —48 V; ILIM = 22 mA; Rdc1 = 55 Q.

Figure 19. Loop Current vs. Loop Resistance
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Characteristic Curves (coniinued)

1500

z

13

z |

9 qp00 P,

S I \

o

@ |

o0

0 [ \

o |

L

500 .

) | \

n

Q

—

[¥3]
0 AR N S N SR T SO T N NN S S T
0 500 1000 1500 2000

LOOP RESISTANGE, RLoor (£2)

12-3052 (C)
Note: VeaT1i = 48V ILM = 22 mA; Rdet = 558,

Figure 20. L8560 Typical SLIC Power Dissipation
vs.Loop Resistance

2000
] B Ao s I S S
1500 bbb
£ 1es0) b b b N = 300 cu. ft./ min.
£ —STILLAIR | ‘ 44-PIN PLCG
1000 3 32-P|N PLCGI NN
z 1 \{
q@ /B0 o o “STILL AR =
; i 44-PIN PLCC
500 [---o--- poeee o o e P
250 |- R LTt SRR IR SRR
0 i i i i
20 40 60 80 100 120 140 160 180
AMBIENT TEMPERATURE, Ta {°C)
12-2825 a (G}
Figure 21. Power Derating
20

dc Applications
B attery Feed

The dc feed characteristic can be described by:

ViR = (|VBAT| —VoH) x RL
RL +2RP + Rdc

IL = |VBaT| —VoHu
RL+2RP+ Rdc

where:

IL = dc loop current.

V1m = de loop veliage.

|[VeaT| = battery voltage magnitude.

Note: The L8560 has a battery switch circuit that
allows use of a primary batlery, Vear1, or an aux-
iliary battery, Vearz. |Veat| is the battery, Veari or
VBaz, that is aclive. See the Batlery Swiich sec-
tion for more information.

VoH = overhead vollage. This is the difference belween
the batiery voliage and the open loop Tip/Ring
voliage.

RL = loop resistance, not including protection resistors.

Rr = protection resistor value.

Rdc = SLIC internal dc feed resistance.

The design begins by drawing the desired dc template.
An example is shown in Figure 22.

50

o
=)

lum

(€3]
o
T f\

10 kQ

™
o

LOOP CURRENT {mA}

=TT
|
-

Rde1

—_
=)

O . — ) . . MR
20 30 40 50

[=]
—_
[=]

LOOP VOLTAGE (V)
12-3050 ¢ (F)
Note: VBAT1 = —48 V; ILIM = 22 mA; Rdet = 55 .

Figure 22. Loop Current vs. Loop Voltage

Lucent Technologies Inc.



Preliminary Data Sheet
April 1998

L8560 Low-Power SLIC with Ringing

Applications (continued)
dc Applications (continued)

Starting from the on-hook condition and going through
o a short circuit, the curve passes through two regions:

Region 1: On-hook and low locp currents. In this region,
the slope corresponds 1o the de resistance of the SLIC,
Rdci (defauli is 55 Q typical). The open circuit voltage is
the battery voliage less the overhead voltage of the de-
vice, Von (default is 7.1 V typical). These values are
suitable for most applications, but can be adjusted if
needed. For more information, see the sections entitled
Adjusting dc Feed Resistance or Adjusting Overhead
Voliage.

Region 2: Current limit. The de current is limited to a val-
ue determined by exiernal resistor Rrroa. Thig region of
the dc template has a high resistance (10 kQ).

Calculate the external resistor as follows:

Rrroa (KQ) = 0.555 Ium (mA)Y

* During the balanced ringing mode, the current limit is increased
irom the value predicted by this equation by a facior of 2.8. See
the Power Ringing section for more information.

Overhead Voltage

In order io drive an on-hook ac signal, the SLIC must sel
up the Tip and Ring voltage to a value less than the bat-
tery voltage. The amount that the open loop voltage is
decreased relative 1o the batlery is referred to as the
overhead voltage and is expressed as:

Vou = |Vaar| — (VPT — VPR)

Without this buifer voliage, amplifier saturation will
occur and the signal will be clipped. The L8560 is auto-
matically set al the factory o allow undistorted on-hook
fransmission of a 3.17 dBm signal into a 900 Q loop
impedance.

The drive amplifiers are capable of 4 Vrms minimum
{Vamr). So, the maximum signal the device can guaran-
tee is:

VTR = 4 V(izm1 )

|ZTm| + 2Re
For applications where higher signal levels are needed,
e.g., periodic pulse metering, the 2-wire port of the
SLIC can be programmed with pin DGR (pin DCR is
not available in the 32-pin PLCC package). The first

step is to determine the amount of overhead voltage
needed. The peak voltage at cutput of Tip and

Lucent Technologies Inc.

Ring amplifiers is related io the peak signal voliage by:

A A
VaMmP = VT/R('l + 2RP)
| Z1m

VT/R [ZTR]

12-2563 (C)

Figure 23. SLIC 2-Wire Qutput Stage

In addition to the required peak signal level, the SLIC
needs about 2 V from each power supply to bias the
amplifier circuitry. It can be thought of as an internal
saturation voltage. Combining the saturation voltage
and the peak signal level, the required overhead can be
expressed as:

A
Von = VSAT+(1 + 2RP)VT/R
|ZR|

2| Z1m]
1000

= Vsat +(1 + 2RP) X 1(QoEmz0

|Z7m|

where VsaT is the combined internal saturation vollage
between the Tip/Ring amplifiers and Vear (4.0 V typ.).
Rr (Q) is the protection resistor value. Zr (2) is the ac
loop impedance.

Example 1,0n-Hook Transmission of a Meter
Pulse:

Signal level: 2.2 Vrms into 200 Q
35 Q protection resistors
lLoor = 0 (on-hook transmission of the metering signal)

VoH = 4.0 +(1 + 22X0g5]ﬁ(2.2)

=82V

21
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Applications (continued)
de Applications (continued)

Accounting for Vsat tolerance of 0.5 V, a nominal over-
head of 8.7 V would ensure transmission of an undis-
lorted 2.2 V metering signal.

Adjusting Overhead Voltage

To adjust the open loop 2-wire voliage, pin DCR
(44-pin PLCC only) is programmed at the midpoint of a
resistive divider from ground to either -5V or VeaT. In
the case of -5V, the overhead voltage will be indepen-
dent of the battery voltage. Figure 24 shows the equiv-
alent input circuit to adjust the overhead.

1

Ri —

1
DCR N

Rz

-5V

12-2582 b (C}

Figure 24. Equivalent Circuit for Adjusting the
Overhead Voltage

The overhead voltage is programmed by using the fol-
lowing equation:

Von=7.1-18.18 Vbcn

= 7.1—18.18(—5x( R ))
Rz +R1

22

Adjusting dc Feed Resistance

The dc feed resistance may be adjusted with the help
of Figure 25.

44-PIN PLCC

R1 —

Rs

o<
<t

DCOoUT

12-2560 ¢ (C)

Figure 25. Equivalent Circuit for Adjusting the de
Feed Resistance

AVber

Roc =55Q0+705 0——
AVpcouTt

= 559+7059( Ri )
Rz +R1

Adjusting Overhead Voltage and dc Feed
Resistance Simultaneously

The above paragraphs describe the independent sei-
ting of the overhead voliage and the dc feed resistance.
If both need 1o be set to customized values, combine
the two circuits as shown in Figure 26.

L

Ri1 —

12-2661 ¢(C)

Figure 26. Adjusting Both Overhead Voltage and dc
Feed Resistance

Lucent Technologies Inc.
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dc Applications (continued)

Thig is an equivalent circuil for adjusting both the dc
feed resistance and overhead voltage togeiher.

The adjusiments can be made by simple superposition
of the overhead and dc feed equations:

VoH = 7.1+4o( Rill Rs )

R2+R1] Ra

Rde = 55 kQ + 705 Q( R )
Ra + Ri

Lower value resistors can be used; the only disadvan-

tage is the power consumplion of the external resistors.

Loop Range
The equation below can be rearranged to provide the
loop range for a required loop current:

_ [VeaT| — Vo
I

RL —-2RpP —Rde

Off-Hook Detection

The loop closure comparator has buili-in longitudinal

rejection, eliminating the need for an external 60 Hz fil-

ter. This applies in both powerup and low-power scan
states. The loop closure detection threshold is sef by
resistor RicTH. Referring 1o Figure 27, NLG is high in an
on-hook condition (Itr = 0, Vocout = 0) and

VicTH = 0.05 mA x RieTH. The off-hook comparaltor

goes low when VicTH crosses zero and then goes neg-

ative:
VictH = 0.05 mA x RLetH + Vbcout
= 0.05x RictH — 0.04167 V/imA X ITR
Riten(k) = 0.833 ITrR(MA)
Rp
AN
-—
IR —0.125 V/mA DCOUT

RL 1
RLCTH
PR
Rp LCTH
— 0.06mA p NLGC

12-2553.a (C)

Figure 27. OffsHook Detection Circuit

Lucent Technologies Inc.

Note thal NLC is internally wired-OR with the output of
the ring trip detector (NRDET). The wired-OR, NSTAT,
is a package output pin.

Note that if NSTAT is used to directly control logic input
B2, connect a 0.01 uF capacitor from node LCTH 1o
ground for filtering purposes. In this moede of operation,
the L8560 will automatically swiich to the lower voltage
battery under off-hock conditions.

Also note that NSTAT will toggle low with a ring ground
in the ground start application. Under a ring ground,
one-half of the current appears as differential. This fotal
Ring ground current is approximalely two limes the cur-
rent limit; thus, the differential current is approximately
equal 1o the current limit, which typically exceeds the
loop closure threshold. Thus, in the ground start appli-
cation, if RGDET tirips, NSTAT will also irip. Under this
condition, via software, ignore the NSTAT transition.

Ring Ground Detection

Pin ICM sinks a current proporiional to the longitudinal
loop current. It is also connected to an internal compar-
ator whose output is pin RGDET. In a ground siart
application where Tip is open, the Ring ground current
is half differential and half common mode. In this case,
to set the Ring ground current threshold, connect a
resistor Ricm from pin ICM to Vec. Select the resistor
according to the following relation:

Veox 120
IRG(MA)

The above equation is shown graphically in Figure 17.
It applies for the case of Tip open. The more general
equalion can be used in ground key applications to
detect a common-mode current ICM:

Vcex 60
ICM({mA)

Ricm(kQ) =

Ricm(kQ) =

23
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Applications (continued)

Power Derating

Thermal considerations can affect the choice of a
32-pin PLCG or a 44-pin PLCC package. Operating
temperalure range, maximum current limii, maximum
battery voltage, minimum dc loop, and protection resis-
tor values will influence the overall thermal perior-
mance. This section shows the relevani design
equaiions and considerations in evaluating the SLIC
thermal performance.

First, consider the L8560 SLIC in a 44-pin PLCC pack-
age. The siill-air thermal resistance is 47 °C/W; how-
ever, this number implies zero airflow as if the L8560
were [otally enclosed in a box. A more realistic number
would be 43 °C/W. This is an experimental number that
represents a thermal impedance with no forced airflow
(i.e., from a muffin fan), bui from the natural airflow as
seen in a typical switch cabinet.

The SLIC will enter the thermal shutdown state at typi-
cally 165 °G. The thermal shutdown design should
ensure that the SLIC temperature does notf reach

165 °C under normal operaling conditions.

Assume a maximum ambient operating temperature of
85°C, a maximum current limit of 45 mA, and a maxi-
mum batlery of =52 V. Further, assume a (worst case)
minimum de loop of 100 Q and that 100 Q protection
resistors are used at both Tip and Ring.

1. T1sp — TamBIENT(maxy = allowed thermal rise.
165°C - 85°C =80°C

2. Allowed thermal rise = package thermal
impedance = SLIC power dissipafion.

80 °C = 43 °C/W * SLIC power dissipation
SLIC power dissipation (Pp)=1.9W

Thus, if the lotal power dissipaled in the SLIC is less
than 1.9 W, it will not enter the thermal shutdown state.
Tolal SLIC power is calculated as:

Total Po = maximum battery * maximum
current limit + SLIC quiescent power.

For the L8560, SLIC guiescent power (Pa) is approxi-
mated at 0.167 W. Thus,

Tolal Po = (-62V * 45 mA) + 0.167 W
Total Pp = 2.34 W+ 0.167 W
Total Po = 2507 W

The power dissipated in the SLIC is the total power dis-
sipation less the power that is dissipated in the loop.

24

SLIC Pp = Total power — Loop power
Loop power = (ILim)2 * (RdcLoop min + 2Rp)
Loop power = (45 mA)? » (100 @ + 200 Q)
Loop power = 0.61 W

SLIC power = 2507 W — 0.61 W

SLIC power = 1.897 W < 1.9W

Thus, in this example, the thermal design ensures that
the SLIC will not enter the thermal shuidown siate.

The next example uses the 32-pin PLCC package and
demonstrates the technique used to determine the
maximum allowed current.

In this example, assume a 0 °G to 70 °C operating
range. Thus,

T1sD — TAMBIENT (max) = allowed thermal rise
165°C-70°C=95°C
To estimate the open-air thermal impedance, use the
43 °C/W parameter from the 44-pin PLCC and ratic the
lead count.
Thermal impedance (32-pin PLCC) = 48 °G/W * [g}
= 59°C/W
Again:

Allowed thermal rise = thermal impedance * SLIC
power dissipation

96°C = 59 °C/W * SLIC power dissipation
SLICPp=16W

In this example, again assume ihe dc loop + 2 * protec-
tion resistors = 300 Q, then:

(ILm)(Veat max) + Pa — (Ium)® (Rde + 2 RP) = 1.6 W
| *524 0167 12300 =16 W
30012-521+1.433-0
This is a quadratic equation whose solution is in the
form:

X _ bt Jb2—4ac

- 2a
L = 52 /52"~ (4)(300)(1.433)
2(300)
52 £ 31.4

ILm = 500

Ignore the “+” term:

ILm = 52—7314

600 = 34 mA

Lucent Technologies Inc.
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Power Derating {continued)

Thus, 34 mA is the maximum allowable current limit in
the 32-pin PLCC package under the conditions given in
this example.

This type of analysis should be performed under the
conditions of the user's pariicular application o ensure
adequate thermal design.

Battery Switch

The L8560 SLIC provides an input for an auxiliary bat-
tery. Called Vearz, this power supply should be lower in
magnitude than the primary battery Vear1. Under an
accepiable loop condition, Vearz can be swilched 1o
provide the loop power through the amplifiers of the
SLIC. The dc template, described in previous sections,
is determined by the batlery thal is active—either Veari
or Veatz.

There are several important applications where use of
a lower voltage battery in the off-hook state is desired
to provide dc current o the loop, yet a higher voltage
batiery is desired in on-hook or ringing modes. These
applications are typically short loop applications, such
as an ISDN terminal adapier, fiber-in-the-loop applica-
tions, or a cable telephony interface.

In these applications, typically the maximum dc loop
resistance (which includes the off-hook telephone
handset plus twisted-cable pair) is relatively low. For
example, Bellcore TA-909, Generic Requirements and
Objectives for Fiber in the Loop Systems, specifies that
in the off-hook state, 20 mA must be provided into a
430 Q dc loop. To meet these requirements, a lower
battery in the off-hock condition is important to mini-
mize off-hook power consumption. Power conservation
is important from a cost of energy point of view, and is
vital in remolely powered POTS inieriace applications.

While use of a low-voliage battery in off-hook short de
loops is important, certain on-hook applications, such
as providing a balanced power Ring sighal or maintain-
ing compatibility with certain CPE such as answering
machines, may require a higher magnitude battery.

With the logic-conirolled battery switch, the L8560 is
able 1o provide a higher-voltage battery tc meet on-
hook battery voltage requirements. At the same time,
the L8560 can accept a lower-voliage auxiliary battery
during short loop off-hook applications. If a de/de con-
verter with two fixed voliage outputs is used, lie the bat-
tery voliage that is higher in magnitude to Vear1 and the
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voltage that is lower in magnitude to Vearz. Ii it is
desired to use a single battery supply or a dc/de con-
verier with a single programmable voliage output, tie
VBaT1 [0 VeAT2 and connect the batiery to this node.
Note that Vear1 is forced during the balanced ringing
state.

VCC/VEE Supplies

The L8560A/D/E/F SLICs are designed o operaie
using battery and only a +5 V power supply. In this
mode of operation, power for the Tip/Ring drive amplifi-
ers, dc feedback loop, internal amplifiers, logic, ac, and
reference circuits is drawn from the negaiive ballery
(and +5 V supply).

While the L8560A/D/E/F type devices offer very low
power dissipation in both the sleep and aclive stales,
further reduction in power dissipation is possible by use
of baftery and +5 V and -5 V power supplies. The
L85660C operates using battery, +5 V, and -5V power
supplies. When the -5V is used, the internal ampilifiers,
logic, ac, and reference circuiis draw power irom the
negative -5 V supply, not the negative battery. Since
the magnitude of the -5V supply is less than the bat-
tery, power consumption is reduced. With the L8560C,
the Tip/Ring drive amplifiers and dc feedback loop still
draw power from the battery.

Power Ringing

The L8560 ringing SLIC is designed to generate a bal-
anced lrapezoidal power ring signal to Tip and Ring.
Because the SLIGC itself generates the power ringing
signal, no ring relay is needed in this mode of opera-
tion. Alternatively, the L8560 SLIC can also be used in
the more standard batiery-backed, unbalanced ringing
application. In this case, the ring signal is generated by
a central ring generator and is bused to individual Tip/
Ring pairs. A ringing relay is used during ringing to dis-
connect the SLIC from, and apply the ring generator 1o,
the Tip and Ring pair.

This section discusses in detail the use of the L8560
ringing SLIC in either mode of application.

Ringing SLIC Balanced Ring Signal Generation

POTS for ISDN Terminal Adapters. The L8560 ringing
SLIC is designed to provide a balanced trapezoidal
power ring signal to Tip and Ring. This mode of opera-
tion is suited for short loop, plain old telephone service
(POTS) applications, such as ISDN terminal adaplers
(TA).
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When ISDN was firsl visualized, it was thought that we
would all exchange our exisling lelephones ior new,
full-featured ISDN phones. Digital technology would
drive these sels o very low costs. While this may hap-
pen in the fulure, the current demand is ior the ISDN TA
to service a standard analog telephone. The chal-
lenges of this application are discussed here along with
a suggested solution.

Until recently, POTS has been the exclusive domain of
the service provider. Over its 100-year history, any
architectural change was always required io be com-
patible with the existing installed local loop plant and all
telephone sets.

If this is the expectation of the TA, it would be capable
of being connected into the residence phone wiring o
drive every phone in the house. It would also be
designed with enough backup battery to provide unin-
terrupted service during electrical power interruptions.
In this case, adherence to a standard, such as
Bellcore's TA-909, is recommended.

For the case where a TA is only going to provide limited
service, the design can be made less costly by limiting
the scope of the device. An example of this limited
scope wolld be the provision of analog jacks for a FAX/
modem and a phone set near the TA in a home office
environment. A block diagram of a POTS design is oul-
lined in Figure 28.

TO TO ISDN
TELEPHONE SET SERVIGE
o XMT o TDM L o
RJT1 PROT. RS CODEC CLK, £S DN RJ45
o— - wPoTA o

RCV
DTMF
——| DEGODER

12-3288

Figure 28. POTS Controlled from an ISDN Terminal Adapter
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Power Ringing (continued)
Crest Factor

The balanced ring signal is generaied by simply toggling the SLIC between the powerup state forward and
powerup reverse battery stales. The state change is done by applying a square wave (whose frequency is the
desired ring frequency) to logic input B1. Capacitors FB1 and FB2 are used to control or ramp the speed of the
transition of the battery reverse, thus shaping the balanced ring signal. Waveforms of crest factors 1.6 and 1.2 are
shown in Figure 29 and Figure 30.

80 | 1 1 1 | : | H : 80

VOLTS (V)
VOLTS (V)

_8(()).00 0.02 0.04 0.06 0.08 010 012 0.14 0.16 0.18 0.20 _88.00 0.02 0.04 006 0.08 010 012 014 016 018 0.20
TIME (s} TIME (s)
12-3348 (C) 12-3347 {C)
Notes: Notes:
Slew raie = 5.65 V/ms. Slew raie = 10.83 V/ms.
trise = tiall = 23 ms. irise = fiall = 12 ms.
pwidth = 2 ms. pwidih = 13 ms.
period = 50 ms. period = 50 ms.
Figure 29. Ringing Waveform Crest Factor = 1.6 Figure 30. Ringing Waveform Crest Factor = 1.2
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Power Ringing Load

Bellcore TA-909 specifies that a minimum 40 Vrms
must be delivered to a 5 REN ringing load of 1380 & +
40 pF During the ringing stale, VeaT1 is automatically
applied to the Tip/Ring power amplifiers. For 5 REN
load, it is recommended that Vear1 be set to -85 Vdc.
Also during the power ring state, the dc current limit is
auiomatically boosied by a facior of 2.8 over ihe cur-
rent limit set by resistor Rrroc. Both of these factors
are necessary 1o ensure delivery of 40 Vrms to the
North American 5 REN ringing load of 1380 O + 40 pF

Current-Limit Switch

The dc current is limited to a value determined by
external resisior RrRog, an internal current source, and
the gain from Tip/Ring to pin DGOUT. Current limit is
sel by the equation:

lprOG * RrPRoG = lum * Bocout

Where:
IPROG = the current from an internal current source
Rrroa = the external resisior used o set the current
limit
Bocout = the transconductance from Tip/Ring o
DCOUT, which is nominally 41.67 V/A

28

During nonringing modes, the internal current source is
sel al 75 pA, thus:

IProG * RPROG = lLm * BocouT

Rrroa = lum * Bocout/IProa

Rrrog(K) = lum (MmA) * 0.04167 (V/mA)/75e-3 (mA)
Rprroa(K) = 0.556 * ILm (mA) — honringing modes

During the ring mode, the current limit is automatically
increased by a factor of 2.8. This is done o provide
sufficient ring to a frue North American 5 REN load.
This is done iniernally by increasing the value of IProG
from 75 pA 1o 210 pA, thus:

IPROG * RPROG = ILim * BpocouTt
RrroG = ILm * Bocout/lPRoG

Rprroa(K) = ILm (mA) * 0.04167 (V/mA)/210e-3
(mA)

Rprroa(K) = 0.198 * lum (mA) — ringing mode

Note that in either mode, the current-limit region of the
dc template has a high resistance (10K).
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Power Ringing (continued)
Ring Trip

Ring trip is accomplished by filtering the voltage seen at node DCOUT and applying it to the integrated ring-trip
comparator. DCOUT is a voliage proportional to the Tip/Ring current, and under short de loop conditions, on-hook
ringing current and off-hook current provide sufficient voltage differential at DCOUT 1o distinguish that a ring-trip
condition has occurred. The ring-trip comparator threshold is set via a resistor between the ring-frip comparator
and ground.

Output NSTAT is automatically sel 1o delecl ring trip during the balanced ring mode. During quiet intervals of ring-
ing, output NSTAT is automatically determined by the loop closure detecior.

The equivalent ring trip circuit for the balanced ringing SLIC application is shown in Figure 31.

NLCﬂ/Oi

12-8349.a (C)

Figure 31. Equivalent Ring Trip Circuit for Balanced Ringing SLIC

The equations governing ring trip are derived below.

Capacitors G2 and C4 in conjunction with resistors Rz and R4 form a double-pole, low-pass filter that smooths the
voltage seen at DCOUT. The poles of the filters are determined by Cz and C4. Where these poles are set will influ-
ence both the ripple seen at DCOUT and the speed of the transition of the voltage at DCOUT irom the prelrip 1o
the tripped level. For the derivation of the ring trip threshold equations, capacitors Gz and C4 can be ignored.

Redrawing the circuit, ignoring the capacitors, and taking the Thevenin equivalent circuit of the network at RTSN
gives the results shown below in Figure 32.

NLC—c/.—

|”—

Rz
{Rs/R1 + R3) DCOUT

R1R3/R1 + R3

12-3348 a (G)

Figure 32. Thevenin Equivalent Ring Trip Circuit for Balanced Ringing SLIC
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Power Ringing (continued)

( Rs VDCOUT)—(—? V)
Rs + Rt

R1Rs3
R1+ Rs

IrsTN =

+R2+15 k&

At the trip point, the internal current repeater will force Irtse to be equal to Irtsn and Vrrse will be equal 1o VRTSN,
which is —7 V. Thus, at the irip point:
0—(-7N

IRTSN = IRTSP =
R4

Thus:

(RSFj_3R1)VDCOUT+ 7V )

R1Rs R4
Ri JrR3+F§2+15 kQ

Solving for Vocout, the voltage at DCOUT at the ring trip point is given by:

7V

VocouT = 7(Ra+ R1)
(TRIP)

R1 N Re +15 k@ 1
[R1R4+R3R4 R3R4  Rz3R4 Rs]

The loop current at ring trip is given by:
ILoorerrIP) = {VDcour )/ bcout)
For the L8560, the gain (B) at pin DCOUT is 41.67 V/A.

Capacitors C2 and Ca along with resistors Rz and R4, respectively, form low-pass filters to filter the ac voltage seen
at DCOUT before it is applied {o the ring irip comparator input. The lower the pole of the filier, the less the ripple,
but also the slower the state transition at NSTAT. Poles in the neighborhood of 2.5 Hz—3 Hz are suggested, as
given by:

1
2nR2Cz2

1
2nR4Ca

fLP =

fLp =

In the reference designs discussed in the next section, the ring trip threshold is set for 50 mA with:

R1 =210 kQ
Rz = 124 kQ
Ce=01puF
Rs = 562 kQ
R4 = 351 kQ)
Ca=0.1pF
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Power Ringing (continued)
Reference Desighs for ISDN TA Applications

A POTS circuit for reference design is shown in Figure 33. In Figure 33, the L8560 SLIC and T8503 Codec are
used. The ac circuit is desighed per Bellcore TA-909 with a 600 & resistive termination and hybrid circuit, with the
fransmit gain set for —2 dB and the receive gain sei for —4 dB. The T8503 Codec is compatible with the T7237 U-
interface transceiver and the T7266 SCNT1 interface.

Ri (RTS2)*
210 k2
= SUPERVISION
WA OUTPUT
R é
(RTS3) HTSN Ca R4
RLoTH 562 kn r»!_vL (CRTSP) (RTSP)
8.25 kQ Rog O1HF 351 kQ
—MA——————— (RTSN) 2
‘ 124 kQ =
LCTH RTSN RTSP ICM NSTAT RGDET 1agxkn
pcouT o
1 e [WMW—
AN lproG 047uF  1sdkn 5%
fleroc VITR I AN VFXIN
14k . PCM
17400 S 740 S HIGHWAY
c = CR pa—
2
Rrcw
o— |
BR e 47“:': 196 k2
o——|B? RCVP AV VFROP L
CONTRCL O vy PEX I sy
INPUTS @———B1 Reps Fsh b— | AND
o B0 :: Rar 20 k2 MCLK |— CLOCK
L8560A, D,E, F, G T453kQ Cap
TIP aFép-rrz ]—100 pF DGND |— DGND
P = Ren AGND CVDE’I:
453k D1y =
2 ! 6,7 RCVN 4:“«__‘_ Voo *—f—n
Vear L7591 L 1/2 T8EDS
Rra = CODEC
FGND 432k
RING 16 TG |- Cra
Vi PR VTX I 27 pF
RePr
00 TXI 4| =
cB2
Veamt  Vearz2 BS1 Bsz VceBGND FB1 FB2 AGND CF1 CF2| o1 pF
lCFm lCFE\E i Cr1
47nF 4 7nF 0.47 yF
= CeaTt Cas = Ccc
0.1uF 022uF 01 pF -—|
- Cr
T D1pF

12-3345,] {C)
* R1 =133 kQ for L8560C.
1 Required only for L8S60A/C Versions.

Notes:
TX = -2 dB.
RX =—-4dB.

Termination = 600 Q.
Hybrid balance = 600 Q.

Figure 33. POTS Interface with Balanced Ringing Using L8560 SLIC and T8503 Codec

Table 11. Parts List for Balanced Ringing Using T8503 Codec

Name | Value \ Function
Integrated Circuits
SLIC L8560 Subscriber line interface circuit (SLIC).
Protector L7591 Secondary protection.
Codec T8503 First-generation codec.
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Power Ringing (continued)

Table 11. Parts List for Balanced Ringing Using T8503 Codec (continued)

Name | Value Function
Fault Protection
Ret 30 & Fusible Overcurrent protection.
Rrr 30 & Fusible Overcurrent protection.

Power Supply

CeaT1

0.1 pF, 20%, 100 V

VBarT filler capaciior.

Caar2 0.1 uF, 20%, 100V VeaT filter capacitor.

Cece 0.1 uF, 20%, 10V Vee filter capacitor.

Cr1 0.47 pF, 20%, 100 V With Crz, improves idle-channel noise.

Cr2 0.1 pF, 20%, 100V With Cr1, improves idle-channel noise.

Ces 0.22 uF, 20%, 100 V Slows baitery switch transition.

CsT 0.1 pF, 20%, 10V Loop stability.

Rst 100, 19, 1/8 W Loop stability.

dc Profile/Ringing

Cre1 4.7 nF, 20%, 100 V With Crez, slows rate of forward/reverse battery transition. Sets crest
factor of balanced power ring signal.

Cre2 4.7 nF, 20%, 100V With Crg1, slows rate of forward/reverse batiery iransition. Seis crest
factor of balanced power ring signal.

Rrroa 14 kQ, 1%, 1/8 W Sets dc loop current.

ac Characteristics

Rra 4.32 k2, 1%, 1/8 W Sets internal transmit path gain fo 19.2.

Ce2 0.1 pF, 20%, 100V ac/dc separation capacitor.

Cci1 0.47 uF, 20%, 10V de blocking capacilor.

Ccz 0.47 uF, 20%, 10V de blocking capacilor.

Rts 182 kQ, 1%, 1/8 W With Rer and Rrey, sets ac termination impedance.

Rrev 196 kQ, 1%, 1/8 W Wiith Rapr and Rrg, sels receive gain.

Rer 45,3 k2, 1%, 1/8 W With Rtz and RRey, sels ac termination impedance and receive gain.

Cap 100 pF, 20%, 10V Loop stability.

Crg* 27 pF, 20%, 10V Loop stability.

Rar 20 kQ, 1%, 1/8 W Loop stability.

Ran 45.3 k2, 1%, 1/8 W Compensales for input bias offset at RCVN/RCVP.

Rts 154 kQ, 1%, 1/8 W With Rx, sets transmit gain in codec.

Rx 182 kQ, 1%, 1/8 W With Rrts, seis transmit gain in codec.

RuB1 374 kQ, 1%, 1/8 W Seis hybrid balance.

Supervision

RiLctH 8.25 k2, 1%, 1/8W Seis loop closure (ofi-hook) threshold.

R1 (RTS2) 210 kQ, 1%, 1/8 W With Rz, Rs, and Ra4, sets ring trip threshold.

Rz {RTSN) 124 kQ, 1%, 1/8 W With R1, Rs, and R4, sels ring trip threshold.

Cz (CRTSN) 0.1 pF, 20%, 50 V With Rz, seis pole of low-pass ring trip sense filier.

Rz (RTS3) 562 kQ, 1%, 1/8 W With Ri1, Rz, and R4, sels ring trip threshold.

R4 (RTSP) 351 kQ, 1%, 1/8 W With Ri1, Rz, and Ra, sels ring trip threshold.

C4 (CRTSP) 0.1 puF, 20%, 10V With R4, sets pole of low-pass ring trip sense filter,

" Required for L8560A/L8560C version only.

1 Use 133 ki for L8560C.
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Design Considerations

Unbalanced Bused Ring Signal Application

The L8560 SLIC can also be used in the standard bal-
tery-backed, unbalanced ringing application. In this
case, the ring signal is generated by a central ring gen-
eralor and is bused 1o individual Tip/Ring pairs. A ring-
ing relay is used during ringing to disconnect the SLIC
from, and apply the ring generator io, the Tip and Ring
pair.

Ring Trip Detection

The ring trip circuit is a comparator that has a special in-
put section optimized for this application. The equiva-
lent circuit is shown in Figure 34, along with its use in an
application using unbalanced, battery-backed ringing.

PHONE
HOOK SWITGH

AC PHONE ol RTsp

RTs1 GRTSz GRT=1
402 & 027 uF Tnozz WF

Rren

2 M0 ) RTsN

VEAT

I
- 123014 (C)

Figure 34. Ring Trip Equivalent Circuit and
Equivalent Application

The comparator input voltage compliance is Vce 1o
VeaT, and the maximum current is 240 pA in either
direction. lts application is straightforward. A resistance
{Rtsn + Rrse) in series with the Rrsw input establishes a
current that is repeated in the Rrsp inpul. A slighily
lower resistance (Rrsp) is placed in series with the Rrsp
input. When ringing is being injected, no dc current
flows through Rrs1, so the Rrsp input is at a lower
potential than Rrsn. When enough de loop current
flows, the Rrse input voliage increases 1o trip the com-
parator. In Figure 34, a low-pass filter with a double
pole at 2 Hz was implemented o prevent false ring trip.
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The following example illusirates how the detection cir-
cuitin Figure 34 will trip at a 12.5 mA dc loop current us-
ing a—-48 V battery.

7 (-48)

IN = 5 289 Mo

= 17.9 pA

The current In is repeated as Ip in the positive compar-
ator input. The voltage at comparator inpui Rtsp is:

VRTSP = VBAT + lLooP(de) X RTs1 + IP X R1sp

Using this equation and the values in the example, the
voltage at input R1sp is —12 V during ringing injection
(ILoope) = 0). Input Rrsp is therefore at a level of 5V
below Rtsn. When enough de loop current flows
through Rrs1 to raise its dc drop to 5V, the comparator
will trip.

In this example:
5V
402 @

=125 mA

Note that during ringing in this mode of operation, both
the NLC and NRDET circuits are active. During the
actual ringing, NRDET is connected and NLC is iso-
lated from Tip and Ring by the ring relay; thus, NSTAT
reflects the status at NRDET. During quiet intervals of
ringing, NLC is connected and NRDET is isolated from
Tip and Ring by the ring relay; thus, NSTAT reflects the
status al NLC. Thus, during ring cadence, the logic
input that drives the ring relay can be used as an indi-
cation as to whether NRDET or NLC appears at output
NSTAT.

A basic loop start reference circuit, using bused
ringing with the L8560 SLIC and T7504 first-generation
codec, is shown in Figure 35. This circuit is designed
for a 600 & resisiive termination impedance and hybrid
balance. Transmit and receive gains are both set al

0 dB.

lLoOP(de) =
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Figure 35 shows the ground start application.

Cst Rst
0.1 uF 100 £
VBAT Vearz Ve
o} 0 Cee
CeaT CeaTz 0.1 uF
A& 0.1pF 0.1 pF >
Ll ol 2
RPROG
lproG  VBATY VBar2 BS1 BS2 Vee TG
DCcouT
VTx
LCTH
8.25 ki I
RBx
182 k2
—A—— GSX
Emuz RTIiQ
0.47 121
/ vl RG] N
TIP Rer _
o PT RHE1 . D—BX
200 174kQ 2 182 kO PCM
L7581 LBo60 o 24V HIGHWAY
250 ¥ PROT 047 uF |113 kQ
I: RELAY RCVP i H : VrRo DR
P R 3007 FSE|] sYNG
20 FSEP
RING Rer
o—AMY . PR MBIk T mcrk| | CLOCK
200 Trsr 100 pF -
2.0 MG
4 RTSP row | = ASEL| |CONTROL
4(?; o Cormsel Ren | INPUTS
' B1| |contROL 3 487 k0 1/4 17504
RTSN BO INPUTS L CODEC
i i SUPERVISION )
274k 2.0MQ
CF2 CH1 AGND BGND NSTAT OUTPUTS
VRING e l l
0.47 yF —
Stell N R
VBaT Crz =
0.1 uF
12-26731(C)

* Required for L8560A/L8560C version only.

Notes:
Tx =0dB.

Rx=0dB.
Termination = 600 Q.
Hybrid = 600 Q.

Figure 35. Basic Loop Start Application Circuit Using T7504 Codec and Bused Ringing
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GROUND START

APPLICATION CIRCUIT

RGDET ——AAA——o

Vcc

RaeoeT
100 kQ

N
N

82.5 kQ
21 Ricmz

ICM

047 uF
Cicm "

I

12:2821 b (C)

Figure 36. Ground Start Application Circuit

Table 12. Parts List for Loop Start with Bused Ringing and Ground Start Applications

Name Value Function
Integrated Circuits
SLIC — Subscriber line interface circuit (SLIC).
Protector 250 V Thyristor type Secondary protection,
Ringing Relay L7581 Swilches ringing signals.
Codec T7504 First-generalion codec.
Fault Protection
Ret 20 Q Fusible Protection resistor.
Rrr 20 Q@ Fusible Protection resistor.
Power Supply
Ceami 0.1 pF, 20%, 100 V VeaT filter capacitor.
Cpatz 0.1 puF 20%, 100V Vear filter capacitor.
Cce 0.1 uF, 20%, 10V Ve filker.
Cri 0.47 puF, 20%, 100V With Crz, improves idle-channel noise.
Cre 0.1 uF, 20%, 100 V With Cr1, improves idle-channel noise.
Css 0.22 uF, 20%, 100V Slows baltery swilch iransition.
Cst 0.1 uF, 20%, 10V Loop siability.
Rst 100 G, 1%, 1/8 W Loop siability.
Cra” 27 pF, 20%, 10V Loop stability.
de Profile
Rrroa 14 kQ, 1%, 1/8 W Sels dc loop current.

" Required for L8560A/L8560C version only.
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Table 12. Parts List for Loop Start with Bused Ringing and Ground Start Applications {continued)

Name

| Value

Function

ac Characteristics

Rex 4.32 k2, 1%, 1/8 W Seis internal transmii path gain of 9.6.

Ce2 0.1 uF, 20%, 100 V ac/dc separation capacitor.

Rrs 174 kQ, 1%, 1/8 W With Rap and Rrev, sels ac termination impedance.
Rrov 113 k2, 1%, 1/8 W With Raepr and RTs, seis receive gain.

Rar 487 kQ, 1%, 1/8 W With Rtz and Rrey, sels ac termination impedance and receive gain.
Car 100 pF, 20%, 10V Loop stability.

Rare 20kQ, 1%, 1/8 W Loop stability.

Ren 48.7 kQ, 1%, 1/8 W Compensates for input bias offset at RCVN/RCVP.
Cc1 0.47 uF, 20%, 10 V de blocking capacitor.

Ccez 0.47 puF, 20%, 10 V dc blocking capacitor.

Rts 121 kQ, 1%, 1/8 W With Rx, seis transmit gain in codec.

Rx 182 kQ, 1%, 1/8 W With Rre, sels transmil gain in codec.

Rus1 182 k3, 1%, 1/8 W Sets hybrid balance.

Supervision

RLctH

8.25 k2, 1%, 1/8 W

Sets loop closure (off-hook) threshold.

Rrs1 402G, 5%, 2 W Ringing source series resisior.

Rrse 274 kQ, 5%, 1/8 W With Crrsz, forms first pole of a double pole, 2 Hz ring irip sense filter.
Crrs1 0.022 uF, 20%, 5V With Rrsn and Rrsp, forms second 2 Hz filter pole.

CRrs2 0.27 uF, 20%, 100 V| With Rrsz, forms first 2 Hz filter pole.

Rrsn 2MQ, 5%, 18 W With Crrs1 and Rrsp, forms second 2 Hz filter pole.

Rrsr 2MQ, 5%, 1/8 W With Crts1 and Rtsn, forms second 2 Hz filier pole.

Ground Start

Cicm 0.47 uF, 20%, 10 V Provides 60 Hz filtering for ring ground detection.

Rapet 100 k@, 20%, 1/8 W | Digital output pull-up resistor.

Ricwme 825 k0, 1%, 1/8 W Seils ring ground detection threshold.
36 Lucent Technologies Inc.
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Table 13 shows the design parameters of the application circuit shown in Figure 35. Components that are adjusied

to program these values are also shown.

Table 13. 600 Q Design Parameters

Design Parameter Parameter Value Components Adjusted

Loop Closure Threshold 10 mA RicTtH

dc Loop Gurrent Limit 25 mA Rrroa

dc Feed Resisiance 55 Q —

2-wire Signal Overload Level 3.14 dBm —

ac Termination Impedance 600 Q Rts, Rar, Rrov
Hybrid Balance Line Impedance 600 Q RHB1

Transmit Gain 0dB Rts, Rx
Receive Gain 0dB Rrcv, Rer RT3

ac Design

There are four key ac design parameters.Termination
impedance is the impedance looking inio the 2-wire
port of the line card. It is set to match the impedance of
the telephone loop in order to minimize echo return to
the telephone set. Transmit gain is measured from the
2-wire pori to the PCM highway, while receive gain is
done from the PCM highway to the transmit port.
Finally, the hybrid balance nelwork cancels the
unwanted amount of the receive signal that appears af
the transmit port.

Al this point in the design, the codec needs o be
selecied. The discrete network between the SLIC and
the codec can then be designed. Below is a brief codec
fealure and selection summary.

First-Generation Codecs

These perform the basic filiering, A/D (iransmit), D/A
(receive), and p-law/A-law companding. They all have
an op amp in front of the A/D converter for transmit gain
setting and hybrid balance (cancellation at the summing
node). Depending on the type, some have differential
analog input siages, differential analog output stages,
and p-law/A-law seleclability. This generation of codec
has the lowest cost. It is most suitable for applications
with fixed gains, termination impedance, and hybrid bal-
ance.

Lucent Technologies Inc.

Second-Generation Codecs

This class of devices includes a microprocessor inter-
face for software control of the gains and hybrid bal-
ance. The hybrid balance is included in the device. ac
programmability adds application flexibility and saves
several passive components. It alsc adds several 1/0
latches that are needed in the application. It does not
have the transmit op amp, since the fransmit gain and
hybrid balance are set internally.

Third-Generation Codecs

This class of devices includes the gains, termination im-
pedance, and hybrid balance—all under microproces-
sor control. Depending on the device, it may or may not
include latches.

In the codec selection, increasing soitware control and
flexibility are fraded for device cost. To help decide, it
may be useful to consider the following: Will the appli-
cafion require only one value for each gain and imped-
ance? Will the board be used in different countries with
different requirements? Will several versions of the
board be built? If so, will one version of the board be
most of the production volume? Does the application
need only real termination impedance? Does the hybrid
balance need o be adjusted in the field?
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ac Design (continued)
ac equivalent circuits using a T7504 Codec (Ve only) are shown in Figures 37 and 38.
Rx
N VGSX

—0.400 V/mA
Rtz
T1
R

. VEXIN[™
VITR
R VEXIP
RCVN -

ZTIR R pT 1 124V

A (. —

WA RCVP,, | Reov VFR

| . —
—* 1

CURRENT [
SENSE 20k
Ra
PR

+ &

100 pF
AN

W L8560 SLIC 1/4 17504 CODEC

12-2554.§ (C)

Figure 37. ac Equivalent Circuit NotIncluding Spare Op Amp

£T15

Rx
ANy VGSX
RTa
Y SN VIXIN
AGI_\IrD VFXIP . -
RCVN
ZTR Rf PT X +2.4 ¥
f"" b RCVYP VFRO
" T/R i 1
vs| "7 vom CURRENT =
L SENSE
Re pR
AV A\’AVA\’
W L8560 SLIC 1/4 7504 CODEC

12-3013 (C)

Figure 38. ac Equivalent Circuit Including Spare Op Amp
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Design Examples

In the preceding examples, use of a first-generation
codec is shown. The equations for second- and third-
generation codecs are simply subsets of these. There
are two examples below. The first shows the simplest
circuit, which uses a minimum number of discrete com-
ponents to synthesize a real termination impedance.
The second example shows the use of the uncommitted
op amp to synithesize a complex termination. The de-
sign has been automated in a DOS-based program,
available on request.

Example 1, Real Termination

The iollowing design equations refer o the circuit in
Figure 37. Use these 1o synthesize real termination
impedance.

Termination impedance:
VTR
T —

—itr
3200
Rt1 RT1
14+ —
Rar RRcv

ZT = 2RpP+

Receive gain:

Rrecvy  Rrev ZT
14— — |14+
RT1 Rar ZTR

Transmit gain:

Qix = Vasx
VTR
—Rx 400
gix = ——X —
Rte Z1m

Lucent Technologies Inc.

Hybrid balance:

Nbal = 20Iog(& — gix X grcv)
Rue
hbal = 20|OQ(VGSX)
VFER

To optimize the hybrid balance, the sum of the currents
at the VFX input of the codec op amp should be set to
0. The expression for ZHB becomes:

Rx

Rus(kQ) = —=
gitx X drev

Example 2, Complex Termination

For complex termination, the spare op amp may be
used (see Figure 38).

3200 Z1s

ZT=2Rp+ —————— (==
Rts Rts (RT4)
14+ —
Ran  Rrev
= 2RP + k(Z715)
8
grev =
(1 +RHCV+ RRCV)(_l +Z_T)
Rt1 Ren ZTR
gix = Rx , 400 E( RTsx RTsXx )
" Rt ZTWR™ RT4 ZT5  RT1+ Ran||RRCV

The hybrid balance equaticn is the same as in Example
1.

Example 3, Complex Termination Without Spare Op
Amp

The gain shaping necessary for a complex termination
impedance may be done without using the spare op
amp by shaping across the Ax amplifier al nodes TG
and VTX.
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Complex Termination Inpedance Desigh Example
Using L8560 Without Spare Op Amp

Complex termination is specified in the form:
Rz

'4&
R1
—
o]
5-5398(F)

To work with this application, convert termination o the

form:
R1”
+—M~A —
Re” C©
5-6398(F}
where:
Ri"=R1+Re
- R
R2" = R (R1+ R2)

C'= [R1FEL2R2)2 C

ac Interface Using First-Generation Codec

Rrar/R1as/Cas {(Z1a): These components give gain
shaping to get good gain flatness. These components
are a scaled version of the specified complex termina-
tion impedance.

Note for pure (800 Q) resistive lerminations, compo-
nenis Rras and Cas are not used. Resistor Rtep is
used and is still 4320 Q.

Rx/Rts: With other componenis set, the transmit gain
(for complex and resistive terminations) RX and RTé
are varied 1o give specified transmit gain.

40

Rra/Rrev/Rap: For both complex and resistive termina-
tions, the ratio of these resistors set the receive gain.
For resistive terminations, the ratio of these resistors
sel the return loss characleristic. For complex termina-
tions, the ratio of these resistors set the low-frequency
return loss characteristic.

Cn/Rn1/Ruz: For complex terminations, these compo-
nents provide high-frequency compensation o the
refurn loss characteristic.

For resistive terminations, these componenis are not
used and Rcvn is connected o ground via a resistor.

Rue: Sets hybrid balance for all terminafions.

Set ZTtc — gain shaping:

Z1a = Rrep || Rras + Cas which is a scaled version of
Z1R (the specified termination resistance) in the
Ri" || R2" + G iorm.

Rrap must be 4.32 kQ 1o set SLIC transconductance o
400 V/A

Rrapr = 4.32 k2
Al dc, Cas and G~ are open.
Rrer=MxRi1’

where M is the scale factor.
4320

M = Ry

It can be shown:

Rras =M x Re’

and
_ ¢
Cras = M

Lucent Technologies Inc.
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Rras Ca

Ay
IR Rrer = 4320 O

207.36 0.1 uF

o]

x

vy

> |
- I/ VX

Rts
19.2 —AA— -
| VITR
CODEC

= OP AMP

—e
L
CN 2R § RHB
RNt

RCVN

M

RCVP

Ay CODEC
OUTPUT
AMA— DRIVE
AMP

EHNE Rapr

AA

5-8400(F)

Figure 39. Interface Circuit Using First-Generation Codec (Blocking Capacitors Not Shown)

Transmit Gain

Transmit gain will be specified as a gain from T/R to
PCM, Tx (dB). Since PCM is referenced to 600 Q and
assumed o be 0 dB, and in the case of T/R being refer-
enced 1o some complex impedance other than 600 Q
resistive, the effects of the impedance fransformation
must be taken into account.

Again, specified complex termination impedance at T/R

is of the form:
_W"_‘ﬁ
R
1 ]

C

5-8396( F)
First, calculate the equivalent resistance of this network
at the midband frequency of 1000 Hz.

Req =
AX[(2 N2C12R1R22+ R1 + R2}2+( 2 niR22C1 )2
1 +¢2 nf)2R22G12 1 +¢2 nf)2R22C12

Using Req, calculale the desired transmit gain, taking
info account the impedance transformation:
600

Tx (dB) = Tx (specitiediaB]) + 20 log Rra

Lucent Technologies Inc.

Tx (specifiedidB)) is the specified transmil gain. 600 Q is the
impedance at the PCM and Rea is the impedance at

Tip and Ring. 20 log % represents the power

loss/gain due to the impedance transformation.
Note in ithe case of a 600 Q pure resistive termination

al T/R 20 log %:20 log % =0.

Thus, there is no power loss/gain due to impedance
transformation and Tx (dB) = Tx (specified[dB]).

Finally, convert Tx (dB) to a ratio, GTx:
Tx {dB) = 20 log G1x
The ratio of Rx/RTs is used o sei the transmit gain:

RX _ iy, 207.36 1
Rte — 192 M

with a quad Luceni codec such as T7504:

Rx < 200 kQ
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Receive Gain

Ratios of Rrey, RT3, Rep will set both the low-frequency
lermination and receive gain for the complex case. In
the complex case, additional high-frequency compen-
sation, via Gn, Rn1, and Rnez, is needed for the return
loss characteristic. For resistive termination, Cn, Rn1,
and Rnz are not used and Reww is tied to ground via a
resistor.

Determine the receive gain, Grey, taking into account
the impedance transformation in a manner similar to
lransmit gain.

REa

Rx {dB) = Rx (spedifieddB]) + 20 log 800

Rx {dB) = 20 log Grcv

Then:
_ 4

Grov = 14 RHCV+ Rrcv

Rts  Rar
and low-frequency termination

B 3200
ZTER(low) = —1+@+ R7s +2Rp
Rap Rrcv

ZTER(low) is the specified termination impedance assum-

ing low frequency (C or C” is open).
Rr is the series protection resistor.

These two equalions are best solved using a computer
spreadsheet.

42

Next, solve for the high-frequency return loss compen-
salion circui, Cn, Rn1, and Rnz:

2Rr

CnRnz = 3200 Ca Rrap
Rn1 — Rz 3200(RTGS)71
2Rr\RTar

There is an input offset voliage associated with nodes
Recwn and Revre To minimize the effect of mismatch of
this voliage at T/R, the equivalent resistance o ac
ground ai Revn should be approximately equal to that
at Rcve Refer io Figure 40 on page 43 (with dc blocking
capacitors). To meet this requirement, Rnz x Rar || Rra.

Hybrid Balance
Set the hybrid cancellation via RHE.

RHe = _ Rx
GRrovx GTx

Lucent Technologies Inc.
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Blocking Capacitors

Rtas Cas
Rx
AN
A'Al.‘
IR Rtap = 4320 Q
207.36 0.1pF Rts
— 192 A | -
- VTX TXI VITR Cei
— " CODEC
! T OPAMP
CN  ZRms S Rus
SRN1 9 N
RCVN
Ca2
RCVP |
Rrov
ZRN2 2Rap CODEC =25V
i i OUTPUT ;
= = DRIVE B
AMP

5-6401(F)

Figure 40. ac Interface Using First-Generation Codec (Including Blocking Capacitors) for Complex
Termination Impedance

If a +5 V only codec such as the Lucent T7504 is used, dc blocking capaciiors must be added as shown in Figure
40. This is because the codec is referenced to +2.5 V and the SLIC to ground—with the ac coupling, a dc bias at
T/R is eliminated and power associated with this bias is not consumed.

Typically, values of 0.1 pF {0 0.47 pF capacitors are used for de blocking. The addition of blocking capacitors will
cause a shift in the return loss and hybrid balance frequency response toward higher frequencies, degrading the
lower-frequency response. The lower the value of the blocking capacitor, the more pronounced the effect is, but
the cost of the capacitor is lower. It may be necessary 1o scale resistor values higher to compensate for the
low-frequency response. This effect is best evaluated via simulation. A PSPICE* model for the L8560 is available.

Design equation calculalions seldom yield standard component values. Gonversion from the calculated value o
standard value may have an effect on the ac parameters. This effect should be evalualed and optimized via simula-
tion.

" PSPICE is a regisiered irademark oi MicroSim Corporation.
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Outline Diagrams
32-Pin PLCC

Dimensions are in millimeters.
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Outline Diagr
44-Pin PLCC

Dimensions are in
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am s (continued)
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Device Code Description Package Comcode
LUGCL8560AAU-D Low-power SLIC (Dry-bagged) 32-Pin PLCG 107957375
LUCL8560AAU-DT Low-power SLIC (Tape and Reel, Dry-bagged) 32-Pin PLCC 107957383
LUCL8560CAU-D Low-power SLIC (Dry-bagged) 32-Pin PLCC 107953390
LUCL8560CAU-DT Low-power SLIC (Tape and Reel, Dry-bagged) 32-Pin PLCG 107953408
LUCL8560AP-D Low-power SLIC (Dry-bagged) 44-Pin PLCG 107891111
LUCL8560AP-DT Low-power SLIC (Tape and Reel, Dry-bagged) 44-Pin PLCG 107891129
LUCL8560DAU-D Low-power SLIC (Dry-bagged) 32-Pin PLCC 108130576
LUCL8560DAU-DT Low-power SLIC (Tape and Reel, Dry-bagged) 32-Pin PLCC 108130584
LUCLS560EP-D Low-power SLIGC (Dry-bagged) 44-Pin PLCG 108133000
LUCL8560EP-DT Low-power SLIC (Tape and Reel, Dry-bagged) 44-Pin PLCG 108133018
LUCL8560FAU-D Low-power SLIC (Dry-bagged) 32-Pin PLCC 108190885
LUCL8560FAU-DT Low-power SLIC (Tape and Reel, Dry-bagged) 32-Pin PLCC 108190893
LUCL8560GP-D Low-power SLIG (Dry-bagged) 44-Pin PLCG 108190935
LUCL8560GA-DT Low-power SLIC (Tape and Reel, Dry-bagged) 44-Pin PLCG 108190943
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