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DESCRIPTION

The Silver Teleco 1760 comprises a
single Subscriber A= rface Circuit (SLIC)
in a2l pind @ine (DIL) format. The
combination of featlres and packaging offers

extremely use of board area, saving
signific m size and cost, minimising

ti t&arket for Telephony Systems
d%ers.

91160 has been designed to work with

p lengths of up to 3.0km (800R including

telephone). Its performance to regulatory

standards allows use in public and private
network applications.

The Ag1160 has integral dc/dc converter and
ringing generation thus providing all the line
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[
A highly featured SLIC in a 21 pi\

FEATURES

format.

le +5V

Integral DC-DC convert '
supply voltage.

Highly integrate@n board ringing
generator. @

Tip/Ring p%/ reversal, On-Hook
Transomissioyfor caller line ID.

\ édown” over current and

protection provides fail safe

* Easy to use, with a minimum number of
external components.

» Simplified protection in “on-premise”
applications.

» Silver Telecom “design-in” assistance.

powering requirements from a single supply.
The SLIC requires a minimum of external
components.

The system interface has been designed for
connection to all popular codecs of both the
audio and signalling connections.

The Ag1160 is ideal for low line count, short
loop length applications, such as ISDN
Terminal Adaptors, Internet Telephony (VolP),
Computer Telephony Integration (CTI), Digital
Loop Carriers (DLC), Wireless Local Loops
(WLL) and Small Office Home Office
(SOHO).
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Figure 1: Packaging Format

Ordering Information

Ag1160
Ag1160A

5V Ringing SLIC, standard device
5V Ringing SLIC, low power

Ag1160-48 5V Ringing SLIC, 48V line voltage

Ag1160A-48 5V Ringing SLIC, 48V line voltage, low DOWKQ

Tip

Ring
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71 2-4 Wire
Converter
and Line
Interface
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Supervision

A

\A 4

DC-DC converter

Power Management and

+5Vpwr GNDpyg

PD

CAP
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FIR
LO
SHK

VOUT
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Figure 2: Functional Block Diagram
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Pin # Name Description
1 TIP (A) | Tip. Connects to the subscriber line Tip.
2 RING (B) | Ring. Connects to the subscriber line Ring.
3 NC No Connection. This pin is not connected internally to the
device. °
Power Down. A logic 1 powers off the DC-DC converter. \
4 PD . .
Connect to logic 0 for normal operation.
No Connection. This pin is not connected inter h
5 NC .
device.
Loop Off. Alogic 1 removes the loop currentfrom ine.
6 LO : :
Connect to logic 0 for normal operation.
Ringing Mode. Sets bias conditions dug ing. Must be set
7 RM . A
to logic 1 during ringing.
8 GND, | Analog Ground. Normally connecteg topsystem ground.
Analog Supply. This pin mustbe connected to the +5V supply
9 +5Va . : L
via an RC filter, to suppty p he analog circuits.
10 NC No _Connectlon. his S connected internally to the
device.
No Connection. IS PN is not connected internally to the
11 NC .
device. (/
12 NC No _Connec Q is pin is not connected internally to the
device.
13 Vv Audi %s is the analog input signal from the Codec (which is
N 0 ip and Ring). Connected via a 100nF capacitor.
wRate Capacitor. A capacitor is fitted between this pin and
14 CAP to control the battery reversal and the ringing slew rate.
OnF is recommended.
15 | Audio Out. This is the analog output signal (from Tip and Ring)
A’QT to the Codec. Connected via a 100nF capacitor.
Forward/Reverse. A logic 0 will reverse the Tip and Ring voltage
16 F/IR o . S
polarities. F/R is toggled to produce the ringing output.
SHK Switch Hook. Indicates an off-hook condition when at logic 1.
4\48 GNDpwr | DC-DC Ground. Internal ground for the DC-DC converter.
19 Vpwr DC-DC Supply. +5V input for the DC-DC converter.
20 GNDpwr | DC-DC Ground. Internal ground for the DC-DC converter.
21 Vpwr DC-DC Supply. +5V input for the DC-DC converter.

© Silver Telecom 2009
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1.0 Line Interfacing

As well as being in an electrically demanding
environment, the needs of different applications and
regulatory standards means that the SLIC must allow
flexibility, together with facilities to ensure robust
performance. The Ag1160 SLIC provides a complete
and flexible interface to the telephone line.

1.1 Battery Feed

The Agl1160 has an integral DC-DC converter, which
generates the battery voltages in the device. This
means that only a supply of +5V, and GND is needed,
unlike conventional SLICs, which will need a battery
voltage of anything between -20V and -60V (-75V for
ringing). This confers a significant cost, space and
time to market benefit on the equipment designer.

The battery feed to the telephone line is generated
from the positive supply rail. This provides a -36V
battery feed to the line driver (-24V for Agl1160A),
except during ringing, when this is increased to -72V.
For applications, which require —-48V feed voltage
during the on hook state (eg. some fax machines), a
bleed resistor can be provided. However this will
increase the idle current.

The Ag1160A is designed for use in low power short

to the line.

loop applications, and provides a battery feed f—%

The loop current is pre-set to a constant 24,
loop length is such that the constant gurr
cannot be maintained (i.e. >3km, for

Agl1160A), then the Ag1160 will re e@ constant
voltage source, allowing the loop,to viced at a
reduced loop current.

1.2 Ringing

The ringing signal ir ed by switching the SLIC
into ringing mod g the RM pin high and then
toggling the in) at the required frequency and
cadence. ing of the F/R pin produces a

balance i at Tip and Ring. These signal
e shown in Figure 3.

eed

wayeform

P inging the integral DC-DC converter

tically switches to produce a battery voltage of
2 This will produce greater than 40V rms into a
N of 3. The slope of the edges on the ringing

waveform is determined by the value of the slew rate

capacitor connected between the CAP pin and Ground.
A 220nF capacitor is recommended with 20Hz ringing.

When an “off-hook” condition occurs during ringing, the
ring-trip circuit on the Ag1160 senses the loop current
flowing and signals the off-hook condition on the SHK

© Silver Telecom 2009
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output. The SHK signal must be “debounced” to
remove any spurious pulses by the controlling
processor. On detection of SHK the ringing signal
must be removed from the F/R pin and RM taken to a
logic O within 500ms to avoid excessive power
dissipation in the line driver circuit. The ring-trip
function will operate correctly up to a maximum loop
resistance of around 800R (including telephone), whi
corresponds to around 3km loop length. I
recommended that a 10K pull-down resistq is fi to
RM.

1.3 Loop Off and Power Down Z%\

The loop current can be remov: he line by
switching the LO input to a logic can be used
as a power denial to the linegor to ent a very high
impedance to the line. Typicelly used when carrying
out maintenance on t [ r to suspend service

a logic 1 to the put. This reduces the current

consumptiofi” to a nominal 15mA. The SLIC takes
50 Om r up from this powered down state.

en t power down state it is recommended
that{theWSLIC is polled (powered up periodically) to
chec

SHK (the subscriber has gone off hook).

during a line fault, ett@
The DC-DC co% be switched off by applying

The 2-4 Wire (hybrid) Conversion.

The Ag1160 SLIC transmits and receives balanced
2-wire analog signals at the Tip and Ring connections.
These are converted to a ground referenced output at
V,,; and from a ground referenced input at V.

V,,; and V, are normally connected to a Codec for

conversion to and from a digital Pulse Code Modulated
(PCM) stream.

2.1 Transmit and Receive Gain.

The gain in both the transmit direction (Tip/Ring to
V,.;) and the receive direction (V,, to Tip/Ring) is set to

0dB. Normally any gain adjustments required by the
user can be made by programming the Codec.

2.2 The 2 Wire Impedance.

The input impedance (at Tip/Ring), Zin, of the SLIC is
set to 600R. For countries where the line impedance is
600R e.g. North America, no external adjustment is
required. For countries where an alternative line
impedance is used the Codec filter characteristics can
be programmed to give the required matching.

The Codec manufacturer can provide information on
how Codec programming is done. Programmable

Page 4
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Codecs require information about the transfer If a simple (non-programmable) Codec is being used
characteristics of the SLIC with which they are working.  contact Silver Telecom for an Ag1160 version with an
Some codecs require a .CIR netlist. A .CIR netlist can alternative impedance.

be obtained by contacting either Silver Telecom or your

local representative, to allow certain Codec 94 Tip & Ring Polarity Reversal.

programming coefficients to be generated.
The Ag1160 can reverse the battery voltage polarity at %

If a simple (non-programmable) Codec is being used  Tip and Ring via the F/R pin.
contact Silver Telecom for an Ag1160 version with an

alternative impedance. If F/R is held at logic 1 (forward) the d.c. vQltag

is positive with respect to Ring. If F/R is taken t

0 the voltage polarity is reversed. The F/ N
2.3 Network Balance Impedance. not be left floating, and if not used shoul ied hi
The network balance impedance, Zb, of the SLIC is set  as shown in Figure 4. 5

to 600R for the standard Ag1160. For countries where
the network balance impedance is 600R e.g. North 2.5 On Hook Transmission
America, no external adjustment is required. For

countries where an alternative network balance  The Ag1160 is capable of4n-Rook transmission. This
impedance is used the Codec filter characteristics can  means analog signals.4an transmitted from V,,

be programmed to give the required matching. The through Tip and Rin d oMo the line even when no
.CIR netlist may be needed to allow the Codec loop current is flow This can be used when
programming coefficients to be generated.

Condition 1 - DC operati
Signal Q Notes
1 &

INPUT RM No ringing
0

OUTPUT SHK ! Off hook detected

0
NOTE: SHK SHOULD
? BE DE-BOUNCED
@ Off Hook

Condition 2 -

3 sec 1sec 3 sec
/7 /7
0 L] L]
/7 /7

The phone goes off hook, and SHK is detected at point A
(leading edge). RM must be switched low in <500ms
(point B), and the ringing cadence should be removed
fromF/R..

’
w —>

As long as the telephone is off hook, SHK will remain high.

Figure 3: Ringing Signal Waveforms
© Silver Telecom 2009 Page 5
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sending Caller Line Identification (CLI) information or
for other “no ring” calls.

The Ag1160 will provide on hook transmission with a
high impedance on Tip/Ring or specific loads are
demanded by Network Operators.

3.0 Switch Hook Detect Level

When the subscriber goes “off-hook” loop current will
begin to flow. If this current is above the detection
threshold (10mA) the switch hook output, SHK, will
switch to a logic 1. It is recommended that software or
hardware de-bouncing of the switch hook signal is
used. This is to avoid short pulses which can cause a
false switch hook output, triggering the incorrect
system response.

During loop disconnect dialling, SHK will pulse
between logic 1 and logic 0 to indicate the digits being
dialled. Again it is recommended that software de-
bouncing is used to avoid false detection of digits.

4.0 Protection of the Ag1160 SLIC

4.1 Thermal Protection

Should the SLIC be operated incorrectly, for example
by accidentally shorting Tip and Ring to each other or
to ground, there is a danger the power dissipatign

Agl1160

S5V RINGING SLIC

could exceed the 1.6W maximum rating. In this case a
thermal cut-off will ensure the device gradually powers
down safely by reducing the loop current. Once the
problem has been corrected the loop current will return
to its normal level.

This feature means that the SLIC can be used even
when a thermal overload has occurred. Q
4.2 Lightning and Power Cross Preote .

_p |

. I! this

is not
lications, a

It is usual for the Ag1160 to be used in
applications, such as SOHO, CTI an
case power cross and lightni
required, however in most ‘off-pr
subscriber circuit will be requir ithstand over
voltage conditions which could be ed by lightning
or overhead power cables \striking the telephone
cables. It is therefate mal in “off-premise”

applications to prowi imary and secondary
protection circuits to peévent damage to the SLIC.

The Ag1160 has“aee

esigned to be able to use low

cost protecfion components and a typical circuit is
shown in_Figure 5. This circuit is suitable for most “on-
prémis ligations.

With e additional components, the Agl1160 will

eet UL1459 and 1950 requirements: a series element
Id be added - a combination of a fuse (e.g.
mA, Bussman C515 or Littelfuse 220003) and a

Components C4
C1, C3=100nF
C2 = 220uF, 10V, RubyconZL
C4 = 100uF, 6.3V —
C5 =220nF, 16V
Rl, R3 = 10k +5V
R2 = 10Q
GND,
R1
= Agl160  FR|
SHK—)
TIP |
] RM
Protection
R3
RING
[ ) l pp——
l ver VOUT-%
—>o TELECOMy, [
> PD CAP.
C5

Figure 4: Typical Connection Diagram.

© Silver Telecom 2009
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surge resistor (25R typically). Alternatively a Teccor
F1250T or FO500T fuse may be used without a surge
resistor.

For ITU-T K20 power cross protection, a PTC
thermistor (eg. type JH330L) of 30R is suitable. The
lightning protection is provided by steering diodes
connected to OV and upgrading D1 to a Tranzorb
device (Motorola or STM 1.5KE82A). For lightning and
power cross protection, D1 should be upgraded further
(General Semiconductor or Semitron 5KP75). Just one
Tranzorb is needed per linecard.

5.0 Approvals.

It can be seen from the Electrical Characteristics given
on subsequent pages that the SLIC has been designed
to meet the equipment standards of as many major
public telephone authorities as possible.

It is the responsibility of the equipment design authority
to ensure that their system meets the requirements of
the relevant regulatory bodies. Every effort is made to
ensure that Silver Telecom products are compliant with
the latest standards.

6.0 A Typical Application.

The Ag1160 has been designed to interface to any
Codec and is shown in a typical application in Figure 5.

The Codec which has been chosen to illustrate the use

of the Ag1160 is the Motorola MC14LC5480. Q

The status outputs from the SLIC are pas sed
micro-controller. These signals can then be
as necessary by the system software.

The audio signals which are on
connection are coupled by 100n
d.c. level problems between the t %

The Agl1160 provides for
network balance impe
impedances a DSP cgode
programmed using i

from the codec
function parameters
Silver Tele{v

wire iImpedance and a
f 600Q. For other
n be used which can be
tions information available
er. The necessary transfer
the Ag1160 are available from

(Motorola)
MC14L C5480
oV — PI VAG
Ti+ :’_+5V
R Tl
RO+ PO+ |—
PO- Mua 5v or Ov
TG Vss T
TP PGND\/ oV vdd FST 8KhZ
FSR DT PCM OUT
0.1u DR
i ] BCLKT 2Mhz
RING BCLKR
RING MCLK [—
F/IR PDI
D4
RM
SHK PCM IN
PD
LO
PGND N
GNQ’WR +5VPWR
o . o 220uF —> > tomMcU
rotection is for on-premise applications 10V
Ag1160 is internally programmed for 600R
+ /
D1 = BZT03C82 (only 1 needed per linecard) | |
D2 - D5 = 1N4004 | | Codec is shown for illustration purposes
100nF  — — : i i
oV v n 5V The Ag1160 will work with any codec.

Figure 5: Typical On

© Silver Telecom 2009 Page
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220uF,
10v (CZ) +5Va supply should be isolated
from Vcc supply through a 10R
. filter resistor. Tracks for GNDpwr
1uF, 6.3V and GND, are joined at the edge of
the connector
()

20 21

GNDPWR . . +5VPWR 1 . p
codec GNDpywr, ® @ +5Vppwr . ® [Ring (B)

PRl @ ® SHK Pin Names ® |NC
to other CAPl® ® Vour - ® |PD
circuitry = NC|® ® Vi Bottom View e INC
. NC| @ @ NC e |LO
GNDA| @ @ +5Va 7 @ |RM

|—8 9

A
to other 0.1UF,
circuitry 100uF, 16V (C4)
6.3V (C3)

Figure 6: Laygut

If a simple Codec, without programmable filtering
characteristics, is to be used, Silver Telecgn

provide the Ag1160 with different imped

Contact Silver Telecom for other applications cir
@eeded for

7.0 Layout Considerations.

Figure 6 gives an example of the

as short as possible.
designs, decoupling
adjacent to the suppl

It is importan
used for C2.

>

w ESR, high quality capacitor is

e ycon ZL is recommended.

© Silver Telecom 2009 Page 8
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8.0 Electrical Characteristics.

8.1 Absolute Maximum Ratings*

All Voltages are with respect to ground unless otherwise stated.
Parameter Symbol Min [ %
1 | DC Supply Voltage Ve -0.3
2 | Maximum Power Dissipation, Off Hook @ 25°C PsLic
3 | Storage Temperature Ts -40

*Exceeding the above ratings may cause permanent damage to the product. Functional operation under these condit
Maximum ratings assume free air flow.

All Voltages are with respect to ground unless otherwise stated.

8.2 Recommended Operating Conditions* QQ)

Parameter Symbol Min Typ Max Units
1 | DC Supply Voltage g@ 75 | 50 | 525 | Vv
2 | Operating Temperature o 0 25 70 °c
*Typical figures are at 25°C with nominal +5V supplies and are for des only.

'&Z}
>

© Silver Telecom 2009 Page 9
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8.3 DC Electrical Characteristics.

_ : . Test
*
Characteristic Sym Min Typ Max | Units Comments
Supply Current, on- hook
1 AgllGO lpLE 120 140 160 mA %
Agl160A 80 110 130 mA X
Supply current ringing 1 >
REN Rioor 5
2 Ag1160 IRinGiNG 288 22 REN &
Ag1160A |
Supply current, off-hook
3 Agll60 lacTivE 350 mA p = 300Q2
Agl160A 270 mA
Supply current during @
4 ring trip (<1 sec max)
Ag1160 700 @ MA | Rioop = 300Q
Ag1160A 700 Q mA
5 Supply current in power b 15 mA
down
6 | Wake-up time 0 ms
Constant current feed to
7 ImeAgllGO loop | 2 24 26.5 | MA | Rioop = 5000
Ag1160A 22 24.5 MA | Rioop = 380Q
Tip/Gnd or Ring/Gnd or
8 | Tip&Ring/Gnd 35.0 mA
overcurrent
Off-Hook detect
9 | Output Low Voltage oL 3.15 0.9 \% @ 0.4mA
Output High Voltag Von ' \ @ -0.4mA
Off-Hook detec
10 | Output Low V \\;‘1 a5 0.4 x g jr’goulf‘A
Output Hig OH '
Control /R, LO,
PD,
11 I ow Voltage Vi 4.0 0.3 \%
. I& h Voltage V4 V
Control Inputs, F/R, LO,
, RM
1 -0.5 0.5 mA
Input low current I mA
Input high current Iy
Switch Hook Detect
13 Threshold 10.0 mA
14 | Load on Vour 10.0 kohm

1) Al DC Electrical Characteristics are over the Recommended Operating Conditions with V. at +5.0V +5%, unless otherwise stated.

2) Operating currents are dependent on the user’s application.

*Typical figures are at 25°C with nominal 5V supply and are for design aid only.

© Silver Telecom 2009
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8.4 AC Electrical Characteristics.

Characteristic Sym Min | Typ* | Max | Units | Test Comments
1 | SHK Detect Time 5.0 ms | No Ringing
2 | Ring Trip Capability 3.0 km
3 | Input Impedance at Vi, 100 kohm
4 | Output impedance at Vot 10 ohm

Ringing Capability

Absolute Voltage Gain, 2 Wire

(]
5 | 40Viysinto REN=3 DrinG 2.8 km ith %op
40V s into REN=1 3.0 km N:
ok

6 {0 Vous -0.5 0 0.5 d
- | Absolute Voltage Gain Viy to 05| o |os @ Off-Hook
2Wire
8 Relative Gain, Referenced to .0.25 dB Over frequency range

1kHz. 2Wire - Vou, Vin - 2Wire 300 to 3400 Hz

Total Harmonic Distortion @ @0dBm, 1kHz

@+3dBm, 1kHz

0,
9 2Wire and Vout THD @1'0 &

10 Overload Distortion @2 Wire oD
and Vout

Common Mode Rejection
Ratio @ 2 Wire

11 46 dB 200-3400Hz

12 | Idle Channel Noise 8.0 | 12.0 | dBrnC | @2 Wire & Vour

Power Supply Rejection R

13 at 2 Wire and Vout 25 32 dB \F;iciple oz on
14 | Return Loss 18 35 dB 200-3400Hz
15 | Transhybrid Los %? gg gg 2005500
16 | Load on Vog 10.0 kohm | Gt — 1 oonE
17 EZ?git“ ina)trMetallic 46 | 53 dB | 200-3a00Hz

T, eversal Settling 50 ms | To within +20% of set

1 :
Tim ILoop
3) Al AGElectrical Characteristics are over the Recommended Operating Conditions with Vcc at +5.0V +5%, unless otherwise stated.

4) shybrid Loss and Total Harmonic distortion parameters measured with 6002 termination.
Byp igures are at 25°C with nominal 5V supply and are for design aid only.

© Silver Telecom 2009 Page 11
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10.0 Mechanical Specification

2.0mm 42.0mm S m;n_
A
2021
Y e'e ° o
2.0mm PRPS °
A ) Bottom ° \
[ N J - [ ] 30.5m
°o View ° A‘O
+ [ N J o
— o 0 o
9.0mm 8 9
T
¢
51.0 mm (max) Q
v X
9.0 mm
A I_I \’ U&Smm
20 21
GNDpyp| @ ® +5V,, 0 ® |Tip (A)
GND, | @ ® +5V,, ) ® Ring (B)
F/IR| ® ® SH Pin Names ® |NC
CAP ® ® . ® |PD
Nd e e Bottom View o Inc
NC| ® ®|LO
GND ® (RM

Values are nominal unless otherwise stated

Silver Telecom recommends the use of 2mm sockets, especially on prototype and pre-production boards .

Recommended PCB hole diameter = 0.9 +0.05 mm

O
Q
Q&'&

© Silver Telecom 2009
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