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STLC3080

SUBSCRIBER LINE INTERFACE CIRCUIT

MONOCHIP SLIC SUITABLE FOR PUBLIC
APPLICATIONS

IMPLEMENTES ALL KEY FEATURES OF

THE BORSHT FUNCTION

DUAL CONTROL MODE CONFIGURATION:

SLAVE MODE OR AUTOMATIC ACTIVATION

MODE.

SOFT BATTERY REVERSAL WITH PRO-

GRAMMABLE TRANSITION TIME

s ON HOOK TRANSMISSION

LOOP START/GROUND START FEATURE

WITH PROGR. THRESHOLD

LOW POWER DISSIPATION IN ALL OPER-

ATING MODES

= AUTOMATIC DUAL BATTERY OPERATION

s INTEGRATED RING TRIP DETECTION WITH
AUTOMATIC AND SYNCRONISED RING
DISCONNECTION

s METERING PULSE INJECTION

s SURFACE MOUNT PACKAGE

s THREE RELAY DRIVERS FOR RING AND

TESTING

BLOCK DIAGRAM

TQFP44 (10 x 10)

ORDERING NUMBER: STLC3080

m -40 TO +85°C OPERATING RANGE
DESCRIPTION

The STLC3080 is a SLIC device suitable for a
wide range of applications: public (CO), transmis-
sion (DLC) and private (PABX). The SLIC pro-
vides the standard battery feeding with full pro-
grammability of the DC characteristic. In particular
two external resistors allow to set the limiting cur-
rent value (up to 50mA) and the value of the re-
sistive feeding when not in constant current re-
gion.
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PIN CONNECTION
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
VeaT Battery voltage -80 + Vcc to +0.4 \Y
-80 + VrgLto + 0.4 \Y
Vce Positive supply voltage -0.4 to +7 V
Vbp Control Interface Supply Voltage -0.4 to +7 V
IREL Current into relay drivers 80 mA
A/R/BGND AGND respect BGND respect RGND -2to+2 \'
OPERATING RANGE
Symbol Parameter Value Unit
Topt Operating temperature range -40 to +85 °C
Vce Positive supply voltage 4.75 10 5.25 V
Vbp Control Interface Supply Voltage 3105.25 V
VeaT Battery voltage -73to-15 \%
if VREL > Ve -78 + VReL to -15 \Y
A/R/BGND AGND respect BGND respect RGND -0.3to +0.3 V
PD (70) Max. power dissipation @ Tamb = 70°C 1.1 W
PD(85) Max. power dissipation @ Tamb = 85°C 0.9 W
THERMAL DATA
Symbol Parameter Value Unit
Rih j-amb Thermal resistance Junction to Ambient Typ. 60 °C/IW
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PIN DESCRIPTION

Pins Name Description

1 CSOUT | Chip-Select for output control bits DET and GDK . Active Low. (¥)

2 CSIN Chip-Select for input control bits latches DO D1 D2 RO R1 . Active Low. (¥)

3 DO Control Interface input bit 0. (*)

4 D1 Control Interface input bit 1. (*)

5 D2 Control Interface input bit 2. (*)

6 RO Relay driver 0 command. Active High. (*)

7 R1 Relay driver 1 command. Active High. (*)

8 RES Reset Input; active low.

9 Vbb Control interface Power Supply. Vop = 3.3V or Vpp = Vcc.

10 Vce Positive Power Supply (+5V).

11 CRT Ring-Trip time constant capacitor.

12 REL1 Relay 1 driver output.

13 RELO Relay O driver output.

14 RELR Ringer Relay driver output.

15 RGND Relay drivers ground.

16 VAT Negative Battery Supply.

17 TX 4 wires output stage (Transmitting Port).

18 ZB Cancelling input of Balance Network for 2 to 4 wires conversion.

19 RS Protection resistors image. The image resistor is connected between this node and ZAC.

20 ZAC AC impedance synthesis.

21 ZAC1 RX buffer output/ AC impedance is connected between this node and ZAC.

22 RX 4 wires input stage (Receiving Port). A 100K external resistor must be connected to AGND to
bias the input stage.

23 TTXIN Metering Signal Input (AC) and Line Voltage Drop Programming (DC). If not used must be connectd
to AGND.

24 CAC AC feedback input/ AC-DC split capacitor is connected between this node and ILTF.

25 RDC DC current feedback input. The RDC resistor is connected between this node and ILTF.

26 ILTF Transversal Line Current Image.

27 RT2 Input pin to sense ringing current , for Ring-Trip detection.

28 RT1 Input pin to sense ringing current , for Ring-Trip detection.

29 AGND Analog ground.

30 RTH Off-Hook threshold programming pin.

31 RLIM Limiting current programming pin.

32 IREF Voltage reference output to generate internal reference current.

33 CREV Reverse polarity transition time programming.

34 CSVR Battery supply filter capacitor.

35 BASE Driver of the external transistor. Connected to the base.

36 VREG Regulated voltage. Provides the negative supply to the power line drivers. It is connected to the
emitter of the external transistor.

37 BGND Battery ground.

38 RING B wire termination output. IB is the current sunk into this pin.

39 TIP A wire termination output. |A is the current sourced from this pin.

40 PCD Power Cross Detection Input

41 MODE Interface Control Mode selection.

42 CKRING Clock at ringing frequency for relay synch and time reference for Automatic activation

43 DET Off-hook and Ring-Trip detection bit. Tri-State Output/Active Low.

44 GDK/ AL Ground-Key/Alarm detection bit. Tri-State Output. Active Low.

* Input pins provided with 15pA sink to AGND pull-down.
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CONTROL INTERFACE
Slave mode (MODE=Low).

INPUTS OUTPUTS

OPERATING MODE DET GDK/AL

RO R1 DO D1 D2 (Active Low) (Active Low)

X X 0 0 0 Power down disable disable

X X 0 0 1 Stand-by off/hk gnd-key

X X 0 1 0 Active N.P. off/hk gnd-key

X X 0 1 1 Active R.P. off/hk gnd-key

X X 1 0 0 Ringing (with SLIC Active N.P.) ring/trip disable

X X 1 0 1 Ringing (with SLIC Active R.P.) ring/trip disable

X X 1 1 0 Ground start off/hk gnd-key

X X 1 1 1 High Impedance Feeding off/hk disable

0/1 X X X X Rel 0 (on =1, off = 0) def by DO-D2 def by DO-D2

X 0/1 X X X Rel 1 (on=1, off = 0) def by DO-D2 def by DO-D2

A parallel interface allow to control the operation
of STLC3080 through a control bus:

- DO D1 D2 latched input bits defining the Slic
operation mode

- RO R1 latched input bits (active High) drive the
test relays.

- DET and GDK/AL , tri-state outputs, signal the
status of the loop: On/Off-Hook and Ground-Key.
Pin GDK/AL goes low also when the device
thermal protection is activated or a line fault (Tip to
Ring, Tip and/or Ring to Ground or VBAT) is
detected (flowing current = 7.5mA).

-CSIN: chip select for input bits, active Low,
strobes the data present on the control bus into
the internal latch.

- CSOUT: chip select for output bits ; active Low ,
when high DET and GDK/AL goes tri-state.

DO D1 D2 RO R1 CSIN and CSOUT inputs are
provided with a 15pA pull-down current to prevent
uncontrolled conditions in case the control bus
goes floating.

According to the above table, 8 operating modes
can be set:

1) Power-Down.

2) Stand-By.

3) Active N.P.

4) Active R.P.

5) Ringing (with SLIC Active N.P.).
6) Ringing (with SLIC Active R.P.).
7) Ground start.

8) High Impedance Feeding.

Power-Down

Its an idle state characterised by a very low
power consumption; any functionality is disabled;
only relays Rel0 and Rell can be driven by
proper setting of bits RO and R1.

It can be set during out of service periods just to
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reduce the power consumption.

It is worth noticing that two other conditions can
set the Slic in idle state but with some differences
as reported in the table:

Idle State | Rel0/1 Drive DET GDK/AL
Power Down Enable Disable Disable
Reset Disable Disable Disable
Thermal Enable Low Low
Alarm
Stand-By.

Mode selected in On-Hook condition when high
immunity to common mode currents is needed for
the DET bit.

To reduce the current consumption, AC feedback
loop is disabled and only DET and GDK/AL de-
tectors are active.

DC current is limited at 16mA (not programma-
ble); feeding characteristic shown in fig. a.

The voltage drop in on-hook condition is 7.8V.

Figure a: STLC3080 DC Characteristic in
Stand-By Mode.

1A
16mA

Reeep = 2Rp

|
<

1
DY8TL307 Vgat-7.8V

Active

Mode selected to allow voice signal transmission.
When in ACTIVE mode the voltage drop in on-
hook condition is 7.8V in order to allow proper on-
hook transmission (Fig. b).
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Figure b. STLC3080 DC Characteristic in
Active Mode.
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Resistive Region is programmable by means of
external resistor Rpc, limiting current can be se-
lected by RLim resistor.

Concerning AC characteristic the STLC3080 allows
to set 2W termination impedance by means of one
external scaled impedance that may be complex.
Two to four wire conversion is provided by an exter-
nal network. Such network can be avoided in case
of application with COMBOII, in this case the two to
four wire conversion is implemented inside the
COMBOII by means of the programmable Hybal fil-
ter.

When in ACTIVE mode it is also possible to per-
form battery reversal in soft mode (with program-
mable transition time) without affecting the AC sig-
nal transmission.

Ringing

When Ringing mode is selected the STLC3080
activates the ring relay injecting the ringing signal
on the line. As the ring trip is detected the logic in-
dicator DET is set low and the ringing is automat-
ically disconnected without waiting for the card
controller command (auto ring trip).

DET remains latched Low untill the operative
mode is modified.

If required , the ringing relay drive signal RELR
can be synchronised to a clock applied to
CKRING input.

This clock is derived from the ringing signal with
proper time delay, according to the activation/de-
activation time of the relay.

RELR is activated on the low level of CKRING
clock. The duty cycle of CKRING can be modified
in order to activate the RELR when required:
CKRING low must last 1pus minimum.

If the synchronisation is not required, CKRING in-
put must be steadily kept Low.

All the STLC3080 relay drivers are open drain
with the source connected to the RGND pin. Each
relay drivers integrates a protection structure that
allows to avoid external kick - back diodes, using
both 5V or 12V relays.

The ring trip circuit and its behaviour is described
in Appendix D.

17

Ground Start.

This mode is selected when the SLIC is adopted
in a system using the Ground Start feature. In this
mode the TIP termination is set in High Imped-
ance (100kQ) while the RING one is active and
fixed at Vbat +4.8V. In the case of connection of
RING termination to GND the sinked current is
limited to 30mA. When RING is connected to
GND both Off-Hook and Ground-Key detectors
become active. Power dissipation in this mode
with a -48V battery voltage is 100mwW

High Impedance Feeding.

As Stand-By, this mode is set in On-Hook condi-
tion, with further reduced power consumption.

Higher power efficiency turns back a lower immu-
nity of the Off-Hook detector to line common
mode currents.

The DC feeding shows a constant current charac-
teristic (lim = 17mA) followed by a resistive range
with an equivalent series resistance Rreep =
1600Q + 2Rp.

Thermal protection circuit is still active, preventing
the junction temperature, in case of fault condi-
tion, to exceed 150°C

In High Impedance Feeding most of the circuit is
switched off, only the circuit, dedicated to Off-
Hook detection, is powered. This allows to reduce
the total power consumption in On-hook to 30mw
(typical).

The Off-Hook detection threshold is not program-
mable but defined at a fixed IDETH = 8mA(max.)

Figure c. STLC3080 DC Characteristic in High
Impedance Feeding

A

17mA

RFEED =1600Q +2Rp

\ -V
D98TL373 Vgat-0.8V
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CONTROL INTERFACE
Automatic activation mode (MODE=High).

Inputs Operating Mode __ Outputs _
RO R1 DO D1 D2 RES (Mode = High) DET GDK/AL
X X 0 0 0 1 Power Down disable disable
X X 0 0 1 1 Ringing Ring-Trip disable
X X 0 1 0 1 On-Hook Transmission Off-Hook Fault
Reverse Polarity Fault
X X 0 1 1 1 On-Hook Transmission Off_Hook Fault
Direct Polarity Fault
X X 1 0 0 1 Active Direct Polarity Off_Hook Fault
(default) Fault
X X 1 0 1 1 Active Direct Polarity Off_Hook Fault
(default) Fault
X X 1 1 0 1 Active Reverse Polarity Off_Hook Fault
Fault
X X 1 1 1 1 Active Direct Polarity Off_Hook Fault
(default) Fault
0/1 X X X X 1 RO = 0/1: RelO = off/on (1) (1)
X 0/1 X X X 1 R1 = 0/1: Rell = off/on (1) (1)
X X X X X 0 Power Down; Rel0/1 = off disable disable

DET: On/Off Hook Signalling ; together with GDKI/AL itis set Low also in case of Thermal Alarm or Ground-Key.

GDK/AL : Thermal Alarm or Ground-Key Signalling

(1) : DET and GDK/AL signalling function is related to D0O,D1,D2 and it doesn’t depend on RO and R1 setting.

As in Slave mode the control is performed
through a parallel bus, with independent chip se-
lects, CSIN and CSOUT, for inputs and outputs.

In Automatic Activation, once Active mode is se-
lected the device automatically selects the proper
operating mode (Active, Stand By or H.l. feeding)
depending on the loop status in order to optimise
the power consumption.

In order to guarantee the proper behaviour of the
internal state machine the "CKRING" signal must
be always applied, this signal in fact is used to gen-
erate the "WTIME" delay (see Appendix) necessary
to properly perform automatic state change.

Power-Down

Its an idle state characterised by a very low
power consumption; any functionality is disabled;
only relays Rel0 and Rell can be driven by
proper setting of bits RO and R1.

It can be set during out of service periods just to
reduce the power consumption.

It is worth noticing that two other conditions can
set the Slic in idle state but with some differences
as reported in the table:

Idle State | Rel0/1 Drive DET GDK/AL
Power Down Enable Disable Disable
Reset Disable Disable Disable
Thermal Enable Low Low
Alarm
Ringing

When Ringing mode is selected the STLC3080
activates the ringing relay injecting the ringing sig-

nal on the line.
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As a Ring-Trip is detected the logic indicator DET
is set Low and the ringing relay is automatically
switched-off without waiting for the card control-
ler command (auto ring-trip).

DET remains latched Low
mode is modified.

Ringing relay drive signal RELR must be synchro-
nised to a clock applied to CKRING input. This
clock is derived from the ringing signal with
proper time delay, according to the activation /
deactivation time of the relay.

RELR is activated on the low level of CKRING
clock. The duty cycle of CKRING can be modified
in order to activate the RELR when required:
CKRING low must last 1ps minimum.

All the relay drivers are open-drain with the
source connected to RGND pin.

Each relay driver integrates a protection structure
to avoid external kick-back diodes using both 5V
or 12V relays.

The ring trip circuit and its behaviour is described
in Appendix D.

until the operative

On-Hook Transmission.

Sets the Slic for conversation even though the line
is in On-Hook; it is required for On/Hook transmis-
sion purposes; Active mode cannot support a con-
versation when the line is in On-Hook as it automat-
ically turns in High Impedance Feeding.

Active.

The relevant feature of this setting is that when
Active Mode (DOD1D2=1XX) is set by the exter-
nal control , internally, the device is able to select
between three operative states according to the

status of the line:
[71
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- High Impedance Feeding :

entered after a Power-On Reset or 1XX word, this
status is set during steady On/Hook condition;

most of the circuitry is idle and only a low power
Off-Hook detection circuit is kept alive.

Direct Polarity only is assumed , independently of
the selected one.

To minimise the power consumption the Off-Hook de-
tection circuit has low common mode current rejection.

- Stand by

Notice that in Stand-By state the Off-Hook detec-
tor is sensitive only to the transversal component
of the line current with high immunity to common
mode disturbances; this performance implies an
increasing in power consumption: for that reason
Stand-By is not used as a quiescent state.

- Active state gets operative for conversation af-
ter an Off-Hook validity check performed in
Stand-By state, set after any Off-Hook detected in
High Impedance Feeding.

If the Off-Hook condition is confirmed in Stand By,
Active mode is set ; if not (in case of spurious de-
tection), false activation is prevented, and High
Impedance Feeding is resumed.

In order to have the device falling back in HI-feed-
ing mode after the line is back in on-hook condi-
tion. It is necessary to select as input state the ac-
tive direct polarity mode (default).

During Active state On/Off-Hook status will af-
fect in real time DET signalling bit.

In order to allow Pulse-Mode Dialling, once Ac-
tive state is set, it cannot be changed by fast On-
Hook , but it is turned back to High Impedance
Feeding only if an On-Hook condition lasts
longer than 128 x CKRING period.

Automatic activation (and deactivation) is based
on an internal state-machine which is clocked by
a free running internal oscillator.

A detailed description is reported in the Appendix A.

DUAL BATTERY CONFIGURATION

STLC3080 is also meant for low power consump-
tion systems using Dual Battery solution. It is suf-
ficient to connect the collector of the external tran-
sistor, through a diode, to the reduced battery
(see Fig. 2 for single battery solution and Fig. 3
for dual battery solution). The activation of the
batteries is automatic, only depending on the DC
load at the RING and TIP terminals; no controllers
action is required.

PROTECTION CIRCUIT

- Suggested protection circuit is based on pro-
grammable Trisils (like LCP1511/2) as shown
in Fig.2 and Fig. 3, and the surge current is
limited by the resistors RPT2 and RPR2, which
are PTC types , protecting the device against
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both lightning and power-cross.

- Additionally, STLC3080 is provided with the
PCD input to directly monitor overvoltages ap-
plied to the line wires.

When the current injected into PCD exceeds a
threshold of 320pA (+/- 30%) , DET and GDK/AL
are set Low signalling a fault condition. No
change on the SLIC mode is performed.

Voltage threshold is defined by proper value of
the series resistors (see Fig.1)

Figure 1.

DET

[
GDK/AL

CsouT

D98TL38S

This circuit gives the possibility to protect the de-
vice against power crosses through a relay in-
stead of PTCs; once the fault condition is de-
tected the controller drives this relay
disconnecting the Slic from the line terminals.

METERING PULSE INJECTION

STLC3080 provides external pins and compo-
nents for Metering Pulse injection. TTXIN pin is
the input for the 12kHz or 16kHz Metering Pulse
injection. This pin also provides a DC constant
current source that is injected into the external
RDA resistor (typ. 10kQ to obtain 2.2Vrms on
200Q) connected between TTXIN pin and AGND.
The voltage drop across TIP and RING line ampli-
fiers and, consequentally the AC swing available.

When Metering Pulse injection is not used and
voltage drop is not required, TTXIN must be
shorted to AGND and RTTX, RDA and CTTX ex-
ternal components must be removed. The TTX
cancellation is obtained through an external
RTTX and CTTX network connected between
TTXIN and CAC pins.

Fault detection

The device provides current sense on TIP and
RING wires that allow to detect longitudinal DC
current (ILL). When this I.L current becomes
higher than a threshold (see detectors table in-
side electrical characteristics) a fault indication is
provided on DET and GDK pin (both outputs be-
come low). The fault indication is active till the
fault cause persists. With this circuit the following
fault condition can be detected.

TIP toVB1
TIP to GND
RING to VB1
RING to GND
RING to TIP to VB1
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When a fault is detected the line current is limited
in order to avoid any damage on the device itself

and also on the external transistor.

MISCELLANEOUS

- Thermal overload:

the integrated thermal pro-
tection is activated when Tj reaches 150°C typ.;
the Slic is forced in Power-down mode, DET
and AL are set Low. The RELR relay driver is

EXTERNAL COMPONENTS LIST
To set the SLIC into operation the following pa-

rameters have to be defined:
- The DC feeding resistance "Rfeed" defined as
the resistance of the traditional feeding sys-
tem (most common Rfeed values are: 400,

turned off while it is still possible to control plex.
- The equivalent AC impedance of the line "ZI"

RELO and REL1 through RO and R1 inputs.

- One low cost external transistor allows to re-
duce the power dissipated in the SLIC itself al-
lowing the use of extreme small size package
(TQFP44). The external transistor size/package
can be selected depending on the max. power

requested by the particular application.

- The SLIC supports loop start lines and gives
the possibility to set loop current indicator
threshold by means of one external resistor.

EXTERNAL COMPONENTS

800, 1000 ohm).

- The AC SLIC impedance at line terminals "Zs"
to which the return loss measurements is re-
ferred. It can be real (typ. 600 ohm) or com-

used for evaluation of the trans-hybrid loss
performance (2/4wire conversion). It can be a
complex impedance.

- The value of the two protection resistors Rp in
series with the line termination.

- The reverse polarity transition time defined as

"AVTRIAT".

- The constant current limit value "liim".
- Rth: sets the OFF/Hook DETection threshold

Once, the above parameters are defined, it is
possible to calculate all the external components

using the following table.

Name Function Formula Typical Value
CvCC Positive Supply Filter 100nF +20%
CvB Battery Supply Filter 100nF +20% 100V
Rrer (*) | Internal current reference 1.16 30.1kQ + 1%
programming resistor Irer = RRer
Cswr Battery ripple rejection capacitance c _ 1 100nF +10% 100V
SYR ™ on tp (1L.3MQ @ fp = 1.22Hz
Crr Ring Trip capacitance see Appendix D 470nF +20% 6V
@ 25Hz
Rbc DC sinthesized resistance Rpc = 5[Rieed -2Rp] 1.5kQ +1%
programming resistor Rpc = 1kQ
Cac AC/DC splitter capacitance Chc = 1 10pF 1_20% 15v
21t Osp [(Roc @ fsp = 10Hz
Rs Protection resistor image Rs =25 [2Rp 2.5kQ +1%
ZAC 2 wire AC impedance Zac = 25[Zs - 2Rp] 12.5kQ +1%
ZA SLIC impedance balancing network ZA=25[¥s 15kQ +1%
ZB Line impedance balancing network ZB =25 (¥l 15kQ +1%
Ccomp AC feedback compensation 2 220pF £20%
capacitance Ccomp = 21 TTo[100 (Rp] @ fo = 250kHz
RR Feeding resistance for Ring Injection >400Q 600Q 2W
RS1 Sensing resistor for Ring Trip 1000 [(RR 600kQ +1%
RS2 Sensing resistor for Ring Trip 1000 [(RR 600kQ +1%
RT Feeding resistance for Ring Injection >0Q 0Q
Qext External transistor (1) BD140, MJD32
RPT1 Line series resistor >20Q
RPR1 Line series resistor 220Q 20Q 1/4AW *1%
8/23 IS73
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EXTERNAL COMPONENTS (continued)

Name Function Formula Typical Value
R * Current limiting setting resistor 51.1kQ +1%
um (*) g g Ruy = 10° [1.16 b
ILim
23.2kQ + 58kQ
Rty (**) | OFF/HOOK DETection threshold _ 1.16 26.1kQ  +1%
setting resistor. R =2000 It
21.1kQ + 77.3kQ
Crev Polarity reversal transition time _ Lo 1 47nF for 5.67V/ms
programming Crev = AVTR K=3750
AT
RDA Output Voltage Drop Adjustment RDA = ADrop [R0kQ 10kQ (ADrop = 3.2V) (2)
"~ 9.6 - ADrop
R1, R2 Power Cross Detection 240kQ 3)
Rrtx Teletax Cancellation Resistor Rrrx = 12.5 [JRe (ZLt7x) + 2Rp] 3.75kQ
Crrx Teletax Cancellation Capacitor Corr = 1 20Q 1/4W 1%
TTX =
(12.5 Om (ZL1rx) (Tt 77Y)
RPT2 Protection resistor > 8Q
RPR2 Protection resistor > 8Q
D1 Overvoltage protection 1N4448
D2 Dual Battery Operation 1N4448
CH Trans-Hybrid Loss Frequency CH = CCOMP 220pF +30%
Compensation
Notes:

(1) Transistor characteristics: hre = 25, Ic =2 100mA, Vceo = 60V, fr = 20MHz in all operating range (Ic from 1 to 100mA). PDISS depends on
application, see Appendix.
For SMD application possible alternatives are MIJD350 in D-PACK or BCP53 in SOT223

(2) Typical value needed for 2.2Vrms metering pulse level, if no metering RDA = 0Q.
(3) These resistors are needed to activate the power cross detection circuit, they should withstand the typical lighting voltage. If the power

cross detection is not needed R1, R2 can be avoided.

(*) Rrer and RLIM should be connected close to the corresponding pins of STLC3080.
Avoid any digital line or high voltage swing line to pass close to Irer and Rum pins. Eventually screen these pins with a GND track.

(**) Inside the formula the coefficient 1.16 must be changed to 1.20 if the selected value of I is lower than 5SmA.

9
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Figure 2. Typical application diagram.
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(1) This components are needed only for Power Cross Indication (normally not used).
(2) Components needed only for Metering pulse injection.
Figure 3. Typical dual battery application diagram.
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ZA PCD !
ZAC ¢ c
R \
s RPTL !
ZA CcovP = RX TIP —1 h
™ :
h
LcP h
J- zB VB- o 1511_6 R
zB
CH RPR1 1 RPR2
I MODE MODE RING — LB
DO DO
D1 D1 STLC3080 T
D2 D2 RTL RS1
RO RO e RR
CONTROL RS2
INTERFACE R1 R1 RT2 —
DET DET VREG o
GDK/AL GDK/AL BASE o I} VRING
— — e
CSIN CSIN VBAT VB-
Csout CcsouT VB-
— — cvB D2
RES RES g
VB2
CKRING CKRING CSVR
TTX TTXIN CREV
CAC ILTF RDC  CRT IREF  RLIM  RTH
@]

RDClCRT RREF | [ RLIM | | RTH CREV CSVR
I I g D98TL310C

(1) This components are needed only for Power Cross Indication (normally not used).
(2) Components needed only for Metering pulse injection.
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STLC3080

ELECTRICAL CHARACTERISTICS (Test Condition, unless otherwise specified: Vcc = 5V, Vop = 3.3V,
VB- = -48V, AGND = BGND = RGND, Tamb = 25°C).

Note: the limits below listed are guaranteed with the specified test condition and in the 0 to 70°C tem-
perature range. Performances over -40 to +85°C range are guaranteed by product characterisation.

Symbol | Parameter | Test Condition |Min. h’yp. I‘{/Iax. lIJnit Fib.
AC CHARACTERISTICS
Zil Long. Impedance each wire 40 Q
li Long. Current Capability AC | H.l. feeding per wire (ON- 5 mApk
HOOK)
STANDBY or ACTIVE per 13 mApk
wire (ON-HOOK)
ACTIVE per wire (OFF- 80 -It mApk
HOOK). It = Transversal
Current
LT Long. to transv. NP with nominal Rp at 300Hz 60 dB C5
NP with nominal Rp at 1020Hz| 60 dB
NP with nominal Rp at 3400Hz| 55 dB
TIL Transv. to long NP with nominal Rp at 300Hz 37 dB
NP with nominal Rp at 1020Hz| 40 dB
NP with nominal Rp at 3400Hz[ 40 dB
2wRL 2W return loss. 300 to 3400Hz 22 dB C6
THL trans-hybrid loss. 1020Hz; 20Log |[VRX/VTX] 30 dB C2
ovl 2W overload level ACTIVE MODE at line 3.2 dBm
terminals on ref. imped.
TXoff TX output offset -200 200 mV
G24 Transmit gain abs. 0dBm 1020Hz -12.38 -12.02 dB C4
G42 Receive gain abs. 0dBm 1020Hz 5.74 6.1 dB Cl
G24fq tx gain variation vs. rel. 1020Hz, 0dBm 300 to -0.1 0.1 dB
frequency 3400Hz
G42fq rx gain variation vs. rel. 1020Hz, 0dBm 300 to -0.1 0.1 dB
frequency 3400Hz
G24lv TX gain variation vs. level f=10120Hz, input level -0.1 0.1 dB
G42lv Rx gain variation vs. level from 3dBm to -40dBm 0.1 0.1 dB
V2wp idle channel noise at line psophometric, Active On -82 -78 dBmp | C8
terminals Hook
Vawp idle channel noise at TX port | psophometric, Active On -90 -84 dBmp | C7
Hook
Thd total harm. dist. 2w-4w, 4w- | 0dBm, 1KHz 1l=20to -50 dB
2w 45mA
Gr7x Transfer Gain V1rx = 100mVRvs @ 16kHz 14.5 dB
Grrx = 20Log DE{/—VL .
TTXD
with R, = 200Q
THD (TTX) | TTX Harmonic Distortion 2.2Vrums = 0n 200Q 3 %
DC CHARACTERISTICS (TTX pin connected to ground)
Vlohi Line voltage Il =0, H.l. feeding 47 47.4 47.8 \
Vio Line voltage Il =0, SBY/ACTIVE/ON- 38.9 39.9 40.9 \%
HOOK
Ilims Short circ. curr. Rioop = 0, SBY 14 16 18 mA
Ilimb Short circ. curr. Rioop = 0, H.I. feeding 11 17 20 mA
llima Lim. current accuracy Rel to progr. val. 20 to 50mA -10 10 %
ACTIVE NP, RP
VIREE Bang up reference 1.08 1.16 1.24 V
Rfeed Feed res. accuracy ACTIVE NP, RP -10 10 %
Rfeed H.I. | Feeding resistance H.l. feeding 1100 2100 Q
‘7’ 11/23




STLC3080

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Condition Min. Typ. Max. Unit  Fig.
llact Feed current ACTIVE ACTIVE NP, RP 18 20 mA
Rloop = 1900Q RDC = 1.5kQ
lisby Feed current STBY STY, Rloop =2.2KQ 13 mA
RDC = 1.5kQ
ITip Tip leackage current Ground Start 1 HA
les Ring Lead Current Ground Start Ring to GND 33 mA
Iba Reference current sourced V1rx = 0V -70 -60 -45 HA
by TTX IN pin for Voltage
Drop programming
DETECTORS
ldet Off-hook current threshold Rel. to progr. val. 7 to 11mA -10 +10 %
ST-BY, ACTIVE Rel. to progr. val. 3 to 6mA -20 +20 %
lget H.I. Off-Hook current threshold H.l. feeding 5 8 mA
Hys Off/On hook hyst. ST-BY, ACTIVE 15% lget mA
Td Dialling distortion ACTIVE -1 +1 ms
I Ground Key Current TIP to RING to GND or 7.5 mA
threshold RING to GND
=1 -la
Igst Ground Start detection Igst = 2 Oget -10 +10 %
threshold GROUND START
DIGITAL INTERFACE
INPUTS: DO, D1, D2, RO, R1, CSIN, CSOUT
Vih Input high voltage Vpp = 3.3V 2 \
Vil Input low voltage Vpp = 3.3V 0.8 \
lih Input high current 30 HA
lil Input low current 10 HA
OUTPUTS: DET, GDK /AL
Vol Output low voltage lol=0.75mA; CSOUT = LOW 0.5 \
Voh Output high voltage loh =0.1mA; CSOUT = 2.4 \%
LOW
loz Tri-State Output Current CSOUT = High -10 +10 HA
OUTPUTS: RELR, RELO, REL1
Ird Current capability 40 mA
Vr Output voltage Ird = 40mA 0.6 V
Ird = 70mA 1.1 V
lik Off leakage current 3 HA
POWER SUPPLY REJECTION
PSRRC Ve to 2W port Vripple = 0.1Vrms 27 dB C9
50 to 4000Hz
PSRRB Vbat to 2W port Vripple = 0.1Vrms 30 dB C9
50 to 4000Hz
POWER CONSUMPTION
lcc Ve supply current H. I. Feeding On-Hook
From 0 to 70°C 1.0 mA
From -40 to 85°C 1.5 mA
SBY On-Hook
From 0 to 70°C 35 mA
From -40 to 85°C 4 mA
Active On-Hook
From 0 to 70°C 5.0 mA
From -40 to 85°C 5.5 mA
Power Down
From 0 to 70°C 1.0 mA
From -40 to 85°C 1.5 mA

12/23
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STLC3080

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Condition Min. Typ. Max. Unit  Fig.
IsaT Veat supply current H. I. Feeding On-Hook
From 0 to 70°C 0.5 mA
From -40 to 85°C 1.0 mA
SBY On-Hook
From 0 to 70°C 2.5 mA
From -40 to 85°C 3.5 mA
Active On-Hook
From 0 to 70°C 4.5 mA
From -40 to 85°C 5.0 mA
Power Down
From 0 to 70°C 0.5 mA
From -40 to 85°C 1.0 mA
Ibp Vpp Supply Current Any operating mode 100 320 HA
LOGIC INTERFACE INPUT TIMING
gt t3 2
Min. Max S
t1 100ns
t2 100ns D0.1.2,R0.1
t3 250ns
t4 100ns -
CSouT
t5 100ns
t6 250ns
DET, GDK
t4 t6 t5 D98TL312
Note: All measurements are performed with 100pF on outputs pin and with TTL compatible voltage levels.
Figure 4. Test Circuit.
VCC VDD
[+ [v
sac1 Vec Voo AGND BGND RGND RELO REL1
RELR YL O VREL
ZAC
RS 2.5KQ
RS RT
ZA CCOMP = RX PCD
15KQ 220pF I iy
5 e RP%OQ ~ RPT2 30Q A
22(:0'—;:}: i MODE RP&OQ RPR2 30Q
I o 0o RING — LB
. ot STLC3080 RTL — |
D2 D2 RS1 600KQ RR
CONTROL Ro RO RS2 600KQ 600Q
INTERFACE R1 R1 RT2 1
DET DET VREG
GDK/AL GDK/AL BASE VRING
CSIN CSIN VBAT
csouT csout
RES RES
CSVR
CKRING CKRING
CREV
TTX TTXIN
ILTF RDC CRT IREF RLIM
RDA RDC l CRT RREF RLIM CREV CSVR
10K [1.5KQ I 470nF 30.1KQ I 47nF g 100nF D9BTL313G

CTTX 1yF  10uF

9
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STLC3080

APPENDIX A

The flow-chart in Fig.A1 describes the sequence
of state machine supervising the STLC3080 op-
eration when the control is set for Active mode,
DO D1 D2=1XX.

The state machine is a synchronous sequential
circuit internally clocked by a free running oscilla-
tor ; the ringing frequency applied at the CKRING
input is used to generate the long time delay
WTIME=128xCKRING necessary for proper op-
eration as further described.

External control is supposed to be set for Active
mode :

DO D1 D2= 1 XX.

OH-HI : line status flag , set High when Off-Hook
condition is detected in High Impedance Feeding;
it differs from OHK because it's sensitive to the
longitudinal current.

OHK: line status flag , set High when Off-Hook
condition is detected in Stand-By or in Active
mode; it differs from OH-HI for its immunity to lon-
gitudinal current .

DLY: time-out flag, it is set High to resume, with
a given delay, the High Impedance Feeding when
an On-Hook condition (OHK=Low) is detected in
Stand-By or Active state.

1) Note that in this section the word "mode" has
been used to indicate the operating status set
with DO, D1 and D2 pin: the word "state" has
been used to indicate an internal status of the
finite state machine.

Flow-chart Description

H) A Reset condition, generated at Power On or
setting RES pin Low, forces a Power-Down
condition.

A) High Impedance Feeding is entered after the
Active mode word is set and its maintained un-

14/23

til  an Off-Hook condition is detected (OH-
HI=High) ; in this case Stand-By state entered.

B) Stand-By state is set to perform a validity
check of the Off-Hook status of the line before
entering Active state. If it is confirmed
(OH=High), immediately Active state is en-
tered.

If not , Stand-By state remains set for a time
period WTIME generated through a counter
that times out after 128 x CKRING ; DLY=High
signals the state machine the time out to re-
sume the High Impedance Feeding.

An OHK = High detected during WTIME will im-
mediately enter Active state.

C)__Active state is set for conversation and
DET=Low signals to the controller the Off-Hook
condition of the line.

The status remains set as long as OHK=High
(Off-Hook).

D) When OHK=Low is detected (On Hook), DET
is immediately set High whereas Active state is
maintained for the period WTIME; when it ex-
pires DLY is set High and High Impedance
Feeding is resumed.

If, during WTIME, OHK=High is detected Off
Hook), the state is returned to C) , i.e. Active
with DET=Low.

E) Ringing mode is setwhen DO=D1 =0and D2 =1.
After ring trip detection the SLIC is automat-
ically set in Active state (reverse or normal po-
larity according to D2 value set before ringing
mode). Ring trip detection is indicated by DET
pin: when it happens the SW must remove the
ringing mode word (001) and set the Active
mode word (100).

F) On-Hook Tx mode is selected when DO = 0,
Di=1and D2=X.
After Off Hook detection the SLIC is automat-
ically set in Active state.

9




STLC3080

Figure Al.

Thermal Alarm THA=1

Power-on Reset RSTN=(

Disconnect mode selected D0=0,D1=0,D2=0

€}
m
=> Thermal alarm detect
=> Off-Hook in H.1. Feeding state detect
=> Off-Hook in STAND-BY or ACTIVE state detect
" => Ringing operating mode set
ACTIVE operating mode selected => On-Hook Trasmission operating mode set
DO0=1,D1=X,D2=X End of delay
Ground-key / Alarm detect
) N Ring Trip detect
oo g Feing | (B T g ot
NORM state
DELAY: 64/128 time CKRING freq.
STAND-BY STAND-BY
REV state NORM state
b <>
ACTIVE auwn1 IA( “TIVE
REV state @ NORM state
ACTIVE @ TVE OnHook|
REYV state NORM state
On-Hook TX op mode selected
D0=0,D1=1,D2=X
RINGING operating | mode selected
D0=0,D1=0,D2=1
1 0
OnHookTX CD OnHookTX
REV state NORM state
@ Ground-key / Alarm
0 GK
1
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APPENDIX B

STLC3080: allowed Rfeed values vs. llim

The STLC3080 device has been designed in or-
der to fit in a small SMD package (TQFP44). This
target has been achieved by using a dedicated
circuit for power management based on one ex-
ternal transistor (Qext).

The particular power management circuit adopted
allows to define the percentage of power dissi-
pated on the SLIC itself and on the Qext. The
sharing percentage is defined by the Rfeed value,
in particular the higher is Rfeed, the higher is the
percentage dissipated on the SLIC.

Rfeed represents the DC feeding impedance at
TIP/RING terminals (including 2xRp) when the
SLIC is in the resistive feed region of the DC
characteristics.

Since the max. power dissipation inside the SLIC
is limited it is important to know which value of
Rfeed can be implemented without exceeding the
max power allowed in the SLIC.

In order to define the allowed Rfeed values sev-
eral other parameters should be considered, in
particular:

Pdslic:

Max allowed power dissipation on SLIC, two val-
ues are considered:

1.1W for 70°C Tamb application;

0.9W for 85°C Tamb application;

Pdgext:

Max allowed power dissipation on Qext, three val-
ues are considered:

1.0W

Figure B1. Rfeed allowed values vs. llim (Vbat = -48V).

1.5W

2.0W

These values depend on the package and the as-
sembly of the Qext.

llim:
Programmed constant current value, continuous
variations are considered from 20mA to 50mA.

Vbat:

Battery voltage, three values are considered:
48V

54V

62V

The following diagrams show the allowed Rfeed
values depending on the above parameters. three
diagrams are shown each one for a particular bat-
tery (Vbat = -48V, -54V, -60V).
In each diagrams you can find an upper and a
lower limits for the Rfeed value:

The upper limit is defined by one of the two b1, b2
curves.
bl is the limit when max. power on SLIC is
equal to 0.9W (Tamb = 85°C)
b2 is the limit when max. power on SLIC is
equal to 1.1W (Tamb = 70°C)

The lower limit is defined by one of the three al,
a2, a3 curves.
al is the limit when max. power allowed on
Qext is equal to 1.0W
a2 is the limit when max. power allowed on
Qext is equal to 1.5W
a3 is the limit when max. power allowed on
Qext is equal to 2.0W

2000
R
1800

o\

1400

Rfeedmax{ lim)

1200
Rfecedmax2(Itim)

N\
N
~

Reeodmin(Llim) 1000

wl- o

Ef:ednﬁnZ( tim) \
Reecdmin llim) ’\\
600 %
ai / [ —— ]
400
/ 3 il
200 — po — =
0
0.02 0025 0.03 0:033 0.04 0.045 0.05

Him
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Figure B2. Rfeed allowed values vs. llim (Vbat = -54V).

2000
\b1 Yz
1400
Rfcedmax( llim ) \ \
1
Recedmax2(im) 0 \ \
Ricedmin{Uim} 1000
- )
feedmin2( ltim }
- 800 = \
Reeedmin3( Ilim) V \ T
m \
7 o~
400 ] ]
a2 ]
200
aa .
0
0.02 0.025 0.03 0.035 0.04 0.045 0.05
[ltm
Figure B3. Rfeed allowed values vs. llim (Vbat = -60V).
2000
b1 b2
1800 \ \
1600 \ \
1400 <
Récedmax( Llim) ' \
- 1200
Rfeedmax2(Llim) \
Rfesdmin( Dim)} 1000 — .
- al ]
Rfeedrmin2¢ Nim) \ m—
Refeedmin3( lim) )
600 \1
400 <
e 2
200
_/
0
0.02 0.025 003 0035 0.04 0,045 005
llim

EXAMPLE:

Considering the following parameters:

Vbat = -48V, max Tamb = 70°C, Ilim = 25mA,
Qext able to dissipate 1W, the possible values of

b2 curve (upper limit) and the al curve (lower
limit).

Rfeed can be found in fig. 1 and are limited by the

17

In particular considering the Ilim = 25mA the
Rfeed allowed range will be:

500Q < Rfeed < 1700Q
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APPENDIX C

STLC3080 Test Circuits referring to the applica-
tion diagram shown in figure 4 and using as exter-
nal components the typ. values specified in the

Figure C1. Receive Gain.

"External Components", find below the proper
configuration for each measurement.

Figure C2. THL Trans Hybrid Loss.

TIP ™ ———
300 STLC 3080
Vi test circuit

300

RING RX

Vrx

G42 = 20log (VI/ Vrx)

Rp
TP LR

300 STLC 3080 Vix

VL test circuit

300

RING RX 1

Rp

THL = 20log (Vrx /Vix)

Figure C3. T/L Transversal to Longitudinal

Figure C4. Transmit Gain.

Conversion
Rp 600 TIP X
TIP X p——
300 STLC 3080 STLC 3080 ? Vix
Vi test circuit E test circuit
Vil 300 -

T/L = 20log (VI / Vtl ) §

G24 = 20log (2Vix/ E)

Figure C5. L/T Longitudinal to transversal
Conversion.

Figure C6. 2W Return Loss.

TP ™ p—
STLC 3080

test circuit

RING RX 1

L/T =20log (E / Vac)

TIP TX f—
STLC 3080
test circuit

RING RX

2WRL = 20log (E /2Vs)
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Figure C7. Idle channel psophometric noise

at TX port.

Figure C8. Idle channel psophometric noise
at line terminals.

600

TIP

RING RX

TX {

STLC 3080

test circuit

'||—| I

V4wp = 20log (Vix / 0.775V }

|

600 é Vi

TIP TX 1

STLC 3080

test circuit

RING

RX

Vix

AN

V2wp = 20log (VI/ 0.775V )

Figure C9. PSRRC = Power Supply Rejection V  cc to 2W Port
PSRRB = Power Supply Rejection V gat to 2W Port

TIP

600

\

STLC 3080
test circuit

RING

Vbat/Vce

TX |

RX

PSRRB = 20log (VnVbat / VI)
PSRRC = 20log (VnVcc / VI)

| —

Vn =0.1Vrms

9
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APPENDIX D

RINGING MODE AND

In ringing mode the STLC3080 provides:

- Relay driver capability (relay is synchronized
with low level of CKRING)

- Ring-Trip detection

The monitor of the line state is performed by

sensing the line current converted into a voltage

drop across the RR resistor connected in series

to the line. This voltage is read via RSland RST2

input pins of a differential stage that identifies,

during the ringing phase, the ON/OFF HOOK

state of the line (see Fig. D1).

The Ring-Trip condition is detected by sensing
the DC component of the line current, rejecting
the AC component. With RR = 600Q the Ring-
Trip threshold is: lline>7.5mA

When the Ring-Trip is detected, the STLC3080:

- deactivates the ringing relay RELR (if CKRING
is low);

- indicates the ring-trip detection by setting
DET=low;

- forces the Active state.

The information at RELR and DET pins is lached
and it doesn’t change opening the current loop.
To reset the latched informations the Active or
On-Hook Transmission mode have to be entered
(in general changing the device mode the latched
information is removed).

Although the ring-trip detection sets DET to signal
the line status, there is a substantial difference re-
spect to the on/off-hook detection. In Ringing
mode on-hook condition, an AC current is present
on the line. The ring-trip detector rejects the AC

Figure D1.ring trip circuit block diagram.

RING TRIP DETECTION

component by integrating the line current: the de-
tection threshold can be reached only if the line
current has a DC component higher than the
threshold. As a consequence the response is not
immediate (as it is for off-hook in Active state): it
takes an amount of time that is dependent on the
DC current value (i.e. on the line length). The AC
rejection and the delay depend on the CRT ca-
pacitor value (see Fig.D1).

When the voltage on the capacitor exceeds 3V,
the Ring-Trip is detected (see fig.D3). CRT
should be selected in order to avoid that during
one half sinewave cycle, in on-hook, its voltage
VCRT exceeds 3V (ring-trip threshold). The mini-
mum value of CRT can be carried out with the fol-
lowing formula:

Ccrt > 6uF/Fring

With Fring = 20Hz, you obtain a Ccrt = 390nF.

When the CRT capacitor is selected, it must be
considered that it is also used for the rejection of
the common mode current. In this case the mini-
mum value of the CRT capacitor can be carried
out with the following formula:

Ccrt > (Ip/Fl) (b60UF

Where Ip is the peak of the longitutudinal current
and Fl is the frequency of this current. With Ip =
25mA @ Fl = 50Hz you obtain 330nF.

For this reasons the suggested value for typical
central office application is 470nF.

RS1

lLine (—)

VCC

4 14,=7.5UA(typ)

RS2

&)

lrinG=lLINERST/RR

RR LRING

II‘

RS1=RS2 —

[ IcrT 3volt

CRT
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Figure D2. relation between Icrt and lline.

lcrT A

+30uAL

|

| LINE th=I thRSl/RR

-30uA

/ LINE th:75mA(typ)

(if RR=600Q and RS1=RS2=600K)

ILiNE

RS1 must be connected to the positive RR; RR
should be connected directly to the ringing gener-
ator as it is in the figure. The ratio between RS1
and RR must be chosen considering that there is
an offset current in the input stage equal to
7.5PA. This offset has been introduced to take in
account the leackage current of the line.

In fig.D2 is shown the relation between the CRT
charging current IcrT and the line current Iune. In
the range -30pUA<ICRT<+30pA ICRT is propor-
tional to ILINE while it remains limited to £30pA
for higher value of ILine. Consequently, in case of
short loops, the ring-trip detection time is inde-
pendent on the loop resistance, as the CRT
charging is performed at a fixed current. In case
of long loops the detection time will increase as
the Icrt decreases proportionally to the loop re-
sistance.

9

Figure D3. Ring Trip detection signals.

Vring=60Vrms @ f=25Hz  VB=-48\olt

Tek Single Szrs.q 2.50kS/s
5

RING
1 _ wire

— CRT

3|

Chi
Ch3

.00V
1.00V

505 W20 0ms chl" 3T56V 15 Nov 1990
15:57:00

OFF_HOOK RING-TRIP DETECTION
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OUTLINE AND
MECHANICAL DATA

DIM. mm inch

MIN. | TYP. | MAX. | MIN. | TYP. [ MAX.
A 1.60 0.063
Al 0.05 0.15 | 0.002 0.006
A2 1.35 1.40 1.45 | 0.053 | 0.055 | 0.057
B 0.30 | 0.37 | 0.45 | 0.012 | 0.014 | 0.018
C 0.09 0.20 | 0.004 0.008
D 12.00 0.472
D1 10.00 0.394
D3 8.00 0.315
e 0.80 0.031
E 12.00 0.472
El 10.00 0.394
E3 8.00 0.315
L 0.45 | 0.60 | 0.75 | 0.018 | 0.024 | 0.030
L1 1.00 0.039
K 0°(min.), 3.5°(typ.), 7°(max.)

TQFP44 (10 x 10)

D1

w
S

A2

Al

ilili

ikl

. AHAARAAAARR

22

HHHHHHHHHHE

E1l

/
-
 ——
 ——
B
 ——
 ——
 ——
 ——
I
N
=

0.10mm
L o

Seating Plane

TQFP4410

22/23




STLC3080

ESD - The STMicroelectronics Internal Quality Standards set a target of 2 KV that each pin of the device should withstand in a series of tests
based on the Human Body Model (MIL-STD 883 Method 3015): with C = 100pF; R = 1500Q and performing 3 pulses for each pin versus Vcc
and GND.

Device characterization showed that, in front of the STMicroelectronics Internaly Quality Standards, all pins of STLC3080 withstand at least
1000V. One particular pin (pin N° 41) withstand 500V only.

The above points are not expected to represent a pratical limit for the correct device utilization nor for its reliability in the field. Nonetheless
they must be mentionned in connection with the applicability of the different SURE 6 requirements to STLC3080.

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are
subject to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products
are not authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.
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