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Features 
• Single Channel High Voltage Ringing SLIC
• Functionally Equivalent of Le9540 One Channel
• High Voltage High Bandwidth Design Supports 7-

kHz Wide Band Applications
- Up to –145 V ringing battery Le9541D

- Up to –100 V ringing battery Le9541C

• Operation Control and Status Report through 
Serial Interface with Reset
- SLIC Operation State/DC Current Limit/Test 

Load Enable

- DC Loop Closure/Ring Trip/Thermal Shutdown

• Eight Operating States
- Scan (Minimal Power Dissipation)

- Active Forward (Default Power Up State)

- Active Forward ICV

- Active Reverse 

- Tip Open

- Wink

- Ringing

- Disconnect

• Ringing Inputs for Optimized Interface to BRCM 
SoC Devices
- Accepts driving signals from per channel voice 

outputs as well as from PWM outputs

• DC Current Limited in Active/Scan/Tip Open 
States

• Loop Start, Ring Trip, and Ring-Ground 
Detections with Two Thresholds

• Thermal Shutdown Protection with Hysteresis
• Test Load Switch Supports Integrated Test 

Algorithms
• Available in 40-pin QFN package that is “pin-to-

pin” compatible with (channel 1 of) Le9540.

Applications
• Optimized to work with BCM3383/85 Broadcom 

SoCs for short loop residential gateways

Description
The Le9541 Ringing SLIC device is a single-channel 
device and equivalent of channel 1 of Le9540 in the 
same 40-pin QFN package. It is optimized to provide 
battery feed, ringing, and supervision on voice loops 
found in short-loop VoIP applications. This device is 
optimized to interface to the Broadcom BCM3383/85 
SoC, or equivalent. The SLIC operational control and 
status report are communicated through a serial 
interface with reset. The SLIC supports wide-band 
applications. 

Document Code PD-000245729 Version 9 May 2019

Ordering Information

  Le9541CUQC      40-pin QFN     Tray
  Le9541DUQC      40-pin QFN     Tray

  Le9541CUQCT    40-pin QFN     Tape and Reel
  Le9541DUQCT    40-pin QFN     Tape and Reel

1. All devices are in green package.The green package is Halogen 
free and meets RoHS Directive 2002/95/EC of the European 
Council to minimize the environmental impact of   electrical 
equipment.
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Figure 1 - Block Diagram 
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Product Description
The Le9541 device is a single-channel design from Le9540. It is optimized to provide battery feed, ringing, and 
supervision on short Plain Old Telephone Service (POTS) loops. This device is optimized to interface to Broadcom 
system-on-a-chip (SoC) device for cable modem applications. 

Power Supplies

The Le9541 device is powered by a Vcc for analog circuits, a VDD for the serial logic circuits and a VBAT for DC 
feed and power ringing. The maximum of VBAT is rated at –100 V for Le9541C and –145 V for Le9541D. The VBAT 
is expected to be a full tracking supply. The device depends on the tracking power supply to reduce the battery 
amplitude during off-hook conditions and by doing so may save overall operating power consumption. The VBAT 
should be no more negative than –100V for Le9541D other than in ringing mode. Also, when –145 V is used for 
ringing special care should be taken to prevent certain faults from happening, such as tip to ring, tip or ring to 
ground, or similar alike. 

Operating States

The Le9541 device uses a voltage-feed-current-sense architecture. The device has active, scan, tip open, wink and 
disconnect operation states. Power ringing is also provided to the subscriber loop through amplification of a low-
voltage input. The active forward state with the low (ILL) dc current limit and the test switch turned off is the default 
power up state.

Active

There are three active states: Active Forward, Active Reverse and Active Forward ICV. 

In the Active Forward state the DC feed voltage on PT is positive with respect to the voltage on PR. In the Active 
Reverse state the DC feed voltage on PT is negative with respect to the voltage on PR. 

In the Active Forward ICV state the PT voltage is forced to be near -20V. The channel will be operating with an 
Increased Common mode Voltage (ICV). 

The DC feed current is limited and can be programmed to either ILL or ILH. There is in the order of a 10 kΩ slope to 
the I/V characteristic in the current-limit region; thus, once in current limit, the actual loop current will increase 
slightly as loop length decreases.

For AC operation the SLIC supports off-hook talk mode and on-hook transmission mode as may be required during 
the quiet interval of ringing. The overhead is about 6 to 8 V, allowing for on-hook transmission of an undistorted 
signal of 3.14 dBm into 900 Ω, or 500mV of meter pulse. 

Scan

Scan is a simple low-power operation state. It is designed primarily for on hook operation. It provides forward DC 
feed with the voltage on PT positive with respect to the voltage on PR. The loop closure detector is active. The DC 
feed current is limited and fixed. The AC transmission path and on-hook transmission are not active. 

Tip Open

The Tip Open state is the Scan state with high impedance into PT. 

Wink

The Wink state is an Active state but the voltages on PT and PR are forced to be the same and near ground. 

Disconnect

Both PT and PR are in high impedance.

CONFID
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Ringing

In the Ringing state the signals on RINGP and RN are amplified and provided to the tip/ring pair as the power 
ringing signal. The signals on RINGP and RN may be a sine wave or a filtered square wave to produce a sine wave 
or trapezoidal output. A DC offset may also be applied. 

The signals on RINGP and RN are desirable to be referenced to VREF or near VREF potential for maximum dynamic 
ranges on the inputs.

Communication Interface

A serial interface is used for device operational control and for device status reporting. For operational control 
through DIN, the operation state, dc current limit and test load switch operation can be set. The upstream status 
reporting on DOUT are loop closure, ring trip and thermal shutdown. There are two loop closure outputs related to 
two detection thresholds, two ring trip detection outputs related to two detection thresholds, and one thermal 
shutdown indications. 

The serial interface has a RESET which is active low. When the RESET pin is a logic 0 the device will enter its 
default state of active forward with the low (ILL) dc current limit and the test switch turned off. The RESET pin has 
an internal pull down.

Package

Le9541 is available in a 40-pin QFN package (6mm x 6mm). It is the same package used for Le9540. The pin 
assignments of Le9541 are exactly the same as Le9540 on channel 1 making it possible to share the same 
package footprint on a PCB with Le9540. 

Protection

A battery referenced protection device should reference to VBAT. Connect the gate of the battery referenced 
protection device to VBAT or to PRT_REF. PRT_REF is available on pin 36 where CPR is on Le9540 to enable 
drop-in use of the Le9541 in a Le9540 design where CPR is used. PRT_REF should not be used to replace VBAT 
pin as battery supply. 

Thermal

The device is packaged in a small 40-pin QFN (6mm x 6mm). The Exposed Pad must be connected to a ground 
plane on the printed circuit board for thermal conduction. Also, the internal analog grounds and battery grounds are 
connected to the exposed pad, as well as to the GND pin. The single GND pin may not be sufficient for peak current 
return. The ground plane to which the exposed pad connects is used as analog signal ground and battery ground. 

In case of reaching the thermal shutdown temperature, the channel will automatically enter an all off state. Upon 
cooling, the device will re-enter the state contained in the serial interface control registers. Hysteresis is built in to 
prevent fast oscillation. This is a self protection operation. Thermal shutdown will not cause performance 
degradation once the device goes back to normal operation. CONFID
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Connection Diagram

Figure 2 - 40 Pin QFN
Note: Exposed pad should be connected to the ground plane for electrical connection and thermal conduction.
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Pin Descriptions

Pin Name Type Description

VITR Output Transmit AC Output Voltage. Output of internal AAC amplifier. This output is a 
voltage that is directly proportional to the differential AC tip/ring current.

RCVP Input Receive AC Signal Input (Non inverting). This high-impedance input controls the 
AC differential voltage on tip and ring, for voice in Active states. This node is a 
floating input.

RN Input Receive AC Signal Input and Power Ringing Signal Input (Inverting). In Active 
States this input, with reduced gain and referenced to VREF, is paired with RCVP for 
voice transmission. In Ringing State this input is paired with RINGP with the same 
gain as that of RINGP. 

RINGP Input Power Ring Signal Input (Non inverting). Couple to a sine wave or lower crest 
factor low-voltage ring signal. The input here is amplified to provide the full power ring 
signal at tip and ring. This signal may be applied continuously, even during non-
ringing states.

DCF Input Filter Capacitor. Connect a capacitor from this node to ground.

RTFLT Input Ring Trip Filter. Connect a capacitor to ground to filter the ring trip circuit to prevent 
spurious responses. A single-pole filter is needed.

VREF Output SLIC Device Internal Reference Voltage. Output of internal 1.5 V reference voltage.

IREF Input SLIC Device Internal Reference Current. Connect a 49.9 kΩ resistor to low noise 
analog ground. 

VCC Power Analog Power Supply. 3.3 V typical.

VDD Power Digital Power Supply. 3.3V typical.

VBAT Power Battery Supply. User adjusted supply per SLIC operation state and device grade.

PRT_REF Output Protection Reference. The PRT-REF output pin supplies a reference voltage equal 
to VBAT that may be used as an alternative to VBAT pin as the gate reference 
voltage of a protector. This is provided in the place of the CPR pin of Le9540 to 
ensure functional compatibility with Le9540 designs using CPR pin. As a result, the 
Le9541 can be directly dropped into a Le9540 design with no modifications to convert 
that design to a single channel application. PRT_REF should not be used to replace 
VBAT pin as battery supply.

PT Input/
Output

Protected Tip. The output drive of the tip amplifier and input to the loop-sensing 
circuit. Connect to loop through over-voltage and over-current protection.

PR Input/
Output

Protected Ring. The output drive of the ring amplifier and input to the loop sensing 
circuit. Connect to loop through over-voltage and over-current protection.

ITR Input Transmit Gain. Input to AX amplifier. Connect a 6.49 kΩ resistor from this node to 
VTX to set transmit gain of 205V/A. 

VTX Output DC and AC Output Voltage. Output of internal AX amplifier. The voltage at this pin is 
directly proportional to the differential tip/ring current.

TXI Input AC/DC Separation. Input to internal AAC amplifier. Connect a capacitor from this pin 
to VTX.

CONFID
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TLD Input Test Load. A test load may be connected to this pin.

RESET Input Reset. When low it resets the SLIC and both channels will be in default mode. It 
comes with internal 100kΩ pull down. 

EN Input Enable. Activate the serial interface operations.

CLK Input Clock for the Serial Data Transmission. Clock that runs the serial interface.

DIN Input Data Input. Data inputs of the serial interface.

DOUT Output Data Output. Data outputs of the serial interface.

NC No Connect. Internally not connected. 

GND GND Ground. Use together with the exposed pad as ground return. 

Exposed Pad Thermal and Circuit Ground. Connect to a ground plane on the printed circuit board 
for thermal conduction and electrical connection for ground return.

Pin Name Type Description
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Absolute Maximum Ratings
Stresses above those listed under Absolute Maximum Ratings can cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to absolute maximum ratings for extended periods may affect device 
reliability. TA = 25 °C 

Thermal Resistance

The thermal performance of a thermally enhanced package is assured through optimized printed circuit board 
layout. Specified performance requires that the exposed thermal pad be soldered to an equally sized exposed 
copper surface, which, in turn, conducts heat through multiple vias to a large internal copper plane. Thermal 
performance depends on number of PCB layers and the size of copper area. Continuous operation above 145°C 
junction temperature may degrade device reliability.

The typical thermal protection shutdown (TjC) temperature is 190°C, with minimum at 175°C.

Package Assembly

Green package devices are assembled with enhanced environmental compatible lead-free, halogen-free, and 
antimony-free materials. The leads possess a matte-tin plating which is compatible with conventional board 
assembly processes or newer lead-free board assembly processes. The peak soldering temperature should not 
exceed 245°C during printed circuit board assembly. 

Refer to IPC/JEDEC J-Std-020B Table 5-2 for the recommended solder reflow temperature profile.

Parameter Symbol Min. Max. Unit

DC Supply (VCC, VDD) Vcc, VDD –0.4 4.0 V

Battery Supply (VBAT) 
(Le9541C, Le9541D Non-Ringing)

VBAT –110 GND V

Battery Supply (VBAT) (Le9541D Ringing) VBAT –155 + Vcc GND V

Logic Input Voltage –0.4 VDD + 0.5 V

Logic Output Voltage –0.4 VDD+ 0.5 V

Operating Temperature Range –40 125 °C

Storage Temperature Range –40 150 °C

Relative Humidity Range 5 95 %

PT or PR Fault Voltage (DC) VPT, VPR VBAT – 5 3 V

PT or PR Fault Voltage (10 x 1000 µs) VPT, VPR VBAT – 15 15 V

ESD Immunity (Human Body Model) JESD22 Class 1C 
compliant
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Operating Ranges

Environmental Ranges

Microsemi guarantees the performance of this device over commercial (0 to 70º C) and industrial (-40 to 85ºC) 
temperature ranges by conducting electrical characterization over each range and by conducting a production test 
with single insertion coupled to periodic sampling. These characterization and test procedures comply with section 
4.6.2 of Bellcore GR-357-CORE Component Reliability Assurance Requirements for Telecommunications 
Equipment.

Electrical Ranges 

Note: 
1. Full tracking supply is expected during off hook and ringing operations. These maximum values may be the maximum on hook voltage or 

the peak voltage during ringing. 

Ambient Temperature –40° C < TA < +85° C 

Ambient Relative Humidity 5 to 95%

Parameter Min. Typ. Max. Unit

3.3 V DC Supplies (Vcc, VDD) 3.13 3.3 3.47 V

Office Battery Supply (VBAT) 
(Le9541C)

–1001 — –12 V

Office Battery Supply (VBAT) 
(Le9541D)

–1001 — –12 V

Office Battery Supply (VBAT) 
(Le9541D) (during ringing only)

–1451 — –12 V

CONFID
ENTIA

L



Le9541 Preliminary Data Sheet

11
Microsemi Corporation Confidential and Proprietary

Electrical Characteristics

Supply Currents

On-hook with no loop current. VDD = Vcc = 3.3 V. Test switch is off. 

Parameter Min. Typ. Max. Unit

Scan state, VBAT= –60 V:
    IVCC
    IVBAT

—
—

3.63
0.19

4.63
0.22

mA
mA

Active state, Forward and Reverse, VBAT= –60 V:
    IVCC
    IVBAT

—
—

4.70
1.24

5.68
1.36

mA
mA

Active state, Forward ICV state, VBAT= –60 V:
    IVCC
    IVBAT

—
—

4.83
1.33

5.86
1.47

mA
mA

Active state, Forward and Reverse, VBAT= –21 V:
    IVCC
    IVBAT

—
—

4.69
1.22

5.68
1.33

mA
mA

Disconnect state, VBAT= –60 V
    IVCC
    IVBAT

—
—

2.99
0.02

3.98
0.04

mA
mA

Tip Open state, VBAT= –60 V
    IVCC
    IVBAT

—
—

3.32
0.17

4.28
0.20

mA
mA

Wink state, VBAT= –60 V
    IVCC
    IVBAT

—
—

4.8
1.3

5.8
1.4

mA
mA

Ring state, no load, VBAT= –100 V (Le9541C)
    IVCC
    IVBAT

—
—

4.7
1.9

5.6
2.1

mA
mA

Ring state, no load, VBAT= –145 V (Le9541D)
    IVCC
    IVBAT

—
—

4.7
2.0

5.6
2.3

mA
mA

All operation states
    IVDD — 1.9 2.2 mACONFID
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Power Dissipation

On-hook with no loop current. VDD = Vcc = 3.3 V. Test switch is off. 

Parameter Min. Typ. Max. Unit

Scan state, VBAT= –60 V — 30 36 mW

Active state, Forward/Reverse, VBAT= –60 V — 96 107 mW

Active state, Forward ICV VBAT= –60 V — 102 115 mW

Active state, Forward/Reverse, VBAT= –21 V — 47 54 mW

Disconnect state, VBAT= –60 V — 17 23 mW

Tip Open state, VBAT= –60 V — 27 — mW

Wink state, VBAT= –60 V — 100 — mW

Ring state, no load, VBAT= –100 V (Le9541C) — 211 236 mW

Ring state, no load, VBAT= –145 V (Le9541D) — 312 359 mW
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Line Characteristics

Unless specified the test condition is specified in Figure 5 - Le9541 Basic Test Circuit. 

Typical values are characteristic of the device and are the result of engineering evaluations. Typical values are for 
information purposes only and are not a part of the testing requirements. Minimum and maximum values apply 
across the operating temperature range and the entire battery range unless otherwise specified. Typical is defined 
as TA=25º C, VDD = Vcc = 3.3V, VBAT= –60V for scan and disconnect state, –30V for active states, –100V/–145V for 
ringing state (for Le9541C/D). Test Switch is OFF. 

Parameter Min. Typ. Max. Unit

Tip or Ring Drive Current = DC + Longitudinal + Signal Currents, 
Active states1

105 — — mApk

Tip or Ring Drive Current = Ringing + Longitudinal, 
Ring state1

65 — —

Signal Current, 
Active states1

10 — —

mArmsLongitudinal Current Capability per Wire 
(Longitudinal current is independent of DC loop current.)1

8.5 15 —

Ringing Current (Tip-Ring Ringing Load 1386 Ω + 40 μF)1 29 — —
DC Loop Current Limit, Active States (Tip-Ring DC Load 300 Ω):   
   ILL 22.5 23.5 24.5 mA
   ILH 38 40 42 mA
DC Loop Current Limit, Scan State (Tip-Ring DC Load 300 Ω) — 30 — mA
DC Loop Current Limit, Tip Open State (300 Ω Ring to ground) — 30 — mA
DC Feed Resistance (at PT-PR, Active states, non-current limit) — 40 — Ω

Open Loop Overhead Voltages:
   Scan state: (VTIP – VRING) – VBAT 2 3.6 4.5 V
   Active state: |(VTIP – VRING)| – VBAT 5.75 7.4 8.5 V
   Wink state: |VTIP|, |VRING| 0.7 1.0 V
   Ring state: |VTIP|, VRING – VBAT — 3.0 — V
Open Loop Voltage:
   Active Forward ICV state: PT -23.0 -21.6 -20.0 V
Loop Closure Detection Threshold:
   Active/Scan states (LCL) 10 11 12 mA
   Active/Scan states (LCH) 14 15 16 mA
   Tip Open state (LCL) 8.5 11 12.5 mA
   Tip Open state (LCH) 13.5 15 16.5 mA
Loop Closure Detection Threshold Hysteresis2:
   Active/Scan/Tip Open states — 2.2 — mA

Table 1 - Two-Wire Port
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Longitudinal to Metallic Balance at Tip/Ring:
Test Method: Q552 (11/96) Section 2.1.2 and IEEE ® 455:
     200 Hz to 3.4 kHz3 52 — — dB

Metallic to Longitudinal (HARM) Balance4:
   

    100 Hz to 4000 Hz 40 — —  dB
PSRR 500 Hz to 3000 Hz (Active Forward/Reverse)1:
   VBAT 45 — — dB
   Vcc 25 30 — dB
    VDD 25 30 — dB
Note 1: This parameter is not tested in production. It is guaranteed by design and device characterization.
Note 2: Refer to “Loop Closure and Ring Trip Detection Thresholds with Hysteresis”.
Note 3: Tested at 1kHz.
Note 4: Tested with DC signals.

Parameter Min. Typ. Max. Unit

Table 1 - Two-Wire Port
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Parameter Min. Typ. Max. Unit

TXI 
    Input impedance — 100 — kΩ

VTX and VITR
    Output Offset (VTX) –10 0 10 mV
    Output Offset (VITR) — — 100 mV
    Output Drive Current (VTX) (sinking or sourcing) 300 — — µA
    Output Drive Current (VITR) (sinking or sourcing) 10 — — µA
    Output Voltage Swing:
       Maximum (VTX, VITR) 0 — Vcc V
       Minimum (VTX) + 0.25 — Vcc – 0.5 V
       Minimum (VITR) + 0.35 — Vcc – 0.4 V
    Output Short-circuit Current (sinking or sourcing) — — 50 mA
    Output Load Resistance1 10 — — kΩ

    Output Load Capacitance1 — 20 — pF
RN and RCVP (Active States): 
   Input Voltage (Vcc = 3.3 V)
       RCVP 0 —2 Vcc – 0.3 V
       RN 0 VREF Vcc – 0.3 V
   Input Bias Current
       RCVP (sinking) — 0.12 — µA
       RN (sinking3 or sourcing5) — 04 35 µA
Differential PT/PR Current Sense (RTFLT)3: 
   Gain (PT/PR to RTFLT) — 30 — V/A
Total Harmonic Distortion (200 Hz—4 kHz)1:
   Off-hook — — 0.3 %
   On-hook — — 1.0 %
Transmit Gain (f = 1004 Hz, 1020 Hz)6

   PT/PR Current to VITR –211 –205 –199 V/A
Receive Gain, f = 1004 Hz, 1020 Hz Open Loop
   RCVP to PT/PR 7.76 8.00 8.24 V/V
   RN to PT/PR 3.34 3.44 3.54 V/V

Table 2 - Analog Pin Characteristics

CONFID
ENTIA

L



Le9541 Preliminary Data Sheet

16
Microsemi Corporation Confidential and Proprietary

Gain vs. Frequency (transmit and receive), 600 Ω
Termination, 1004 Hz, 1020 Hz Reference1:
   200 Hz to 300 Hz –0.3 0 0.05
   300 Hz to 3.4 kHz –0.05 0 0.05 dB
   3.4 kHz to 20 kHz –3.0 0 0.05
   20 kHz to 266 kHz — — 2.0
Gain vs. Level, 600 Ω Termination, 
Transmit +3dBm, Receive 0dBm Reference1:
   –55 dB to +3.0 dB –0.05 0 0.05 dB
Idle-channel Noise (Tip/Ring), 600 Ω Termination:
   C-Message — 8 13 dBrnC
   Psophometric1 — –82 –77 dBrnp
   3 kHz Flat1 — — 20 dBrn
Note 1: This parameter is not tested in production. It is guaranteed by design and device characterization.
Note 2: The RCVP input is floating. However, referencing it to VREF is recommended since RN is internally referenced to VREF.
Note 3: RN = 0V
Note 4: RN = VREF

Note 5: RN = VCC-0.3V
Note 6: VITR transconductance depends on the resistor from ITR to VTX. This gain assumes an ideal 6.49 kΩ, (the recommended 

value). Positive current is defined as the differential current flowing from PT to PR.

Parameter Min. Typ. Max. Unit

Table 2 - Analog Pin Characteristics

CONFID
ENTIA

L



Le9541 Preliminary Data Sheet

17
Microsemi Corporation Confidential and Proprietary

Table 5 - Test Switch

Parameter Min. Typ. Max. Unit

RINGP/RN (Ringing State):
   Input Voltage Swing

 
0  — Vcc  V

Ring Signal Isolation:
   PT/PR to VITR
   Ringing state

— 60 — dB

Ring Signal Isolation:
   RINGP to PT/PR
   Non-ringing state

— 80 — dB

Ring Signal Distortion1:  
   For Le9541C 
        VBAT = –100 V, RINGP/RN = 0.6 Vpp, 
        Open Loop or 5 REN (1386Ω + 40µF) with DC loop 0 to 100Ω

— 3 — %

   For Le9541D
        VBAT = –145 V, RINGP/RN = 0.9 Vpp,
            Open Loop or 5 REN (1386Ω + 40µF) with DC loop 0 to 100Ω               

— 3 — %

Differential Gain RINGP/RN to PT/PR 
   For Le9541C
        VBAT = –100 V, RINGP/RN = 0.6 Vpp, Open Loop 124 130 136 V/V
   For Le9541D
       VBAT = –145 V, RINGP/RN = 0.9 Vpp, Open Loop 124 130 136 V/V
Note 1: This parameter is not tested in production. It is guaranteed by design and device characterization.

Table 3 - Ringing Parameters

Parameter Min. Typ. Max. Unit

Ring Trip (RTL): 50.5 52.5 54.5 mA

Ring Trip (RTH): 59.5 62.0 64.5 mA

Trip Time (f = 20 Hz) 1 — — 100 ms

Hysteresis (Relative to RTL or RTH)1, 2 — 1/3 —

Note 1: This parameter is not tested in production. It is guaranteed by design and device characterization.
Note 2: Refer to “Loop Closure and Ring Trip Detection Thresholds with Hysteresis”.

Table 4 - Ring Trip

Item Condition Min. Typ. Max. Unit. 
Test Switch ON-Resistance, (V(25 mA) – V(20 mA)) / 5 mA 10 19 30 Ω

On-Voltage drop at ±20 mA1 –3 — +3 V
Off-state Leakage Current (sinking or sourcing) — — 5 µA

Note 1: Additional 10% variations to the minimum and maximum limits at -40° C.
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Serial Interface Characteristics

The electrical characteristics of the serial interface are shown in table 6.

Table 6 - Serial Interface Electrical Characteristics

The serial interface timing characteristics are shown in Figure 3. The details are in Table 7. 

Table 7 - Serial Interface Timing Characteristics

Parameter Symbol Min. Typ. Max. Unit

Input Voltages (DIN, CLK, EN)  
   Low Level VIL 0.8 V
   High Level VIH 2.0 — VDD V
Input Current (DIN, CLK, EN)
   Low Level (ground) (sourcing) IIL 60 μA
   High Level (VDD) (sinking) IIH 1 μA
Output Voltages (DOUT) 
   Low Level VOL 0.55 V
   High Level VOH 2.0 2.61 V
Rising/Falling Time (DOUT) (20% to 80%) with 20pF load TR, TF 1002 ns
RESET High Current (at 2.5V) (sinking) IIH 40 μA
Note 1: Depending on the characteristic of the input that DOUT will be driving an external pull down resistor may be 

required to keep DOUT below the specified voltage for speedy operation. 
Note 2: This parameter is not tested in production. It is guaranteed by design and device characterization.

Symbol Description Min. Typ. Max. Unit

1 CLK Period 1 μs

2 CLK falling to ENable going high 0 ns

3 ENable going high to CLK rising 300 ns

4 CLK falling to ENable going low 0 ns

5 ENable going low to CLK rising 170 ns

6 Data ready 200 ns

7 Data hold 200 ns

8 Enable rising to DOUT0 data available 420 ns

9 CLK rising to DOUT1+ data available 350 ns

10 CLK, EN rising time (20% to 80%) 25 ns

11 CLK, EN falling time (20% to 80%) 25 ns

Note that the parameters in table 7 are not tested in production. They are guaranteed by design and device characterization.
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Figure 3 - Serial Interface Timing Diagram

Serial Interface Operations and Definitions
The serial interface has a 10-bit serial shift register and a 10-bit parallel data latch register that controls the SLIC 
operations. The logic diagram is shown in Figure 4. The detailed definitions are in shown in tables 8 and 9. Of the 
10 control input bits, d3/d4/d5/d7/d9 can be 0 or 1, although 11100 are recommended. Of the 10 status output bits, 
b5/d6/d7/d8/d9 should be ignored, although 11111 are expected. 

Serial Interface Operations

The operation of the serial interface can be described in the following four modes, RESET High Enable No 
Transition, RESET High Enable Going High, RESET High Enable Going Low and RESET Low. 

RESET High Enable No Transition

When RESET is high and there is no recent low-to-high transition on Enable the content in the shift register is 
continuously moving from DIN to DOUT by CLK. DOUT is continuously repeating DIN delayed by 10 CLK cycles. 

Regardless of the CLK status, device state changes are not loaded with the Enable state held static. Data already 
loaded to the shift register may be reloaded without disrupting the SLIC channel line state. 

RESET High Enable Going High

When RESET is high a low-to-high transition on Enable loads the parallel status bits into the shift register, 
overwriting the previous 10 bit content in the shift register. The first lsb of the 10-bit device status word will 
immediately appear on the DOUT pin. Subsequent clock edges will continue to shift the status word out until all 10 
bits have been presented, as which time the DOUT will return to repeat DIN delayed by 10 CLK cycles. 

The second rising edge of CLK after Enable goes high CLK will clock in (new) data from DIN. 

3
42

CLK

EN

1

lsb - din0 din1 din9DIN

6
7

lsb - dout0 dout1 dout9DOUT

8

5

din0

9

din1 din9diny dinx

dinx
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RESET High Enable Going Low

When RESET is high a high-to-low transition on Enable latches control bits from the serial shift register (with the 
content at that instant) into the SLIC parallel control register and immediately take effect. 

New control data transactions are only triggered by such a transition on the Enable pin. 

RESET Low

When RESET is low it over-writes the content in the SLIC parallel control register and set the control register to 
“00000 00000". The SLIC is put into a default mode of active forward with ILL current limit and the test switch off. 
When RESET is low the operation of Enable is frozen such that the contents in the serial shift register will not be 
loaded into the SLIC parallel control registers and the status bits will not be loaded into the serial shift register. 
Asserting RESET does not clear the contents of the shift register. The content in the serial shift register will move 
from DIN to DOUT by CLK when RESET is low and Enable is low. If Enable is high during the period when RESET 
is low the content in the shift register will not move from DIN to DOUT by CLK. The content in the shift register will 
not change. 

The RESET function is not included in Figure 4. 

Figure 4 - Serial Interface Logic Diagram

Bit Assignments

The bit assignments for DIN are defined in Table 8.

Note that bits d3/d4/d5/d7/d9 can be 0 or 1.   

Table 8 - Serial Interface Input Arrangements

d0 d1 d2 d3 d4 d5 d6 d7 d8 d9

LS 1/0 1/0 1/0 IL 1/0 TLEN 1/0

D0

D1

SEL

Q

D0

D1

SEL

Q

D

Q

D0

D1

SEL

Q

D0

D1

SEL

Q

D

Q

D0

D1

SEL

Q

D0

D1

SEL

Q

D

Q

D0

D1

SEL

Q

D0

D1

SEL

Q

D0

D1

SEL

Q

D0

D1

SEL

Q

D

Q

D

Q

DOUTDIN

CLK

EN

LCLLCHRTLRTHTSD“1”“1”“1”“1”“1”

LSILTLEN

D0D1D2D6D8
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The bit assignments for DOUT are defined in Table 9. Bits d5/d6/d7/d8/d9 should be ignored. 

Table 9 - Serial Interface Output Arrangements

Line State (LS)

000: Active Forward (Normal)

001: Active Forward ICV (Increased Common mode Voltage)

010: Active Reverse (Normal)

011: Wink

110: Tip Open

100: Scan

101: Ringing

111: Disconnect

(in the sequence of d0/d1/d2 so scan state d0 = 1)

DC Current Limit (IL) 

0: DC current limit is set to be ILL

1: DC current limit is set to be ILH

Test Load ENable (TLEN)

0: test load switch disabled and the test load is not turned on

1: test load switch enabled and the test load is turned on

Thermal ShutDown (TSD)

0: thermal shutdown

1: no thermal shutdown

Loop Closure with Low Detection Threshold (LCL)

0: dc loop current is greater than LCL threshold1

1: dc loop current is smaller than LCL threshold1

Loop Closure with High Detection Threshold (LCH)

0: dc loop current is greater than LCH threshold1

1: dc loop current is smaller than LCH threshold1

d0 d1 d2 d3 d4 d5 d6 d7 d8 d9

LCL LCH RTL RTH TSD 1 1 1 1 1
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Ring Trip with Low Detection Threshold (RTL)

0: rectified and filtered loop current is greater than RTL threshold1

1: rectified and filtered loop current is smaller than RTL threshold1

Ring Trip with High Detection Threshold (RTH)

0: rectified and filtered loop current is greater than RTH threshold1

1: rectified and filtered loop current is smaller than RTH threshold1

Note: 1. Refer to “Loop Closure and Ring Trip Detection Thresholds with Hysteresis” for additional details.
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Test Circuit

Figure 5 - Le9541 Basic Test Circuit

VBAT VCC (BGND/AGND/DGND)

0.1 μF

RTFLT

PR

PT

VREF

0.1 μF

50 Ω

50 Ω

DCF

EN

CLK

DIN0.1 μF

VITR

RCVP

ITR

VTX

TXI

VBAT VCC

RLOOP
300 Ω/600 Ω

TIP

RING Le9541

EN

CLK

DIN

6.49 kΩ

0.1 μF

VITR

RCV
113 kΩ

100 kΩ

BASIC TEST CIRCUIT

IREF

49.9 kΩ

60.4 kΩ

Exposed Pad

RN

RINGP

0.1 μF

RINGP

RN

DOUT DOUT

RESET RESET

VDD

VDD

0.1 μF

VREF

CONFID
ENTIA

L



Le9541 Preliminary Data Sheet

24
Microsemi Corporation Confidential and Proprietary

 

Figure 6 - Metallic PSRR

Figure 7 - Longitudinal PSRR
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Figure 8 - Longitudinal Balance

Figure 9 - AC Gains
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Applications

In-rush Control

In the Active or Scan states there will be a transient response of the current-limit circuit upon an on- to off-hook 
transition that is described in the table below. 

Loop Closure and Ring Trip Detection Thresholds with Hysteresis

Both loop closure and ring trip detections have a programmable threshold and hysteresis. The detection threshold 
is the point where the current is large enough for loop closure or ring trip to be detected. Once loop closure or ring 
trip is detected lowering the current will not immediately clear the detection until the current is below the 
programmed threshold minus the hysteresis. 

For loop closure detection the “current” is the rectified loop current. For ring trip detection the “current” is the 
rectified and filtered loop current. 

Figure 10 shows the characteristic graphically.

Figure 10 - Detection Thresholds with Hysteresis

All detectors are active regardless of the operational state. 

Parameter Value Unit

DC Loop Current: 
   RLOOP = 100 Ω, On- to Off-hook Transition time < 5 ms

ILIM + 60 mA

DC Loop Current: 
   RLOOP = 100 Ω, On- to Off-hook Transition time < 50 ms

ILIM + 20 mA

DC Loop Current: 
    RLOOP = 100 Ω, On- to Off-hook Transition time < 300 ms

ILIM mA

Table 10 - Typical Active or Scan state On-Hook to Off-Hook Tip/Ring Current-Limit Transient 
Response

I_loop

LC/RT

1

0

LCL
LCH
RTL
RTH

LCL-hysteresis
LCH-hysteresis
RTL-hysteresis
RTH-hysteresis
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Design Examples

The following circuit shows the SLIC interface to the Broadcom BCM3383/85. This circuit has a natural 703-Ω AC 
termination impedance. The Broadcom IC has programmable registers to modify the external 703-Ω termination to 
any other real or complex terminations, as well as to set transmit and receive gains, and other AC parameters, such 
as parameters for 7kHz wide-band applications. The Broadcom IC also drives ringing inputs, sets SLIC operation 
states, and monitors line status. The voltage of the battery supply to the SLIC VBAT is expected to be properly set 
and may vary depending upon SLIC operational states. The ringing maybe driven by the same voice outputs. The 
details of the protection are not shown. A complete reference design is available from Broadcom. 

Contact your Microsemi account representative for assistance with other applications.

Figure 11 - Reference Schematic Interfacing Broadcom Codec
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Application Circuit Parts List

The following parts list is for the Microsemi Le9541 SLIC device and Broadcom BCM3383/85 fully programmable 
codec. 

Item Type Value Tolerance Rating Comments
Protection Consult Microsemi for a 

recommendation. 
CVCC Capacitor 0.1 μF 20% 10 V Ceramic bypass capacitor.
CVBAT Capacitor 0.1 μF 20% 200V Ceramic bypass capacitor.
L 600 Ω, Murata® 

BLM11A601SPB
— — Ferrite Bead for filtering.

RREF Resistor 49.9 kΩ 1% 1/16 W Sets internal reference current
Le9541  SLIC — — — Single-channel SLIC device.
RPT Resistor 50 Ω1 20% absolute

1% mismatch
Fusible or PTC Protection resistor.

RPR Resistor 50 Ω1 Fusible or PTC Protection resistor.
CRTF Capacitor 0.1 μF 20% 10 V Ring trip filter capacitor.
CF Capacitor 0.1 μF 20% 100 V DC feed filter capacitor.
RGX Resistor 6.49 kΩ 1% 1/16 W Sets trans-impedance.
CTX Capacitor 0.47 μF 20% 10 V AC/DC separation.
CVITR Capacitor 0.1 μF 20% 10 V DC blocking capacitor
RVITR Resistor 54.9 kΩ 1% 1/16 W AC interface.
RCIP Resistor 44.2kΩ 1% 1/16 W AC interface.
RRCVP Resistor 84.5 kΩ 1% 1/16 W AC interface.
CRCVP Capacitor 220 pF 20% 10 V AC interface.
CVTXP Capacitor 0.1 μF 20% 10 V AC interface.
CPT Capacitor 3.3 nF2 20% 200V EMC
CPR Capacitor 3.3 nF2 20% 200V EMC
Note 1: Minimum 40Ω required for loop stability.
Note 2: Consult Microsemi for further enhanced performance. 
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Physical Dimensions 

40-pin QFN
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Revision History

Version 1 to Version 2
• Updated pin assignments for the 28-pin package in Figure 2 on page 6.
• Updated ring trip thresholds in Table 4 on page 17.
• Added 40-pin package offering.
• Updated descriptions to PSRR in Table 1 on page 14.

Version 2 to Version 3
• Removed 28-pin QFN package offering. 
• Added statements regarding supporting 7kHz wide-band applications. 

Version 3 to Version 4
• Updated format with Microsemi logo.
• Updated Figure 2 on page 6.
• Updated descriptions regarding the serial interface on pages 19, 20 and 21, including Figure 3, Figure 4, Table 8 and Table 

9. 

Version 4 to Version 5
• Added PRT_REF on pin 36 to be better compatible with Le9540.
• Updated Figure 4 and relaxed requirements in Table 8.
• Updated tables on page 11 and 12. 

Version 5 to Version 6
• Added a note to Table 7 on page 18. 

Version 6 to Version 7
• Updated descriptions regarding OPN on page 1.
• Updated notes for the table "Application Circuit Parts List" on page 28.

Version 7 to Version 8
• Updated the document logo.
• Updated the document number with DMS Document Code shown on page 1. 
• Table 2 on page 16, Gain vs. Level, updated "0dBV Referennce" to "Transmit +3dBm and Receive 0dBm Reference".

Version 8 to Version 9
• Updated Loop Closure Detection Threshold for Tip Open state (LCL) in Table 1 on page 13. The specification for the mini-

mum value is changed from 9.5mA to 8.5mA. CONFID
ENTIA
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Information relating to products and services furnished herein by Microsemi Corporation or its subsidiaries (collectively “Microsemi”) is 
believed to be reliable. However, Microsemi assumes no liability for errors that may appear in this publication, or for liability otherwise 
arising from the application or use of any such information, product or service or for any infringement of patents or other intellectual 
property rights owned by third parties which may result from such application or use. Neither the supply of such information or purchase 
of product or service conveys any license, either express or implied, under patents or other intellectual property rights owned by 
Microsemi or licensed from third parties by Microsemi, whatsoever. Purchasers of products are also hereby notified that the use of 
product in certain ways or in combination with Microsemi, or non-Microsemi furnished goods or services may infringe patents or other 
intellectual property rights owned by Microsemi.

This publication is issued to provide information only and (unless agreed by Microsemi in writing) may not be used, applied or 
reproduced for any purpose nor form part of any order or contract nor to be regarded as a representation relating to the products or 
services concerned. The products, their specifications, services and other information appearing in this publication are subject to 
change by Microsemi without notice. No warranty or guarantee express or implied is made regarding the capability, performance or 
suitability of any product or service. Information concerning possible methods of use is provided as a guide only and does not 
constitute any guarantee that such methods of use will be satisfactory in a specific piece of equipment. It is the user’s responsibility to 
fully determine the performance and suitability of any equipment using such information and to ensure that any publication or data used 
is up to date and has not been superseded. Manufacturing does not necessarily include testing of all functions or parameters. These 
products are not suitable for use in any medical and other products whose failure to perform may result in significant injury or death to 
the user. All products and materials are sold and services provided subject to Microsemi’s conditions of sale which are available on 
request.

For more information about all Microsemi  products
visit our website at 

www.microsemi.com

 TECHNICAL DOCUMENTATION – NOT FOR RESALE

© 2018 Microsemi Corporation. All rights reserved. Microsemi and the Microsemi logo are trademarks of 
Microsemi Corporation. All other trademarks and service marks are the property of their respective owners.

Microsemi Corporation (NASDAQ: MSCC) offers a comprehensive portfolio of semiconductor 
solutions for: aerospace, defense and security; enterprise and communications; and industrial 
and alternative energy markets. Products include mixed-signal ICs, SoCs, and ASICs; 
programmable logic solutions; power management products; timing and voice processing 
devices; RF solutions; discrete components; and systems. Microsemi is headquartered in Aliso 
Viejo, Calif. Learn more at www.microsemi.com.

Microsemi Corporate Headquarters
One Enterprise, Aliso Viejo CA 92656 USA
Within the USA: +1 (949) 380-6100
Sales: +1 (949) 380-6136
Fax: +1 (949) 215-4996
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