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DuAL PROSLIC® LINE CARD DESIGN

Overview

The purpose of this application note is to facilitate line
card design utilizing the Silicon Laboratories Si3220/
Si3225 product family. The Si3220 can be used with the
Si3200 integrated high-voltage linefeed device or, to
achieve higher ringing voltages, with a discrete bipolar
transistor linefeed. This application note is dedicated to
the design of Si3220/Si3225 systems using the Si3200
integrated high-voltage linefeed device. This document
relies extensively upon existing product data sheets,
programming guides, and application notes. An
overview of all available Si3220/Si3225 documentation,
evaluation hardware, and software is provided.

The parametric design constraints and features that are
applicable to a line card design are enumerated.

Si3220/Si3225"), PCB design characteristics
(referencing “AN55: Si3220/Si3225 User Guide”), audio
performance, surge protection, impedance synthesis,
hybrid balancing and equalizer coefficient computation,
and two- and four-wire return loss are each discussed
with references to the applicable support documentation
and software.

A Microsoft® Excel workbook is provided along with this
application note to facilitate power consumption and
power dissipation analysis. A design example is
provided to illustrate the design process.

Contact your local Silicon Laboratories sales office or
representative to obtain copies of the documents
referenced herein and/or to obtain the various
evaluation hardware kits and software.

Si3220/Si3225 Documentation

Equations for determining chip set maximum
permissible  power dissipation, supply current Table 1 provides a listing of the existing Si3220/Si3225
requirements, and chip set power dissipation under chipset documentation. When applicable, these
various operating conditions are provided. documents are referenced for additional design
Thermal management, dc loop characteristics, ringing information and additional detail.
and ring trip characteristics (referencing “AN86:
Ringing/ringtrip Operation And _Architecture On The _ .
Table 1. Si3220/Si3225 Documentation List
Ref. No. Document Title
— Si3220/Si3225 data sheet

AN39 Connecting the ProSLIC to the W&G PCM-4

ANS55 Si3220/Si3225 User Guide

AN58 Si3220/Si3225 Programmer’s Guide

AN71 GR-909 Loop Testing Using the Si322x ProSLIC

AN86 Ringing/Ringtrip Operation and Architecture on the Si3220/Si3225

AN91 Si3200 Power Offload Circuit
Evaluation Hardware
Table 2 provides a list of evaluation hardware kits that
are available for the Si3220/Si3225 product family.
Table 3 provides a list of individual cards that are used
in the hardware kits. Note that the individual cards
enumerated in Table 3 are included in one or more of
the kits shown in Table 2.
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Table 2. Evaluation Hardware Kits

Order No. Hardware Kit Description

Si3220PPTO-EVB 1 ProSLIC Motherboard

1 Si3220DCO0-EVB Dual ProSLIC Daughter card

Requires +5 V or +3.3 V bench power supply

Requires two bench battery supplies (e.g. VBATL: —24 V and VBATH: -52 V or —
78 V)

May be used with SiLink-PS-EVB power supply card to supply +3.3 V/+5 V, VBATH
and VBATL

Requires host PC with LPT1 printer port for control
Requires LINC Software

Si3225PPT0-EVB 1 ProSLIC Motherboard

1 Si3225DCO0-EVB Dual ProSLIC Daughter card

Requires +5 V or +3.3 V bench power supply

Requires two bench battery supplies (e.g. VBATL: —26 V and VBATH: —-56 V or —
72V)

May be used with SiLinkPS-EVB power supply card to supply +3.3 V/+5 V, VBATH
and VBATL

Requires host PC with LPT1 printer port for control
Requires LINC Software
Requires external ring source

Si3220KIT4-EVB 2 Si3220DCO0-EVB Daughter Cards

1 SiLink-PS-EVB Power Supply

1 SiLink uP-EVB 8-bit Microcontroller Card
1120 VAC /12 VDC Adapter

- Standalone 4-channel PBX demo

Si3225KIT4-EVB 2 Si3225DC0-EVB Daughter Cards

1 SiLink-PS-EVB Power Supply

1 SiLink uP-EVB 8-bit Microcontroller Card
1120 VAC /12 VDC Adapter
Four-channel PBX demo

Requires external ring source

Table 3. Individual Evaluation Hardware Cards

Order No. Hardware Card Description
Si3220DC0-EVB Si3220 Dual ProSLIC Daughter card
Si3225DC0-EVB Si3225 Dual ProSLIC Daughter card
SiLinkPS-EVB 1 Power Supply Card:
Vpp: +5 V / +3.3 V (selectable)
VBATL: -26 V
VBATH: =52 V or —78 V (selectable)
VBRNG: 96 V
112 VDC Adapter
SiLink-uP-EVB 8-bit Microcontroller Card

®
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Table 4. Evaluation Hardware Documentation

Ref. No. Document Title
ANG68 8-bit Microcontroller Board Hardware Reference Guide
AN73 Si3220/Si3225 System Demonstration Kit User’s Guide
(for Si3320KIT4-EVB and Si3225KIT4-EVB)
AN74 SiLinkPS-EVB User’s Guide
Si3220PPT-EVB Si3220PPT0-EVB Documentation
Si3225PPT-EVB Si3225PPT0-EVB Documentation

Evaluation Software

Table 5 provides a list of the existing Si3220/Si3225
evaluation software while Table 6 provides a list of the
documents that support the evaluation software.

Table 5. Evaluation Software

Ref. No. Software Title
— Si3220/Si3225 LINC Software
— Si3220/Si3225 Coefficient Generator
— PC PBX and GR-909 Demo Software (C source code)
— uP PBX and GR-909 Demo Software (C source code)
Table 6. Evaluation Software Documentation
Ref. No. Document Title
ANG63 Si322x Coefficient Generator User’s Guide
AN64 Dual ProSLIC LINC User Guide
AN73 Si3220/Si3225 System Demonstration Kit User’s Guide
(for Si3320KIT4-EVB and Si3225KIT4-EVB pP kits and uP-DEMO-SW)
AN75 Si322x Dual ProSLIC Demo PBX and GR-909 Loop Testing Software

Guide (PC-DEMO-SW)

Design Process

This section provides the information necessary to
make the selection between the Si3220 and Si3325 and
the appropriate device temperature grade. Design
equations are provided to compute maximum chip set
power dissipation and Vpp and Vgap supply current
requirements under all operating states.

Si3220 vs. Si3225 Selection

The key difference between the Si3220 and Si3225 is
the ringing method.

voltage linefeed device, the Si3220 can generate
ringing up to a maximum of 65 Vrms. This level of ring is
adequate for most short loop applications such as PBX
and VolP line cards.

Using a discrete bipolar linefeed, the Si3220 can
generate ringing signals up to 113 Vrms.

The Si3225 uses external ringing (centralized bulk
ringer) and can therefore drive longer loops using a
centralized bulk ring generator and associated relays
while using the Si3200 integrated high-voltage linefeed
device. Thus, the Si3225 is suitable for long loop

The Si3220 offers internal balanced/unbalanced ringing @pPplications, such as DLC (Digital Loop Carrier)
eliminating the need for a centralized bulk ringer and SYystems.
associated relays. Using the Si3200 integrated high-
®
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Design Constraints

An appropriate first step in designing a line card is to
identify the key applicable parametric design constraints
and product features that are to be supported by the
design. Table 7 enumerates the relevant parametric

design constrains.

Table 7. Line Card Parametric Constraints

The last section of this document provides a design
example. In the design example, Table 7 is completed
with the typical parameters applicable to a short loop
VolIP application.

Parametric Constraints Symbol Min. | Typ. | Max. Units
Maximum ambient temperature T4 max °C
Maximum loop length L \w.max Feet or
Meters
Nominal wire resistance per unit length My Qfft or Q/m
Min/Max CPE off-hook dc resistance Rcpe.min Q
cpe.max
Nominal loop current requirements lLim mA
Audio signal overhead current lgias mA
Maximum REN load or maxREN Unitless
Minimum ring impedance magnitude |ZREN.minl Q
Minimum CPE ring voltage Viing.RMS.min Volts
Nominal ring frequency fring Hz
Nominal supply voltage Vpp Volts
Nominal common-mode voltage Ve Volts
Nominal overhead voltage Vov Volts
Relevant Product Specifications
Table 8 provides those chip set specifications, which are
relevant to the computations presented this
application note. For complete product specifications,
refer to the Si3220/Si3225 data sheet.
Table 8. Si3220/Si3225 Relevant Specifications
Parametric Constraints Symbol (Conditions) Min. | Typ. | Max. Units
Si3200 thermal resistance 0ja 55 °C/w
Si322x thermal resistance 0ja 25 °c/w
Si3200 maximum operating junction temper- Tj.max 140 °C
ature
Si322x maximum operating junction temper- Tj.max 140 °c
ature
Si3200 overhead Vpp supply current Ibp.oH 110 LA
(applicable to all linefeed states)
Si322x overhead supply current Ipp.ona (Vpp=5V) 38 mA
(Fwd/Rev Active state) lop.ona (Vpp=3.3V) 22 mA
Si322x overhead supply current Ipp.oHr Vpp=5V) 26 mA
(VDD =+5 V, R|ng|ng State) IDD.OH.R (VDD =3.3 V) 22

Rev. 0.1
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Table 8. Si3220/Si3225 Relevant Specifications (Continued)

VBAT overhead current l\VBAT.OH.A 4.4 mA
(Fwd/Rev Active state) (ABIAS =4 mA)
Nominal ring source impedance Rout 320 w

Product Features and Regulatory Require-
ments
Table 9 enumerates the design features and regulatory

requirements that may apply to the product.
Table 9. Product Definition and Features

Feature List Applicable
Specification(s)
Application DLC/PBX/VolP/IVD
Protection environment (over-voltage/over-current) Bellcore GR-1089
ITU-T K.20, K.21
UL497A
UL60950/EN60950
2-wire impedances (2-wire return loss) Country List
Signaling requirements (pulse dialing, DTMF dialing) Country List
Internal/External ring generation Short/Long Loop
Preferred digital interface (Control and PCM data) SPI + PCM
Or
GCl
Companding method u-Law / A-Law
Testing requirements (Line and SLIC) GR-909
Number of channels per card Application Dependent
Temperature Grade Selection for either device under the worst-case operating
The Si3220/Si3225 and Si3200 chipset is available in CONAitons.
two temperature grades (see Table 2 in DS-Si322x). T _T
The designer must select the temperature grade that Pamax = —j.max __a.max
satisfies the desired operating temperature range of the Oa

system.

See the Dual ProSLIC Product Selection Guide on page
2 of DS-Si322x for part ordering information.

Equation 1.Maximum Power Dissipation

Maximum Permissible Power Dissipation

The maximum power dissipation for the Si3200 or
Si3220/Si3225 devices is obtained from Equation 1.
The maximum junction temperature (Tjmax) and
junction-to-ambient  thermal resistance (0j;) are
specified in the Si3220/Si3225 data sheet. For
convenience, these parameters are reproduced in
Table 10. The system designer supplies the maximum
expected ambient temperature (Tymax)- The system
designer must ensure that Py max Will not be exceeded

®
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Table 10. Si3200 and Si3220/Si3225 Thermal Parameters

Device Parameter Value Units
Si3200 0ja 55 OC/Watt
Tj max 140 °c
Si3220/Si3225 Oja 25 OC/Watt
Tj max 140 °c

In order to achieve the 0j, values shown in Table 10, the
PCB design must provide a suitably-designed heat slug.
A heat slug is a heat-dissipating copper fill PCB
structure under each device. See “PCB Design
Guidelines” in this document for information concerning
proper heat slug design for the Si3200 and Si3220/
Si3225.

Ringer Impedance

This application note makes use of the North American
Ringer Equivalence Number (REN) for defining ringer
impedance (Telecordia GR-57). Equation 2 defines
ringer impedance as a function of REN and ringing
frequency, and Equation 3 provides the ringer
impedance magnitude as a function of REN and ringing
frequency. Equation 4 provides a simplified way to

calculate the magnitude of the ringer impedance as a
function of REN assuming a 20 Hz ring frequency. For
simplicity, the definition in Equation 4 will be used

throughout this document to compute ringer
impedances.
Zring(REN' fring) = REN +j X 2 X T X fri:g x Cx REN
where,
R =6930 Q
C =8uF

fring= ring_frequency
Equation 2.Ringer Impedance as a Function of REN

and fring

6930(2)2 +

[Zring(REN, fiing)| = J( REN

[ZXTCXf

1 jz
x 8 x 10 °F x REN

ring

Equation 3.Magnitude of Ringer Impedance as a Function of REN and fyj,q

_ 7000 Q
REN
Equation 4.Simplified Ringer Impedance Magnitude
as a Function of REN (fyjng = 20 Hz)

|Zing(REN, 20 Hz)|

Battery Voltages and Ringing Voltage
Selection

In most applications, the Si3220/Si3225 will be used in
conjunction with two battery supplies (termed VBATH
and VBATL). The use of two battery supplies helps
minimize chip set power dissipation while off-hook into
shorter loops. SLIC battery voltages are always
negative voltages.

The following paragraphs develop the requirements

needed to determine the permissible range for VBATL
and VBATH.

VBATL Selection (Si3220 and Si3225)

Equation 5 yields the voltage value of VBATL that is
required to provide a CPE with maximum dc resistance
with Iy (programmable from 18 mA to 45 mA) over a

zero length loop while satisfying Vo and Vg, Note that
VBATL,,\ is not a practical battery voltage to use, since
it would only support a loop of zero length, requiring
switching to VBATH at extremely short loop lengths.
However, VBATL),y is useful in establishing a suitable
range of voltage values for VBATL. Thus, VBATLyn
can be used together with VBATL),5x to select a VBATL
value that is in the midway between the two.

’VBATLMlN’ =1l m*R +Vem tVov

cpe.max

Equation 5.Minimum VBATL
In the Fwd/Rev Active Off-Hook state, while operating
on short loops and, therefore, while using VBATL, the
worst-case power dissipation in the Si3200 occurs when
the loop length is zero and the CPE exhibits the
minimum expected off-hook dc resistance (Equation 6).

_ 2
Psizz00 = (ILim * lgias) X ’VBAT’ - che.min * I im

Equation 6.Power Dissipated in the Si3200 (at zero
loop length)

6 Rev. 0.1
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Equation 7 is derived from Equation 6 and gives the
maximum acceptable value for VBATL. The maximum
voltage value for VBATL given by Equation 7 is such
that the Si3200 power dissipation does not exceed
Py max: a@s determined by Equation 1 for the Si3200
when the loop length is zero. Equation 7 provides a
means of computing the maximum VBATL using a
margin factor, k. For example, let k =0.90 so that the
maximum power dissipation at zero loop length will be
90% of Py max (10% safety margin).

| 2
cpe.min *ILim

k x Pd(max) +R

VBAT x| = ILim* IBiAs

Equation 7.Maximum VBATL
The selected |VBATL| voltage must be between
[VBATLyn| @and |VBATLpax|- The larger the selected
value of [VBATL| (without exceeding |VBATLpax|), the
longer the loop that can be serviced by VBATL from a
dc feed standpoint. Also, choosing a larger value for
VBATL will reduce the worst-case power dissipation
when it becomes necessary to switch to VBATH. The
worst-case power dissipation when operating with

\Y,

VBATL and VBATH is best illustrated by the Excel
workbook that complements this application note (see
"Excel Design Tool," on page 17).

VBATH Selection (Si3220)

During internal ringing generation, the Si3220 will
automatically use VBATH as the battery supply. CPE
ringers will properly respond to a ringing signal (produce
an audible ring sound) if the RMS value of the ringing
signal arriving at the CPE meets a certain minimum
value (Vying.cpe.rms)- Therefore, the ringing signal
sourced at the SLIC must take into consideration the dc
resistance of the longest possible loop and the
maximum REN load at the CPE. Equation 8 is obtained
by a simple voltage division derivation. Note that
internal ringing generation in the Si3220 is limited to a
maximum of 65 Vrms when using the Si3200 linefeed
device. This limit on the ringing signal amplitude is
imposed by the maximum voltage rating of the Si3200
linefeed, which is 100 V. It is possible to achieve higher
internal ringing levels with the Si3220 by using a
discrete bipolar transistor linefeed with transistors rated
for 160 V or more.

_ Rout *+ RIoop.max + |Zring(maXREN)|

ring.RMS.min —
where

Vring.RMS.min <65 V,ms(SiSZOO)

Vring.RMS.min =

|Zting(MaxREN)|

X ring.CPE.min

<113 V,(discrete_BJT_linefeed)

Equation 8.Minimum Required Ring Level (V(ing rRMs.min)

where

m  Rgyr is the output impedance of the Si3220 during
internal ringing generation in Ohms

B Rigop.max IS the maximum dc resistance of the loop in
Ohms (longest loop)

B |Zhg(maxREN)]| is the magnitude of the CPE ringer
at maximum REN in Ohms (e.g. 7000 QQ/maxREN).

B Viing.cPE.min IS the minimum required ringing voltage
delivered to the CPE in volts RMS

B Viing.RMS.min IS the minimum required ringing voltage
at the Si3220 source in volts RMS

The excursion of an internally-generated balanced/
unbalanced ring signal in the Si3220 is confined
between the GND and VBATH rails. Therefore, the
VBATH battery voltage must be able to sustain the peak
voltage associated with the minimum ringing signal as
determined by Equation 8 plus the ringing dc offset
(Vogg), if any, as shown in Equation 9.

See “AN86: Ringing/Ringtrip Operation and Architecture
of the Si3220/Si3225" for information on determining

whether a ring dc offset is required and how to
determine its optimal value.

[VBATHyn| = Viing rms.min X +2 + Vorr

where

Viing.RMs.min 1S the minimum required RMS ringing
voltage at the source (sinusoidal)

and

Voee is the dc offset of the ringing voltage

Equation 9.Minimum VBATH (Sinusoidal Ring)

For dc feed purposes, the Si3220 will automatically
switch to VBATH when it detects that VBATL is
insufficient to satisfy the overhead voltage requirement
(Vem + Vov). See "Battery Switching Threshold,” on
page 9 for information on how to program the battery
switching thresholds in the Si3220. While using VBATH,
the maximum power dissipation in the Si3200 linefeed
device occurs in the off-hook state at the minimum loop
length that requires VBATH in order to satisfy the
overhead voltage requirements (Vgy + Voy). Equation
10 gives the dc resistance of the loop plus CPE at which

>4
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battery switching from VBATL to VBATH will occur since
VBATL can no longer sustain the required overhead
voltages.

R — |VBATL| _VCM _VOV
Sw ~
ILIM

Equation 10.Total Loop Resistance at Battery
Switching Point
Equation 11 gives |[VBATHmax|, such that the power
dissipation in the Si3200 will not exceed Py max si3200-
The factor, k, provides margin. For example, choose
k = 0.9 so that the maximum power dissipation in the
Si3200 will be 90% of Py max siz2og While using VBATH.

|VBATHMAX| =

k x Py max.sizzo0 + (|Veati] =Vem —Vou) X luim

ILim* Igias

Equation 11.Maximum VBATH
The selected |VBATH| voltage must be between
[VBATH pinl and [VBATH -

VBATH Selection (Si3225)

The Si3225 uses an external bulk ringer and controls
the associated relays. Therefore, the external bulk
ringer must be able to supply the necessary ringing
voltage as expressed by Equation 8. Since ringing is
being generated externally, it does not play a role in
determining VBATH. Instead, the VBATH range for the
Si3225 is governed by the minimum voltage
requirements to feed dc to the loop while meeting the
overhead voltage requirements (Vo and Vgy) and by
the maximum power dissipation considerations for the
Si3200 linefeed device.

For the maximum loop length and while operating in the
Fwd/Rev Active off-hook state, VBATH must be able to
supply enough voltage to the loop (V1r), and maintain
the required overhead voltages (Vgy + Voy). This
requirement is expressed in Equation 12.

IVBATH| > Vg + Ve + Voy

Equation 12.DC Feed Battery Voltage Requirement
V1r IS simply the product of I, and the total dc
resistance of the loop as shown in Equation 13.

Vir = lum x (T X Ly X Repe)
Equation 13.TIP-RING Voltage

Equation 14 is readily formed from Equation 12 and
Equation 13 for a loop of maximum length and with a
CPE of maximum off-hook dc resistance. The proper
selection of the battery switching threshold, as detailed
in "Battery Switching Threshold," on page 9, guarantees
that VBATL will sustain the required overhead voltages
(Vem + Vov) up to the point where the Si3225 will
automatically switch to VBATH. Meanwhile, VBATH
should satisfy Equation 14 up to the longest loop length
expected by the application. However, in cases where
the total maximum loop resistance is too large to
achieve Iy and meet Vo and Vg, the linefeed will
operate in the constant voltage region with a loop
current that is less than I .

The requirement given in Equation 14 applies to both
the Si3220 and Si3225 to ensure that the overhead
voltages will be met at the longest possible loop length.

|VBATHMIN| = ILIM X (rw x I-W.max + che.max) +VCM +VOV

Equation 14.Battery Overhead Requirement
VBATH must also be sufficient to supply Voc + Veum +
Vov in the on-hook Fwd/Rev active standby state, as
shown in Equation 15, where V¢ is the programmed
open-circuit (i.e. I gop = 0) V1ip — VRNG VOItage.

|VBATHM|N| 2Voct+Vem t Vov

Equation 15.VBATH On-Hook Requirement
Equation 14 can be re-written to calculate the
theoretical maximum loop length supported by Vgar
from a dc feed viewpoint, as shown in Equation 16.

_ 1
= X

- (|VBAT| _VCM_VOV_R
w.max rW

ILIM

L

cpe. max)

Equation 16.Maximum Loop Length Supported by

VBat
The |VBATH 4« Voltage for the Si3225 is determined

by Equation 17, based on maximum permissible power
dissipation and margin factor k.

‘VBATHMAX| =

k x Py max.sizz00 * (’VBATL’ —Vem—Vov) X liim

ILim* Igias

Equation 17.Maximum VBATH

8 Rev. 0.1
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The selected |VBATH| voltage must be between
[VBATHqinl and |VBATH axl-

Single Battery Applications

Some applications may have a single negative battery
supply voltage available in the system. See “AN95:
Si3200 Power Offload Circuit” for detailed information
on the design of a suitable power offload circuit for the
Si3200, which can be used to minimize power
dissipation on short loops in cases where a single
battery supply is available in the system.

Battery Switching Threshold

The Si322x battery switching mechanism monitors the
dc voltage at the RING terminal (TIP in reverse active
mode). The RING voltage with respect to system GND
already includes V¢),; therefore, the switching threshold
is obtained from Equation 18.

Vihres = |VBATL| —Vov

Equation 18.Battery Switching Threshold Voltage

The RAM locations, BATHTH and BATLTH, can be
programmed with a value in the range from 0 to 160.8 in
volts. One LSB of BATHTH or BATLTH is 628 mV. The
values for BATHTH and BATLTH occupy bits 7 through
14 in their corresponding register and must be shifted
up by 7 bit positions, hence the multiplication by 27in
Equation 19 and Equation 11.

Equation 19 and Equation 11 provide a means of
calculating BATHTH and BATLTH, which provides for 2
LSBs of hysteresis ( 2 x 0.628 = 1.256V). Greater
amounts of hysteresis are possible by modifying
Equation 19 and Equation 11.

V
— o7 thres) )
BATHTH 2 XDECZHEX((—O.628 +1

Equation 19.Equation for BATHTH

7 Vthres
BATLTH = 2" x DECZHEX((M) —1)
Equation 20.
The value of BATLPF is obtained from Equation 21,
where f is the desired cut-off frequency for the low-pass
filter. BATLPF occupies bits 3 through 15 in its
corresponding RAM location and must be shifted up
three bit positions, hence the multiplication by 22 in
Equation 21. Typically, f is set to 10 Hz, which yields
BATLPF = 0xA10.

BATLPF = 2°x DEC2HEX(2—X mx L 4096)

800

Equation 21.Equation for BATLPF
Refer to “AN58: Si3220/Si3225 Programmer’s Guide”
for all register and RAM location definitions.

Sleep, Open, On-Hook Active Standby and
OHT States

The supply current and power dissipation applicable to
the Sleep, Open, On-Hook Active Standby and On-
Hook Transmit states are provided in Table 3 (for
Vpp =+3.3V) and Table 4 (for Vpp=+5V) in the
Si3220/Si3225 data sheet. The specified currents and
power dissipations given in these tables are per-
channel. These specifications are reproduced in Tables
11 and 12 for convenience.

Table 11. Ipp for Sleep, Open, Standby, and OHT States

SELICON LABORATORIES

Symbol Conditions Vpp =+3.3V Vpp =15V Units
lbD.SLEEP RESET/=0 1 1 mA
Ibp.oPEN 15 20 mA
lpp.sTBY 15 20 mA
Ibb.OHT OBIAS =4 mA 44 60 mA
Table 12. Iy,gat for Sleep, Open, Standby and OHT States
Symbol Conditions Vpp =+3.3V Vpp=+5V Units
l\VBAT SLEEP VBAT =70 V 100 100 A
l/BATOPEN VBAT =70 V 225 225 A
®
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Table 12. I\,ga7 for Sleep, Open, Standby and OHT States (Continued)

lvBAT.STBY VBAT =-70 V 400 400 iy
l\/BAT.OHT VBAT =70V 8.4 8.4 mA
OBIAS =4 mA

The currents and power dissipations associated with the
Sleep, Open, On-Hook Active Standby, and OHT states
are well under the worst-case values and, therefore, do
not set the requirements for power supply currents and
overall chip set power dissipation.

m The Sleep state occurs while the RESET pin is held
low.
The Open state refers to LINEFEED = 0.
The On-Hook Active (Fwd/Rev) standby state refers
LINEFEED = 1 or 5 while the CPE is in the on-hook
state (i.e. I gop = 0).

m The OHT (Fwd/Rev) state refers to LINEFEED = 2 or
6.

The worst-case supply current requirements and device
power dissipations occur either in the Off-Hook Fwd/Rev
Active state (LINEFEED = 1, off-hook) or in the ringing
state, which are covered in later sections.

Refer to “AN58: Si3220/Si3225 Programmer’s Guide”
for all register and RAM location definitions.

Supply Current (Fwd/Rev Active Off-Hook)

The supply currents required from Vpp and Vgat in the
Forward/Reverse Active Off-Hook state are provided in
DS-Si322x in Table 3 (for Vpp = +3.3 V) and in Table 4
(for Vpp = +5 V). These specifications are reproduced in
Equation 22 and Equation 23. The stated overhead
currents assume an ABIAS setting of 4 mA. If ABIAS is
increased, Ipp oq.a iNcreases accordingly. Typically, an
ABIAS setting of 4 mA is adequate for the vast majority
of applications. Iy is the loop current limit programmed
via the I\ register. The Vpp overhead supply current
required by the Si3200 linefeed device (lIpp on) during
the off-hook state is 110 pA (for ABIAS = 4 mA).

Iop.a = lop.oHa * lop.on *lLim

Equation 22.Ipp (Fwd/Rev Active Off-Hook)
Equation 23 gives the current required from Vgt during
the forward/reverse off-hook active state.

IVBAT.A = IVBAT.OH.A-'-ILIM

Equation 23.IVBAT (Fwd/Rev Active Off-Hook)

Power Dissipation (Fwd/Rev Active Off-
Hook)

Equation 24 gives the power dissipated in the Si3200
linefeed device while sourcing dc power to the line and
off-hook CPE.

Psiz200a = 1.02x (I y +1gja8) X (|VBAT| +0.7V)
2
—(ryx Ly che) x I im

Equation 24.Power Dissipated in the Si3200 Line

Feed
where:
B Pgizo00.4 IS the power dissipated in the Si3200 in
watts.

m | v is the off-hook loop current limit as set by the
ILIM register in amperes.

m Igas is the audio overhead current set by the ABIAS
field in the SBIAS register in amperes.

m Vgt is the battery voltage (may be set to VBATH or
VBATL, depending on loop length).

m 1, is the resistance per unit length of the loop in
ohms per unit length (feet or meters).

m L, is the loop length in feet or meters.

B Rgpe is the off-hook dc resistance of the CPE in
ohms.

While operating the dc feed with Vgt , the worst-case
power dissipation occurs at zero loop length and can be
computed by letting Vgar=Vgar. and L, =0 in
Equation 24, resulting in Equation 25.

Psiz200.a = 1.02x (I )y +1gjas) X (‘VBAT| +0.7V)

2
_che.min x17Lim

Equation 25.Pgj3000.a (WOrst-case @ VBATL)
While operating the dc feed with VBATH, the worst-case
power dissipation occurs at the loop length that results in
the battery switching from VBATL to VBATH and can be
obtained by letting VBAT = VBATH and r, x L, +
Rcpemin = Rsw in Equation 24. Rgy is given by
Equation 10.

10
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Psiz200.a = 1.02x (I +1gjag) % (|VBATH| +0.7V)

_(|VBATL| —Vem—Vou) xlim

Equation 26.Pgj3000 o (WOrst-case @ VBATH)

Equation 27 is used to calculate the power dissipated in
the Si3220/Si3225 during the Forward/Active Off-Hook
state.

Psizooxa = (Vpp=0-7V) x 1 jm + Vpp X Ipp oHa

Equation 27.Power Dissipated in the Si322x
where:

m  Pgizox A IS the power dissipated in the Si3220/
Si3225 in watts
m Vpp is the power supply rail (+5 V or +3.3 V)

m | is the loop current as set by the ILIM register in
amps

B Ipp oH.a IS the Si322x Vpp overhead current (38 mA
@ Vpp=+5Vor22mA @ Vpp = +3.3V)

Equation 24 through Equation 27 assume that the dc
feed will enter into the constant current region, such that
the loop current will equal I . If the loop dc resistance
is such that I,y cannot be reached, the dc feed will
operate in the constant voltage region with a loop
current less than Iy, and the power dissipation will be
reduced accordingly. See "DC Feed Characteristics,” on
page 13.

Supply Current
(Internal Sinusoidal Ringing)

The push-pull linefeed architecture of the Si3220 and
Si3200 chipset results in a full-wave rectified supply
current demand during sinusoidal ringing generation.

Equation 28 gives the average value of a full-wave
rectified sinusoid of peak amplitude A as 2/x x A.

T

_ll_x [Axsin(2xmxfxt)xdt = %XA
0

where

1
T= =
f

Equation 28.Average Value of a Full-Wave Rectified
Sinusoid

Equation 29 gives the average power supply current

during sinusoidal ringing generation required from the

Vpp and Vgar rails per-channel to drive the loop. The

loop impedance magnitude (|Z,q0p|) is the sum of the dc

resistance of the twisted pair wire (Rjoop), the magnitude
of the ringer impedance of the CPE (|Zng(REN)|) and
the output impedance of the SLIC during ringing
generation (Royt=320 Q).

| _ Vring.gk 2
AVERING.SINE = Tz, T

oop
where

|Zloop‘ = RIoop + ’Zring(REN)‘ *Rour

Equation 29.Average Ringing Current
Viing.pk 1S the programmed ringing amplitude or open
loop ringing voltage.
Equation 30 gives the current required from the Vpp rail
during ring.

IDD.R = IAVE.RING.SINE + IDD.OH.R

where
26 MA@ Vpp = +5V

| =
DD.OH.R { 22MA @ Vpp = +3.3V

Equation 30.Average IDD Ringing Supply Current
(Sinusoidal Ring)
Equation 31 gives the current required from the Vgar
rail during ringing generation.

IVBAT.R = IAVE.RING.SINE

Equation 31.IVBAT Ring Supply Current (Sinusoidal
Ring)

The Vpp rail and the Vgt rail must each be capable of

supplying their respective supply currents multiplied by

the maximum number channels that may

simultaneously generate a ringing signal.

Power Dissipation
(Internal Sinusoidal Ringing)

The worst-case power dissipation in the Si3200 and
Si3220 during internal ringing generation occurs when
the loop length is zero and the ringer impedance of the
CPE is at the minimum expected value (i.e. maximum
REN). Ringer impedance magnitude as a function of
REN is defined in Equation 3.

Equation 32 gives the power dissipated in the Si3200
linefeed device during sinusoidal ringing generation.
The term lave rinc.sINE IS defined in Equation 29.
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Psisgzoor = ([Veat| *0.7V) x| ave RinG.sINE + IDD.OH

2
x (Vpp * |[VeaT|) —1"L00OP.RMS.SINE X (|Z/jng(REN)| + Ry50,)
where

| _ VRMSs.SINE
LOOP.RMS.SINE =
RLoop *|Ziing(REN)|

Equation 32.Si3200 Power Dissipation (Sinusoidal
Ring)
Equation 33 gives the power dissipated in the Si3220
during sinusoidal internal ringing generation.

I:)Si3220.RING.SINE = VDD % IDD.OH.R

+ (VDD —0.7V) x IAVE.RING.SINE

where
26 MA@ Vpp = ¥5V

| =
DD.OH.R { 22MA @ Vpp = +3.3V

Equation 33.Si3220 Power Dissipation (Sinusoidal
Ring)

Supply Current
(Internal Trapezoidal Ringing)

The Si3220 can be programmed to generate a
trapezoidal ringing signal. Provided that the added
harmonic content is not objectionable, a trapezoidal
ringing signal may be used instead of a sinusoidal
ringing signal in cases where a greater crest-factor is
desired. Crest-factor is defined as the ratio of the peak
voltage and RMS voltage, as shown in Equation 34.

The push-pull linefeed architecture of the Si3220 and
Si3200 chipset results in a full-wave rectified supply
current demand during ringing generation. The rise time
of the trapezoidal signal is computed from the desired
crest factor (CF), as shown in Equation 35. The average
value for a full-wave rectified trapezoidal waveform is as
given in Equation 36.

CF:XLK
\%

rms

Equation 34.Crest Factor (CF)

3

t, = ——x|[1-—=

rise 4Xfring ( CF

Equation 35.Rise Time as a Function of CF and
Ringing Frequency

L b
Tring
Equation 36.Average Value of a Full-Wave Rectified
Trapezoid
Equation 37 gives the average ringing current delivered
to the loop during trapezoidal ringing.

Vring.pk trise
|AvE RING.TPZ = Z100p) X(l_ . )
oop ring
where
Zloop: I:eloop + ’Zring(REN)‘ + I:"OUT

Equation 37.Average Ring Current (Trapezoidal)
Equation 38 gives the Ipp supply current required during
trapezoidal ringing.

IDD.RING.TPZ = IAVE.RING.TF’Z + IDD.OH.R

where

26 MA@ Vpp = +5V
| =
DD.OHR { 22MA @ Vpp = +3.3V

Equation 38.1pp Supply Current (Trapezoidal Ring)
Equation 39 gives the lygar supply current required
during trapezoidal ringing.

IVBAT.RING.TPZ = IAVE.RING.TPZ

Equation 39.lygat Supply Current (Trapezoidal
Ring)
Power Dissipation
(Internal Trapezoidal Ringing)
Equation 40 provides the power dissipated in the
Si3200, and Equation 41 provides the power dissipated

in the Si3220 during trapezoidal ringing; the term Iy is
given by Equation 37.

_ 2
Psis200.riNG. TPz = ([VBaT| +0.7V) X lave rinG. TPz + Ibp.oH X (VDD *+ |VBaT]) = LOOP RMS.TPZ X (|Z}j54(REN)| + R 54,

where

| — VRING.PK
LOOP.RMS.TPZ — CE

Equation 40.Power Dissipated in the Si3200 (Trapezoidal Ringing)

12 Rev. 0.1

>4

SELICON LABORATORIES



ANB88

F)Si3220.RING.TPZ = VDD x IDD.OH.R + (VDD —-0.7V) % IAVE.RING.TPZ

where

26 MA@ Vpp = +5V
| =
DD.OHR {22 mA @ Vpp = +3.3V

Equation 41.Power Dissipated in the Si3220 (Trapezoidal Ring)

Thermal Management Considerations

Proper PCB design and air circulation are critical to
proper line card design. The effective junction-to-
ambient thermal resistance of a design is largely
dependent on the design of PCB heat slug structures
(copper fill) for the Si3200 and Si3220/Si3225 device
packages.

Furthermore, the 6;, of 55°C/W for the Si3200 and 6, of
25°C/W for the Si3220/Si3225 stated in Table 1 of the
Si3220/Si3225 data sheet, assume a certain minimum
PCB heat slug design (PCB copper fill under the chip
packages). A proper solder bond between each device
paddle and its corresponding PCB heat slug is also
critical to achieving optimal 6.

Refer to “AN55: Si3220/Si3225 User Guide” for detailed
PCB design guidelines. Additionally, the system
designer must carefully consider enclosure ventilation
and proper airflow in order to guarantee the maximum
ambient temperature that will be experienced by the line
card design during worst-case operating conditions.

DC Feed Characteristics
The Si3220/Si3225 features a proprietary dc feed

RAMValue = DEczHEx(zxCElLlNG(ROUND(des'red volta e)

design known as adaptive linefeed.

Figure 1 shows the V/I characteristics of adaptive
linefeed. Essentially, adaptive linefeed changes the
source impedance of the dc feed as well as the open-
circuit voltage (VOC) in order to ensure the ability to
source extended loop lengths. The following sections
provide a detailed explanation of adaptive linefeed.
Also, see “DC Feed Characteristics” in the Si3220/
Si3225 data sheet.

Adaptive Linefeed Example

This section provides a detailed description of adaptive
linefeed operation by utilizing an example. The behavior
of adaptive linefeed is controlled by the following RAM
locations: VOV, VCM, VOC, VOCLTH, VOCHTH, and
VOCDELTA (see Equation 42). The | register also
plays a role in determining the behavior of the dc feed
as it sets the current limit for the constant current
source. I is a b5-bit register field, which is
programmable from 18 mA to 45 mA in 0.875 mA steps
(i.e. I ;m = Ox0 corresponds to 18 mA and I ;= Ox1F
corresponds to 45 mA).

)

1.005 VvV

Equation 42.VOV, VCM, VOC, VOCLTH, VOCHTH, and VOCDELTA

In the above equation, the ROUND function rounds the
result to the nearest integer while the CEILING function
rounds-up the result to the nearest integer. The
DEC2HEX function converts a decimal integer into a
hexadecimal integer.

The RAM values shown in Table 13 where used to

generate the adaptive linefeed V/I curve shown in
Figure 1. Note that a battery voltage of —56 V was also

assumed, as shown in Table 13. The value of
VCM =3V provides sufficient voltage headroom to
support a +3.1dBm signal into a 600 Q at an Iy
setting of 22 mA. The value of VOV =4V provides
sufficient headroom to support a +3.1 dBm signal into
600 W with an Iy setting of 45 mA. VOC is chosen as
approximately VBAT — VCM — VOV, hence the value of
—48 V.

Table 13. Adaptive Linefeed Example Values

VBAT | VOV VCM VOC ILIM | VOCLTH | VOCHTH | VOCDELTA
56 V/ 4v 3V —48V | 20mA | -7V +2V +6V
®
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Figure 1. V/I Behavior

When the Si3220/Si3225 is used with the Si3200
linefeed device, the source impedance of the dc feed is
640 Q before the adaptive linefeed transition and 320 Q
after the adaptive linefeed transition, as shown in
Figure 1. Alternatively, when the Si3220/Si3225 is used
with a discrete bipolar transistor linefeed, the source
impedance of the dc feed is 320 Q both before and after
the adaptive linefeed transition.

On-Hook to Off-Hook Transition

Referring to Figure 1, point (1) represents the open-
circuit voltage (VOC =-48 V) of the dc feed. At point
(1), the source impedance of the dc feed is 640 Q
(320 Q for discrete bipolar transistor linefeed) and
V1r = VOC, since no current flows in the loop. When a
dc load is connected across TIP and RING, and as dc
current begins to flow in the dc loop, the product of the
dc loop current and the 640 Q (320 Q for a discrete
bipolar transistor linefeed) source impedance causes
the V1R voltage to decline linearly with increasing loop
current. When the Vi voltage reaches the VOCLTH
threshold (point 2), adaptive linefeed switches the
source impedance of the dc feed to 320Q and
simultaneously boosts the value of VOC by VOCDELTA
(point 3). The source impedance of the dc feed will now

remain at 320 Q until the programmed current limit (I, ;)
is reached (point 4). At point (4), the dc feed has
entered into the constant current mode of operation.

Off-Hook to On-Hook Transition

As the dc loop is opened, the dc feed will exit the
constant current region (point 4) and enter the 320 Q
source impedance region. As the current in the loop
collapses, the V1r voltage will linearly increase until
VOCHTH (point 5) is reached. At this point, adaptive
linefeed will transition to a source impedance of 640 Q
(320 Q for discrete bipolar transistor linefeed) and
decrease the VOC voltage by VOCDELTA (point 6).

VOCTRACK and Adaptive Linefeed Hysteresis

The two thresholds, VOCLTH and VOCHTH, control
adaptive linefeed hysteresis as seen in Figure 1. As
described in the previous sections, VOCLTH is the Vg
voltage threshold at which adaptive linefeed will
transition from a source impedance of 640 Q (320 Q for
discrete bipolar transistor linefeed) to a source
impedance of 320 Q, while at the same time increasing
VOC by VOCDELTA during the on-hook to off-hook
transition. Conversely, VOCHTH is the threshold at
which adaptive linefeed transitions from a source

14 Rev. 0.1
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impedance of 320 Q2 to a source impedance of 640 Q
(320 Q for discrete bipolar transistor linefeed), while at
the same time decreasing VOC by VOCDELTA.

VOCTRACK is a RAM location and is the actual open-
circuit voltage that is being fed to the line. VOCTRACK
is dependent on the measured Vgar voltage. The
behavior of VOCTRACK is as shown in Equation 43.
Simply put, as long as Vgar is sufficient to supply VOC
+ VOV + VCM, VOCTRACK is equal to the programmed
VOC. However, if Vgar becomes too small to support

VOC + VOV + VCM, VOCTRACK will track the battery
voltage so that the programmed VOV and VCM are
satisfied at the expense of a reduced VOC voltage. In
the example of Figure 1,

[VBAT| = 56 V=VOC+VOV +VCM
therefore
VOCTRACK =VOC =48V

’VBAT‘ 2Vgoc*+Voy * Ve = VOCTRACK = VOC

|VBAT‘ <Vgoc +Voy +Vey = VOCTRACK = |VBAT’ -(Vov+Vew)

Equation 43.VOCTRACK Behavior

The values of VOCLTH and VOCHTH are set relative to
VOCTRACK. In the example of Figure 1, VOCLTH is
given as -7 V and VOCHTH as +2 V. This implies that
the VOCLTH threshold is located seven volts below the
prevailing value of VOCTRACK while the VOCHTH
threshold is located two volts above the prevailing value
of VOCTRACK. Therefore, the VOCLTH and VOCHTH
thresholds will automatically track the battery voltage
along with VOCTRACK.

In order to provide an adequate level of adaptive
linefeed hysteresis between the on-hook to off transition
and the off-hook to on-hook transition, VOCLTH is
programmed to be below VOCTRACK (e.g. -7V
relative to VOCTRACK) and VOCHTH is programmed
above VOCTRACK (e.g. +2V above VOCTRACK).
Also, VOCHTH must be less than VOV — 1V, to ensure
that a proper adaptive linefeed transition will occur in a
reduced battery scenario.

Dual ProSLIC® Coefficient
Generation

Silicon Laboratories provides an Si3220/Si3225
Coefficient Generator Windows® application that is
used to synthesize 2-wire impedance synthesis
coefficients, 4-wire echo cancellation coefficients, and
transmit and receive equalizer coefficients. The
designer must supply the specifications for the desired
2-wire impedance (the impedance that the SLIC must
present to the line), hybrid balancing impedance (the
impedance presented by the line to the SLIC), and the
desired transmit/receive frequency response.

The Si322x/Si3200 chipset provides programmable
impedance synthesis architecture capable of satisfying
2-wire return loss requirements around the world. The
designer must identify the list of 2-wire terminating
impedances that are required for the application and
generate coefficients for each one of the required

impedances. Already synthesized coefficients for most
countries around the world are also available from
Silicon Laboratories.

The Coefficient Generator also synthesizes coefficients
for balancing the echo cancellation path within the SLIC
in order to provide a sufficiently large 4-wire return loss
(far-end echo return loss). The impedance used to
balance the echo cancellation path may be the same, or
it may differ from the 2-wire return loss impedance
synthesized by the SLIC.

Finally, the Coefficient Generator also synthesizes TX
and RX equalizer coefficients to meet a user-specified
transmit and receive gain versus frequency response.
Refer to:

m “AN63: Si322x Coefficient Generator User’s Guide”
m  Si322x Coefficient Generator Windows® Application

Ringing and Ring Trip
Characteristics

Ringing and ring trip characteristics of the Si3220 and
Si3225 are covered in detail in “AN86: Ringing/Ringtrip
Operation and Architecture on the Si3220/Si3225".

Audio Performance

The audio performance specifications for the Si3220/
Si3225 can be found in Table 5 of the Si3220/Si3225
data sheet.

Since audio performance may be detrimentally affected
by the characteristics of the Printed Circuit Board (PCB)
design, it is extremely important that proper PCB design
guidelines be followed. Refer to “PCB Design
Guidelines” in this document.

Furthermore, line card performance should be
thoroughly  verified against industry  standard
requirements using equipment, such as the Wandel &
Goltermann PCM-4.
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Refer to:

m Table 5 “AC Characteristics” in the Si3220/Si3225
data sheet

m “AN39: Connecting the ProSLIC to the W&G PCM-4"
m “AN55: Si3220/Si3225 User Guide”

Protection Circuitry

Figure 2 shows a surge protection circuit arrangement
that supports a number of different population options.
This is the same protection circuit that is featured in the
Si3220DCO-EVB and Si3225DCO0-EVB evaluation
board designs (see Table 3).

The over-voltage protection aspect of the surge
protection circuit must consider the most negative
battery voltage that is used in the line card design and
the maximum voltage that can be tolerated by the
linefeed circuitry. The linefeed circuit can be the Si3200,
which can safely tolerate up to 100V, or a discrete
bipolar transistor linefeed, which is typically capable of
safely tolerating up to 200 V or even 300 V, depending
on the voltage ratings of the selected discrete
transistors.

For cases where the most negative battery voltage in
the system is substantially less than the maximum
voltage tolerated by the linefeed circuit, it is possible to
use fixed-voltage clamping devices, such as D3 and D4,
as shown in Figure 2 (in this case, U4 is not installed).
In this case, the maximum clamping voltage for the
clamping device must be less than the absolute value of
the maximum voltage tolerated by the linefeed and
greater than the absolute value of the most negative

Veramp(max) < |V LFmax)|

Verampmin) > [VeaTH|

Equation 44.Fixed Voltage Clamp Selection

where

® V| F(max) is the absolute maximum voltage rating of
the linefeed (Si3200 or discrete)

B VcLaMP(max) IS the maximum clamping voltage for
the voltage clamping device

" VcLamP(min) is the minimum clamping voltage for the
voltage clamping device

In cases where the most negative battery voltage is
near the maximum voltage safely tolerated by the
linefeed circuit, it becomes necessary to use a battery
tracking clamping device, such as U4, as shown in
Figure 2 (in this case, D3 and D4 are not installed).

The overcurrent devices (RF1/RF2 or RF5/RF6 in
Figure 2) must be selected taking into consideration the
requirements of the application (e.g. Bellcore GR-1089,
ITU-T K.20, K.21, UL60950/EN60950, etc.) with respect
to the current-limiting device rated surge current
waveform capabilities and ac power fault capabilities.
The surge current waveform and ac power fault
capabilities of the voltage-clamping device must also be
considered with respect to the application’s
requirements.

The following sub-sections provide the recommended
component population options for the circuit, shown in
Figure 2, which are applicable to various typical

battery supply. This requirement is expressed in applications and surge requirements.
Equation 44.
RF1
1
F1250T
RF5
TIPa_ext K D TIPA
NI TS250-130-RA
D3
T " _1_RV1 .
S =2 e g N
8 s
e = A v —Lcas —Lc37 —H RING  NC 4
/N TISP610898 0.1u 0.1u
P1101SC /77 100V 100V B1101UC /77
RF6 VBPROT
RINGa_ext & SPRINGA
NI TS250-130-RA
RF2
1 2
F1250T
Figure 2. Surge Protection Circuitry
®
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Si3220 with Discrete Linefeed (Int. Ringing,
VBATH = -150 V)

The arrangement and components recommended in
this section satisfy the lightning surge and ac power
fault requirements set forth in Bellcore GR-1089, ITU-T
K.20 and K.21.

When using a discrete bipolar transistor linefeed with
internal ringing, the most negative battery voltage may
be selected to be as much as —160 V. In this case, a
most-negative  battery tracking voltage-clamping
arrangement is required. Follow the population options
provided in Table 14.

Table 14. Discrete Linefeed (Internal Ringing, VBATH = -150V)

Reference | Recommended Recommended Comments

Number Manufacturer Part Number

D3, D4 — — Not installed

U4 Bourns TISP61089B For battery voltages up to —155 V
RF1, RF2 — — Not installed
RF5, RF6 MMC L11A050AA Thick film surge resistors
or
Bourns 4B06B-522-RC

Si3225 with Si3200 Linefeed
(External Ringing)

The arrangement and components recommended in
this section satisfy the lightning surge and AC power
fault requirements set forth in Bellcore GR-1089, ITU-T
K.20 and K.21.

When the Si3225 is used in conjunction with an external
ringing source, said ringing source is assumed to have
its own protection circuitry (not shown in Figure 2). The
Si3200 linefeed device is rated for a maximum voltage
of 100 V. Thus, the determining factor for the selection
of the over-voltage clamping device is the value of the

most negative battery voltage in the system. If the most
negative voltage in the system is close to the maximum
rating of the Si3200 (i.e. —100V), then follow the
population scheme shown in Table 14. On the other
hand, if the most negative battery voltage in the system
is well above —100 V (e.g. —72 V), use a fixed clamping
voltage device with a maximum clamping voltage that is
less than 100 V and a minimum clamping voltage that is
greater than the absolute value of the most negative
battery voltage. Table 15 provides an example for
VBATH =72 V.

Table 15. Si3200 Linefeed (Internal Ringing, VBATH =—-72 V)

Reference | Recommended Recommended Comments
Number Manufacturer Part Number
D3, D4 Teccor P0901SC Vprm =75V, Vg=98V
ua — — Not installed
RF1, RF2 — — Not installed
RF5, RF6 MMC L11A050AA Thick film surge resistors.
or
Bourns 4B06B-522-RC

Refer to AN55

“Si3220/Si3225 User Guide” where

PCB Design Guidelines

In order to realize high-quality, low-noise performance
and to optimize thermal dissipation, it is extremely
important to follow the PCB layout guidelines
recommended by Silicon Laboratories.

detailed layout recommendations are provided.
Excel Design Tool

This application note is provided with a companion
Microsoft® Excel Workbook that allows the user to enter
the design parameters of the application and computes
the various equations presented in this document. This
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Excel file plots the power dissipation of the Si3200 line
feed device as a function of total loop resistance in the
Fwd/Rev Active off-hook state. The Excel workbook
also provides fast computation of supply currents and
power consumptions for any arbitrary combination and
number of channels in any of the possible states (i.e.

This Excel tool is used in the next section to calculate
the various parameter values associated with a design
example.

Short Loop Design Example

Table 16 provides the parametric requirements of a

SLEEP, OPEN, STANDBY, OHT, ACTIVE and typical short loop line card design, such as a VolP
RINGING). application.
Table 16. Design Example #1 Parameters
Parameter | Value Units Comments
Symbol
Tamax 70* °C Maximum ambient temperature
Linax 2000* Feet |Maximum loop length in feet
Mw 0.09* Qfft AWG 24
RLoop.mAX 180 w Maximum loop dc resistance
Repe.min 140* w Minimum CPE resistance
Rcpe.max 430* w Maximum CPE resistance
ILim 25* mA ILIM register setting
IgIAS 4 mA ABIAS register setting
maxREN 5* unitless | Maximum ringer equivalence number
Viing.CPE.min 40* Vims Minimum CPE ringing voltage (RMS)
frRING 20* Hz Nominal ring frequency
VorE 0* Volts Ringing dc offset (See “AN86: Ringing/Ringtrip Operation
and Architecture on the Si3220/Si3225")
VoOVRING 0* Volts Ringing overhead (typically 0 V)
Vpp 5* Volts Supply voltage
Ve 3* Volts Typical VCM RAM setting
Vov 4* Volts Typical VOVRAM setting
k 0.9* unitless | Power dissipation margin factor
*Note: These values are entered into the “Parameters” worksheet of the AN88 workbook.

Si3220 vs. Si3225 Selection

Since the application is for a relatively short loop (2000
ft. max.), the ringing requirements can be supported
with internal ringing and, therefore, the Si3220 is
selected.

Temperature Grade Selection

The application calls for a 0°C to +70°C device
temperature grade. The corresponding ordering part
numbers are Si3200-KS and Si3220-KQ.

ANB88 Workbook Computations

Table 17 shows the computations for this design
example carried out by the companion Excel workbook.

The Excel workbook selects VBATL=-30V and
VBATH =-78. The user may manually enter other
values for VBATL and VBATH in the “Power Dissipation
Graph” worksheet.

18 Rev. 0.1
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Table 17. Short Loop Design Example Computations

ANB88 Symbol Value Units Comments
Equation No.
1 P4 max.si3200 1.273 w Maximum allowable power dissipation for
the Si3200
1 P4 max.siz22x 2.800 w Maximum allowable power dissipation for
the Si322x
5 [VBATLinl 17.8 \% Minimum low battery voltage (absolute
value)
7 [VBATL ol 42.5 V Maximum low battery voltage (absolute
value) (k =0.9)
Selected VBATL -30 \% Selected VBATL (midpoint between
VBATL jin and VBATL 1a)
8 Viing.RMS.min 54.3 V(RMS) Minimum required ringing voltage (RMS)
10 Rsw 920 Ohms Battery switching point in terms of loop +
CPE resistance
— Lsw 5444 ft Battery switching point in terms of loop
length
9 |[VBATH minl 77.78 \% Minimum high battery voltage (absolute
value)
11 |VBATHpax 59.40 V Maximum high battery voltage (absolute
value)
Selected Viing.rms 55 V(RMS) Selected ringing voltage (RMS)
Selected VBATH —78 V Selected VBATH
18 Vihres 26.0 \Y, Battery switching threshold in terms of
VR|NG VOItage
19 BATHTH 1534 Hexadecimal |Battery high threshold RAM value
20 BATLTH 1434 Hexadecimal |Battery low threshold RAM value
21 BATLPF AOE Hexadecimal |Battery switching LPF coefficient RAM
value
Look-up Ibp.SLEEP 1.110 mA Vpp supply current per-channel in SLEEP
mode.
Look-up Ibb.oPEN 20.110 mA Vpp supply current per-channel in OPEN
mode.
Look-up Ibp.sTRY 20.110 mA Vpp supply current in Fwd/Rev Active On-
Hook STANDBY mode.
®
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Table 17. Short Loop Design Example Computations (Continued)

Look-up loD.OHT 60.110 mA Vpp supply current per-channel On-Hook
transmit mode (OHT)
22 lbp.a 63.00 mA Vpp supply current per-channel in ACTIVE
mode
30 Ipb R 54.8 mA Vpp supply current per-channel in SINU-
SOIDAL RINGING mode
Look-up lBAT SLEEP 0.100 mA Vgat supply current per-channel in SLEEP
mode.
Look-up lvBAT.OPEN 0.225 mA Vgat Supply current per-channel in OPEN
mode.
Look-up lvBAT STBY 0.400 mA Vgat supply current per-channel in
STANDBY mode.
Look-up IVBAT.OHT 8.400 mA Vgat Supply current per-channel in On-
Hook transmit mode (OHT).
23 lvBAT A 29.40 mA Veat supply current per-channel in ACTIVE
mode
31 VBATR 28.8 mA Vgat Supply current per-channel in SINU-
SOIDAL RINGING mode
29 | AVE.RING.SINE 28.8 mA Average ringing current (sinusoidal,
Rloop = 0)
25 Psi3200.A @ VBATL 0.779 w Maximum Si3200 power dissipation in
ACTIVE mode @ VBATL
26 Psiz200.A @ VBATH 0.824 w Maximum Si3200 power dissipation in
ACTIVE mode @ VBATH
27 Psizzox A 0.298 w Si322x power dissipation in ACTIVE mode
32 Psiz200.R 0.248 w Si3200 power dissipation in SINUSOIDAL
RINGING mode
33 PSi3220.R|NG.S|NE 0.254 W Si322x power diSSipation in SINUSOIDAL
RINGING mode
Note: All supply currents and power dissipations are per-channel. All computations and looked-up values assume ABIAS
and OBIAS are set to 4 mA (See AN88).

Figure 3 shows the Si3200 power dissipation during Fwd/Rev Active Off-Hook as plotted by the AN88 Excel

workbook.

The required 2000ft. maximum loop length plus off-hook CPE resistance (equivalent to 180 Q + Rgpe) Will be
serviced entirely by VBATL from a dc feed standpoint, as seen in Figure 3, with ample power dissipation margin.

Meanwhile, the selected VBATH = —-78 V and Vring.rms = 55 Vrms will guarantee 40 Vrms of ringing signal being
delivered to the CPE over the longest possible loop and into a 5 REN ringer load.
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Figure 3. PSi3200 Power Dissipaton (@ VBATL and VBATH)
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Contact Information

Silicon Laboratories Inc.

4635 Boston Lane

Austin, TX 78735

Tel: 1+(512) 416-8500

Fax: 1+(512) 416-9669

Toll Free: 1+(877) 444-3032

Email: productinfo@silabs.com
Internet: www.silabs.com

The information in this document is believed to be accurate in all respects at the time of publication but is subject to change without notice.
Silicon Laboratories assumes no responsibility for errors and omissions, and disclaims responsibility for any consequences resulting from
the use of information included herein. Additionally, Silicon Laboratories assumes no responsibility for the functioning of undescribed features
or parameters. Silicon Laboratories reserves the right to make changes without further notice. Silicon Laboratories makes no warranty, rep-
resentation or guarantee regarding the suitability of its products for any particular purpose, nor does Silicon Laboratories assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation conse-
quential or incidental damages. Silicon Laboratories products are not designed, intended, or authorized for use in applications intended to
support or sustain life, or for any other application in which the failure of the Silicon Laboratories product could create a situation where per-
sonal injury or death may occur. Should Buyer purchase or use Silicon Laboratories products for any such unintended or unauthorized ap-
plication, Buyer shall indemnify and hold Silicon Laboratories harmless against all claims and damages.

Silicon Laboratories, Silicon Labs, ISOmodem, and ISOcap are trademarks of Silicon Laboratories Inc.
Other products or brandnames mentioned herein are trademarks or registered trademarks of their respective holders.
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