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STLC7550 APPLICATION NOTE

| - OVERVIEW

STLC7550 s a single chip analog-front-end (AFE)
designed to implement modems up to 56Kbps.

It has been designed for host processing applica-
tion in which the modulation software (V.34,
56Kbps)is performedby the main applicationproc-
essor: Pentium,Risc or DSP as wellas PC Modem
with DSP.

The main target of this device is stand alone appli-
cations as Hand-Held PC (HPC), Personal Digital
Assistants (PDA), Webphones, Network Com-
puter, Set Top Boxes for Digital Television (Satellite
and cable).

To comply with such applications STLC7550 is
powered nominally at 3V. 30mW maximum power
dissipation is well suited for battery operations. In
case of batterylow, STLC7550will continueto work
evenata?2.7V level.

STLC7550 provides clock generator for all sam-
pling frequencies requested for V.34bis and
56Kbps applications.

This AFE can also be used for PC mother boards
or add-ons cards or stand alone Modems. It is
compatible with previous STLC7546 designs and
can be powered at 5V.

Figure 1

Il - COMPATIBILITY WITH STLC7546

STLC7550 has been designed to be compatible
with STLC7546 application.

Additional features in STLC7550 are described

hereafter.

- a master/slave mode to allow a dual codec
structure,

- an integrated programmable frequency gener-
ator that makes STLC7550 codec able to gener-
ate all V.34 bis and 56Kbpssampling frequencies.
(see Chapter Il - Clock Generator),

- an on-chip crystal oscillator,

-a low power consumption of 30mwW @ 3V.
STLC7550 has been targeted for 3V application,
however it has a power supplyrange of 2.7t0 5.5
that allows it to work also in previous 5V (or 3V)
STLC7546 designs,

- Stand-by mode power consumption less than
3uW @3V.

Figure 2 gives the implementation of STLC7550as
a STLC7546 codec.

Note that STLC7550 M/S Pin must be connected
tovdd, and that there is no compatibility for test
modes (STLC7546test pinsand registers are used
for additionalfeatures in STLC7550).
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STLC7550 APPLICATIONNOTE

Il - COMPATIBILITY WITH STLC7546 (continued)
Figure 2 : Implementation of STLC7550 as a STLC7546 Codec
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Names within brackets correspond
to STLC7546 Pin names

Il - CLOCK GENERATOR
I11.1 - Clock Generator Modes

Figure 3 givesthe clock generatorarchitecture.Depending on the MCMinputstate, two modes are available

(see Table 1).
Table 1 : Clock generator modes
MCM XTALIN XTALOUT SCLK FS Description
0 XTALIN pin should be driven | Not used. Should be left | XTALIN XTALIN/ STLC7546 mode.
by an Fsx OVER clock, [ open, or canbe connected OVER Sampling frequencies are
with Fs the required |to ground for compatibility generated externally.
sampling frequency. with STLC7546.
1 | Connected to a crystal XTALIN/ XTALIN/ All V.34 and 56Kbps
(e.g. 36.864MHz) (MxQ) | (OVERxMxQ) | frequencies are generated
internally by STLC7550,
by programming OVER, M
and Q registers.
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STLC7550 APPLICATION NOTE

Il - CLOCK GENERATOR (continued)
Figure 3 : Clock Generator

XTALIN
(MCLK)

Cont. Reg. : Bit 8-9-10-11-12-13

SCLK
XTALOUT MCM (OCLK)

> FS

Internal
Sampling

I11.2 - Crystal Oscillator

When Pin MCM is set to 1, the master clock is
provided by a crystal oscillator connected between
the XTALIN and XTALOUT Pins.

The nominal frequency of the oscillator is
36.864MHz. At this frequency, both third overtone
and fundamental mode crystals are available.

111.2.1 - Third Overtone Crystal Oscillator

Figure 4 gives the schematic for an oscillator using
a 36.864MHz third overtone crystal with a load
capacitance C. of 10pF. The design is a 'Pierce’
structure with an additional inductor at the output
side for right start-up at the third overtone.

Figure4 :  Oscillator Schematicfor 3rd Harmonic
Mode Crystals.
STLC7550
{9
XTALOUT L XTALIN

Fq = 36.864MHz

ﬁ,,,,il ,,,,, | Third overtone C, =10pF L____ I I,,,,§

IDI
Cp 10pF sl Cp 10pF

RSB c3
1.2uH 27pF
c2

10MQ = 10pF
s ;
; 10nF
‘4

Cp : parasitic capacitance
(PCB, IC input)

RSB is optional. This resistor influences the stand
by mode current consumption ISB : without RSB
ISB < 15 pA withRSB = 10MQ ISB< 1 pA. In order
to complete the start-up condition (i.e. at nominal
frequency the loop gain has a phase angle of 0
degrees and a module greater than 1), feedback
components must provide a -180 degrees phase
shift to the STLC7550 inverter action :

4127
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- 1st RC cell: output R of inverter / total output
capacitance,
- 2ndRC cell:serial R ofcrystal/ totalinput capacitance.

When the oscillator is running, currentis exchanged
throughthe crystal betweenits load capacitors, with
always inverted phase voltages across them.

When a serial resonant crystal is used in such an
oscillator, resulting frequency is always greaterthan
target frequency, and a too high capacitor value
should be necessary to converge. For this range of
frequencies (35 to 50MHz), a third overtone crystal
specifiedwith parallel 10pFload is suggested. Then,
the basis capacitor’s values of the “Pierce” design
are 20pFeach; if crystal is specified with higher Ci,
resulting capacitors can become too high for the
oscillator starting up. If an overtone crystal is used
in a classic “Pierce” structure without inductor, re-
sulting frequency will be around the fundamental.
If an inductive reactance is forced lower than the
capacitance’s one for the fundamental (see Figure
5), it cancels the start up condition of the oscillator
(+90 instead of -90 into a feedback cell). For the
third harmonic’s frequency of the crystal, using
properties of the LC cell, inductor’'s impedance is
lower than capacitance’s one. Then, resulting re-
actance is forced by the capacitance, and the goal
is reached.

Figure 5:  Third Overtone Oscillator Simplified
Schematic
-180° Near - 90° for H3 - 90°

(near + 90° for fund.)

OutputR Serial R of Xtal

C3|r
- C1 L1 ;
; C2
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STLC7550 APPLICATIONNOTE

Il - CLOCK GENERATOR (continued)

Computing of application’s schematic values
(see Figure 4)

The crystal is supposed to be specified as:
36.864MHz, third overtone, CL = 10pF.

Input capacitance of the oscillator has to be twice CL,

therefore 20pF made by :

- parasitic value Cp from the chip and from the
board layout, supposedto be about 10pF

- capacitor C3 (10pF)

On the output side, it is necessary to take care of

the inductorto computethevalue of C2. The L1,C1

cell preventsthe crystal to oscillate atits fundamen-

tal frequency. The cell cut-off frequency (Fc) is

typically set near 2/3 of the third overtone :

1) fc :% Ho with fc= 1

Fcvalue is not critical. Avalue too close to fg is not
recommended, because of thetoo high impedance
reached which can open the feedback network of
the oscillator.

TheL1,Clcellis also optimizedto balanceequiva-
lent capacitance at both crystal pins at fo. For this
purpose,at thirdovertone frequency,the L1,C1 cell
shouldbe equivalentto the C3 capacitor. Thisgives
the following condition :

1
J(Cs + Cp) [y

jL1 [

1-L1OC1 +Cp)
Using relation (1) with wo = 21t Cfg, this condition
can be reduced to :

(2) C]_ +Cp =

ZL ¢ =Zc3 with Zcz = and

ZLc =L1/Cl=

C3+Cp:C3+Cp:2C|_
2. 0.55
1- (§)

The closest standard value are :

C3 =10pF

C1=27pF

L1=1.2uH
Bypass capacitor's value is not critical (10nF to
100nF).C2=10nF

The final frequency will depend on the evaluation of
parasitic capacitors. An accuracy of + 10ppm is
possible.

Note that all oscillator components should be
mounted close to the codecwith direct tracesto the
XTALIN, and XTALOUT Pins.

‘ SGS-THOMSON
YT VICRGELECTRONIGS

Specifications for components values of
STLC7550 third overtone oscillator are :

Crystal:

- aserialresistor Rs 50Q. If higher, oscillator start-
up may be compromised.

- third overtone, parallel resonant mode

- frequency tolerance: + 50ppm (Frequency and
Temperature)

- a load capacitance CL around 10pF. If CL is
higher, resulting capacitors can become too high
for the oscillator starting up.

Inductor :

- L1 value: £ 10%

- DC resistance < 0.3Q

- Wirewound inductor recommanded

Capacitors:
C1,C2:+10%

111.2.2 - Fundamental mode crystal oscillator

Figure 6 gives the “Pierce” structure for an os-
cillator using a 36.864MHz fundamental mode
crystal.

C1 + Cp valueis chosen as two times the crystal
load capacitance CL.

Crystal specifications are :

- aserialresistor Rs 50Q. If higher, oscillator start-
up may be compromised.

- fundamental, parallel resonant mode

- frequency tolerance : £ 50ppm (Frequency and
Temperature)

- a load capacitance CL (10pF type for this fre-
quency crystal range). If CL is higher, resulting
capacitors can become too high for the oscillator
starting up.

Figure 6 :  Oscillator Schematic for
Fundamental Mode Crystals.
STLC7550
14‘ |7.
N P
8 9
XTALOUT T~ T XTALIN
§___I l___q. Fundamlental mode _.___I l___k
10pF I 10pF
i Cl=2CL Cl=2CL i
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STLC7550 APPLICATION NOTE

IV - SERIAL INTERFACE
V.1 - Control Mode

STLC7550 has only one 16-bit control register
which makes the codec easy to program.

The codec presents two differentmodes :

- aDatamodewhereonly dataare exchangedinthe
frame (Data Word Inputand Data Word Output).

- a Control mode where data are followed by Con-
trol words for register access (Control Word to
program the control register, and Register Word
to read the register state).

The mode (Data or Control) can be selected either

by software or hardware (see Figure 7) :

- Software : HC1 =HCO0= 0 and LSB of Data Word
Input select the mode :

- LSB=0: Datamode LSB =1 : Control mode

- Hardware : HCO= 1 and HC1 select the mode:

- HC1 = 0 : Data mode HC1 =1 : Control mode

Note that in Software control mode, Data Word
input is on 15 bits only. After the codec has been
configured it can be convenient to switch to the
Hardware Data Mode (HCO= 1, HC1=0)to geta
full 16 bits data exchange.

Figure 7 : Chronogram of Serial Interface for Data and Control Modes (Pin TS =0).

Sampling Period, (64, 96, 128, 160 or 192) |
1/2 Sampling Period i
_ |
FS I (only if Control mode selected)
D15 D1 DO D15
|
TxDI {— Data Word
Data Word Input (15 bits) X O 1\— Input (15 bits)
D15 DO D15
HC1 =0/ TxDO R Y J— Data Word
HCO =0 Data Word Output (16 bits) ) L Qutput (16 bits)
D15 D1 DO D15 DO D15
TxDI i . \ f— Data Word
Data Word Input (15 bns)XZ)—//—< Control Word (16 bits) } o/ L Input (15 bits)
D15 DO D15 DO D15
TXDO } —_ o\ ,, J— Data Word
|’ Data Word Output (16 bits) )—/ . Control Word (16 bits) ¢ 7/ i\— Output (16 bits)
|
D15 DO D15
5 I
TxDI —G Data Word Input (16 bits) ! { pata Word
HC1=0 . / \__ Input (16 bits)
HCO =1 D15 DO 915
TxDO Data Word Output (16 bits) ) ) C gii?n:/tv(olrg bits)
|
D15 DO D15 DO D15
— i
TxDI Data Word Input (16 bits) )—//—< Control Word (16 bits) & { Data word
7/ :
HCl =1 S L Input (16 bits)
HCO = x 15 DO D15 DO D15
TXDO —{! Dpata Word Output (16 bits) )—/ | Control Word (16 bits) C gii‘:‘)l}’t"("l'g bits)
6/27

‘_ SGS-THOMSON
Y/, MIGROELESTRONICS

AN930-07.EPS



STLC7550 APPLICATIONNOTE

IV - SERIAL INTERFACE (continued)
V.2 - Master/Slave Mode

Digital interface can be synchronized by either
STLC7550 (Master mode) or by an other device
(Slave Mode).

- In Master mode, the codec generates the FS
signal (FS Pinis an output), with half period extra
synchronization pulse for control frame if needed.

- In Slave mode, the codec receives the synchro-
nization signal FS on the Pin FS (set as input).
Half period extra synchronization pulse for control
frame should be also present on FS input when
needed. However since codec programming re-
quires only one frame (only one control register),
the 1/2 Sampling period pulse is not mandatory.
Inthat case programmingwill be done on the next
FS pulse and only one data sample will be lost.

Figure 8 : Dual Codec Application

IV.3-TS Pin

When TS = 0 data are assigned to the first 16 bits
after falling edge of FS (7546 mode) otherwise data
are in bits 17 to 32. (Note thatthe case M/S = 1 with
TS = 1is reserved for life-test). This feature allows
dual codec application. An example is given on
Figure 8, and the resultingchronogramof the serial
interface is given on Figure 9.

Note : whenprogrammingeithercodec in software
mode, both codecs should be in fact programmed
at the same time. As FS is the same for both, the
secondarypulse canbe interpretedas a mainpulse
by the codec that is not being programmed with a
complete loss of synchronisation. In hardware
mode this problemis not presentbecause HCO and
HC1 control both codecs at the same time.

f, = 36.864MHz (or other Frequency)

FS

DO

DI

PROCESSOR

XTALIN

SCLK
FS
DIN
DOUT TS

STLC7550

M/S
MCM

MASTER

HCO  HCl | copec
HCO  HC1
XTALIN
SCLK M/S GND
FS MCM GND
DIN TS Voo
DOUT

TLC7 SLAVE
STLC7550 CODEC

Figure 9 : Example of Serial Interface Chronogram for Dual Codec Application (HCO =0, HC1=0)

s T UL U AU AT

Sampling Period, (64, 96, 128, 160 or 192)

1/2 Sampling Period

FS

(Only if Control mode selected)

e L

D15 D1 DO D1 DO

D15 DO | D15

TxDO

MASTER CODEC SLAVE CODEC

TxDI Data Word Input (15 bIIS)sz Data Word Input (15 bIIS)'/_!

Data Word Output (16 bits) x Data Word Output (16 bits) )W‘f'_! Register Word (16 bits) )(
|

D15 DO | D15 DO

Control Word (16 bits) )( Control Word (16 bits) ey

D15 DO | D15 DO

Register Word (16 bits) Jrey e

MASTER CODEC SLAVE CODEC
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STLC7550 APPLICATION NOTE

IV - SERIAL INTERFACE (continued)
IV.4 - Reset and Powerdown (see Figure 10)
Serial Interface

Table 2 : Serial interface state during Reset and
Powerdown

Master Mode (M/S= 1)| Slave Mode (M/S =0)
MCM=1 | MCM=0 [ MCM=1 | MCM=0
SCLK |  Vpp MCLK Vbb MCLK
FS GND GND Hi z Hi Z
DOUT Hi Z Hi z Hi z Hi Z

Control Register

WhenResetPinissetto0,the codecis setto the state
giveninTable 3. In powerdown mode (PWRDWN =0),
no change is done on the configuration register, and
so the previous programming is preserved.

Table 3 : Reset State

Bits Reset Value Reset State

DO 0 -

D1 0 Main receive input
D2 0 0dB receive gain
D3 0

D4 0 Over =160
D5 0

D6 0 Infinite Transmit attenuation
D7 0

D8 1

D12 0 M=4

D13 0

D9 1

D10 0 Q=6

D11 0

D14 0 No Test mode
D15 0

Figure 10 : Resetand Powerdown Exit Time

V - TRANSMIT AND RECEIVE FILTER STAGES

V.1 - Transmit D/A Section
V.1.1 - Architecture (see Figure 11)

The complete D/A section is composed of the

following filter stages :

- transmit low pass filter (interpolating filter) with com-
bination of FIR + IIR as well sinx/x compensation,

- digital second order noise shaper,

- single pole analog low pass filter.

V.1.2 - Frequency Response

In band frequency response  (0-5kHz)

Figures 12 and 13 show the transmit frequency
response of the complete transmit channel.

The measurement have been done with a RODHE
& SCHWARZ AUDIO ANALYZER2Hz-300kHzUPD.
The sampling frequency is 9.6kHz and oversam-
pling ratio is 160. Figure 12 is the frequency re-
sponse with a accurate scale which shows that
thanks to the sinx/x compensation, the frequency
responseis flatin the frequency band [0-0.425x Fs].
Figure 13 shows the filter performances.

Out of band spectrum

Figure 14 gives the output signal measured at the
differential outputs OUT+OUT-. The total noise
level is this frequency band is -27dBV. In order to
comply which the out of band noise specification,
measured on the phone line, an external second
order continuoustime filter is necessary. Figure 15
shows the phone line spectrum measured with our
demoboard using the filter characteristics de-
scribed on Chapter VI of this application note. The
total noise level in the 100kHz band is -63dBV.

V.2 - Receive A/D Section (see Figure 16)

The A/D channel performs the decimation function
using 2 filters, one FIR and one IIR. The cut-off
frequencyis 0.425 x sampling frequency.

Reset State

RESET —|

160 x MCLK | Device Active

& LI
re— Operation Resume
PWRDWN—| Powerdown State Over x MCLK
FS D | | | | | |
Figure 11
—
LOW PASS FILTERIIR + FIR 2nd ORDER MODULATOR SINGLE POLE ANALOG
DIN B 5 /\x/X COMPENSATION . NOISE SHAPER ™ LOW PASSFILTER | out
0.425 x Sampling Frequency __OCLK
© 2xmx10
8/27
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STLC7550 APPLICATIONNOTE

V - TRANSMIT AND RECEIVE FILTER STAGES (continued)
Figure 12 : Frequency Response (0-5kHz) Flat thanks to sinx/x compensation
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Figure 13 : Tx Filter Efficiency
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Figure 14 : Out of Band Signal at the Codec Output
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STLC7550 APPLICATION NOTE

V - TRANSMIT AND RECEIVE FILTER STAGES (continued)

Figure 15 : Out of Band Signal on the Phone Line
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Figure 16 : AD Section Filter (over = 160)
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STLC7550 APPLICATIONNOTE

VI- LINE INTERFACE

STLC7550 is targeted for V.34bis standard and

56kbpsnewstandardandforlow-powerapplication.

Line interface has to present:

- good performancesto allow high speed commu-
nication,

- a supply around 3V only,

- small size to allow the modem to fit in portable
applications for which low-power solutions are
usually dedicated.

An overview of the proposed modem line interface
isshown onFigure 17. TheSTLC7550 transmitand
receive signals from the phone line via a duplexor
(that isolates modem from phone line, filters and
amplifies signal) and a bridge (to allow the mo-
demtowork even Tip and Ring are inverted). Then

the line is taken with a ON HOOK/OFF HOOK
switch, and by driving a constant current (current
driver block). A ring detect block signals to the
digital controllervia the RING signalincoming calls.
The different blocks are detailed hereafter.

VI.1 - Duplexor
VI.1.1 - Differential Duplexor

This duplexor is also called hybrid for it interfaces
the 2-wire bi-directional phone line in two separate
differential and unidirectional lines to the codec
(Transmit and Receive). A differential duplexor for
the modem part is given on Figure 18. Hybrid
performances are mainly depending on a good
impedance matching with the phone line and a
good Transmit rejection onthe Receiveinput (loss).

Figure 17 : Line Interface Overview
Transmit
OuT+ I Bridge QTP
= I
OUT- 14 = © z
o Z = o
x W w = = 5
STLC7550 w x> n 5} 0]
a X ¥ i zg
fa) = x
IN+ a o 8 o) a
T &
IN- l
=
Receive O RING
OFF-HOOK f
RING-IN
Figure 18 : Differential Duplexor
Ascl ibl TLC7 [
Ro 220 C4 100pF | f. =19.6kHz *: As close as possible to STLC7550 pins
I__ *% : Optional - See note p 10/18
Zol2
+ I
R1 ok TO THE
Vo, 27kQ - PHONE
c1  Zol2 : LINE
N = 330nF_160Q
, 4 o=
T
/ MIDCOM
S R1 671-8332
T |— 27kQ
c1
IC_Z == 330nF
! 2060
5
5
0
R4 ;
AGND Pins
15kQ 3-5-10-12
Pins
Pins 1-7-8-14
R2 2-6-9-13
20kQ
1
| I
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STLC7550 APPLICATION NOTE

VI - LINE INTERFACE (continued)
Figure 19 : Line Interface Equivalent Model

DUPLEXOR

£l

Rs Rp

TIP
m—{_ o
‘ i
Zo | | Zline
~ !
"""""" VRING
Ideal
Transformer

A. Phone Line Impedance Matching

Impedancemismatches betweenline and DAA cause
reflections and interference between Transmit and
Receivesignalsgiving echoesthatlimitmodemspeed.
The impedance matching is related to the phoneline
impedance (Zline) - that depends on the country, line
length, and the signal frequency. The following sche-
matics are targetedfor Zline = 600Q. See paragraph
VI.1.4 for an example with complex impedance.
Figure 19 shows the equivalent model of a line
interface, where Zo is the duplexor equivalent im-
pedance, Rp and Rs the transformer resistance,
and Zline the phone line impedance.

The impedance matching conditionis :
Rp + Zo/m? + Rs/m? = Zline [1]
Application :
The MIDCOM 671-8332 transformer used gives
the following performances:
- Rp =155Q, Rs = 150Q
-turnsratiom=1+ 1%
- longitudinal balance : 40dB min.
- total harmonic distortion : 82dB
- insertionloss : 3.0dB Typ.

Zline = 600Q

[1] = Zo = (Zline-Rp) . m* - Rs = 295Q
Impedance recommended by MIDCOM is 316Q.
We take Zo/2 = 160Q.

**Note : the capacitor C2 is used to add a third
external pole for DAC-channelnoise rejection. Nev-
ertheless, it can increase electrical echo on receive
section. It is dependenton the phoneline type.

B. Transmit Rejection

For full duplex communication a Transmit signal
rejection on the Receive part is made by resistor
R1 and R2. In that way, only the incoming phone
line signal is present on the Receive output.

The loss of Transmit signal is given by (see Figure 20):

LOSS = VReceive 2
Vransmit (No signal received
_ 0 Zeg R1 R2 O
=000 7 BRiwR2 T RI+R2H
12/27
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with Zeq being the equivalent impedance of the
phone line impedance seen from the secondary of
the transformer.

Maximum loss is achieved when :

Zeq_R2
Zeo +Z0 R1 (3]
Application :

R2 = 20kQ, Zo = 320Q

Zeq = Rs + Rp [m? + Zline.m? = 905Q

[3] => R1 = (Zgq +Z0) [(R2/Zgq = 27.07kQ.

We take R1 = 27kQ.

[2] => Loss = -59dB (theoreticalvalue, resistor values
should be certified at 1% for good performances).

C1 =330nF.

C1, R1 improves the low frequency response.
These values depend on the transfer function of
the transformer. Filter transfer function made by
C1, R1 must compensate for the loss in trans-
former at low frequencies. If a compensation is
not needed, the capacitor C1 can be suppressed.

Figure 20 : Transmit Rejection simplified AC
Schematic
Zo/2_160Q
E— l P
Transmit Cc1 330nF Line
Signal T Signal

Receive Rs/2

Zeq/2

Zline/2 . m?

<

AN930-19.EPS
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STLC7550 APPLICATIONNOTE

VI - LINE INTERFACE (continued)

C. Transmit Filter (see Figure 21)

Atwo-pole continuoustime external filter must follow
the outputpinin order to remove quantizationnoise.
The filter characteristics are :

Transfer function with :

H=Gr D;ths—j

1+2 Kk +s°

w
21t e
DC gain:
_R6
GT= RS
Overvoltage factor : o

X—lEE_\/_R7 \/'RG \/_R6[R7 DD\/"CZI

2[C3
Cutoff frequency
1
2TVR7 URes UG [2 [IC3
fc must be at least twice the value of the sampling
frequency.

The filter also amplifies (with a gain Gr) the Trans-
mit signal to compensate the loss (Lt) due to the
divider made of resistor Z0O and equivalent line
impedance Zeq. The gain condition that makes the
codec maximum output level Ac to match with
maximum phone line level AL is :

Ac (Lt Gt =m AL

. _Re _ Zine
with Gt = R and Lt =70+ Zeo Zeo [5]

Forlow-power application,op-amp supply s limited
to 3V and can be a limitation. It is advised to use

fc = with fc > 2 [(fs [4]

Figure 21 : Transmit Filter

Ralil to Rail op-amp dedicated to 3V application.

Op-amp should never saturate, i.e. the op-amp

output signal peak-to-peak level should lie within

the supply range : Ac Gt <3V [6]

Application

DTMF levelis considered as the highestlevel to be

transmitted. Levels used in this application are :

- High group tone level : -9dBV + 2/-2.5 (1Vpp)

- Low group tone level : -11dBV + 2.5/-2(0.80Vrp)

- Thelevel ofthetonein the highgroupmust be 1dBto
4dBhigherthanthe level of the tonein the low group.

In consequencemaximum DTMF signal level is within
1.38 and 2.32Vpp. The maximum phone line level is
setto 2.2V (correspondingto a 0dBm single tone).

2 [AL = 2.2Vpp (2 [AL becauseof differential structure)
O AL=1.1Vpp

Z0 = 320Q, Zline = 600Q, Zeq = 905Q, [5] gives
Lt =0.490,Ac =1.25V,m =1

[5] gives Gt =m [AL/(Ac [Lt)=1.795 = +5dB

ChoosingR6 = 22kQ gives R8 = 13kQ (STLC7550
minimum load is 10kQ) and Gt =2

[6] Ac OGT =2.5VpPp <3V Op-Amp are not saturated

Note : The maximum line level during V.34 commu-
nication is around 1.2Vpp. This gives a maximum
signal level on codec output pin around 0.6Vpp
[1.2/(2 GGt [L1)] thatgives a good dynamic with no
distortion.

Sampling frequency : 9.6kHz gives fc # 19.2kHz
choosing R7 = 22kQ, C3 = 680pF and C4 = 100pF,
[4] gives fc = 19.6kHz

R6 22kQ
R6
22kQ C4 100pF
C4 100pF | f, =19.6kHz 1260(;;
R7 —
22kQ < B
>~.— 2 X 680pF $ 2xC3 RJ2
— 2X v —
.
] VCM — CcM ZEQ[Z RP/Z m2l *
R7 || 'r/n\
22kQ >_“_ e e
_ .
Zline/2 . m2 ine
b L S il
22kQ
* |deal transfomer C5 100pF Acl I N
G, L m
13/27
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STLC7550 APPLICATION NOTE

VI - LINE INTERFACE (continued)
D. Receive Ampilifier

Receive amplifier compensate with a gain Gr :

- the loss Lr due to the resistor R1 and R2 divider,

- the loss Lt due to the transformer, composed by
the resistor Zo and the transformer impedance
Rs + Rp O0m2

The gain condition that makes the maximum line

level AL match with the maximum STLC7550 input

level As is :

Application :

m=1

Maximum line level : 0dBm,

2 [AL =0dBm =2.2Vpp, AL =1.1Vpp,
R1=27kQ, R2 = 20kQ, Lr = 0.57,

Zo=320Q, Rs = 150Q, Rp =155Q, Lt =0.512,
As =1.25Vpp

Gr=As/(AL [Lr [L1) =3.89=11.8dB

Figure 22 : Receive Amplifier

We take R3 = 22kQ and R4 = 15kQ, gives
Gr = 3.93=+11.90dB.

Note : The maximum line level during V.34 commu-
nication is around 1.2Vpp. This gives a maximum
signal level on codec input pin around 0.68Vpp
[(2.2 /2). Lr OLT OGR)] that gives a good dynamic
with no distortion.

Resistor R4 has also the function of balancing
signhal TP1Rx+ and TP1Rx- to improve symmetry.

Note : Vais the average voltage between Vout+
and Vout-that representsthe outputasymmetry. In
ideal conditions it should be equalto 0.

The single pole anti-aliasingfilter (R5, C6) removes
high frequencynoises. C6 must be put as close as
possible to the chip. The cut-off frequency must be
lower than one half of the oversampling frequency
(i.e. lower than 460kHz).

TP1Rx+ |27

o

R4
STLC7550 | acnp R

* |deal transformer

Zol2

14/27
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STLC7550 APPLICATIONNOTE

VI - LINE INTERFACE (continued)
VI.1.2 - Low Cost DAA using A 1:1 Transformer

A duplexor for low-cost application is proposed on
Figure 23. Performance depends mainly on a good
impedance matching with the phone line and a
good Transmit rejectionon the Receive input(loss).
A. Phone Line Impedance Matching

See VI.1.1 Differential duplexor.

=>Z0 =320Q

B. Receive Amplifier

The amplifier gain Gr (fixed by R5 and R7) is
chosen to compensate the loss (Lr) given by the
divider composed by resistor Zo and transformer
impedance (Rs + Rp 0O0m2), with Viransmit = O

Figure 23 : Low Cost Duplexor

(see Figure 24). The condition to make maximum
line level AL match with maximum codec inputlevel
Asis:

Application :

m=1,

AL =0dBm = 2.2Vpp,

Rs + Rp Im2 = 305Q, Zo =320Q, Lr =0.512,

As =1.25Vpp,

Gr=AS/(m[ALLR)=1.109 = +0.9dB

Choosing R5 = 10kQ givesR7 = 10kQ and GR =1.

Note : The maximum line level during V.34 commu-
nication is around 1.2Vpp. This gives a maximum
signal level on codec output pin around 0.6Vpp
[1.2 Om [Lr + GR] that gives a good dynamic with
no distortion.

R3 22kQ

*% : Optional - See note p 10/18

C1 100pF | f.= 19.6kHz
R1
13kQ il 3589 1g3F MIDCOM
KF - 671-8332
OouT+ 36|—< [
- I
c2 R2 4.7UF/50V
680pF ™™ o10 ok -
co PHONE
OUT- [37] ) b orE LINE
R1 '
13kQ R3 = 100pF
S 22kQ $ Cc1 HRG
24kQ
AGND
T 100nF g AGND
L R5
C AGND 10k
7 R7
5 10kQ
I
5 "
0 .
13kQ
AGND 35
C4 Pins
g 330nF . 1-7
Pins
26
AGND

*: As close as possible to STLC7550 pins
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STLC7550 APPLICATION NOTE

VI - LINE INTERFACE (continued)

Figure 24 : Receive Amplifier Simplified AC Schematic (View From Line, No Transmit Signal)

Lr m
Al
Rs Rp.m2 o ‘
150Q  155Q | ,r/n\ i
1 —~'c
i é i Line
et
Receive N
As | |
Gr * |deal transformer
C.Transmit Rejection Figure 25 : Transmit Rejection Simplified AC
L L Schematic (View from Transmit Ampli-
For full duplex communication a Transmit signal fier, No Signal Received from The Line)
rejection is made on the Receive amplifier by sub- ’ 9
tracting the Viransmit signal.- Zo 320Q
The loss is given by : o
— L M
VReceive Transmit
LOSS = 7 ;
VTransmi'(NosignaIreceived) [ ] Slgnal R6
24kQ R4
B 0 Zeg  R5 R4 _R7+R50 14kQ
=00 R Ra+r6C R7 O Receive
with Zeg the equivalent impedance of the phone :__"_17 _
line seen from the secondary. R7
Maximum loss is achieved when : 10kQ Rs
ZEQ __ R4 |:R7 +R5 T
Zeqg+Zo R4 +R6 R5
. Rp . m? Zeq
Application :
R 5= 10kQ, R6 = 24kQ, R7 = 10kQ, T
R4 = 14kQ, Zeg =905Q , Zo = 320Q
Zline . m2
[7]1 = Loss = -54dB (Theoretical value, resistor

values should be certified at 1% for good perform-
ances.)

16/27
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STLC7550 APPLICATIONNOTE

VI - LINE INTERFACE (continued)
D. Transmitfilter

A two-pole continuous time external filter must
follow the output pin in order to remove quantiza-
tion noise. The filter characteristics are :

Transfer function :
V
ouT _ G 1
VIN 1+2X5+s

R3
Cr="m1

H=

with s =]

()
2 2nt e

DC gain:

Peak factor :
: 1 3 \/PZ @?3
X=3 R3 \/-R é&/

Cutoff frequency : fc =

with fc > 2 s [8]
fc must be at least twice the value of the sampling
frequency.

The filter also amplifies (with a gain Gr) the Trans-
mit signal to compensate the loss (Lt) due to the
divider made of resistor Zo and equivalent line
impedance Zeg. The condition that makes the
codec maximum output level Ac match with maxi-
mum phone line level AL is :
Ac [Lt Gt =m AL
2

with GT ﬁ—i and Lt = —i")”i g’E‘Q 9]
Forlow-power application,op-amp supply s limited
to 3V and can be a limitation. It is advised to use
Rail to Rail op-amp dedicated to 3V application.
Op-amp should never saturate, i.e. op-amp output
signal peak-to-peaklevel should lie within the sup-
ply range : Ac Gt < 3V [10]
Application :
DTMF levelis considered as the highestlevel to be
transmitted. Levels used in this application are :
- High Group tone level is -9dBV +2/-2.5
- Low Group tone level is -11dBV +2.5/-2
- The level ofthe tonein the highgroupmustbe 1dBto

4dBhigherthanthelevel ofthetonein the low group.

2 [CZ

21V Ry [R3 [(Cy, R Co

Figure 26 : Transmit Filter AC Schematic

In consequence,maximum DTMFsignallevelis within
1.38and 2.32Vpp. Maximum phoneline levelis set to
2.2V (corresponding to a 0dBm single tone).
AL=22Vpp, m=1,

[9] Zline = 600Q, Zeg = 905Q, Z0 =
Lt =0.490,

Ac = 2*1.25V (differential codec output),
Ac =2.5Vpp

[9] Gr=AL Om /(Ac [1L1)=1.796 = +5.1dB

ChoosingR3 =22kQ, (STLC7550 minimum load is
10kQ,) gives R1 = 13kQ, Gt = 1.69 = +4.6dB

Note : The maximum line level during V.34 commu-
nication is around 1.2Vpp. This gives a maximum
signal level on codec output pin around 0.6Vpp
[1.2 Om/(2 OGT [L1)] that gives a good dynamic
with no distortion.

[10] Ac CGT = 4.23Vpp > 3V

When codec outputs are at maximum level (i.e.
1.25Vpp) the op-amp is saturated. The gain value
Gr is kept in order to have communication signal
on codec input pin within the 0.6V range for best
performances. Nevertheless DTMF will be trans-
mitted at a lower level, i.e. at the highest level
possible without saturation that is :

DTMF_LEVEL codec pin =
op—amp max. output level (3V)
2 Gt

320Q,

In that case, DTMF signal on the phone line will be
DTMF_LEVEL phone line = (op-amp maximum
level (3V)) Lt = 1.47Vpp > 1.38Vpp.

Note that DTMF level on phoneline is still within the
expected range, but it becomes critical for a DAA
designed with a Lt gain not close enoughto 0.5. In
the case of critical Lt gain,see nextchapterfora DAA
with a higher turns ratio (1:1.414 instead of 1:1).
Sampling frequency : 9.6kHz gives fc # 19.2kHz
choosing R2 = 22kQ, C2 = 680pF and C1 = 100pF,
[8] gives fc = 19.6kHz.

R3 22kQ
f, = 19.6kHz
S
T
Z0 320Q
é A B s — ,
Rs Rp.m2 !
7 c1 Zeo $ot N
5 100pF Line
c1 Zline . m2 -
g g 100nF v %7
| |
— AGND AGND L
* |deal transformer ~ AcL T
G,
17/27
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STLC7550 APPLICATION NOTE

VI - LINE INTERFACE (continued)

VI.1.3- Low Cost DAA using a 1.414:1 Transformer

For low-cost 3V DAA, the Transmit level can be-
come critical because of the single Op-Amp (only
3V ofdynamic, refer to the previouschapterVI.1.2).
The DAA proposed on Figure 27 uses a trans-
formerwith a higherturns ratio that allows a higher
Transmitlevelon the phoneline. Onthisschematic,
only component values and transformer reference
have been changed. Referto the previous chapter
for a detailed description. (VI.1.2 Low Cost DAA
using a 1:1 Transformer). The calculation of the
components values is given hereafter.

A. Phone Line Impedance Matching

The MIDCOM 671-9366 transformer used gives

the following performances:

- D.C resistance : Primary: 119Q + 10 %
Secondary: 129Q + 10 %

- Turnsradio: 0.707:1 £ 1 % (m = 1.414)

- Longitudinalbalance : 46dB min.

- Insertion loss : 2.5dB max.

This 0.707:1 transformeris used as a 1.414:1one

by reverting its sides :

- the secondary (instead of primary) is connected
to the phone line.

- the primary is connected to the hybrid.

The obtained transformer characteristics are :
- Rp=129Q

Figure 27

- Rs =119Q
-m=0.707
Zline = 600Q

[1] = Zo = (Zline-Rp) [M? - Rs = 116Q
We take Zo = 118Q

B. Receive Amplifier

m = 0.707

AL =0dBm = 2.2Vpp,

Rs + Rp M2 = 184Q), Zo = 118Q, Lr =0.391

As =1.25Vpp

Gr=As /(m[AL [r )= 2.05= +6.2dB

Choosing R5 = 20kQ gives R7 = 10kQ and Gr = 2.

C. Transmit Rejection

R5 = 20kQ, R6 = 13kQ, R7 = 10kQ,

R4 = 15kQ, Zeg = 484Q, Zo = 118Q
[7]=Loss=-66dB (Theoreticalvalue, resistorvalues
should be certified at 1% for good performances.)

D. Transmit Filter

AL =2.2Vpp, m =0.707

[9]Zline=600Q, Zeqg=484Q,70=118Q, LT=0.498
Ac =2*1.25V (differential codec output),
Ac =2.5Vpp

[O1GT=AL M /(Ac 1) =1.249=+1.9dB
ChoosingR3 =22kQ, (STLC7549 minimum load is
10kQ,) givesR1 =18kQ, Gr =1.22 =+1.7dB

[10] Ac OGt = 3Vpp Op-Amp are not saturated

R3 22kQ

C1 100pF

*: As close as possible to STLC7550 pins

f.=19.6kHz  **: Optional - See note p 10/18

Zo M
118Q 10uF  571.9366

s e | -

4.7TuF/50V

**
co PHONE
2.2nF LINE

cun~NOr—4Wwm

Pins
1-7
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STLC7550 APPLICATIONNOTE

VI - LINE INTERFACE (continued)

VI.1.4- Low Cost DAA for compleximpedances

In the previous parts, the phone line impedance
Zline has been setto a resistive load of 600Q (main
case). For certain countries, like Germany, Austra-
lia, Norway, Sweden, U.K., or in the new european
standard TBR21, Zline is considered as a R,R,C
network. This part gives an example based on a
low cost DAA for TBR21 complex impedance:
ZtBR21 = 270Q + (750Q//150nF)

It can used as a universal R, R, C network that
match with any compleximpedance countriesas it
provides optimum return loss (Min. 16dB, see Fig-
ure 28).

Min.
Country Ru | R | CL

Return Loss
Z=Ru+ (RAC) | (Q [ (Q) [ (nF) required (dB)
Germany 220 | 820 | 115 18
Australia 220 | 820 | 120 14
Norway 120 | 820 | 110 9
Sweden 275 | 850 | 150 18
United 370 | 620 | 310 14
Kingdom

Refer to section VI.1.2 for a general description of
the low cost DAA.

Switching from real to complex impedances re-
quires to review the impedance matching and the
Transmit rejection parts.

Figure 28

Return Loss

Z+ ZTBR21

20 .1
0 °d Z'ZTBR21

60 T T T T T 1111 T
------ Germany/Australia
United Kingdom
F === Sweden
| == == Norway

¥ ]
40 7

P
b,
il A

50

300

3.4k

102

[S78
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A. Phone Line Impedance Matching
on a specific complex impedance

Figure 29 shows the equivalent model of a line
interface, where Rp and Rs are the transformer
resistances, and Zline the phone R,R,C complex
impedance. R10, R9, C9 are shown on the DAA
schematic given in Figure 30.

Impedancesare matchingwhen DAA inputimped-
ance (composed of R9,C9,R10,Rs and Rp) is
equivalentto line impedance Zline.

It gives:

R9=RL2.m? C9 CL/m?

R10 + Rs + Rpm = RL1.m?

Note that the transformer equivalent resistance
(Rs+Rp.m ) must be lower or equal to RL1. m>.

Application

This example is targeted for TBR21 impedance:
RiL1 =270Q, RL2=750Q, C. = 150nF.

The transformer MIDCOM 671-8332 used in pre-
vious schematlcs present an equivalent resistor
(Rs+ Rp.m? too high. It is replaced by a MID-
COM 671-8248 that gives the following perform-
ances:

Rs=67.5Q, Rp=67.5Q, m=1
Rs+Rp.m2=135<RL1

Then R9 = 750Q, R10 = 130Q,

C9 = 147nF (100nF +47nF).

It gives a return loss around 30dB in the whole
bandwidth.

Figure 29

Equivalentto Zline

R9 = RL2 x m? C9 = CL/me
R10 = (RL1- Rp) X n? - Rs

N 19/27
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STLC7550 APPLICATION NOTE

VI - LINE INTERFACE (continued)
VI.1.4 - Low Cost DAA for compleximpedances
Figure 30

(continued)

C5 100nF

of |amco

51kQ 1nF

R5

10kQ

C3 R10
10uF  130Q

—H

cou~NOC—4Wm
ps)
o

R4

43kQ

C4
; 220nF

AGND

MIDCOM
671-8248

ZLine

B. Transmit Rejection

Transmit rejection performanceis directly linked to
the line impedance.

With complex impedance lines, Transmit rejection
needsto be featuredwith a complexnetwork (com-
posed of R6,R8,C8 and R4) in order to follow the
line impedance move within the whole bandwidth.

R4 is setto a convenientvalue (R4 = 43kQ). Note
that capacitor C4 becomes critical for a good rejec-
tionat low frequencies.ltis sointerestingto choose
R4 high enough to obtain a good R4,C4 cut-off
frequency with a low cost C4.

Detailed calculation are given below for any com-
plex impedance value.

In this example, R5 is chosen equal to R7
(R5=R7 =10kQ, referto the chapter"B. Receive
amplifier”, page 15). Transmit rejection is achieved
when V1 = 1/2 [W2 in the whole bandwidth.

- at high frequencies, R9, RL2 and R8 have no
influence (shunted by capacitors C9, CL and C8).
TakingR9 = RL2=R8 =0,
it givesV2 =VtransmitandthenV1=1/2 Vtransmit.
Then R6 = R4 = 43kQ.

- atlowfrequencies,C9,CLand C8havenoinfluence.
Transmitrejection canbe calculated consideringonly
resistors.

20/27
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V2 =~ R10+Rs+(Rp+RL1+RL2) (n?

VTransmit ~ R9 + R10+ RS + (Rp + RL1+ RL2) On?

_RL1+RL2/2 _

" Rii+R 6%
Vi :% V2=0.316

1-0.316
R8 + R6 = —————— [R4 = 93kQ
0.316

R8 =93kQ, R6 = 51kQ

Values should be certified at 1% for good per-

formances.

cs = RL1[RL2
(RL1 + RL2?2) [(R8

We take C8 = 1nF.

Note : capacitorC9 and related resistors constitute
a low-pass filter for phone line incoming signals.
We have to check that its cut-off frequency is
outside the bandwidth :
fc9 = R9 + Req

2[R9 [Req [C9
with Req =R10+ Rs + m? . Rp

fc9 =5.3kHz, then the low-pass filter has no effect
in the bandwidth.

[CL = 923pF

AN930-30.EPS



STLC7550 APPLICATIONNOTE

VI - LINE INTERFACE (continued)

Experimental measures gives an electrical receive
echo in the same range (+3dB higher) than for
600Q lines (refer to Figure 46, page 27).

Detailed Calculation (see Figure 31)
Transmit rejection is achieved when

R5

V1=R7+Rs

v2 [1]

RL1+ RL2/2
RL1 +RL2
Wl = RL1 +RL2?2

with Al =

RL1+RL2

" RL1[RL2[CL
Wl < wl2

V1

VTransmit

_ R4
R4 + R8+ R6

wl = L w2 =

with Ar =

“RL1RL2 [(CL

R4 + R6 + R8

R8 [IC8’
wrl<ow?

" R8 (R4 + R6) [C8

Solving equation[1], gives

_ RS
A= Rs +R7

CAl with wrl = wll and wr2 = wl2

It gives the following component values

R6 + R8 =

R5 {1 - Al +R7

(R4, R6 =L R4

AlR5

cs RL1 [RL2

~(RLL+RL2/2) [(R8

R5

[CL

Figure 31

COMPLEX IMPEDANCE
RLl’ RLZ' CL

CHOICE OF A CONVENIENT
TRANSFORMER
Rs+Rp.m2>R,;.m2
I

IMPEDANCE MATCHING
R9=R,.m2
C9=C/m2

R10=(R,-Rp). m2-Rs

CHOICE OF A CONVENIENT
R4 VALUE

I
R6 =R7/R5. R4

_ Ry *+R,2
I:eLl + RLZ

v

Al

_R5.(1-A)+R7
Al.R5
— R, R,
(R,+RLI2).R8 *

R8 .R4 - R6

v

Req=R10+ Rs+ Rp.m2
foe Checking
R9 + Req

co = - > 4kHz ?
2.pi.R9.Req.C9
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VI - LINE INTERFACE (continued)

VI.2 - Current Driver

The current driver block provides the DC current
required to maintain the line in a off-hook condition.
Itmustprovide a high ACimpedancetoavoid attenu-
ating the phone signals. This is achieved by using a
darlington device or 2 NPN transistors that looks
resistive for DC current and gives a high AC imped-
ance across Tip and Ring within the voice band.
DC current is fixed by the equivalent resistor Req,
depending on the phone line characteristics of the
countryto which the modem is dedicated (Minimum
currentrequired, maximum currentand line voltage).

Application: Req =58Q
Figure 32 : Current Driver Block

R1 20kQ

R1
Req=R3 (1 +—
4=R3(1+53)

Cc2

10pF ==

R2 12kQ

VI.2.1 - Ring Detect (see Figure 33)
Figure 33 : Ring Detect

= [¢] AVpoy P
bl |3
o =1
g
C2 N
wm 0.47pF <~
P High Voltage

D3
1N4148

Ring
Detect
[ TIL
Y A~ 12 o

TlOnF
! 680kQ
D1 15V M
~
D2 15V AGND
RING
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VI.2.2 - Protection Devices

The bridge protects modem against Tip and Ring
inverting. The protection block is varistors that protect
modemagainstspikes (e.g. lightning). Thetwo protec-
tion devices are included in a unique component
TSI270B1. The connections are shown on Figure 34.

Figure 34 : Modem Protection

TSI270B1 1
TIP
5 7 Phone
LINE+ Line
To Current
Drive Block : RING
8
LINE-

TSI270B1 features :

— Single device providing Diode bridge bidirectional protection
— Crowbar protection

— Peak pulse current: |, = 30A, 10/1000us

— Voltage : 270V

— Maximum current : |, = 0.5A

VI1.2.3 - Hook switch

The hook switch connectsthe PSTN to the DAAor
to the phone socket.

To answer an incoming call, the system needs to
makethe connectiononthe PSTNafteraringingunit.
The diode is used to bypass current peak at the
hook switch pins during switching.

Figure 35: Hook Switch

AVyy

=

10kQ

Off-Hook
LINE +

100kQ

TIP
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VII - APPLICATION

Figure 36 : Low Power Host Processing Modem Application using STLC7550.

v
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1

RESET |

CPU,
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Figure 37 : Appendix: Suggested Implementation
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VIII - PERFORMANCES

The measurements have been performed with a
RODHE & SCHWARZ Audio Analyzer2Hz-300kHz
UPD. The sampling frequencyis 9.6kHz and over-
sampling ratio is 160.

VIII.1 - ADC Converter

The SNDR measured is 83dB for a signal level
equal to -3dBr (see Figure 38).

Figure 39 givesthe SNDR forthe analog to digital/digi-
talto analog loop back. We can see thatthe SNDR is
78dB at -6dBrandthisvalue is 80dB at-3dBr.

Inthis configurationthe noise power ofthe ADC and
the DAC are added conducting to a +3dB noise
powerincrease. Soit meansthatbothADCand DAC
presenta SNDR to 83dB for a -3dBr signal level.

Dynamic Range : DR

The measurementresultis 87.5dB for a signal level
equal to -20dBFs (0.0884Vrwms) (see Figure 40).

The DR Figure is dependant on the oversampling
ratio and the supply voltage : see below table.

Figure 38 : Signalto Noise Ratio : ADC

Vbp
3V 5v
64 80dB 78dB
Over
160 87.5dB 85dB

Total Harmonic Distortion

The THD measured with a -6dBFs signal level is
93dB (see Figure 41).

Offset

ADC offsetis specified within the range £300LSB.
It isrecommendedto perform offset cancellationat
the DSP side.

VIII.2 - DAC Converter

Figure 42 gives the measurement result of the
dynamicrange. The signallevelis -20dBr. Dynamic
range extrapolatedto full range is 87dB.

The total harmonic distortion (harmonic frequen-
cies in the band 100Hz-4080Hz)is equal to -94dB
(see Figure 43).
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Figure 39 : Signalto Noise Ratio : ADC + DAC
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VIl - PERFORMANCES (continued)
Figure 40 : Dynamic Range. Supply = 3V, Oversampling Ratio = 160.
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Figure 41 : Total Harmonic Distortion
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Figure 42 : DAC (DR = 87dB, level = -20d

Br)
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VIl - PERFORMANCES (continued)
Figure 43 : DAC (THD = -93dB, level = -6dBr)
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VIII.3 - DAA Characteristics

DC Mask

Figure 44 givesthe TIP and ring voltage versus the
line current. The slopeandthe absolutevoltage are
managed with the resistor R1, R2 and R3 (see
Figure 32) in order to fulfill the different countries
regulation.

Figure 44
11

10 /’

o /

DC VOLTAGE (V)
0]

' d

/|

0 20 40 60 80 100
PHONE LINE CURRENT (mA)
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Return Loss

Figure 45 gives the 600Q impedance matching in
single ended configuration. The low frequency re-
sponseis significantly dependantonthe C3 capaci-
tor value (see Figure 23).

Thereturn loss figure is stable over a 15 to 120mA
line current range.

Figure 45
40 T 1
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8 /
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VIl - PERFORMANCES (continued)

Electrical Receive Echo

(single ended duplexer mode)

Figure 46 gives signallevels at differentsuccessive
points of the transmit channel. The signal level at
the transmit STLC7550 outputs is -6dBr
(0dBr = 2.5Vpp).

The external duplexertransmit gain (+4.6dB) com-
pensates part of the transformer stage losses and
lead to a global attenuation from the STLC7550
and the line of about -2dB.

The electrical echo is measured at the IN+/- inputs
for a 600Q resistive line impedance. The two plots
corresponding to different C4 (see Figure 22) ca-
pacitor values show the low frequency rejection
difference.
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Figure 46 : Transmit Single Ended Mode
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