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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As
used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support

intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness.

vided with the product, can be reasonably expected to
result in significant injury to the user.
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INTRODUCTION

With Modem integrated circuits from SGS-THOMSON, data, be it fax or voice, can be trans-
mitted via any telephone or power line, any time, at any speed, in any standard or protocol
and in any size down to PCMICIA type Il format.

The SGS-THOMSON Modem and Power Line Moderﬁ 1C product range focuses on high per-
formance and high quality devices. All are made with the most appropriate choice of techno-
logy, carefully selected from a broad portfolio that is unique to SGS-THOMSON.

With the information contained in the following pages, an optimum solution can be selected in
a few seconds. The first table enables selection of a Telephone Line Modem, according to
the transmission standard needed. The selection depends on the needs of the user : a com-
plete solution; just a Data Pump; or a leading Modem Analog Front End for V.34 implement-
ation.

Intentionally, the table has been simplified to enable quick selection of a device. It does not
pretend to show all embedded functions. For a comprehensive function list, the first page of
the datasheet should be consulted. For example, some Modem ICs also include voice func-
tions; Analog Front-end devices include clock generation and can also be used as an Audio
Front-end.

The second tables gives a quick summary of Power Line Modem products, arranged accord-
ing to the required data transmission speed. Again, this table is intentionally simplified and
does not pretend to show all the capabilities of the devices or the powerful development tools
which allow the user quick turnaround time for a working solution.

Should an appropriate solution not be found in this databook, please contact the nearest
SGS-THOMSON Microelectronics representative or salesperson. The solution required may
already be in development stage, close to being introduced. And if quantity justifies it, a cus-
tom solution can be tailored to meet specific needs, using SGS-THOMSON’s wide and
proven telecom design experience.

Should other semiconductor components be needed for completion of designs - memories,
micros, standard circuits, for instance ask for the SGS-THOMSON Shortform Catalog or CD
"Data on Disc" which contain details of the Company’s entire product range.

‘ GS-THOMSON
N/ msﬂncg@m@*mc@mm
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SELECTION GUIDE

MODEM
ITU-T
V.21 | V.23 | V.22 |V.22bis | V.32 | V.32bis V.34 V27T | V.29 | V.17
BELL 103 212A
Modulation | FSK/FDM DPSK/FDM DPSK/E.C. DPSK
0-300| 75 600 1200 | 4800 | 7200 14400 2400 | 4800 | 7200
Bps 1200 | 1200 | 2400 | 9600 | 9600 19200 4800 | 7200 | 9600
p 12000 24000 9600 | 12000
14400 28800 24000
Full Duplex
Mode Full Duplex Half Duplex Half Duplex
Application \Teletext\ PC PC / FAX FAX
TS7514
TS7515 TS7515
ST75C502 / ST7544 ST75C502 / ST7544
ST75C52/C520 ST75C52/ C520
ST7544 / ST7546

Note :

For clarity purpose, the slection table is simplified. Data Pumps include many functions which do not appear on

this table such as Tone/DTMF generation and detection or caller ID demodulation. Please look at the first page

of datasheet to have a complete view of functionalities.

POWER LINE MODEM

ST7536 ST7537 ST7537HS1
Modulation FSK Synchronous FSK Asynchronous FSK Asynchronous
Bps 600/1200 Up to 1200 Up to 2400
Mode Half Duplex Half Duplex Half Duplex
Carrier Frequency < 95kHz <132.5kHz <132.5kHz
Ly, 65 THOMSON
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ST7544

UNIVERSAL MODEM ANALOG FRONT-END (UMAFE)

EFULL ECHO CANCELLING CAPABILITY
EEULLY COMPATIBLE WITH THE ST7543 (7543 mode)
= 16-BIT OVERSAMPLING A/D AND D/A CONVERTERS
- Programmable down-sampling frequency from 7200 to
16000Hz
- Sampling frequency can be 3, 4, 6, 8, 12, 16 x symbol
rate
- Programmable Over sampling frequency (128 or 160 x
sampling frequency)
- The ST7544 can work with external oversampling
clocks
- Programmable symbol rate (600, 1200, 1600, 2400,
2560, 2743, 2800, 2954, 3000, 3200, 3429 and 3491)
- Bit rates of 300bps, 600bps, 1200 and all multiples of
2400bps up to 28800bps can be generated
- Dynamic range : 92dB with a sampling frequency
9600Hz, oversampling ratio 160

- Total harmonic distortion : -89dB
®ON CHIP REFERENCE VOLTAGE

®THREE PROGRAMMABLE DIGITAL FILTERS SEC-
TIONS :
- Tx interpolation filter
- Rx decimation filter (up to 14th order each)
- Rx reconstruction filter (coefficients loaded into RAM)
®ANCILLARY CONVERTERS FOR EYE-DIAGRAM
MONITORING

®CLOCK SYSTEM BASED ON DIGITAL PHASE
LOCKED LOOPS

- Separate Tx DPLL and Rx DPLL

- Terminal clock input for Tx synchronization on all multi-
ples of 2400Hz (VFast synchronization mode) or on
sub-multiple of baud rate (7543 synchronization mode)

- Bit, Baud, sampling and highest synchronous clock
outputs

- Maximum master clock frequency is 38MHz
B SINGLE OR DUAL SYNCHRONOUS SERIAL INTER-
FACE TO DSP
uSINGLE POWER SUPPLY VOLTAGE : +5V
= OW POWER CONSUMPTION :

- 260mW operating power at the nominal crystal fre-
quency of 36.864MHz

- 160mW operating power at the crytal frequency of
18.432MHz

- Less than 5mW in the Low-Power Reset Mode

= 1.2um CMOS PROCESS
=PLCC44 OR TQFP44 (1.4mm body thickness)

June 1995

DESCRIPTION

The ST7544 is a single chip Analog Front-End (AFE)
designed to implement high speed voice-grade Modems
up to 28800 bps with echo cancelling capability.
Associated with one or several Digital Signal Processors
(DSP), such as the ST189XX family, it provides a powerful
solution for the implementation of multi-mode Modems
meeting CCITT (V.21, V.22, V.22 bis, V.23, V.26, V.27,
V.29, V.32,V.32bis and V.33) and BELL (103, 202, 212A...)
recommendations. It is fully compatible with the ST7543 in
7543 mode and is also well suited emerging applications
involving bit rates up to 28800 bps (in the VFast synchro-
nization mode).

The transmit section includes a 16-bit over-sampling D/A
converter with a programmable interpolating filter. The
receive section includes a 16-bit oversampling A/D con-
verter with two programmable filters (one for decimation
and the other for reconstruction). Oversampling ratio is
selectable to either 128 or 160. Two additional 8-bit D/A
converters allow eyediagram monitoring on a scope for
modem performance adjustment.

Two independant clock generator systems are provided,
one synchronized on the Tx rate and the other on the Rx
rate.

In External Clock Mode, external oversampling clocks can
be provided to the chip.

Twoindependant synchronous serial interfaces (SSI) allow
several versatile ways of communicating with standard
DSPs.

To save power, e.g. in lap-top modem applications, the
lowpower reset mode can be used to reduce the power
consumption to less than 5mW.

PLCC44
(Plastic Chip Carrier)
ORDER CODE : ST7544CFN

Uy

TQFP44
(Plastic Quad Flat Pack)
ORDER CODE : ST7544CQFP

1/48
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ST7544

1- PIN DESCRIPTION
1.1 - PIN CONNECTIONS (Top View)
PLCC44

B
E
=5 3
R O e e
(ew~ oo - 399535g
TxoI [| 7 @) 39 | ] AGNDT
Txpo [] 8 38 | Ve
Fsx [] o 37 ] Avg
BOLKX [] 10 36 | ] RxA2
evey [| 11 35 | ] RxA1
pGND2 [] 12 34 | ] AGNDR
DVpee [] 13 33 | ] Vegrp
EVEX [ 14 32 | ] Veern
RXCLK [] 15 31 [ 7] RXOCLK (TEST3)
RxHSCLK [ ] 16 30 | ] EOCMODE (TEST1)
RxSYNC [] 17 29 |7] NLPR (NRESET)
225883 Q&K EY
N I N N O
o
E XX ':g F a s S~
TQFP44
B
E
=5 3
N e o Y o
(33939885883 )
ol |t O 33 [7] AGNDT
00 [] 2 32 [ vgy
FSx ] 3 31 [ avy
BOLKX [] 4 30 |'] RxA2
EYEY [| 5 29 |7 Rxat
DGND2 [ 6 28 | AGNDR
DVpee [] 7 27 ] Vege
Evex (] 26 [] Vegry
RxCLK [] 9 25 |] RxOCLK (TEST3)
RxHSCLK [] 10 24 ] EOCMODE (TEST1)
RxSYNC [ 11 23 F NLPR (NRESET)
\ g e e e gy y,
[
X ¥ O x X @ © o -
& FF R e = koK

Note : The pin names in the parenthesis are the corresponding for the ST7543.

5/48
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ST7544

I - PIN DESCRIPTION (continued)

1.2 - PIN LIST
PQFP | PLCC NAME DESCRIPTION

39 1 DGND1 Digital Ground (0V)
40 2 DVob1 Positive Digital Power Supply. (+5V+5%)
4 3 BCLKR Receive bit Clock Output
42 4 FSR Receive Frame Synchronization Output
43 5 RxDO Receive Serial Data Output
44 6 RxDI Receive Serial Data Input

1 7 TxDI Transmit Serial Data Input

2 8 TxDO Transmit Serial Data Output

3 9 FSX Transmit Frame Synchronization Output

4 10 BCLKX | Transmit Bit Clock Output

5 11 EYEY 8 bit YD/AC Output for Eye Pattern display

6 12 DGND2 | Digital Ground (0V) |
7 13 DVpp2 Positive Digital Power Supply. (+5V+5%)

8 14 EYEX 8bit XD/AC Output for Eye Pattern display

9 15 RxCLK Receive Bit Rate Clock Output

10 16 RxHSCLK | Receive Highest Clock Output

11 17 RxSYNC | Receive Synchronization Pulse Output

12 18 RxRCLK | Receive Baud Rate Clock Output

13 19 TxRCLK | Transmit Baud Rate Clock Output

14 20 TxSYNC | Transmit Synchronous Pulse Output

15 21 TxHSCLK | Transmit Highest Clock Output

16 22 TxCLK Transmit Bit Rate Clock Output

17 23 DGND3 | Digital Ground (0V)

18 24 DVbb3 Positive Digital Power Supply. (+5V+5%)

19 25 TxSCLK | Transmit Synchronization Clock Input

20 26 XTAL2 Crystal Output

21 27 XTAL10 | External Clock/Crystal Input 1

22 28 XTAL11 External Clock/Crystal Input 2

23 29 NLPR Low Power Reset Input

24 30 | EOCMODE | External Oversampling Clock Mode Input. Must be tied to DGND in either the ST7544

(TEST1) | normal mode or the 7543 mode.

25 31 ?{(Eosqug Receive Oversampling Clock Input. Output high-impedance in normal mode.
26 32 VREFN 16 bit D/AC and A/DC Negative Reference Voltage
27 33 VRerpP 16 bit D/AC and A/DC Positive Reference Voltage
28 34 AGNDR | Analog Ground (0V)

29 35 RxA1 Receive Positive Analog Input

30 36 RxA2 Receive Negative Analog Input

31 37 AVpp Positive Analog Power Supply (+5V+5%)

32 38 Vem Common Mode Voltage Input (2.5V £10%)

33 39 AGNDT | Analog ground (0V)

34 40 TxA1 Smoothing filter positive Output

35 41 TxA2 Smoothing filter negative Output

36 42 '(I"I)_(SSC_}_g Transmit Oversampling Clock Input. Output high-impedance in normal mode.
37 43 BFRS Bit Frame Rate Select Input

38 44 SSIM Serial Synchronous Interface Mode Input

Note : The pin names in brackets are the corresponding names for the ST7543.

6/48
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ST7544

| - PIN DESCRIPTION (continued)

1.3 - PIN FUNCTION
1.3.1 - Power Supply (9 Pins)

Analog Vpp Supply (AVDD)

This pin is the positive analog power supply
(+5V+5%) for the Transmit and the Receive sec-
tions. It is not internally connected to digital Voo
supply (DVpp1-3).

Digital Vpp Supply (DVpp1,DVbp2,DVpDps3)

These pins are the positive digital power supply
(+5V+5%) for Transmit and Receive digital internal
circuitry.

Analog Ground (AGNDT,AGNDR)

These pins are the analog ground return of the
analog Transmit (Receive) section.

Digital Ground (DGND1,DGND2,DGND3)

These pins are the ground connections for Trans-

mit and Receive internal digital circuitry.

Note 1: To obtain published performance, the analog Voo and
Digital Vop should be decoupled with respect to AGND and
DGND, respectively. The decoupling is intended to isolate
digital noise from the analog section; decoupling
capacitors should be as close as possible to the respective
analog and digital supply pins.

Note 2: All the ground pins must be tied together. In the following
section, the ground and supply pins are refered to as GND
and Voo, respectively.

1.3.2 - Clock and Control Signals (16 Pins)

External Clock/Crystal Inputs (XTAL10,XTAL11)
XTAL10 and XTAL11 inputs must be tied to exter-
nal crystal(s) or external clock(s). These inputs are
selected from the TxCtrl register. The maximum
clock rate is 38MHz. XTAL10 s the default External
Clock/Crystal input. It is mandatory to shortcircuit
XTAL10and XTAL11 whena single external crystal
or clock generator is used. The nominal master
clock frequency is 36.864MHz (this frequency and
the frequency 25.8048MHz are well suited for the
V.Fast application) but the onchip amplifier is de-
signed for a parrallel crystal oscillator with a fre-
quency equal to 18.432MHz. The other master
clocks frequencies (18.432MHz, 25.8048MHz and
29.4912MHz) are well suited for the well known
CCITT recommendations (V.21 through V.32bis).

Crystal Outputs (XTAL2)

This output is to be tied to one or two external
crystals (see Figure 1). If an external clock is used,
XTAL2 should-be left open circuit.

Low power and Reset Input (NLPR)

This pin, when low, synchronizes the ST7544 clock
system and puts it in low power mode. NLPR pin
must be tied to Vop during normal operation. Ac-
cess to the chip is disabled during power-on reset

until the clock oscillator starts. The reset time du-
ration can be increased by connecting the NLPR
input to an external RC network (see Figure 9). The
Low-Power Reset Mode is actived when this pin is
tied to GND (Operation of all clocks and the analog
section is stopped).

Transmit Synchronization Clock Input (TxSCLK)
This pin can be connected to an external terminal
clock to phase-lock to the internal transmit clocks.
It can be disabled under software control to allow
the Tx DPLL to free run or phase lock to on the Rx
clock system.

Transmit Bit Rate Clock Output (TxCLK)
This pin outputs the synchronous transmit bit clock
selected for the MODEM.

Transmit Baud Rate Clock Output (TXRCLK)
This pin, when the bit D4 within receive register
RxCR3 is set to 0, outputs the synchronous trans-
mit baud rate clock (initial state). When bit D4 is set
to 1 this pin outputs the frequency comparison
signal FCOMP (used by the TxDPLL in both 7543
mode and V.Fast synchronization).

Transmit Synchronization Pulse Output
(TxSYNC)

This pin outputs the synchronization transmit reset
pulse when a soft reset is applied to the ST7544.
Combined with TXHSCLK clock it can be used to
externally provide any synchronous transmit clock.

Transmit Highest Clock Output (TXHSCLK)
This pin outputs the highest synchronous transmit
clock to provide any external or multiplexing clock.
Transmit Oversampling Clock input (TxOCLK)
This input can be connected to an external clock to
provide the chip with the over-sampling clock, de-
pending on the External Over sampling Mode input
(EOCMODE). In normal mode this pin should be
static (tied to GND or Vpp).

Receive Bit Rate Clock Output (RxCLK)
This pin outputs the synchronous receive bit clock
selected for the MODEM.

Receive Baud Rate Clock Output (RXRCLK)
This pin outputs the synchronous Receive baud
rate clock.

Receive Synchronization Pulse Output (RxSYNC)
This pin outputs the synchronization receive reset
pulse when a soft reset is applied to the ST7544.
Combined with RXHSCLK clock it can be used to
externally provide any synchronous receive clock.

Receive Highest Clock Output (RxHSCLK)
This pin outputs the highest synchronous receive
clock to give any external or multiplexing clock.

7/48
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I - PIN DESCRIPTION (continued)

Receive Oversampling Clock input (RxOCLK)
This input can be connected to an external clock to
provide the chip with the oversampling clock, de-
pending on the External Over sampling Mode input
(EOCMODE). In normal mode this pin should be
static (tied to GND or Vpp).

External Oversampling Clock Mode
(EOCMODE)

This pin is used for selecting one of the two possible
oversampling modes. When EOCMODE is tied to
GND, all the clock are provide internally (mode
compatible with the ST7543). When EOCMODE is
tied to Vpp, the oversampling clocks must be input
on TxOCLK and RxOCLK pins. The TxHSCLK
(RxHCLK) and TxSync (RxSync) signals along with
external fractional divider can be used to provide
the oversampling clocks to the ST7544.

1.3.3 - Synchronous Serial Interfaces
(SSIA,SSIB) (10 pins)

Serial Synchronous Interface Mode input (SSIM)
This input activates one or both serial interfaces.
When SSIM is tied to Vpp, both A and B ports are
functional : port A (SSIA) is dedicated to the Trans-
mit channel and port B (SSIB) is dedicated to the
Receive channel.

When SSIM is tied to GND only port A (SSIA) is
selected. In this case SSIA carries both Tx and Rx
Signals and EYE pattern.

Bit Frame Rate Select input (BFRS)

This input selects one of the two possible bit fre-
quencies for the BCLKX-and BCLKR clocks. When
BFRS is tied to Vpp the BCLKX (BCLKR) frequen-
ciesare 128 (160 (1)) times the FSX (FSR) frequen-
cies. When BFRS is tied to GND, BCLKX (BCLKR)
frequencies are 64 (80 (1)) times the FSX (FSR)
frequencies.

Frame Synchronization Transmit output (FSX)
This output clock is the Transmit Frame synchroni-
zation pulse signal of the SSIA port which has
nominal frequency equal to the transmit sampling
frequency. This pulse indicates the beginning of the
16-bit serial words on the serial data input/output
port A.

Bit Clock Transmit output (BCLKX)

This output pin provides the serial bit clock for the
SSl port A. The BCLKX frequency equals 128 (160
(1)) or 64 (80 (1)) times the Transmit sampling
frequency, depending on the Bit Frame Select
Input (BFRS).

Serial Data Transmit input (TxDI)

This input receives word-oriented serial data. Data
is loaded from TxDI into the Transmit Shift Register
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(TSRIN) on the falling edge of BCLKX and trans-
fered to the Transmit Buffer Register (TBRIN) when
a complete 16 bit word has been received. Data is
assumed to be received MSB first.

Serial Data Transmit output (TxDO)

This output sends word-oriented serial data. The
16 bit Data Word loaded in the Transmit Buffer
Register (TBROUT) is transfered to the Transmit
Shift Register (TSROUT) and clocked out of
TSROUT on the rising edge of BCLKX. Serial
words are transmitted MSB first.

Receive Frame Synchronization output (FSR)
This output clock is the Receive Frame synchroni-
zation pulse signal of SSI port B which has fre-
quency equal to the receive sampling frequency.
This pulse is used to indicate the beginning of serial
words on the serial data input/output port B.

Receive Bit Clock output (BCLKR)

This output pin provides the serial bit clock for the
SSI port B. The BCLKR frequency is 128 (160 (1))
times or 64 (80 (1)) times, selected by BFRS ) the
receive sampling frequency.

Receive Serial Data input (RxDI)

This input receives word-oriented serial data. Data
is clocked from RxDl into the Receive Shift Register
(RSRIN) on the falling edge of BCLKR and trans-
fered to the Receive Buffer Register (RBRIN) when
a complete 16-bit word has been received. Data is
assumed to be received MSB first.

Receive Serial Data output (RxDO)

This output sends word-oriented serial data. The
16-bit Data Word loaded in the Receive Buffer
Register (RBROUT) is transfered to the Receive
Shift Register (RSROUT) and clocked out of
RSROUT on the rising edge of BCLKR. Serial
words are transmitted MSB first.

Note 1: The oversampling ratio is selectable using the V divider
(Table 40)

1.3.4 - Analog Interface (9 pins)

D/AC and A/DC Positive Reference Voltage out-
put (VRerP)

This pin provides the Positive Reference Voltage
used by the 16-bit converters. The reference volt-
age, VREF, is the voltage difference between the
Vrerp and VRerN outputs, and its nominal value is
2.5V. VRerp should be externally decoupled with
respect to Vem (see Figure 17).

D/AC and A/DC Negative Reference Voltage
(VREFN)

This pin provides the Negative Reference Voltage
used by the 16 bit converters, and should be exter-
nally decoupled with respect to Vewm.
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1 - PIN DESCRIPTION (continued)

Common Mode Voltage input (Vcm)

This input pin is the common mode Voltage (AVpp-
AGND)/2 that should be externally provided. This
input must be decoupled with respect to GND.

Smoothing filter positive Output (TxA1)
This pin is the positive output of the fully differential
analog smoothing filter.

Smoothing filter negative Output (TxA2)

This pin is the negative output of the fully differential
analog smoothing filter. Outputs TxA1 and TxA2
provide analog signals with maximum peak to peak
amplitude 2 x Vrer, and must be followed by an
external continuous time two pole smoothing filter
(see Figure 16) (1). The external filter follows the
internal single pole switch capacitor filter (see sec-
tion V.2.2). The cutoff frequency of the external
filter must be greater than two times the transmit
sampling frequency (Fsx), so that the combined
frequency response of both the internal and exter-
nal filters is flat in the pass band.

Il - BLOCK DIAGRAM
Figure 1 : General Block Diagram

Receive Positive Analog Input (RxA1)
This pin is the differential positive A/DC Input.

Receive Negative Analog Input (RxA2)

This pin is the differential negative A/DC Input.
These analog inputs (RxA1,RxA2) are presented
to the SigmaDelta modulator, the analog input peak
to peak signal range must be less than 2 x VRer,
and must be preceded by an external continuous-
time single pole anti-aliasing filter (see Figure 16).
The cut-off frequency of the filter must be lower
than one half the transmit over-sampling frequency
(TxOSCK). These filters should be set as close as
possible to the RxA1 (RxA2) pins.

D/AC output for Eye Pattern (EYEX,EYEY)
These pins are the outputs of two 8-bit digital to
analog converters used to monitor, on a CRT, the
X and Y quadrature signals of the eye pattern of
the demodulated signal.

Note 1: The smoothing filter order depends of the acceptable
transmit signal spectrum on the line

—{ | TxsynC
[ ] TxHscLk

«
o
=
z
L]
Y

DVoor [ ] |

DVoo2

Tx & Rx DPLL CLOCK GENERATORS

v

DVpps []

-

7

hul
123
x
L]

BCLKX [ ] :>

Tx FI&LTER
D/AC

LeF
ATTENUATOR

Port A (SSIA)

0! [ ] A

Synchronous Senal

00 [} (12+1) bits

coefficients

SsiM
L] DIGITAL
INTERFACE

A

vy

BFRS

Rx FILTER
A/DC

\ 4
1;bns
s

(FSR)

BCLKR) 16 bits

DIGITAL
RECONSTRUCTION
FILTER

Port B (SSIB)

Synchronous Senal

16 bits

il

mxoy) [} < _16bits
(RxDO) [}«

DGND1 [ ] f
DGND2 [ ]

DGND3 [ ]

CONTROL REGISTERS

7

SGS-THOMSON
MICROELECTRONICS

9/48

21

7544-03 EPS



ST7544

Iil - FUNCTIONAL DESCRIPTION

lll.1 - SIGNAL TRANSFER BLOCK DIAGRAM
The ST7544 Block Diagram illustrates three paths as follows : The Transmit D/A Section, the Receive A/D
section and the Receive Reconstruction section.

Figure 2 : Signal Transfer Block Diagram

TxDO
BCLKX <—]
SSIA c SenaVPar‘aIleI <:’ 16- bit data bus synchronized to the Tx clock system >
Fsx <&—{ Conversion
TxDI —p» J\/L
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— 4 x Fsx IIR3 4xFsx | IR2 |RAMR] 4o oy | TIRT | RAMI
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SX — Control
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FsrSync
Analog Input Analog Output
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Il - FUNCTIONAL DESCRIPTION (continued)
1.2 - TRANSMIT D/A SECTION

The functions included in the Tx D/A section are
detailed hereatfter.

lll.2.1 - Interpolation Filters

The oversampling is performed by two cascaded
digital interpolating filters : IIR1 and FIR1. Two
oversampling frequency are available. The 1IR1
and FIR1 filters are sampled at 4 x Fsx and 128 x
Fsx (5 x Fsx and 160 x Fsx), respectively.

lll.2.1.1 - Programmable Interpolation Filter (IIR1)

lIR1 is an infinite impulse response interpolating
filter.

The purpose of this digital filter is to interpolate
4-times (5times) the digital signal coming from the
DSP. This filter is sampled at 4-times (5times) the
basic sampling frequency, e.g. 9600 x 4 Hz
(9600 x 5 Hz), and must exhibit, as a minimum, a
low-pass section which is mandatory to remove
replicas above half the sampling frequency
(e.g. 4800Hz) (see Figure 13).

The digital samples are encoded in 16-bit two’s
complement format.

The lIR1 filter is a cascade of seven biquads (see
Figure A1). The filter coefficients are loaded into
the associated RAM (38 x 13). Each coefficient is
coded into 12bits and can be doubled by virtue of
an extra bit. All 38 coefficients have to be loaded
to implement an lIR transfer function (see An-
nexe A).

This filter has been made programmable to offer
each user the possibility to add filtering charac-
teristics, e.g. high-pass section or equalization,
matched to a particular application.

I11.2.1.2 - FIR Filter (FIR1)

FIR1 is a finite impulse response interpolating filter.
Its input sampling frequency is 4 x Fsx (or 5 x Fsx)
and its interpolation ratio is 32. The Z transfer
function of this FIR is :

3
1-7%

H@) =| ————~

@ {32(1—2“)}

with Z = exp (j2rnF/Txoclk)
and Txoclk = 128 (160) x Fsx

&7 SEETHONGON

111.2.2 - D/A Converter

The 128-times (160times) oversampled D/A con-
verter includes a second order digital noise shaper,
a one bit D/A converter and a single pole analog
low-pass filter. The gain of the last output stage can
be programmed to 0dB,-6dB or infinite attenuation.
The cut-off frequency of the single pole switch-ca-
pacitor low-pass filter is :

fc-3dB=Txoclk /(2 x & x 10)
where Txoclk = 128 (160) x Fsx

Continuous-time filtering of the analog differential
output is necessary using an off-chip amplifier and
a few external passive components (see Fig-
ure 16).

At least 86dB signal to noise plus distortion ratio

can be obtained in the frequency band 300-
3400Hz, with a -6dBr output signal.

1I1.3 - RECEIVE A/D SECTION

The different functions included in the Rx A/D
section are detailed hereafter. The format used at
the digital interfaces of the Rx channel is two’s
complement encoded 16-bit.

111.3.1 - A/D Converter

The 128 (160) oversampled A/D converter is based
on a second order sigma-delta modulator. The
signal to noise plus distortion ratio obtained for a
signal spectrum limited to the 300-3400Hz tele-
phone band, is typically 86dB with a -6dBr input
signal.

1l1.3.2 - Decimation Filters

The 128 (160) decimation is performed by two
interpolating digital filters : FIR2 and IIR2, which are
sampled at 128 x Fsx and 4 x Fsx (160 x Fsx and
5 x Fsx), respectively .

111.3.2.1 - FIR Filter (FIR2)

FIR2 is a finite impulse response decimating filter.
lts sampling frequency is 128 x Fsx (or 160 x Fsx)
and its decimation ratio is 32. The Z transfer func-
tion of this FIR is :

1-z7% ]3

Hz) = ———————
@ (32( 1-27")
with Z = exp (j2rnF/Txoclk)

and Txoclk = 128 (160) x Fsx
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Iil - FUNCTIONAL DESCRIPTION (continued)

111.3.2.2 - Programmable Decimation Filter (IIR2)

lIR2is aninfinite impulse response filter. It provides
the low-pass filtering needed to remove the noise
remaining above half the sampling frequency
(e.g. 4800Hz) (see Figure 14). The output of the
1IR2, RxTx, will be processed by the DSP. In "band
split" mode (see Table 21), RxTx becomes the
input signal to [IR3. The RxTx will always be avail-
able on serial interface (SSIA in Figure 2).

The IIR2 filter is a cascade of seven biquads. The
filter coefficients are loaded into the associated
RAM (38 x 13).

The filter transfer function has been made pro-
grammable in order to meet specific requirements.
The sampling frequency is 4-times (5-times) the
down-sampling frequency selected for the Tx sec-
tion (e.g. 9600 x 4Hz or 9600 x 5Hz).

To support echo cancelling applications the clocks
used for the A/D converter and the decimation
filters are synchronized on the Tx system clock, i.e.
on the Tx rate. It must be pointed out that using a
single clock system in A/D and D/A conversions is
important for reducing induced noise.

The 12+1 bit filter coefficients are loaded into the
internal RAM2 and must be loaded from the serial
bus. All 38 coefficients have to be loaded to imple-
ment an IIR transfer function.

111.3.3 - Eye-diagram Display

Two 8-bit digital to analog converters are provided
to monitor, on a CRT, the X and Y quadrature
signals of the eye pattern related to the demodu-
lated signal. The format of the data input is MSB
first, 8-bit two’s complement, and most significant
byte for EYEY sample and least significant byte for
the EYEX sample. The reference voltage of these
two converters is the power supply voltage Vop.
The EYE pattern can be monitored on one or two
Synchronous Serial Interface mode.

1.4 - RECEIVE RECONSTRUCTION SECTION

As the Rx channel sampling is synchronized to the
Tx system clock, it is necessary to reconstruct the
Rx signal in order to get samples synchronized to
the Rx symbol rate recovered in the demodulator.
The function of the reconstruction filter (IIR3 and
FIR3) is to oversample by 128 x Fsx (160 x Fsx)

12/48
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the receive signal (ResSig) comming from the DSP
after echo cancellation. The oversampled signal is
then down-sampled at Fsr rate to make it available
tothe DSP as RxSig at SSIB or RxS1/RxS2 at SSIA
(see section IV.1 and 1V.2). The down sampling
process does not introduce significant error.

The transfer function of the first section of the
reconstruction filter is programmable in the same
way as the Tx and Rx IIR filters previously de-
scribed.

lll.4.1 - Programmable Interpolation Filter (IIR3)

1IR3 is an infinite impulse response interpolating
filter.

The purpose of this digital filter is to interpolate
4-times (5-times) the digital signal from the DSP.
This filter is sampled at 4-times (5-times) the basic
sampling frequency, e.g. 9600 x 4 Hz (9600 x 5 Hz).

The digital samples are encoded in 16-bit two’s
complement format.

The 1IR3 filter is a cascade of seven biquads. The
filter coefficients are loaded into the associated
RAM (38 x 13). Each coefficient is coded into 12
bits and can be doubled by virtue of an extra bit. All
38 coefficients have to be loaded to implement an
IIR transfer function.

This filter has been made programmable to offer
each user the possibility to add filtering charac-
teristics, e.g. highpass section or equalization,
matched to a particular application.

For example, in a band-split MODEM application,
the first section can be a wide channel band-pass
filter (allowing the DSP to supervise boundary
audio tones) and the second section can be dedi-
cated to high band and low band splitting.

111.4.2 - FIR Filter (FIR3)

FIR3 s a finite impulse response interpolating filter.
Its input sampling frequency is 4 x Fsx (5 x Fsx)
and the interpolation ratio is 32. The Z transfer
function of this FIR is :

3
~32
Hz) = 1;2_1__
32(1-z27")
with Z = exp (j2rnF/Txoclk)
and Txoclk = 128 (160) x Fsx
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- Il - FUNCTIONAL DESCRIPTION (continued)
1.5 - CLOCK GENERATION

Master clock is obtained from either a crystal tied
between pins XTAL10 (or XTAL11) and XTAL2 or
from an external signal connected to the XTAL10
(or XTAL11) pin, in the latter case, the XTAL2 pin
should be left open circuit.

Two external crystals (or two external master clock
signals), software selectable one at a time, can be
used to cope with complex applications. It is man-
datory to shortcircuit XTAL10 and XTAL11 when a
single external crystal or clock generator is used

To insure the start-up of the ST7544, the XTAL10
input must always be tied to a crystal or an external
clock signal, as that pin is automatically selected
when powering-on the device.

The different transmit (Tx) and Receive (Rx) clocks
are obtained by master clock frequency division in
several programmable counters. The Tx and Rx
clocks can be synchronized on external signals by
performing phase shifts in the frequency division
process (equivalent to adding or suppressing mas-
ter clock transitions at the counter inputs). Two
independant digital phase locked loops (DPLL) are
implemented using this principle , one for Tx and
one for Rx.

Two clock modes are available, selected by the

Table 1 : List of usual frequency available

External Oversampling Clock Mode input pin
(EOCMODE). When the EOCMODE pin is tied to
the GND the internal clock mode is selected. In this
mode all the clock are generated internally. When
the EOCMODE pin is tied to Vpp, the External
Oversampling Clock Mode is selected.

In the latter case, the user must provide the chip
with the oversampling frequency knowing the inter-
polation and the decimation ratios selected in the
TxCR3 and RxCR3 register. The oversampling
clock can be provided by an external clock system.
It can also be provided from the highest synchro-
nous clock (TxXHSCLK and RxHSCLK) using an
external divider. In any case, the user will have to
comply with the relation : Crystal frequency FQ
must be greater than 470 x 4 x Fsx with an over-
sampling ratio of 128 or than 470 x 5 x Fsx with an
oversampling ratio of 160.

Several values can be chosen for the master clock
frequency. The four frequencies givenin table 1 are
of particular interest, as they are compatible with
standard Modem frequencies.

Note : In the remainder of the datasheet, unless otherwise
indicated, 36.864MHz will be considered as the nominal
master clock frequency. The maximum master clock
frequency is 38MHz.

Frg;‘{fgﬁ'cy Symbol Rate Frequency Bit Rate (bps) Sampling (bps)

FQ (MHz) Fbaud (baud) All up others Fsx, Fsr (Hz) (1)

to 19200

18.432 (2) 600, 1200, 1600, 2400 Yes 3,4,5,6,8,12 or 16 times Fbaud

25.8048 600, 1200, 1600, 2400, 2800 Yes 19600/22400 | 3,4,5,6,8,12 or 16 times Fbaud
29.4912 (2) 600, 1200, 1600, 2400 Yes 3,4,5,6,8,12 or 16 times Fbaud
36.864 (3) 600, 1200, 1600, 2400, 2560, 2743, All up to 3,4,5,6,8,12 or 16 times Fbaud

2954, 3000, 3200, 3429, 3491 28800

Notes : 1. Depending on the symbol rate frequency
2. 7543 mode

3. This crystal frequency provides all the symbol rates satisfying the relation -

Symbol rate = (2400 x 16)/K with K = (16, 15, 14, 13, 12, 11)

Symbol rate = (2400 x 8)/K with K= (8, 7, 6)
Symbol rate = (2400 x 10)/K with K = (8, 7)

Lyz $55;THOMSON
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Ill - FUNCTIONAL DESCRIPTION (continued)

111.5.1 - Transmit DPLL

Frequency control of the Tx clock system (Fig-
ure 10) is obtained by performing additional up or
down counting steps in the three input dividers M,
N and P. These elementary phase shifts of one
master clock period are repeated at either the rate
of the Fsx clock, or half that rate, depending on the
required capture and tracking ranges (see table 15
and 26). The average updated frequency then
varies between the following limits :

FQ - FSHIFT < Faverage < FQ + FSHIFT

Where FQ is the master clock frequency and
FSHIFT equals Fsx or Fsx/2 (see table 26).

The TxDPLL phase comparison which determines
lead or lag decisions, is simply obtained by sam-
pling the synchronization clock, TxSCLK or RxCLK,
on the falling edges of an internal clock taken from
the division chain, FCOMP (see table 25). FCOMP
frequency must be an integer submultiple of the
synchronization clock. This frequency determines
the Tx jitter magnitude. In V.Fast synchronization
mode FCOMP is equal to 2400Hz, and in 7543
mode the synchronization clock FCOMP can be
chosen to be equal to the baud rate frequency. Only
phase shifts of the same sense (lead or lag) are
performed during each FCOMP period. The actual
phase shifts during FCOMP period are given by the
ratio
FSHIFT/FCOMP

These phase shifts are performed at the inputs of
the M,N, and P dividers to lock the DPLL to the
synchronisation signal (see Table 22). The Tx clock
system may also run freely without any phase shift.
In this case, the TxSCLK input is no longer active.
The DPLL capture and tracking range equals
+FSHIFT/FQ. They have to be greater than
+ 200ppm to comply with CCITT recommenda-
tions. FSHIFT = Fsx/2 minimizes the jitter. Because
of this, there is a trade-off between higher capture
and tracking ranges and lower jitter.

Ex : FQ = 36.864MHz and FSHIFT = 9600Hz.

Capture and tracking range = + FSHIFT/FQ
=+ 9600H2/36.864MHz = + 260ppm

lll.5.2. Transmit Clocks
111.5.2.1 - Internal Mode

The internal clock mode is selected when the pin
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EOCMODE is tied to GND. In this mode the

ST7544 provides three Tx programmable synchro-

nous modem clocks :

- a transmit bit rate clock TxCLK

- a transmit baud rate clock TXRCLK

- a transmit highest synchronous clock TxHSCLK,
associated with the TxSYNC synchronization
pulse, useful to generate additional clocks (e.g.
extra divisors) if needed.

The outputs of the latter two clocks, can be disabled
when not used, but in 7543 synchronisation mode
a correct baud rate frequency must be pro-
grammed as the FCOMP clock frequency depends
onit.

The Tx clock system provides the sampling and
oversampling clocks as well as the bit and synchro
clocks (BCLKX and FSX) used by the serial inter-
face A (SSI-A) described in section IV.

The counters of the Tx clock system (Figure 10) are
automatically reset when powering-on the ST7544
and when the NLPR input level is low. They can
also be reset, under software control, during the
following conditions :

- on the next falling edge of the TxSCLK terminal
clock or of the RxCLK receive bit rate clock (SST
bit table 22).

- on the next falling edge of the TXRCLK transmit
baud rate clock when any Tx register is accessed.

The former gives the capability to speed-up the Tx
DPLL synchronization; the latter is useful to fix the
phase of the bit rate clock with respect to the baud
rate clock, in particular after each modification of
the bit or baud rate value.

The internally generated pulse resetting the Tx
counters is output at the TxSYNC pin in order to
synchronize external functions using the TxHSCLK
clock.

111.5.2.2 - External Mode

The external clock mode is selected when the pin
EOCMODE is tied to the Vpp. In this mode the user
must provide the ST7544 with the transmit over-
sampling clock. The internal DPLL can be used if
the external transmit oversampling clock is gener-
ated by a divider synchronized by both the
TxHSCLK and TxSync signals.
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1l - FUNCTIONAL DESCRIPTION (continued)
111.5.3 - Receive DPLL

The synchronization of the Rx counters delivering
the Rx clocks (Figure 11) is performed by addition
or suppression of master clock periods under DSP
control. Inthis case, the phase comparison function
of the RxDPLL is implemented in the associated
DSP recovering the received symbols.

Two types of phase shift control are provided in the
ST7544 :

- a coarse phase lag of programmable magnitude,
obtained from the suppression of 64 to 4096
successive master clock transitions. This control
is to be used to reduce the RxDPLL locking time.
a fine phase lead or lag of programmable magni-
tude (i.e. 8 to 32 master clock periods or one Tx
oversampling clock period) continuously used to
implement the phase control loop. (see Table 38).
Each elementary phase shift, correspondingto an
addition or a subtraction of one master clock
transition, is synchronized on an internal clock
with frequency equal to the Rxoclk (128 or 160
times the Rx sampling frequency Fsr). A phase
shift is ,therefore, always completed in less than
one Fsr period.

111.5.4 - Receive Clocks
1.5.4.1- Internal Mode

The internal clock mode is selected when the pin

EOCMODE is tied to GND. In this mode the

ST7544 provides three Rx synchronous program-

mable modem clocks :

- receive bit rate clock RxCLK

- receive baud-rate clock RxRCLK

- receive highest synchronous clock, RXHSCLK
associated with the RxSYNC synchronization
pulse useful to generate additional clocks

The RXRCLK and RxHSCLK outputs can be dis-
abled when not used. The bit rate clock frequency
of the Rx modem can be chosen to be different from
its Tx counterpart, provided Rx to Tx loopback is
not required. The Rx clock system also provides
the Rx sampling clock as well as the bit and synchro
clocks (BCLKR and FSR) used by the serial inter-
face B (SSI-B) described in section 1V. The digital
reconstruction filter implemented in the ST7544
makes possible the choice of a receive nominal
sampling frequency different from the transmit
nominal sampling frequency. The counters of the
Rx clock system (Figure 11) are reset when pow-
ering on the ST7544 and when the NLPR input
level is low. They can also be reset, under software
control, on the next falling edge of the RXRCLK
receive baud rate clock when the RxCRO or RxCR1
register are accessed : this feature is used to fix the
phase of the bit rate clock with respect to the baud
rate clock, e.g. after each modification of the bit or
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baud rate value. The internally generated pulse
resetting the Rx counters is output at the RxXSYNC
pin in order to be used with the RXHSCLK clock.

111.5.4.2 - External Mode

The external clock mode is selected when the pin
EOCMODE is tied the Vpp. In this mode the user
must provide the ST7544 with the receive over-
sampling clock. The internal DPLL can be used if
the external receive oversampling clock is gener-
ated by a divider synchronized by both the
RxHSCLK and RxSync signals.

1.6 - SERIAL INPUT/OUTPUT
SYNCHRONOUS INTERFACES

The MAFE has two Synchronous Serial Interfaces
ports, SSIA and SSIB. They allow independent
transmit and receive paths. Through the two serial
ports, the MAFE can talk to various digital signal
processors. The various serial interface signals
and internal registers are given below :

SSI PORT A (SSIA)

- Transmit Frame Synchronization output (FSX)

- Transmit Bit clock output (BCLKX)

- Transmit Serial Data input (TxDI)

- Transmit input Shift Register (TSRIN)

- Transmit input Buffer Register (TBRIN)

- Transmit output Shift Register (TSROUT)

- Transmit Serial Data output (TxDO)

SSI PORT B (SSIB)

- Receive Frame Synchronization output (FSR)
- Receive Bit clock output (BCLKR)

- Receive Serial Data input (RxDI)

- Receive input Shift Register (RSRIN)

- Receive input Buffer Register (RBRIN)

- Receive output Shift Register (RSROUT)

- Receive Serial Data output (RxDO)

INPUT MODES
- Synchronous Serial Interface Mode (SSIM)
- Bit Frame Rate Select (BFRS)

With SSIM input, the user can choose either single
interface mode or dual interface mode. In single
interface mode (section VI.2), only port SSIA is
operational. Where as in dual interface mode (sec-
tion VI.1), both SSIA and SSIB ports are opera-
tional. These two ports carry data inside a
synchronous frame consisting of four/five or
eight/ten sixteen bit time slots (only the four first
time slots are used for transporting information.
SSIA port is synchronous to the Tx system clock
and SSIB port is synchronous to Rx system clock.
The format of the signal samples carried on these
portis two’s complement with MSB sent or received
first. As explained hereafter itis also possible to use
the port A only to transfer the data between the

ST7544 and the associated DSP.
15/48
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1l - FUNCTIONAL DESCRIPTION (continued)

ll.6.1 - Tx Clock Related Registers
Figure 3 : Tx Clocks Related Registers

TXOCLK
SSIM ———————— B ek (12+1) bit Coeff |
BFRS 5 Generator b RAM
1
* + * 16bits |
DI j Fex BCLKX WCkx g TxCRO
. i = 16 bits .
TSRIN 16 bits > TBRIN 16 bits % TxSig
@
* * 3 16 b
< 6 bits > ResSig
BCLKX WClkx X
2 1
= 16 bits RxCtrl
5 "] Eye Pattern > RxRCO
2
: _ 4
£ SSIM
BCLKX WCIkx g
)
$ + ’ g 16 bits AXTx
TSROUT | 16 bits 2
o
£ |y (12+143) bit | Coeff RAM
o [T + Status
TxDO <—J -
< 16 bits RxS1
16 bits AxS2
111.6.2 - Rx Clock Related Registers
Figure 4 : Rx Clocks Related Registers
RXOCLK +
SSM ————— ok
BFRS > Generator T
]
F 6 bit
a0l Y oV v 2 165t Bl mctl  w|  RxACO
fsr BCLKR WClkr %
g _ 4
x SSIM
. : X
ASAIN 16 bits RBRIN 16 bits | P sbi
s ® pl  EYEX
* * E 16 bits
BCLKR WCIk S
r % 8 bits > EYEY
c
BCLKR  WCIkr 2
v v :
Qo
s ‘
RSROUT | 16 bits g 16 bits ResSig
Fel
©
RxDO <J
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IV - SERIAL INTERFACE OPERATION

Serial data transmission (reception) is initiated by
a frame synchro signal FSX (FSR). The Data is
clocked from TxDI (RxDI) into TSRIN (RSRIN) on
the falling edge of BCLKX (BCLKR) and transfered
to the TBRIN (RBRIN) register when a complete 16
bit word has been received. Data is assumed to be
received MSB first.

Serial data transmission (reception) output is initi-
ated by a frame synchro signal FSX (FSR). The
16-bit Data word is loaded into TSROUT
(RSROUT) and serially clocked out of TSROUT
(RSROUT) to TxDO (RxDO) on the rising edge of
BCLKX (BCLKR).

BCLKX (BCLKR) frequency can be programmed to
be either 64 or 128 (80 or 160) times Fsx (Fsr) using
the Bit Frame Select (BFRS) input pin. This mean
that the frame contains four, five, eight or ten time

Figure 5 : Serial Channel Timing

slots of 16 bits. The time slots used for circuit
operation are indicated in the next paragraph.

IV.1 - DUAL SERIAL INTERFACE MODE (SSIA, SSIB)

When SSIM is tied to Vpop, both A and B ports are
functional : port A (SSIA) is dedicated to the Tx
channel and port B (SSIB) to the Rx channel. The
timing diagram showing the data format is given in
Figures 5 and 6.

The time-slot TXO1 is dedicated to RAM coefficient
reading. The RAM coefficient is selected by the
address bits RAO to RA1 in the TxCtrl word (see
Table 4). Reading is initiated by the rising edge of
Start bit Stb (bit D14 in Table 3) in the TxCtrl word.

Note: RxSig is also available in two time slot RxS1 and RxS2 on

the time slot TxO2 and TxO3 on SSIA (see section IV.2)

BCLKX
(BCLKR)

% HO000000E0EREEEREE

&7 SEETHOMRON
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IV - SERIAL INTERFACE OPERATION (continued)

Figure 6 : Serial Channel Timing. Dual Port Mode

Fsx ﬂ
TxCtrl
} Mode | Add | Data . ITR3
TxDI —{ 3 ] 5 8 x TxSig X ResSig
: (TxI0) (TxI1) (TxI2)
TxDO —( ﬁ.’gzx x HQM Unused ) Unused Unused Hz
(Tx00) (Tx01) (Tx02) (Tx03) (Tx04)
ssiB

Fsr ﬂ
RxCtrl
Add Data T mRz YT (31 S
RxDI _( 8 I 8 x EYEY-EVEX ) Reserved Reserved
(TRIO) (TRI1) (TRI2) (TRI3)
R frfg Ty
w0 w5 | lites e Reserved
(TR00) (TRO1) (TR02) (TRO3)

IV.2 - SINGLE SERIAL INTERFACE MODE

When SSIM is tied to GND, only port A (SSIA) is
selected. In this case, port A carries both Tx and
Rx signal samples and control words at Tx sam-
pling rate (Fsx). The RxDI input should be tied to
Vpb. Since port B is not functional in this mode, the
RxSig (synchronized to Fsr) will be available in the
two time slots, RxS1 and RxS2, synchronized to
Fsx. The reason for the two time slots is that the
Fsr could be different in magnitude and phase from
the Fsx. The status bit St0 and St1 are used to
indicate which of the RxS1 and RxS2 are valid.
Please see the table following. For example, if Fsx
=9600Hz and Fsr = 14400Hz both RxS1 and RxS2
could carry valid data. Figure 7 shows the timing
diagram.

The time-slot TXO1 is dedicated to RAM coefficient

18/48
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reading. The RAM coefficient is selected by ad-
dress bits (RAO to RA1) in the TxCtrl word (see
Table 4). Reading is initiated by the rising edge of
a Start bit Stb (bit D14 in Table 3) in the TxCtrl word.
The time-slot TxI3 is dedicated to the RxCtrl word
or the EYE-PATTERN, selected in the TxCtrl (see
table 5).

Table 2
STATUS WORD IN TxO1 TIME SLOT
D1 DO Valid Data
St1 St0
0 0 None
0 1 None
1 0 RxS2
1 1 RxS1 and RxS2 (1)

Note 1 : The RxS1 sample precedes the RxS2 sample.
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IV - SERIAL INTERFACE OPERATION (continued)

Figure 7 : Serial Channel Timing. Single Port Mode

SSIA
BCLKX l j
Fsx _ﬂ
; RxCtrl or
TxCtrl Eye-pattern
Mode | Add | Data ) ) Add8 | Datas |\ %W
TxDI —( 3 5 l 8 X TxSig X ResSig x TEYEY EYEX) !
: (TxI0) (TxI1) (TxI2) (TxI3) (Txl4)
TDO —{ RAXTx x A ; Sztx RxS1 x RS2 )——HZ———
(Tx00) (Tx01) (Tx02) (Tx03) (Tx04)

IV.3 - COEFFICIENT LOADING MODE

The Coefficient Loading Mode is selected by the
Mode Select bit (MS) in the TxCtrl Word (Table 3).
When the MS bit is a logic "1" the loading mode is
selected. The IIR RAMS (RAM1 to RAMS) are
selected in the TxCtrl word by two address bits
(RAO to RA1). Each coefficient RAM stores 38
coefficients of 13 bits. Therefore the size of the
coefficient RAM is 38 x 16 bits. The first frame
transfers 2 coefficients and the 12 following frames

Figure 8 : Coefficient Loading Mode

each transfer 3 coefficients into the selected RAM,
as shown in Figure 8. The transfer is initiated by
the rising edge of the Start bit coefficient Stb which
is loaded into the TxCtrl word. When the coefficient
loading mode is selected all data path are fixed to
zero.

Notes : 1. Coefficient loading is the sams for both dual and single
interface modes.
2. In coefficient loading mode , the EYE-PATTERN (time
slot TxI3) (and the RxCtrl in a single serial interface)
cannot be accessed

Fsx [ 1st Frame
: TxCtrl
TxDI Mode | Add | Data Unused Coeff 1 Coeff 2 i !
8 5 8 PO
: (TxI0) (TxI1) (TxI2) (TxI3) (TxI4)

(a). 1st Frame

seLkx [
Fsx | [} 13th Frame
: TxCtrl
TxDI _X M‘;"e Agd ' Dg‘a x Coeff 36 X Coeff 37 X Coeff 38 )
: (TxI0) (xi1) (Tx12) (TxI3) (Txi4)

(b). 13th Frame
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IV - SERIAL INTERFACE OPERATION (continued)

IV.4 - COEFFICIENT READING

Coefficient reading is selected in DATA mode only,
i.e. when the Mode Select bit (MS) in the TxCtrl
word is tied to logical 0. The IR RAMS (RAM1 to
RAMB3) are selected in the TxCtrl word by two
address bits (RAO to RA1). The 38 coeficients of
13 bits are available, one per frame, in the timeslot
TxO1 on the output Tx port A (see Figures 6, 7).
The reading is available on the rising edge of the
Start bit Stb loaded into the TxCtrl word. The first
coefficient is output with one frame of delay on
TxO1.

IV.5 - CRYSTAL SELECTION (XTAL10, XTAL11)

For application needing different or higher symbol
rates, the user can software select different master
clock frequencies for the ST7544. Two XTAL inputs
are provided for this purpose. The active XTAL
inputis selected in the time slot TxI1 with the Quartz
Select bit (QS). It is mandatory to shortcircuit the
XTAL10 and XTAL11 inputs when a single external
crystal or clock generator is used.

IV.6 - FRAME FREQUENCY PROGRAMMING

When using the nominal master clock frequency,
the frame frequency can be from 7200Hz to
16000Hz (see Tables 15 and 32). Whenever the
frame frequency Fsx (Fsr) is modified, the data to
the ST7544 during that frame should be high in the
time slots TxI1 (RxI1), TxI2 (RxI2) and TxI3 (RxI3).

20/48
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This is because the BCLKX (BCLKR) during that
frame may not be correct. Therefore, whenever the
Fsx (Fsr) is changed the user has to send informa-
tion to the ST7544 after one frame delay.

IV.7 - INITIALIZATION AND LOW-POWER
RESET MODE

Internal power-on circuitry automatically resets the
DPLL, the clock generator counters, and initializes
the internal control registers. The clocks affected
are the symbol clock, the bit clock and the sampling
clock. The initial status of these registers is given
in the PROGRAMMABLE FUNCTIONS section.
The transmit attenuator is initialized to an infinite
attenuation mode (see Table 24) to avoid the trans-
mission of undesirable signals on the phone line.

During hardware low power reset (NLPR pin is tied
to GND), the input of the inverter (across the crys-
tal) will be high (DVpp), the DPLLs and the clock
generator counters are initialized, all the analog
circuitry is placed in low-power mode and the XTAL
oscillator is stopped.

Access to the circuit is disabled during reset until
the clock oscillator starts. The duration of the reset
time can be increased by connecting the NLPR
input to an external RC timeconstant as indicated
in Figure 9.

In normal operation the NLPR input is used to
control the LowPower mode. When NLPR is not
used, it must be tied to Vpp.




ST7544

IV - SERIAL INTERFACE OPERATION (continued)
Figure 9 : Power-on Initialization Circuitry

(*) The software controlled reset is synchronized
on the next falling edge of the baud rate clocks. !

>

Tx and Rx DPLL

& CLOCK GENERATORS |
General Reset

L
I CLK

(2]

Power-On
Internal
Reset Pulse
Generator

SOFTWARE
CONTROLLED
RESET (*)
Y
Low-Power

ANALOG FUNCTIONS

CONTROL
REGISTERS

21/48

Lyg SS3.HomaON

33

7544-11 EPS



ST7544

V - CIRCUIT PROGRAMMING
This section defines the control and status words required to program the ST7544.
The circuit configuration is managed by the control words TxCtrl and RxCtrl and the SSIM, BFRS inputs.
The control words contain three fields :
- Mode Field 3 bits (D15-D13)  mode control bit
- Address Field 5 bits (D12-D8) 2 bits for Coeff Ram address
3 bits for Control Registers address
- Data Field 8 bits (D7-D0) Control Registers content

V.1 - MODE FIELD
Table 3 : Mode Field

TxCtrl Word
D15 D14 D13 | Select mode
MS Stb Qs
0 - - Data Mode and Control Register access mode
1 - - Coefficient Loading Mode and Filter Data Memory Reset (INI)
- T - Start bit for Coefficient Loading or Reading. The loading is initiated by a rising edge, i.e. a
logical one programmed after a logical zero.
- - 1 XTAL10 Selected (INI)
- - 0 XTAL11 Selected

INI : initial value

V.2 - ADDRESS FIELD
V.2.1 - RAM Address Field

Table 4 : RAM Address Field

TxCtrl Word

D15 D14 D13 D12 D11 D10 D9 D8 RAM Address
MS Stb Qs RAO RA1 AD2 AD1 ADO

- T - 0 0 - - - RAM 1 (INI)

- i) - 0 1 - - - RAM 2

- T - 1 0 - - - RAM 3

- - - 1 1 - - - Not RAM access

INI : initial value

V.2.2 - Transmit Control Register Address Field
Table 5 : Transmit Control Register Address Field

Register Name TxCtrl Word (2)
D15 D14 D13 D12 D11 D10 D9 D8
MS Stb Qs RAO RA1 AD2 AD1 ADO
TxCRO - - - - - 0 0 0
TxCR1 - - - - - 0 0 1
TxCR2 - - - - - 0 1 0
TxCR3 - - - - - 0 1 1
None - 1 1 1
EYE Pattern on TxI3 1 1 0(3)

Notes : 1. Aresetis generated when programming any Tx registers, this reset is synchronous with the falling edge of the Tx symbol clock.
2. No register access for the non-specified code
3. In single interface mode only

22/48 L37 S5S:THOMSON
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V - CIRCUIT PROGRAMMING (continued)

V.2.3 - Receive Control Register Address Field
Table 6 : Receive Control Register Address Field

Register Name

RxCtrl Word (3)

Note 1 D15 D14 D13 D12 D11 D10 D9 D8
- - - - - AD2 AD1 ADO
RxCRO - - - - - 0 0 0
RxCR1 - - - - - 0 0 1
RxCR2 - - - - - 0 1 0
RxCR3 - - - - - 0 1 1
None - - - - - 1 1 1

Notes : 1. Areset is generated when programming the RXCRO and RxCR1 registers, this reset is synchronous with the falling edge of the

Rx symbol clock.

2. Insingle interface mode, the RxCtrl registers cannot be programmed during the coefficient loading mode (see Figures 7 and 8).
3. No register access for the non-specified code

V.3 - CONTROL REGISTER DATA FIELD
V.3.1 - Transmit Control Register Programming

Table 7 : Transmit Control Register Programming

Register Data Programmed Function
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
TxCRO | NO | R1 | RO | S1 | SO | T2 | T1 TO | Tx Bit rate clock generator
TxCR1 | MO | Q1 | Q0 | U2 | U1 | UO | PO | BS | Tx Sampling, Baud and HS clock generators; Band
Split configuration.
TxCR2 | AT1 | ATO | LTX | LC | SST| - VF | R2 | Tx Attenuator, TxClock Synchronization, V.Fast
Synchronization mode, Divider by 12/11 Bit clock
TXCR3 | V2 | V1 | VO | W |HQ1|HQO| TsO | DL | Tx Sampling (used with TxCR1), FCOMP and
FSHIFT frequency programming HALF-INTEGER
Q DIVIDER (used with TxCR1), Test configuration
V.3.2 - Receive Control Register Programming
Table 8 : Receive Control Register Programming
Register Data Programmed Function
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RXCRO | NO | R1 | RO | St SO | T2 | T1 TO | Rx Bit rate clock generator
RxCR1 | MO | Q1 | Q0 | U2 | U1 | UO | PO | ECK | Rx Sampling, Baud and HS clock generators, Baud
and HS clock Enable
RxCR2 | LL | PS3 | PS2 | PS1 | PSO | AP2 | AP1 | APO | Rx Fine and Coarse Phase, Shift Control
RxCR3 | V2 | V1 | VO |EMX| R2 - | HQ1 | HQO | Rx Sampling (used with RxCr1), FCOMP or
TxRCLK output enable HALF-INTEGER Q
DIVIDER (used with RxCR1), Divider by 12/11 Bit
clock, Test configuration
23/48
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V - CIRCUIT PROGRAMMING (continued)
V.3.3 - Control Bit Function Summary

V.3.3.1 - TxCTRL WORD
Table 9 : TXCTRL Word, Programmed Function

Table Bit Programmed Function
11,12,13,14 NO N Divisor rank : 3, 4.
" R2,R1,R0 R Divisor rank : 12/11, 10/9, 8/7, 6/5, 4/3, 1. (1)
" 81,80 S Divisorrank: 1, 3,5, 7.
" T2,T1,T0 T Divisor rank : 4, 8, 16, 32, 64, 128, 256, 512.
14,15,16,17,18 MO M Divisor rank : 3, 4.
) " Q1,Q0 Q Divisor rank : 5, 6, 7, 8.
19 U2,u1,u0 U Divisorrank : 3,4,5,6,7, 8, 12, 16.
20 PO P Divisor rank : 3, 4.
21 BS Band Split or Echo cancelling mode. (In band split mode the 1IR2 Filter output is
internally tied to IIR3 Filter Input.)
22 LTX Synchronization signal : TxXSCLK or RxCLK.
22 LC Synchronization enabling : Lock or Free DPLL.
22 SST TxDPLL reset on the next falling edge of the synchronization signal. SST is
automatically reset after its action is completed.
23 VF 7543 and VFAST synchronization mode
23 R2 R divisor rank : +4 on R1, RO divisor rank.
24 AT1,ATO Tx Attenuation: 0dB, 6dB or infinite.
25 V2,v1,V0 V Divisor rank : 128, 160
25 F F divisor rank.
24 w FSHIFT frequency : Fsx or Fsx /2 (Related to frequency capture range of the
TxDPLL as FQ-FSHIFT < FAVERAGE < FQ + FSHIFT)
27 Ts0,HQ1, HQO | HALF-INTEGER Q DIVIDER (used with TXCR1 Q bit). Test Functions. Must be
set to logical 0 for normal operation
27 DL Test Loop

Note 1: The R2 bit is found in the TXCR2 register Table 23

V.3.3.2 - RxCTRL WORD
Table 10 : RxCTRL Word, Programmed Function

Table Bit Programmed Function
28,29,30,31 NO N Divisor rank : 3, 4.
! R2,R1,R0 | R Divisor rank : 12/11, 10/9, 8/7, 6/5, 4/3, 1. (1)
" S$1,S0 S Divisorrank: 1, 3,5, 7.
" T2,T1,TO | T Divisor rank : 4, 8, 16, 32, 64, 128, 256, 512.
32,33,34,35 MO M Divisor rank : 3, 4.
" Q1,Q0 Q Divisor rank : 5, 6, 7, 8.
36 U2,U1,U0 | U Divisorrank:3,4,5,6,7,8,12, 16.
37 PO P Divisor rank : 3, 4.
37 ECK Tx/RxRCLK and Tx/RxHSCLK output enabling.
38 LL Rx DPLL Lead/Lag control.
38 PS1,PS0 | Rx DPLL Phase Shift magnitude : 0, 8, 12, 16, 20, 24, 28, PS2
38 PS3 Rx DPLL Phase Shift magnitude : One 128*Fsx period. This bit is reset after phase shift
completion.
39 AP2,AP1 | Rx DPLL Coarse Phase Lag: 0, 64, 128, 256 512, 1024, AP0
40 V2,V1,V0 | V Divisor rank.
41 EMX FCOMP or TXxRCLK output enable (used in V.Fast synchronization mode to multiplex the
transmit bit Frame.
41 HQO,HQ1 | Test Functions. Must be set to logical 0 for normal operation.
41 R2 R divisor rank : +4 on R1, RO divisor rank. HALF-INTEGER Q DIVIDER (used with
RxCR1 Q bit)

Note 1 : The R2 bit is found in the RXCR3 register Table 41
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VI - PROGRAMMABLE FUNCTIONS
VI.1 - TRANSMIT SECTION

The different transmit (Tx) clocks are obtained by
frequency division in several counters (see Fig-
ure 10).

Note 1 : TxPCLK is an internal Processing Clock
used by the three IIR filters

Note 2 : The phase of internal clock FCOMP will
be compared to the synchronization signal (Ta-
ble 22) in order to control TXDPLL (see Tables 22,
25 and 26). In VFast synchronization mode
FCOMP is automatically set to 2400/F Hz if the
crystal frequency is equal to 36.864MHz or
25.8048MHz and if the bit rate clock is multiple of
2400Hz chosen from the Table. In 7543 mode V
divisor must be chosen such that the FCOMP
frequency is an integral sub-multiple of the syn-
chronization frequency. In the latter case the most

Figure 10 : Transmit Clock Generator

typical frequency for FCOMP is the baud rate fre-
quency.

During each period of FCOMP the average input
frequency of the transmit clock generator can be :

FQ, FQ + FSHIFT or FQ - FSHIFT
with FSHIFT = Fsx or Fsx/2

Note 3 : In 7543 mode the bit rate frequency must
always be an integer multiple of the baud rate
frequency for the transmit DPLL to lock onto the
synchronization signal.

Note 4 : The Transmit clock system (without the
TXHSCLK) is reset on next falling edge of the
TxRCLK transmit baud clock when any Tx register
is accessed.

Note 5 : The X divisor is programed automatically
with the R, S and T bit.

wy | DVpp
TxHSCLK TXICLK TxSYNC TxRCLK '_LEOCMODE
1
LT L J ‘\T
Phase Shift
+ OSmode
P-1
™ %P
P+1
EMX —» MUX 2 TO 1
TXSCLK . Txsync
Terminal Clock [ ] Phase Shift | 7y
> FCOMP + ¢ ; ¢
Z R R R
M-1 K =
o %M | %wa |0 (128 or 160) |1 ! %U Txrclk = FexU
M+1 or 192 v
FQ
Up to 38MHz L[> OSmode %W
5 TxPCLK
> %2 (internal) Txoclk Fsx + V.FAST
FSHIFT (internal)
i FCOMP
Phasi Shift Txsyne Txsync _ (internal)
[e]
R R
v v el ¢4
Lol %N |>l%RxsxTxs ' % » 5 |l ur
N/0+N1 bRXxSXxTx16 ™ 1. 92) > 2 /o
Txclk =FQ/(Nx RxSxTx 16)
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VI - PROGRAMMABLE FUNCTIONS (continued)

VI.1.1 - Transmit Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz
Table 11 : Transmit Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz

TxCRO Register Bit Rate Clock Frequency(Hz)
D7 D6 D5 D4 D3 D2 D1 DO Divisor (FQ = 36.864MHz)
NO R1 RO S1 S0 T2 T1 To rank Txclk = FQ/(N*R*S*T*16) (1)
0 1 1 0 1 0 0 1 1152 32000 (2)
1 1 1 1 0 0 0 0 1280 28800
1 0 0 1 0 0 0 0 1280x12/11 26400
1 1 1 0 1 0 0 1 1536 24000
1 1 0 1 0 0 0 0 1280x4/3 21600
0 1 1 1 0 0 0 1 1920 19200 (INI)
0 0 0 1 0 0 0 1 1920x8/7 16800
0 1 1 0 1 0 1 0 2304 16000 (2)
1 1 1 1 0 0 0 1 2560 14400
1 1 1 0 1 0 1 0 3072 12000
0 1 1 1 0 0 1 0 3840 9600
0 1 1 0 1 0 1 1 4608 8000 (2)
1 1 1 1 0 0 1 0 5120 7200
0 1 1 1 0 0 1 1 7680 4800
0 1 1 1 0 1 0 0 15360 2400
0 1 1 1 0 1 0 1 30720 1200
0 1 1 1 0 1 1 0 61440 600
0 1 1 1 0 1 1 1 122880 300
Notes : 1. :;0 use the 12/11 and the 10/9 divisor the R2 bit in the TxCR2 register (bit DO) must be set to 1. In all other case the R2 bit must
e setto 0.

2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit N0, R1, S1,
S0, T2 - TO not specified in the Table 11, 12 and 13. .

VI.1.2 - Transmit Bit Rate Clock Frequency Programming with Master clock Frequency FQ=25.8048MHz
Table 12 : Transmit Bit Rate Clock Frequency Programmingwith Master Clock Frequency FQ=25.8048MHz

TxCRO Register Bit Rate Clock Frequency (Hz)

D7 D6 D5 D4 D3 D2 D1 DO Divisor (FQ = 25.8048MHz) .
NO R1 RO S1 S0 T2 T1 To rank Txclk = FQ/(N*R*S*T*16) (1)
0 1 1 1 1 0 0 0 1344 19200

0 0 0 1 1 0 0 0 1344*8/7 16800

0 0 1 1 1 0 0 0 1344*6/5 16000 (2)

1 1 1 1 1 0 0 0 1792 14400

1 0 1 1 1 0 0 0 1792*6/5 12000

0 1 1 1 1 0 0 1 2688 9600

0 0 1 1 1 0 0 1 2688*6/5 8000 (2)

1 1 1 1 1 0 0 1 3584 7200

0 1 1 1 1 0 1 0 5376 4800

0 1 1 1 1 0 1 1 10752 2400

0 1 1 1 1 1 0 0 21504 1200

0 1 1 1 1 1 0 1 43008 600

0 1 1 1 1 1 1 0 86016 300

Notes : 1. The bit R2 in the TXCR2 register (bit DO) must be set to 0.
2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit N0, R1, S1,
S0, T2 - TO not specified in the Table 11, 12 and 13.
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VI - PROGRAMMABLE FUNCTIONS (continued)

VI.1.3 - Transmit Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz
Table 13 : Transmit Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz

TxCRO Register Bit Rate Clock Frequency (Hz)

D7 D6 D5 D4 D3 D2 D1 DO Divisor Txclk=
NO | Rl | RO | S1 | s0 | T2 | T1 | T0 rank FQ/IN'R*S*T*16) (1)

0 1 1 0 1 0 0 0 576 32000 (2)

1 1 1 0 1 0 0 0 768 24000

0 1 1 1 0 0 0 0 960 19200

0 0 0 1 0 0 0 0 960x8/7 16800

0 1 1 0 1 0 0 1 1152 16000 (2)

1 1 1 1 0 0 0 0 1280 14400

1 1 1 0 1 0 0 1 1536 12000

0 1 1 1 0 0 0 1 1920 9600 (INI)

0 1 1 0 1 0 1 0 2304 8000 (2)

1 1 1 1 0 0 0 1 2560 7200

0 1 1 1 0 0 1 0 3840 4800

0 1 1 1 0 0 1 1 7680 2400

0 1 1 1 0 1 0. 0 15360 1200

0 1 1 1 0 1 0 1 30720 600

0 1 1 1 0 1 1 0 61440 300

INI : initial value

Notes : 1. The bit R2 in the TXCR2 register (bit D0) must be set to 0.

VI.1.4 - Transmit Bit Clock Frequency Programming. Divisor Rank
Table 14 : Transmit Bit Clock Frequency Programming. Divisor Rank

2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit N0, R1, S1,
S0, T2 - TO not specified in the Table 11, 12 and 13.

TxCRO Register B'tTF:(itlf( g'g&l;(ﬁ[g‘!g?%%‘gr 2)

D7 D6 D5 D4 D3 D2 D1 DO Divisor rank

NO R1 RO S1 S0 T2 T1 TO N R S T
0 - - - - - - - 3(INI)
1 - - - - - - - 4
R 0 0 - - - - - 12/11 (withR2 = 1) (1)
N 0 1 - - - - - 10/9 (with R2 = 1) (1)
R 0 0 R . - - - 8/7 (with R2 = 0) (1)
R 0 1 - - - - - 6/5 (with R2 = 0) (1)
N 1 0 R - - - 4/3 (with R2 = 0) (1)
R 1 1 - - - - - 1(INI) (with R2 =00or 1) (1)
R 1 1 - - - - - 1(INI)
- - - 0 0 - - - 1
N - - 0 1 - - - 3
N - - 1 0 - - - 5 (INI)
N . . 1 1 . - - 7
N R - - - 0 0 0 4
- R - - - 0 0 1 8 (INI)
- - - - - 0 1 0 16
R R - - - 0 1 1 32
N - - - - 1 0 0 64
N - - - - 1 0 1 128
R - - - - 1 1 0 256
n N R - - 1 1 1 512

INI ¢ initial value
1. To use the 12/11 and 10/9 divider the R2 bit in the TXCR2 register (bit DO) must be set to 1. In all other case the R2 bit must be set

Note :

to 0.

ﬁ SGS-THOMSON
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Vi - PROGRAMMABLE FUNCTIONS (continued)

VI.1.5 - Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz
Table 15 : Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz

Sy | U | mMx(Yorayratio | g ZelbNd, ) | VOverSEWRing |y | Caphre
600 12 4x8 7200 160 1 1.95E-4
600 16 4%6 9600 160 1 2.60E-4
1200 6 4x8 7200 160 1 1.95E-4
1200 8 4%6 9600 160 1 2.60E-4
1600 5 4%6 8000 192 1 2.17E-4
1600 6 4%6 9600 160 1 2.60E-4
2400 3 4x8 7200 160 1 1.95E-4
2400 4 4x6 9600 160 1 2.60E-4
2400 6 4x5 14400 (INI) 128 2 1.95E-4
2560 3 4x75 7680 160 1 2.08E-4
2560 4 3x75 10240.00 160 1 2.77E-4
2560 6 3x5 15360.00 160 2 2.98E-4

2742.86 3 4x7 8228.57 160 1 2.40E-4
2742.86 4 3x7 10971.43 160 1 2.98E-4
2953.85 3 4%65 8861.54 160 1 2.40E-4
2953.85 4 3x6.5 11815.38 160 1 3.21E-4
3000 3 4x8 9000 128 1 2.44E-4
3000 4 3x8 12000 128 1 3.26E-4
3200 3 4%6 9600 160 1 2.60E-4
3200 4 3x6 12800 160 1 3.48E-4
3200 5 3x6 16000 128 1 4.34E-4
3428 57 3 4x7 10285.71 128 1 2.79E-4
3428.57 4 3x7 13714.28 128 2 1.86E-4
3490.91 3 4x55 10472.73 160 1 2.84E-4
3490.91 4 3x55 13963.64 160 1 3.79E-4

INI': initial value

VI.1.6 - Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz
Table 16 : Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz

Srgoogte | u | wxomio | Semping [ VOverswmeing [y | Captro
2800 3 4x6 8400 128 1 3.26E-4
2800 4 3x6 11200 128 2 2.17E-4
2400 3 4x7 7200 128 1 2.79E-4
2400 4 3x7 9600 128 2 1.86E-4

V1.1.7 - Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz
Table 17 : Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz

Srboge® | u | wxamio | suveing T VOvreamping |y | Captur
1600 5 3x6 8000 128 2 2.17E-4
1600 6 3x5 9600 128 2 2.60E-4
2400 (IN1) 3 4x5 7200 128 2 1.95E-4
2400 4 3x5 9600 128 2 2.60E-4

IN! : initial value
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VI - PROGRAMMABLE FUNCTIONS (continued)

VIil.1.8. Transmit Sampling Clock Frequency Programming.I Divisor Rank
Table 18 : Transmit Sampling Clock Frequency Programming. Divisor Rank

TxCR1 Register

Sampling Clock frequency
Fsx = FQ/(MxQxV) (1)

D7 D6 D5 D4 D3 D2 D1 DO Divisor rank
MO Qi Qo U2 U1 uo PO BS M Q(2)
0 - - - - - - - 3
1 - - - - - - - 4 (INI)
- 0 0 - - - - - 5 (INI) (4.5)
- 0 1 - - - - - 6 (5.5)
- 1 0 - - - - - 7 (6.5)
- 1 1 - - - - - 8(7.5)

INI : initial value

Notes : 1. The V divider is programmed in the TxCR3 register.
2. To use the fractional Q divider bits HQ1 and HQO in Table 27 must be set to "1" (otherwise they are set to "0%).

VIil.1.9. Transmit Baud Rate Frequency Programming. Divisor Rank
Table 19 : Transmit Baud Rate Frequency Programming. Divisor Rank

TXCR1 Register Baud rate Frequency

D7 D6 D5 D4 D3 D2 D1 DO Divisor Rank
MO Q1 Qo U2 9] uo PO BS U

- - - 0 0 0 - - 3 (INY)

- - - 0 0 1 - 4

- - - 0 1 0 - - 5

- - - 0 1 1 - - 6

- - - 1 0 0 - - 8

- - - 1 0 1 - - 12

- - - 1 1 0 - - 16

N N N 1 1 1 - - 16

INI : initial value

VIil.1.10. Highest Synchronous Transmit Frequency Programming. Divisor Rank
Table 20 : Highest Synchronous Transmit Frequency Programming. Divisor Rank

Highest Synchronous Transmit Frequency

TxCR1 Register Txhsclk=FQ/P
D7 D6 D5 D4 D3 D2 D1 DO Divisor Rank
MO Q1 Qo U2 U1 uo PO BS P
- - - - - - 0 - 3
- - - - - - 1 4
INL: initial value
VIii.1.11. Band Split Mode
Table 21 : Band Split Mode
TxCR1 Register Band Split Mode
D7 D6 D5 D4 D3 D2 D1 DO
MO Q1 Qo u2 Ut uo PO BS
- - - - - - - 0 Inactive (iNI)

Active : Rx Filter Output connected to
reconstruction filter input (see Figure 1).

INI : initial value

F SGS-THOMSON
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VI - PROGRAMMABLE FUNCTIONS (continued)

VI.1.12 - Transmit Synchronization Signal Programming
Table 22 : Transmit Synchronization Signal Programming

TxCR2 Register Tx DPLL Clock
D7 D6 D5 D4 D3 D2 D1 DO Synchronization
AT1 | ATO | LTX LC SST - VF R2
- - 0 1 - - - - TxSCLK (1)
- - 1 1 - - - - RxCLK (1)
- - - 1 1 - - - Reset on the Next falling edge of the
Synchronization Signal (1) (2)
- - - 0 - - - - No Synchronization (INI)

INI : initial value

Notes : 1. If D4 = 1, the TxDPLL will be locked to the synchronization signal. Otherwise, the Tx DPLL will be free-running.
2. The SST bit is automatically reset after its action is completed.

V1.1.13 - Clock Mode Programming & R2 Divisor

Table 23 : Clock Mode Programming & R2 Divisor

TxCR2 Register Mode Programming & R2 divisor
D7 D6 D5 D4 D3 D2 D1 DO
AT1 | ATO | LTX LC SST - VF R2
- N - - - - 0 - 7543 synchronization Mode (INI)
- - N B - - 1 - V.Fast synchronization Mode
N N - - - - - R2 see Table 14 - R2 = 0 (INI)

INI : initial value

VI.1.14 - Transmit Attenuator Programming
Table 24 : Transmit Attenuator Programming

TxCR2 Register Transmit Attenuator
D7 D6 D5 D4 D3 D2 D1 DO Attenuation (dB)
AT1 | ATO | LTX LC | SST - VF R2
0 0 - - - - - - Infinite (INI)
1 0 - - - - - - -6
1 1 - - - - - - 0

INI: initial value

VI.1.15 - Phase Comparator Frequency and Decimation & Interpolation Ratio
Table 25 : Phase Comparator Frequency And Decimation & Interpolation Ratio

Tx Phase Comparator Frequency
TxCR3 Register FCOMP = Txrclk/ F or 2400/ F (2)
and V Divisor rank
D7 D6 D5 D4 D3 D2 D1 DO FCOMP Oversampling ratio
V2 Vi Vo W HQ1 | HQO | TsO DL F Vv
0 0 0 - - - - - 1 128
0 0 1 - - - - - 2 128
0 1 0 - - - - - 1 160
0 1 1 - - - - - 2 160
1 0 0 - - - - - 4 128 (INI)
1 0 1 - - - - - 1 192
1 1 0 - - - - - 4 160
1 1 1 - - - - - 1 256 (1)
INI : irutial value

Notes : 1. The performance is not guaranteed with this oversampling ratio.
2. FCOMP is depending of the synchronization mode (normal or VFAST).
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VI - PROGRAMMABLE FUNCTIONS (continued)

VI.1.16 - Phase Shift Frequency
Table 26 : Phase Shift Frequency

TXCR3 Register Phaslfs?_l?li:f}- Erf}g;“;%y M
D7 D6 D5 D4 D3 D2 D1 Do (Average updated master clock frequency)
V2 Vi1 Vo W HQ1 | HQO | TsO DL W
- - - 0 - - - - Fsx/2 (INI) (FQ + Fsx/2)
- - - 1 - - - - Fsx (FQ £ Fsx)

INI : initial value
Note 1: The W bit selects the phase shift frequency of the TXDPLL, and hence the capture range (see Figure 9)

VI.1.17 - Transmit Test Programming
Table 27 : Transmit Test Programming

TxCR3 Register Test Modes
D7 D6 D5 D4 D3 D2 D1 DO
V2 Vi1 Vo W HQ1 | HQO | TsO DL
0 0 0 0 Normal Mode (INI)

. . - - - - - 1 Digital Loop Test (1)

. - - - - - 1 - Test O (Internal use only)

- - R - 0 1 - - Test 1 (Internal use only)

B - - - 1 0 - - Test 2 (Internal use only)

R R - - 1 1 - - HALF-INTEGER Q DIVIDER (see Table 18) (2)

INI': inthial value
Notes : 1. To perform the digital loop test, the single senal interface and band split modes should be selected, the signal at TxDO pin should
be looped into the RxDI pin, and the Fsx should be equal to the Fsr. Under these conditions, the A/DC input will appear at the output
on the D/AC. This test 1s useful to venify the performance of the ADC, DAC and IIR filters.
2. Test pin EOCMODE must be set to "0" in this configuration.
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Vi - PROGRAMMABLE FUNCTIONS (continued)

V1.2 - RECEIVE SECTION

The different Receive (Rx) clocks are derived from
the master clock (FQ) using the dividers shown in
Figure 11.

The counters of the Rx clock system (without the
RxHSCLK) are reset when powering on the
ST7544 and when the NLPR input level is low.

Figure 11 : Receive Clock Generator

They can also be reset, under software control, on
the next falling edge of the RXRCLK receive baud
rate clock when the RxCRO or RxCR1 register are
accessed : this feature is used to fix the phase of
the bit rate clock with respect to the baud rate clock,
e.g. after each modification of the bit or baud rate
value.

44
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HxHSCLKrE RxICLK RxSYNC RxRCLK
Lt L {}

Phase Shift
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> %P
P+1
Rxsync
Phase Shift ]
v R VR 1 R
FQ M-1 %V
Upt038MHz[ » %M [ %a |0 (128 or 160) [+ % U [
J M+1 | or 192
OSmode
Coarse
Phace Rxoclk Fex Rxrclk = Fsx/U
Phase Shift Rxsync
v i
N-1
“ %N [»%RxSxTx16
N+1
Rxclk = FQ/(NxR xS x T x 16)
| S
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Vi - PROGRAMMABLE FUNCTIONS (continued)

VI.2.1 - Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz
Table 28 : Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz

RxCRO Register Bit Rate Clock Frequency (Hz)

D7 D6 D5 D4 D3 D2 D1 DO Divisor rank (FQ = 36.864MHz)
NO | RT | RO | st | S0 | T2 [ T1 [ T0O Rxclk = FQ/N'R'S'T"16)

0 1 1 0 1 0 0 1 1152 32000 (2)

1 1 1 1 0 0 0 0 1280 28800

1 0 0 1 0 0 0 0 1280x12/11 26400 (1)

1 1 1 0 1 0 0 1 1536 24000

1 1 0 1 0 0 0 0 1280x4/3 21600

0 1 1 1 0 0 0 1 1920 19200 (INI)

0 0 0 1 0 0 0 1 1920x8/7 16800

0 1 1 0 1 0 1 0 2304 16000 (2)

1 1 1 1 0 0 0 1 2560 14400

1 1 1 0 1 0 1 0 3072 12000

0 1 1 1 0 0 1 0 3840 9600

0 1 1 0 1 0 1 1 4608 8000 (2)

1 1 1 1 0 0 1 0 5120 7200

0 1 1 1 0 0 1 1 7680 4800

0 1 1 1 0 1 0 0 15360 2400

0 1 1 1 0 1 0 1 30720 1200

0 1 1 1 0 1 1 0 61440 600

0 1 1 1 0 1 1 1 122880 300

INI : initial value

Notes : 1. To use the 12/11 and the 10/9 divisor the R2 bit in the TxCR2 regster (bit DO) must be set to 1. In all other case the R2 bit must
be set to 0.

2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit NO, R1, S1,

S0, T2 - TO not specified in the Table 11, 12 and 13.

VI.2.2 - Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz
Table 29 : Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz

RxCRO Register Bit Rate Clock Frequency (Hz)

D7 D6 D5 D4 D3 D2 D1 DO Divisor rank (FQ = 25.8048MHz)
NO | R1 | RO | S1 | 80 | T2 | T1 | To Rxclk = FQ/(N*R*S*T*16) (1)
0 1 1 1 1 0 0 0 1344 19200

1 0 0 1 1 0 0 0 1344*8/7 16800

0 0 1 1 1 0 0 0 1344*6/5 16000 (2)

1 1 1 1 1 0 0 0 1792 14400

1 0 1 1 1 0 0 0 1792*6/5 12000

0 1 1 1 1 0 0 1 2688 9600

0 0 1 1 1 0 0 1 26886/5 8000 (2)

1 1 1 1 1 0 0 1 3584 7200

0 1 1 1 1 0 1 0 5376 4800

0 1 1 1 1 0 1 1 10752 2400

0 1 1 1 1 1 0 0 21504 1200

0 1 1 1 1 1 0 1 43008 600

0 1 1 1 1 1 1 0 86016 300

Notes : 1. The bit R2 in the TxCR2 register (bit DO) must be set to 0.
2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit NO, R1, S1,
S0, T2 - TO not specified in the Table 11, 12 and 13.
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VI - PROGRAMMABLE FUNCTIONS (continued)

V1.2.3 - Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz
Table 30 : Receive Bit Rate Clock Frequency Programming With Master Clock Frequency FQ=18.432MHz

RxCRO Register Bit Rate Clock Frequency (Hz)

D7 D6 D5 D4 D3 D2 D1 DO Divisor rank (FQ = 18.432MHz)
No | Ri Ro | st so | T2 [ T T0 Rxclk = FQ/(N*R*S*T*16) (1)
0 1 1 0 1 0 0 0 576 32000 (2)

1 1 1 0 1 0 0 0 768 24000

0 1 1 1 0 0 0 0 960 19200

0 0 0 1 0 0 0 0 960*8/7 16800

0 1 1 0 1 0 0 1 1152 16000 (2)

1 1 1 1 0 0 0 0 1280 14400

1 1 1 0 1 0 0 1 1536 12000

0 1 1 1 0 0 0 1 1920 9600 (INI)

0 1 1 0 1 0 1 0 2304 8000 (2)

1 1 1 1 0 0 0 1 2560 7200

0 1 1 1 0 0 1 0 3840 4800

0 1 1 1 0 0 1 1 7680 2400

0 1 1 1 0 1 0 0 15360 1200

0 1 1 1 0 1 0 1 30720 600

0 1 1 1 0 1 1 0 61440 300

INI : initial value
Notes : 1. The bit R2 in the TxCR2 register (bit DO) must be set to 0.
2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit NO, R1, S1,
S0, T2 - TO not specified in the Table 11, 12 and 13.

VI.2.4 - Receive Bit Rate Clock Frequency Programming. Divisor Rank
Table 31 : Receive Bit Rate Clock Frequency Programming. Divisor Rank

RXCRO Register %‘;gﬁfﬁ,fg}f,ﬂ‘.gfgﬂﬁ?g
D7 D6 D5 D4 D3 D2 D1 DO Divisor rank
NO | Ri | RO | S1 | S0 | T2 | T | To N R S T
0 - : - - : : - 3 (IN))
1 : : ; - : : : 4
- 0 | o - - - - - 12711 (with R2 = 1) (1)
- 0 1 - : : - - 10/9 (with R2 = 1) (1)
; 0o | o ; ; : ; : 8/7 (with R2 = 0) (1)
- 0 1 : - : 6/5 (with R2 = 0) (1)
- 1 0 - - - - - 4/3 (with R2 = 0) (1)
- 1 1 - - ; ; ; 1(INI)
- - - 0 | o : : - 1
- - - 0 1 3
- - - 1 0 : - - 5 (INI)
- - - 1 1 - - - 7
- - - - - 0o | 0 | o 4
- - - - - 0 | o 1 8 (IN))
- - - : - 0 1 0 16 -
- - - : ; 0 1 1 32
- - - : - 1 0 | o 64
- - - - - 1 0 1 128
- - - : ; 1 1 0 256
- - : - . 1 1 1 512

INI : initial value

Note : 1. To use the 12/11 and the 10/9 divider register the bit R2 in the RxCR3 register (bit D3) must be set to 1 either in all other case R2
must be setto 0
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VI - PROGRAMMABLE FUNCTIONS (continued)

VI.2.5 - Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz
Table 32 : Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz

Symbol Rate (baud) U M x Y or M x Q ratio Sampling Frequency (Hz) V OverSampling ratio
600 12 4x8 7200 160
600 16 4x6 9600 160
1200 6 4x8 7200 160
1200 8 4x6 9600 160
1600 5 4x6 8000 160
1600 6 4x6 9600 192
2400 3 4x8 7200 160
2400 4 4x6 9600 160
2400 6 4x5 14400 (INI) 128
2560 3 4x75 7680 160
2560 4 3x7.5 10240.00 160
2560 6 3x5 15360.00 160

2742.86 3 4x7 8228.57 160
2742.86 4 3x7 10971.43 160
2953.85 3 4x6.5 8861.54 160
2953.85 4 3x6.5 11815.38 160
3000 3 4x8 9000 128
3000 4 3x8 12000 128
3200 3 4x6 9600 160
3200 4 3x6 12800 160
3200 5 3x6 16000 128
3428.57 3 4x7 10285.71 128
3428.57 4 3x7 13714.28 128
3490.91 3 4x55 10472.73 160
3490.91 4 3x5.5 13963.64 160

INI : initial value

V1.2.6 - Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz
Table 33 : Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz

Symbol Rate (baud) U Mx(Y or Q) Sampling ratio V OverSampling Frequency (Hz)
2800 3 4x6 8400 128
2800 4 3x6 11200 128
2400 3 4x7 7200 128
2400 4 3x7 9600 128

VI.2.7 - Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz
Table 34 : Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz

Symbol Rate (baud) U MxQ Sampling ratio V OverSampling Frequency (Hz)
1600 5 3x6 8000 128
1600 6 3x5 9600 128
2400 (INI) 3 4x5 7200 128
2400 4 3x5 9600 128
INI : initial value
L7 SGS-THOMSON 35/48
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Vi - PROGRAMMABLE FUNCTIONS (continued)

VI1.2.8 - Receive Sampling Clock Frequency Programming. Divisor Rank
Table 35 : Receive Sampling Clock Frequency Programming. Divisor Rank

RxCR1 Register sa,;‘;':ﬂ,’;g,ﬁ}ff'},’;e Nency
D7 D6 D5 D4 D3 D2 D1 Do Divisor rank
MO | Q@ | Qo | U2 | U1 | U0 | PO | ECK M Q@)
0 - - . - - - - 3
i - - - - - - - 4 (INI)
- 0 | o - - - - - 5 (INI) (4.5)
: 0 1 - - - - - 6 (5.5)
- 1 0 - - - - - 7 (6.5)
; 1 1 - - - - - 8 (7.5)

INI : inttial value
Notes : 1. The V divider is programmed in the RxCR3 Register
2. To use the fractional divider bits HQ1 and HQO in Table 41 must be set to "1" (otherwise they are set to "0").
VI.2.9 - Receive Baud Rate Frequency Programming. Divisor Rank
Table 36 : Receive Baud Rate Frequency Programming. Divisor Rank

RXCR1 Register Baud rate frequency

D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do Divisor Rank
Mo | Ql | Qo | Uz | U1 | Uo | PO |ECK() u

; - ; 0] o | o - 1 3 (INI)

- - - o | o | 1 - 1 4

- - - 0o | 1 0 - 1 5

; ; - o | 1 1 ; 1 6

- - - 1 0 | o - 1 8

- ; ; 1 S ; 1 12

: N : 1 1 0 - 1 16

- - - 1 1 1 - 1 16

INI : initial value

Note : 1. ECKbitis used to enable the RxRCLK and RxHSCLK outputs (as well as TxRCLK and TXHSCLK clock outputs) when set at logical 1.
The baud rate clock must be programmed to its correct value even though the corresponding output pin is disabled (ECK = 0).

VI.2.10 - Highest Synchronous Transmit Bit Frequency Programming. Divisor Rank

Table 37 : Highest Synchronous Transmit Bit Frequency Programming. Divisor Rank

RXCR1 Register Highest Sync;;g:glt'ﬁ ;toe;:;gve frequency
D7 D6 D5 D4 D3 D2 D1 DO Divisor Rank
MO | Q1 | Q0 | U2 | U1 | U0 | PO |ECK(1) P
- - - - - - 0 1 3
- - - - - - 1 1 4

INI : inttial value
Note: 1. ECKbutis used to enable the RXRCLK and RxHSCLK outputs (as well as TXRCLK and TxHSCLK clock outputs) when set at logical 1.
The baud rate clock must be programmed to its correct value even though the corresponding output pin is disabled (ECK = 0).
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VI - PROGRAMMABLE FUNCTIONS (continued)

VI.2.11 - Receive Fine Phase Shift Programming
Table 38 : Receive Fine Phase Shift Programming

RxCR2 Register Receive Fine Phase Shift Programming

D7 D6 D5 D4 D3 D2 D1 DO Action on RxDPLL

L Ps3 | Ps2 | PS1 | Pso | AP2 | AP1 | APO Number of Master Clock Pulses Suppressed
0 0 0 0 0 0 0 0 No phase shift (INI)

0 0 0 0 1 0 0 0 8

0 0 0 1 0 0 0 0 12

0 0 0 1 1 0 0 0 16

0 0 1 0 0 0 0 0 20

0 0 1 0 1 0 0 0 24

0 0 1 1 0 0 0 0 28

0 0 1 1 1 0 0 0 32

0 1 0 0 0 0 0 0 One Txoclk oversampling period (1)

1 - - - - - - As above but lead instead of lag (i.e. addition of

Master-Clock pulses)

INI': initial value

Note 1 : Available only with an internal Q divider. To shift one oversampling period, the chip must know the Q divider value currently used

VI.2.12 - Receive Coarse Phase Shift Programming
Table 39 : Receive Coarse Phase Shift Programming

RxCR2 Register Receive Coarse Phase Shift Amplitude Programming
D7 D6 D5 D4 D3 D2 D1 DO Number of Master Clock
LL | PS3 | PS2 | PST | PSO | AP2 | APT | APO Pulses Suppressed
0 0 0 0 0 0 0 0 No Phase Shift (INI)
0 0 0 0 0 0 0 1 64
0 0 0 0 0 0 1 0 128
0 0 0 0 0 0 1 1 256
0 0 0 0 0 1 0 0 512
0 0 0 0 0 1 0 1 1024
0 0 0 0 0 1 1 0 2048
0 0 0 0 0 1 1 1 4096
INI : initial value
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VI - PROGRAMMABLE FUNCTIONS (continued)

VI.2.13 - Interpolation Ratio
Table 40 : Interpolation Ratio

RxCR3 Register INTERFOLATION RATIO
D7 D6 D5 D4 D3 D2 D1 DO v
V2 Vi1 VO EMX | R2 - HQ1 | HQO
0 0 0 - - - - - 128
0 0 1 - - - - - 128
0 1 0 - - - - - 160
0 1 1 - - - - - 160
1 0 0 - - - - - 128 (INI)
1 0 1 - - - - - 192
1 1 0 - - - - - 160
1 1 1 - - - - - 256 (1)
INI : initial value
Note 1 : The performances are not garanted with this oversampling ratio.
VI.2.14 - Receive Test Programming & R2 Divisor
Table 41 : Receive Test Programming And R2 Divisor
RxCR3 Register Test Mode & R2 divisor
D7 D6 D5 D4 D3 D2 D1 DO
V2 Al VO EMX | R2 - HQ1 | HQO
- - - - - 0 0 0 Normal Mode (INI)
- - - - R2 - - - see Table 31 (RxCR0) R2 =0 (INI)
- - - 0 - - - - Tx RCLK output on TXxRCLK pin (INI)
- - - 1 - - - - FCOMP output on TXxRCLK pin (see Figure 10)
- - - - - - 1 1 HALF-INTEGER Q DIVIDER (see Table 35)
INI : initial value
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Vil - ELECTRICAL SPECIFICATIONS

Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values
are given for Vpp = +5V , Tamb = 25°C and for nominal crystal frequency FQ = 36.864MHz.

VIl.1 - ABSOLUTE MAXIMUM RATINGS (referenced to GND)
Table 42 : Absolute Maximum Ratings

Symbol Parameter Value Unit
Voo DC Supply voltage -0.3t07.0 Vv
Vi,Vin Digital or analog input voltage -0.3, Vpp +0.3 \
Ii,IN Digital or analog input current +1 mA
lo Digital output current +20 mA
lout Analog output current +10 mA
Ta Operating temperature range 0, +70 °c
Tstg Storage temperature range (plastic) - 40, + 125 °C
Pbmax Maximum power dissipation 500 mwW

VIl.2 - DC CHARACTERISTICS
Vpp = 5.0 V £ 5%, GND =0 V, Ta = 0 to +70 °C (unless otherwise specified)

VIl.2.1 - Power Supply and Common Mode Voltage
Table 43 : Power Supply And Common Mode Voltage

Symbol Parameter Min. Typ. Max. Unit
Vop Supply voltage 4.75 5 5.25 \Y

Ipp Supply current FQ = 18.432MHz 32 37 mA

FQ = 36.864MHz 52 mA

lpp-LP Supply current in low power mode 0.6 mA
Vem Input common mode voltage Vop/2 -5% | Voo/2 | Vop/2 +5% \

VIl.2.2 - Digital Interface
All digital pins except XTAL pins.
Table 44 : Digital Interface

Symbol Parameter Min. | Typ. | Max. | Unit
Vi Low Level Input Voltage -0.3 0.8 \Y
Vi High Level Input Voltage 2.2 \

I Input Current V| = Vpp or V= GND -10 +1 +10 A
Vou High Level Output Voltage (lLoap = -2mA) 2.4 \
Vo Low Level Output Voltage (lLoap = 2 mA) 0.4 '
Cin Input Capacitance 5 pF

VII.2.3 - Crystal Oscillator Interface (XTAL10,XTAL11)
Table 45 : Crystal Oscillator Interface

Symbol Parameter Min. | Typ. | Max. | Unit

Vi Low Level Input Voltage 1.5 \

ViH High Level Input Voltage 35 Vv

I Low Level Input Current (GND <V, < Viymax) -15 A

In High Level Input Current (Viumin < Vi < Vpp) 15 A
477 SESTHOMSON
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VII - ELECTRICAL SPECIFICATIONS (continued)

VIl.2.4 - Analog Interface
Table 46 : Analog Interface

Symbol Parameter Min | Typ | Max Unit
VRer Differential Reference Voltage Output = VRerp-VRern 240 | 2,50 | 2.60 Vv
Tempco (Vrer) | Vrer Temperature Coefficient 200 ppm/°C
Vemo N Input Common Mode Offset Voltage = RxA1 + RxA2 ; RxA2 _ Vem -300 300 mV
VoiFIN Differential Input Voltage : RxA1-RxA2 <= 2*VRer 2 * VRer Vpp
VorF IN Differential Input DC Offset Voltage : RxA1 = RxA2 = Vcm (1)
-100 100 mV
Vemo out Output common mode voltage offset = -—I—X—M—;LME —Vem 200 200 mV
Voirout Differential Output Voltage : TxA1-TxA2 <= 2*VRer 2* VRer Vpp
Vore out Differential Output DC Offset Voltage : (TxA1 - TxA2)DC -100 100 mV
Vour Output Voltage EYEX,EYEY GND VDD Y
Rin Input Resistance RxA1, RxA2 100 kQ
Rour Output Resistance TxA1,TxA2 20 Q
EYEX, EYEY 50 Q
RL Load Resistance TxA1,TxA2 10 kQ
EYEX, EYEY 1 kQ
CL Load Capacitance TxA1,TxA2 50 pF
EYEX, EYEY 30 pF
Note 1 : Input DC offset can be cancelled by high-pass filtering in IIR2 filter
40/48 57 SGS-THOMSON
Y/, MICROELECTRONICS
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Vil - ELECTRICAL SPECIFICATIONS (continued)
VIL.3 - AC ELECTRICAL SPECIFICATIONS (Vpp = 5.0 V 5%, Ta = 0 to +70 °C)
Output Load = 50 pF, Reference levels : ViL=0.8 V,ViH=2.2V,VoL=04V,VoH =24V

VIL.3.1 - Serial Channel Timing
Table 47 : Serial Channel Timing

Number Parameter Min. Typ. | Max. Unit
1 BCLKX, BCLKR Period 300 ns
2 BCLKX, BCLKR Width Low 135 ns
3 BCLKX, BCLKR Width High 135 ns
4 BCLKX, BCLKR Rise Time 30 ns
5 BCLKX, BCLKR Fall Time 30 ns
6 FSX, FSR to BCLKX, BCLKR Setup 100 ns
7 FSX, FSR to BCLKX, BCLKR Hold 100 ns
8 TxDI, RxDI to BCLKX, BCLKR Setup 20 ns
9 TxDI, RxDI to BCLKX, BCLKR Hold 0 ns
10 BCLKX, BCLKR High to TxDO, RxDO Valid 50 50 ns
11 BCLKX, BCLKR To TxDO, RxDO Hiz 50 50 ns

Figure 12 : Serial Channel Timming

BCLKX
(BCLKR)

Fsx
(Fsr)

TxDI
(RxDI)

T G ST G G G ST
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VIl - TRANSMIT CHARACTERISTICS

VIIL.1 - TEST CONDITIONS

The Tx characteristics depend on the transfer function of the transmit filter. The indicated performance is
measured when IIR1 filter implements the 8th order low-pass transfer function (including sinx/x correction)
shown in Figure 13. This is achieved by loading the coefficients given in table 48.

The frequency response in Figure 13 includes the gain of 72.25dB in front of the biquad 1 (see Figure A1)

Figure 13 : Filter Transfer Function (Sampling frequency = 48000Hz, Fsx = 9600Hz, Sample of group delay = 1/5 x Fsx)
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Sampling frequency 48000Hz

Table 48 : Interpolator Filter Coefficients

WORD | 7200,9600 | WORD | 7200,9600 | WORD | 7200,9600 | WORD | 7200,9600 | WORD | 7200,9600
1 0000,0000 9 0000,ca08 17 4c98,5070 25 a000,a000 33 0750,0858

0000,0000 10 0000,a000 18 2438,3508 26 adb8,ac18 34 6aa8,4098

2000,a000 11 b368,b570 19 d7a8,cfa0 27 5e70,6118 35 a000,a000

0000,0000 12 4400,48a0 20 a000,a000 28 0748,07a0 36 0000,0000

0000,0000 13 0200,2838 21 af18,aed8 29 a280,3368 37 0000,0000

0000,b7d8 14 d330,cb68 22 5690,59d0 30 a000,a000 38 0008,0008

N|oO|O |~ (W

0000,42b0 15 a000,a000 23 2118,2898 31 a910,adfo - -

8 a000,0118 16 b118,b268 24 4£80,dd90 32 5120,5338 - -

Filter coefficients (HEX FORMAT) for Fsx equal to 7200 and 9600Hz respectively

VIIl.2 - PERFORMANCE OF THE Tx CHAIN (from IIR1 filter input to (TxA1-TxA2) output)

Typical values are given for Vpp = +5V , Tamb = 25°C and for nominal crystal frequency FQ = 36.864MHz.
Measurement band = DC to 3.4kHz - Tx DPLL free running.

Table 49 : Performance of the Tx chain

Symbol Parameter Min | Typ | Max | Unit
Gabs Absolute gain at 1kHz -0.5 0 0.5 dB
THD Total harmonic distortion Fsx = 7200Hz -89 dB

(differential Tx signal : Vout = 2.5Vpp, f = 1kHz) Fsx = 9600Hz -89 dB

DR Dynamic range (1) (f = 1kHz, OverSampling ratio 160)  Fsx = 7200Hz 91 dB
Fsx = 9600Hz 92 dB

PSRR | Power supply rejection ratio (f = 1kHz, Vac = 200mVpp) 50 dB
CTxRx | Crosstalk (transmit channel to receive channel) 95 dB

Note 1 : Measured over the full 0 to Fsx/2 with a -10dBr input and extrapolated to fullscale

VIIL.3 - SMOOTHING FILTER TRANSFER CHARACTERISTICS
The cut-off frequency of the single pole switch-capacitor low-pass filter following the DAC (Figure 1) is :
fc-3dB= 128*Fsx/(2*n*10) or fc-3dB= 160*Fsx/(2*1*10)

c"' SGS-THOMSON
MICROELECTRONICS
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IX - RECEIVE CHARACTERISTICS
IX.1 - TEST CONDITIONS

The Rx characteristics depend on the transfer function of the receive filter. The indicated performance is
measured when |IR2 filter implements the 6th order band-pass transfer function shown in Figure 14. This
is achieved by loading the coefficients given in Table 50.

Figure 14 : Filter Transfer Function (Sampling frequency = 48000Hz, Fsx = 9600Hz, Sample of group delay = 1/5 x Fsx)
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Table 50 : Decimator Filter Coefficients
WORD | 7200,9600 | WORD | 7200,9600 | WORD | 7200,9600 | WORD | 7200,9600 | WORD | 7200,9600
1 0000,0000 9 0000,e000 17 4d90,4250 25 a000,a000 33 0d38,0618
2 0000,0000 10 €000,0000 18 25b8,2890 26 ab60,b5b0 34 0000,1a38
3 a000,a000 11 b2c0,bf38 19 d1b0,ca18 27 5a40,4e88 35 a000,a000
4 0000,0000 12 5998,4188 20 a000,a000 28 09b8,23c8 36 0000,0000
5 0000,0000 13 12c8,0188 21 b1{8,b748 29 2¢30,d620 37 0000,0000
6 0000,0000 14 4c80,e000 22 4668,47a8 30 a000,a000 38 0008,0008
7 0000,0000 15 a000,0000 23 1408,1b98 31 a088,b470 - -
8 20f8,3208 16 a5e0,b8e0 24 de78,cc80 32 6a30,5468 - -

Filter coefficients (HEX FORMAT) for Fsx equal to 7200 AND 9600Hz respectively

IX.2 - PERFORMANCE OF THE Rx CHAIN (from (RxA1-RxA2) input to 1IR2 filter output)

Typical values are given for Vpp = +5V , Tamb = 25°C and for nominal crystal frequency FQ=36.864MHz.
Measurement band = DC to 3.4kHz - Tx DPLL free running.

Table 51: Performance of the Rx chain
Symbol Parameter Min | Typ | Max | Unit
Gabs | Absolute gain at 1 kHz -0.5 0 0.5 dB
THD | Total harmonic distortion Fsx = 7200 Hz -89 dB
(differential Tx signal : Vout = 2.5 vep, f = 1kHz) Fsx = 9600 Hz -89 dB
DR Dynamic range (1) f = 1kHz, OverSampling ratio 160 Fsx = 7200 Hz 91 dB
Fsx = 9600 Hz 92 dB
PSRR | Power supply rejection ratio (f = 1kHz, Vac = 200mVep) 50 dB
CTxRx | Crosstalk (receive channel to transmit channel) 95 dB
Note 1 : Measured over the full 0 to Fsx/2 with a -10dBr input and extrapolated to fullscale
37 SGS:THOMSON 43148
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X - TYPICAL APPLICATIONS
X.1 - MULTI-STANDARD MODEM WITH ECHO CANCELLING
Figure 15 : Multistandard Modem with Echo Cancelling Capability

System
Bus

MCU

ST18933 CORE
DEDICATED .

— - TxA

Figure 16 : Differential Duplexer

f DSP  TxS |
Modem Data; > Serial ST7543 Analog
8 : Interfaces _ |  UNMAFE Signals
£ : _ RxS <€ RxA
To Terminal _‘ué <« :
&
= Modem Clocks
ST75XXX DATA-PUMP
X.2 - LINE INTERFACE

13.2kQ

LA — oz
I}
-
Cc
Phone
°R Line
20/2
132kQ 1
L S — =

R
RxA1
RxA2 R
—_

C : Improves the low frequency response. Z0 : Nominal line impedance
Its value depends on the transformer inductance.

C'. Reduces the DC offset gain.
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X - TYPICAL APPLICATIONS (continued)

X.3 - COMMON MODE VOLTAGE GENERATION AND DECOUPLING
Figure 17 : Voltage Decoupling

AV [

Veer D 1.5kQ
10pF 47nF 1%

47nF 1.5k .L-i- _]_
1% 10uF 47nF
VREFN T
AGNDT[ | .
=

AGNDR [}

+
chij T 25 ’ ATuF \:Lﬂ = 100nF

X.4 - CRYSTAL OSCILLATOR
Figure 18 : External Components for Crystal Oscillator

N N
33,,,:? CRYSTAL i\t 33pF
ID!
O
XTAL11  XTAL10 XTAL2
ST7544
X.5 - EXAMPLE OF PROGRAMMABLE EXTERNAL HALF-INTEGER DIVIDER
Figure 19 : Programmable Divider by 4.5, 5.5, 6.5, 7.5, 8
1D Y1 YO Divisor Rank
NRESET “ 0 0 0 45
14 ! ‘J) 0 0 1 5.5
0 1 0 65
|\ NR 0 1 1 75
D a 1 0 0 5
1 0 1 6
Na 1 1 0 7
) N 1 1 1 8
)
| W ! )\
NR NR NR NR
D D Q D Qo D Qf+D Q
FF FF FF FF
NQ Na [Y1=1 NQ NQ
A A A A\
CLKOUT
CLKIN
Yo Y1
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Xl - ANNEXE A
XI.1 -1IR FILTER OPERATION

Each IR filtering section included in the ST7544
can perform up to seven biquadratic transfer func-
tions in cascade, operating at four times the sam-
pling frequency (see Figure A1).

Each biquad is defined by five coefficients, A, B, C,
D and E (see Figure A2). An additional coefficient
,F, scales the IR filter output.

Unused biquads are made transparent by pro-
gramming A to one and the four remaining coeffi-
cients to zero. Such biquads should preferably be
located in the first sections of the IR filter in order
to reduce the calculation noise.

XI.1.1 - Coefficient Rounding

Initially, coefficients of the filter to be implemented
must be exclusively between +2 and -2. To derive
the actual usable 12+1 bit coefficients, the rounding
process described in Figure A3 must be performed.

Each 13 bit coefficient K is split into its doubling
factor K2, and its 12 bit basic value K1, as the IIR
architecture works with 12 bit coefficients and uses
an extra accumulation when coefficient doubling is
needed.

K2 e [0,1] and -2"% < K1 < +22

The coefficients are loaded into the different IIR
filters through 16 bit wide time slots. The format to
be used is as follows :

MSB K1 LSB
K2

(12bity 000
(1 bit) (3-bit)
Qemmmmeeee 16 bit word -------- >

To programme one lIR filter it is necessary to send
Figure A1 : IIR Filter Diagram

five words per biquad followed by two additional
words set to zero and the F coefficient word :
B(1), C(1), A(1), D(1), E(1), B(2),..., E(7), 0000H,
0000H, F

The total number of words sent is therefore 38.

Xl1.1.2 - Detailed Operation

The architecture of the device supporting the IIR
filteris based on 28 bit data path. The basic function
is as follows: one coefficient K(N) is multipled by
one sample X(N) followed by one accumulation
with value clampling. It can be precisely described
as follows :
FUNCTION PAC K(N), X(N), S
LOCAL P

P = TRUNC (K1(N) x X(N)/2'?)

S=S+P

IF ABS(S) > 22/ THEN

IF SIGN(S) >0 THEN CLAMP S TO 2%7-1
ELSE CLAMP S TO 2%

IFK2(N)=1THENS =S +P
IF ABS(S) > 227 THEN
IF SIGN(S) >0 THEN CLAMP S TO 2%7-1
ELSE CLAMP S TO 2%/

END OF FUNCTION

The TRUNC function is a two’s complement trun-
cature.

As previously mentionned, the second accumula-
tion is controlled by the doubling factor K2(N).
The complete process of computing 16 bit output
samples (Vout) from 16 bit input samples (Vin)
appears in Figure A4.

BIQUAD#1 BIQUAD#2 BIQUAD#7
v,N%r Viv () Vour M [PVin @ Vour @) |-+ VN (7)) Vour (7 "[>—'Vour
Coefficients : A1), B(1),..., E(1) A(2), B(2),..., E2) A(7), B(7),..., E(7)
46/48 &7 S5S:THOMSON
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X1 - ANNEXE A (continued)
Figure A2 : BIQUAD Structure

Vo (N)
Viy (N) W + °

Delay

H

H

Vi(N)
Dt o0

A
Delay

v, (N)

C(N)

Vout(N) = Vo(N) + D(N) x Va(N) + E(N) x V2(N)

Next Step with : V2(N) = V1(N)
V1(N) = Vo(N)

Equation Set:  Vo(N) = B(N) x V1(N) + C(N) x V2(N) + A(N) x Vin(N) N = BIQUAD NUMBER (1:7)

Figure A3 : lIR Coefficients Rounding

STARTING COEFFICIENT k(N)

(-2 < k(N) < +2) K=A,B,C,D,EorF

1 <k(N) < 41>
Yes
\
K2(N) =0 K2(N) = 1
K1(N) = ROUND (2048*k(N)) K1(N) = ROUND (1024*k(N))
K2=0o0r1 K1 = 12-Bit Word

F SGS-THOMSON
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XI - ANNEXE A (continued)
Figure A4 : |IR Operating Sequence

NEW INPUT SAMPLE
Vyy (16-bit)

v

Viy STORAGE IN 28-BIT FORMAT

T=800,xVy

FIRST BIQUAD |

ACCUMULATOR RESET |

RECURSIVE COEFFICIENTS

PACB(N), V, (N), S
PAC C(N), V, (N), S
PACA(N), T, S

VO(N) STORED INTO T

DIRECT COEFFICIENTS

PACD(N), V; (N), S
PAC E(N), V, (N), §

'

STATE VARIABLES UP-DATING Va (N) =Vy (N)
FOR THE NEXT COMPUTATION Vy (N) = Temp
Vout (N) STORED -5
INTOT ¢
NEXT BIQUAD | N=N+1
No
Yes
S=0
OUTPUT SCALING COEFFIECIENT PACF.T.S
IIR OUTPUT SAMPLE T=5
STORED INTO T ;
IIR OUTPUT SAMPLE LOADED INTO Vour=T
Vot AFTER 16-BIT SATURATION | IF GREATER THAN 16-BIT THEN CLAMPED
(NEW OUTPUT SAMPLE) TO 7FFF, OR 8000 ,
48/48
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ST7546

SIMPLIFIED V.34 ANALOG FRONT END

s GENERAL-PURPOSE SIGNAL PROCESSING
ANALOG FRONT END (AFE)

© TARGETED FOR V.34 MODEM AND BUSI-
NESS AUDIO APPLICATIONS

= 16-BIT OVERSAMPLING A A/D AND D/A

CONVERTERS

80dB SIGNAL-TO-(NOISE+DISTORTION) RA-

TIO FOR SAMPLING FREQUENCY (FS) UP

TO 22.5kHz @5V

= MAX SAMPLING FREQUENCY : 45kHz

» PROGRAMMABLE ADC AND DAC OVER-

SAMPLING FREQUENCIES. OVERSAM-

PLING FREQUENCY = N x 32 x FS, N = 2, 3,

4, 5, 6. THE OVERSAMPLING FREQUENCY

CAN BE FROM 0.5MHz TO 2.88MHz

FILTER BANDWIDTHS : 0.425 x THE SAM-

PLING FREQUENCY

® ON-CHIP REFERENCE VOLTAGE

= DIFFERENTIAL OUTPUT WITH PROGRAM-

MABLE ATTENUATION : 0dB, 6dB OR INFI-

NITE

TWO SETS OF DIFFERENTIAL INPUTS

WITH PROGRAMMABLE GAINS OF 0dB AND

6dB

16-BIT SYNCHRONOUS SERIAL INTERFACE

WHOSE OPERATION IS EITHER HARD-

WARE OR SOFTWARE CONTROLLABLE

= SINGLE POWER SUPPLY RANGE : 5V +5%

OR DOUBLE POWER SUPPLY : +3.3 TO 5V

+5% DIGITAL PART ; 5.0V 5% ANALOG

PART

LOW POWER CONSUMPTION : 100mW OP-

ERATING POWER AT THE NOMINAL FRE-

QUENCY OF 1.536MHz AND 5.0V SINGLE

SUPPLY (70mW @ 3.3V). LESS THAN 50pW

IN THE LOW POWER MODE WHEN THE

MCLK NOT RUNNING

= 0.8um CMOS PROCESS

= TQFP44 AND PLCC28 PACKAGES

DESCRIPTION

The ST7546 is a high-resolution analog-to-digital
and digital-to-analog converter targeted for V.34
modem and consumer audio applications.

May 1995

PRELIMINARY DATA

This device has a 16-bit oversampling ADC and
DAC, filters and control logic for the serial interface.
The oversampling frequencies for the ADC and
DAC are user programmable.

The device operation is controlled by reading the
16-bit information control register.

The major functions of the ST7546 are :

- To convert the audio-signal to 16-bit 2's comple-
ment data format through the ADC channel.

- To communicate with an external digital signal
processor via serial interface logic.

- To convert 16-bit 2's complement data from a
digital signal processor to an audio signal through
the DAC channel.

The ST7546 consists of two signal-processing
channels,an ADC channelanda DAC channel, and
the associated digital control. The two channels
operate synchronously so that the transmitted data
to the DAC channel and received data from the
ADC channel occur during the same time interval.
The data transfer is in 2s complement format.

To save power, e.g. in lap-top modem applications,
the low-power reset mode can be used to reduce
the power consumption to less than TmW.

PLCC28
(Plastic Package)

TQFP44
(Plastic Quad Flat Package)

114
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PIN CONNECTIONS
ST7546 Top View (PLCC28)
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PIN LIST
Name Pin Number Type Description
PLCC28 | TQFP44
SCLK 5 3 O | Shift Clock Output
FS 6 4 O | Frame Synchronization Output
DVpp 7 5 | Positive Digital Power Supply (+3.15V to 5.25V)
DGND 8 6 1 Digital Ground (0V)
VC1 9 7 O | Voltage Control (should be tied to ground through a 1MQ resistor)
VC2 10 8 O | Voltage Control (should be tied to ground through a 47nF capacitor)
MCLK 1 9 | Master Clock Input (equal to the ADC and DAC oversampling frequency)
HC1 12 14 | Hardware Control Input
HCO 13 15 | Hardware Control Input
PWRDWN 14 16 | Power-down Input
TSTA 15 17 O | Analog Output Reserved for Test
VRerp 16 18 O | 16-bit DAC and ADC Positive Reference Voltage
VRerN 17 19 O | 16-bit DAC and ADC Negative Reference Voltage
AGNDR 18 20 | Analog Ground (0V)
AUX IN+ 19 25 | Nonlnverting Input to Auxiliary Analog Input
AUX IN- 20 26 | Inverting Input to Auxiliary Analog Input
IN+ 21 27 | Nonlnverting Input to Analog Input Amplifier
IN- 22 28 1 Inverting Input to Analog Input Amplifier
AVpp 23 29 | Positive Analog Power Supply (5V £5%)
Vewm 24 30 O | Common Mode Voltage Output (AVpp/2 5%)
AGNDT 25 31 | Analog Ground (0V)
OUT+ 26 36 O | Noninverting Smoothing Filter Output.
OouT- 27 37 O | Inverting Smoothing Filter Output.
RESET 28 38 | Reset Function to Initialize the Internal Counters
TstD2 1 39 | Digital Input Reserved for Test.
TsTo1 2 40 O | Digital Output Reserved for Test
Din 3 41 | Serial Data Input
Dout 4 42 O | Serial Data Output

3/14
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PIN DESCRIPTION

1 - POWER SUPPLY (5 pins)
1.1 - Analog Vop Supply (AVbb)

This pin is the positive analog power supply voltage
(4.75V to 5.25V) for the DAC and the ADC section.
It is not internally connected to digital Vbp sup-
ply (DVop).

In any case the voltage on this pin must be higher
or equal to the voltage of the Digital power sup-
ply (DVop).

1.2 - Digital Vpbp Supply (DVop)
This pin is the positive digital power supply for DAC
and ADC digital internal circuitry.

1.3 - Analog Ground (AGNDT, AGNDR)

These pins are the ground return of the analog DAC
(ADC) section.

1.4 - Digital Ground (DGND)

This pin is the ground for DAC and ADC internal

digital circuitry.

Notes : 1. To obtain published performance, the analog Voo and
Digital Voo should be decoupled with respect to Analog
Ground and Digital Ground, respectively. The decoupling
is intended to isolate digital noise from the analog
section ; decoupling capacitors should be as close as
possible to the respective analog and digital supply pins.

2. Allithe ground pins must be tied together. In the following
section, the ground and supply pins are referred to as
GND and Vop, respectively.

2 - HOST INTERFACE (8 pins)
2.1 - Data In (Din)

In Data Mode, the data word is the input of the DAC
channel. In Control Mode, the data word is followed
by the control register word.

2.2 - Data Out (Dour)

In Data Mode, the data word is the ADC conversion
result. In Control Mode, the data word is followed
by the register read.

2.3 - Frame Synchronization (FS)

The frame synchronization signal is used to indicate
that the device is ready to send and receive data.
The data transfer begins on the falling edge of the
frame-sync signal. The frame-sync is generated
internally and goes low on the rising edge of SCLK.

2.4 - Serial Bit Clock (SCLK)
Clocks the digital data into Din and out of Dout
during the frame synchronization interval. The Se-
rial bit clock is generated internally and equal to the
Master clock signal frequency.

414
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2.5 - Reset Function (RESET)

The reset function is to initialize the internal count-
ers and control register. A minimum low pulse of
100ns is required to reset the chip. This reset
function initiates the serial data communications.
The reset function will initialize all the registers to
their default value and will put the device in a
pre-programmed state. After a low-going pulse on
RESET, the device registers will be initialized to
provide an over-sampling ratio equal to 160, the
serial interface will be in data mode, the DAC
attenuation will be set to infinite, the ADC gain will
be set to 0dB, the Differential input mode on the
ADC converter will be selected, and the multiplexor
will be set on the main inputs IN+ and IN-. After a
reset condition, the first frame synchronization cor-
responds to the primary channel.

2.6 - Power Down (PWRDWN)

The Power-Down input_powers down the entire
chip (<50uW). When PWRDWN pin is taken low,
the device powers down such that the existing
internally programmed state is maintained. When
PWRDWN is driven high, full operation resumes
after 1ms.

If the PWRDWN input is not used, it should be tied
to Vpp.

2.7 - Hardware Control (HCO, HC1)

These two pins are used for Hardware/Software
Control of the device. The data on HCO and HC1
will be latched on to the device on the rising edge
of the Frame Synchronization Pulse. If these two
pins are low, Software Control Mode is selected.
When in Software Control Mode, the LSB of the
16-bit word will select the Data Mode (LSB = 0) or
the Control Mode (LSB = 1). Other combinations of
HCO/HCH1 are for Hardware Control. These inputs
should be tied low if not used.

3 - CLOCK SIGNALS (3 pins)
3.1 - Master Clock (MCLK)

Master clock input. This signal is the oversampling
clock of the D/A and A/D convertor. It also provides
all the clocks of the serial interface. This input may
be driven by a CMOS signal with a frequency from
0.5MHz up to 2.88MHz (maximum).

3.2 - Voltage Control (VC1, VC2)

The voltage control output from the internal PLL.
The VC2 should be tied to ground through a capaci-
tor and the VC1 should be tied to ground through a
resistor.

MICROELECTRONICS
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PIN DESCRIPTION (continued)

4 - ANALOG INTERFACE (9 pins)
4.1.- DAC and ADC Positive Reference
Voltage Output (VRerP)

This pin provides the Positive Reference Voltage
used by the 16-bit converters. The reference volt-
age, VREF, is the voltage difference between the
VRerp and VReeN outputs, and its nominal value is
2.5V. VRerp should be externally decoupled with
respect to Vowm.

4.2 - DAC and ADC Negative Reference
Voltage Output (VRern)

This pin provides the Negative Reference Voltage
used by the 16-bit converters, and should be exter-
nally decoupled with respect to Vew.

4.3 - Common Mode Voltage Output (Vcom)

This output pin is the common mode voltage
(AVpp - AGND)/2. This output must be decoupled
with respect to GND.

4.4 - Non-inverting Smoothing Filter
Output (OUT+)

This pin is the non-inverting output of the fully
differential analog smoothing filter.

4.5 - Inverting Smoothing Filter Output (OUT-)

This pinis the inverting output of the fully differential
analog smoothing filter. Outputs OUT+ and OUT-
provide analog signals with maximum peak to peak
amplitude 2 x VRer, and must be followed by an
external two pole smoothingfilter. The external filter
follows the internal single pole switch capacitor
filter. The cutoff frequency of the external filter must
be greater than two times the sampling frequency
(FS), so that the combined frequency response of
both the internal and external filters is flat in the
passband . The attenuator of the last output stage
can be programmed to 0dB, 6dB or infinite.

4.6 - Non-inverting Analog Input (IN+)
This pin is the differential non-inverting ADC input.

4.7 - Inverting Analog Input (IN-)

This pin is the differential inverting ADC input.
These analog inputs (IN+, IN-) are presented to the
Sigma-Delta modulator via a multiplexer. The ana-
log input peak to peak differential signal range must
be less than 2 x Vrer, and must be preceded by an
external single pole anti-aliasing filter. The cut-off
frequency of the filter must be lower than one half
the over-sampling frequency (MCLK). These filters
should be set as close as possible to the IN+ and
IN- pins. The gain of the first stage is 0dB and can
be programmed to 6dB in differential hardware
configuration.

4.8 - Non-inverting Auxiliary Analog
Input (AUX IN+)

This pinis the differential non-inverting auxiliary ADC
input. The characteristics are same as the IN+ input.

4.9 - Inverting Auxiliary Analog Input (AUX IN-)

This pin is the differential inverting auxiliary ADC
input. The characteristics are same as the IN- input.
The input pair (IN+/IN- or AUX IN+/AUX IN-) are
software selectable.

5 - TEST (3 pins)
5.1 - Test Outputs (TSTD1)
Digital output reserved for test. Can be left open.

5.2 - Test Input (TSTD2)

Digital input reserved for test.Should be connected
to GND.

5.3 - Analog Test Output (TSTA)
Analog output reserved for test. Can be left open.

&7 $6S:THOMSON 54
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BLOCK DIAGRAM
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Tsta
Aux IN+ T2
(Aux IN-) Analo Low-Pass
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FUNCTIONAL DESCRIPTION
1- TRANSMIT D/A SECTION fo_aup = MCLK
The functions included in the Tx D/A section are 2-1-10

detailed hereafter.

16-bit 2's complement data format is used in the
DAC channel.

1.1 - Transmit Low Pass Filters

The transmit low pass filter is basically an interpo-
lating filter. It is a combination of Finite Impulse
Response filter (FIR) and an Infinite Impulse Re-
sponse filter (IIR).

The digital signal from the serial interface gets interpo-
lated by 2, 3, 4, 5 or 6 x Sampling Frequency (FS)
through the lIR filter. The signal is further interpolated
by 32 x FS x n (with n equal to 2, 3, 4, 5, 6) through the
IIR and FIR filter. The low pass filter is followed by the
DAC. The DAC is oversampled at 64, 96, 128, 160,
192 x FS. The oversampling ratio is user selectable.

1.2 - D/A Converter

The oversampled D/A converter includes a second
order digital noise shaper, a one bit D/A converter
and a single pole analog low-pass filter.

The gain of the last output stage can be pro-
grammed to 0dB, -6dB or infinite attenuation. The
cut-off frequency of the single pole switch-capacitor
low-pass filter is :

6/14
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with MCLK = Master Clock frequency.

Continuous-time filtering of the analog differential
output is necessary using an off-chip amplifier and
a few external passive components.

At least 86dB signal to noise plus distortion ratio can
be obtained in the frequency band of 0.425 x 9.6kHz
(with an oversampling ratio equal to 160).

2 - RECEIVE A/D SECTION

The different functions included in the ADC channel
section are described below. 16-bit 2’s complement
data format is used in the ADC.

2.1 - A/D Converter

The oversampled A/D converter is based on a
second order sigma-delta modulator. To produce
excellentcommon-mode rejection of unwanted sig-
nals, the analog signal is processed differentially
until it is converted to digital data. Single-ended
mode can also be used. The ADC is oversampled
at 64, 96, 128, 160 or 192 x FS. The oversampling
ratio is user selectable. At least -86dB SNDR can
be expected in the 0.425 x 9.6kHz bandwidth with
a -6dBr differential input signal and an oversam-
pling ratio equal to 160.
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FUNCTIONAL DESCRIPTION (continued)

2.2 - Receive Low Pass Filter

Itis a decimation filter. The decimation is performed
by two decimation digital filters : one decimation
FIR filter and one decimation IIR filter.

The purpose of the FIR filter is to decimate 32 times
the digital signal coming from the ADC modulator.

The lIR is a cascade of 5 biquads. It provides the
low-pass filtering needed to remove the noise re-
maining above half the sampling frequency. The
output of the IR will be processed by the DSP.

3 - Clock Generator

The master clock, MCLK is provided by the user. The
ADC and DAC are oversampled at the MCLK fre-
quency. MCLK is equal to the shift clock used in the
serial interface. The MCLK frequency should be :

MCLK = Oversampling ratio x Sampling frequency

The clock generator provides, via an internal PLL,
the clocks needed for the computation in the digital
section. The MCLK clock is used by the PLL for the
clock reference.

4 - Host Interface

The Host interface consist of the shift clock, the
frame synchronization signal, the ADC-channel
data output, and the DAC-channel data input.

The ST7546 internally generates the shift clock and
frame-sync signal for the serial communication.
These signals are derived from the input master
clock (MCLK). Two modes of serial transfer are
available. The first is the software mode for 15-bit

Figure 1 : Data Mode

transmit data transfer and 16-bit receive data trans-
fer, and the second is the hardware mode for 16-bit
data transfer. Both modes are selected by the Hard-
ware Control pins (HCO, HC1).

The data to the device, input/output are MSB-first
in 2’'s complement format (see Table 1).

Table 1 : Mode Selection
HC* THCo
0 0

Selected mode

Software mode Data/control through the
LSB of the 16-bit word. LSB = 0 for data
and LSB = 1 for control. At the end of the
Secondary Frame Synchronization the
device automatically returns to data mode.

Hardware mode for data transfer only. The
16-bit data word is input to the DAC. The
16-bit data word output is the ADC
conversion result (operation equivalent to
the software mode with LSB = 0).

Hardware mode for device programming
and control register read. Operation
equivalent to the Software mode with
LSB =1 16-bit data is written to or read
from the device during Primary Frame
Synchronization. During the Secondary
Frame Synchronization, the 16-bit control
information is input to the device and the
16-bit data word output is the Register
read data.

When Control Mode is selected, the device will
internally generate an additional Frame Synchroni-
zation Pulse (Secondary Frame Synchronization
Pulse) at the midpoint of the original Frame Period.
The Original Frame Synchronization Pulse will also
be referred to as the Primary Frame Synchroniza-
tion Pulse.

Sampling period
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FUNCTIONAL DESCRIPTION (continued)
Figure 2 : Mixed Mode .-

Sampling Period

1/2 Sampling Period

FSJ‘]

g

o

TxDI — DataWord Input  }——-— Control Word___y——(___
TxD0 —_ Data Word Output__y——————___RegisterWord __———{___
Y
HC1, HCo X 1X X__o1

5 - Control Register

This section defines the control and device status
information. The register programming occurs only
during Secondary Frame Synchronization. After a
reset condition, the device is always in data mode.

Table 2

Table 4 : Single-ended/Differential Inputs

(SING/DIFF)
D2 Function
0 | Differential input : +0dBr gain

1

Single-ended input : 0dBr gain
Differential input : +6dBr gain

Bits Symbol Function Note : 0dBr = 2 x Vrer peak-to-peak signal.
0 - -
1 | AUX/MAIN | Auxiliary / Main receive input Table 5 : Oversampling Ratio
5> | SING/DIFF giggé?\;grilgggt/Diﬁerenlial l:z)s [;4 [2)3 — Function
3 0VSo Oversampling bit 0 0 0 1 192
4 0VS1 Oversampling bit 1 0 1 0 | Reserved
5 ovs2 Oversampling bit 2 0 1 1 Reserved
6 ATO Attenuator transmit bit 0 1 0 0 | Reserved
7 AT1 Attenuator transmit bit10 1 0 1 64
8 - - 111 ] 0|9
9 RURH Xce)}:aar%ice low/reference high) 1 1 Lz
10 NC1 Not used Table 6 : Transmit Attenuator
1 NC2 Not used "
12 TESTO Test mode bit 0 D7 | D6 — Function
13 | TEST1 | Test mode bit 1 O | O [lnfinite
14 | TEST2 | Testmode bit2 0 | 1 |Reserved
15 | TEST3 | Test mode bit 3 110 |68
1 1 | 0dB
Table 3 : Auxiliary/Main Input (AUX/MAIN)
D1 Function Table 7 : Reserved Mode
0 | Main receive input D15| D14 | D13 | D12 | D11 | D10 | D9 | Function
1 | Auxiliary receive input 0 0 0 0 0 0 0 | Reserved

8/14
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ELECTRICAL SPECIFICATIONS

Unless otherwise noted, Electrical Characteristics are specified over the operating range.
Typical values are given for Vpp = +5V, Tamb = 25°C and for nominal Master clock frequency

MCLK = 1.586MHz and oversampling ratio = 160.

ABSOLUTE MAXIMUM RATINGS (referenced to GND)

Symbol Parameter Value Unit
Vpp DC Supply Voltage -0.3,7.0 \'
V1,Vin Digital or Analog Input Voltage -0.3, Vpp+0.3 \
I hin Digital or Analog Input Current +1 mA
lo Digital Output Current +20 mA
lout Analog Output Current +10 mA
Toper Operating Temperature 0, 70 °C
Tstg Storage Temperature -40, 125 °C
Pomax Maximum Power Dissipation 200 mW
DC CHARACTERISTICS (Vpp = 5.0V + 5%, GND =0V, Ta = 0 to 70°C unless otherwise specified)
| Symbol [ Parameter I Min. | Typ. I Max. | Unit |
POWER SUPPLY AND COMMON MODE VOLTAGE
SINGLE POWER SUPPLY (DVpp = AVpp)
Voo Supply Voltage 4.75 5 5.25 \
Ippa Analog Supply Current 8.5 mA
Iopp Digital Supply Current 11.5 mA
lop-LP | Supply Current in Low Power Mode MCLK Stopped 10 pA
MCLK Running 800 pA
Vem Output Common Mode Voltage Vop/2-5% | Voo/2 | Voo/2+5% \Y
Vem Output Voltage Load Current (see Note 1)
DOUBLE POWER SUPPLY (DVop # AVpp)
DVpp | Digital Supply Voltage 3.15 3.3 3.45 \
AVpp | Analog Supply Voltage 4.75 5 5,25 Vv
Ibba Analog Supply Current 8 mA
Ioop Digital Supply Current 6 mA
Vem Qutput Common Mode Voltage (see Note 1) Vpp/2-5% | Voo/2 | Vop/2+5% \
DIGITAL INTERFACE
(Ta=25°C, DVpp = +5V)
Vi Low Level Input Voltage 0.8 )
Vi High Level Input Voltage DVpp-0.5 \
I Input Current Vi = Vpp or Vi= GND -10 +1 10 pA
VoH High Level Output Voltage (ILoab = -1mA) DVpp-0.5 \
VoL Low Level Output Voltage (ILoap = 1mA) 0.4 \
Cin Input Capacitance 5 pF
(Ta=25°C, DVpp = +3.3V)
ViL Low Level Input Voltage -0.3 0.5 \';
Vi High Level Input Voltage DVpp-0.5 Vv
l Input Current V| = Vpp or V| = GND -10 +1 10 A
VoH High Level Output Voltage (lLoap = -600pA) DVpp-0.5 \'
VoL Low Level Output Voltage (ILoap = 800pA) 0.3 \

Note: 1. Device is very sensitive to noise on Veu Pin Vem output voltage load current must be DC (<10pA). in order to drive dynamic load,
Vem must be buffered. AC variation in Vew current magnitude decrease A/D and D/A performance.

9/14
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ELECTRICAL SPECIFICATIONS (continued)

DC CHARACTERISTICS
(Vbp = 5.0V £ 5%, GND =0V, Ta = 0 to 70°C unless otherwise specified) (continued)
[ Symbol I Parameter I Min. I Typ. I Max. I Unit
ANALOG INTERFACE
VRer with Differential Reference Voltage Output
AVpp = +5V | VRer = (VReFP - VREFN) 24 25 26 v
Tempco (Vrer) | VRer Temperature Coefficient 200 ppm/°C
Input Common Mode Offset Voltage = .
VeMoIN | [(IN+)+(IN-)}/2 -Vow or [(AUX IN+)+(AUX IN-)}/2 -Vowm 300 300 [ mv
Differential Input Voltage :
VOIFIN. | [(IN4+)-(IN-)] <2 x Vigr or [(IN4+)-(IN-)] < 2 x Vrer 2 x Vrer Vep
VsiG N Single Ended Input Voltage : IN+ or IN- < Vrer VRer Vpp
Differential Input DC Offset Voltage : R
VOFFIN | N4 = IN- = Vow (id. AUX IN) 100 100 | mv
Output Common Mode Voltage Offset : .
Vewoour | @UT+ + OUT-/2 - Vow (see Note 2) 200 200 | mv
Voir out Differential Output Voltage : OUT+ - OUT- < 2 x Vrer 2 x Vrer \"
VorF out Differential Output DC Offset Voltage : (OUT+ - OUT-) -100 100 mV
Rin Input Resistance IN+, IN- (id. AUX IN) 100 kQ
Rout Output Resistance (OUT+, OUT-) 20 Q
RL Load Resistance (OUT+, OUT-) 10 kQ
CL Load Capacitance (OUT+, OUT-) 20 pF
Vapo out Output A/D Modulator Voltage Offset 10 mV

Note: 2. Device is very sensitive to noise on Vewm Pin. Vem output voltage load current must be DC (<10pA). in order to drive dynamic load,
Vem must be buffered. AC variation in Vewm current magnitude decrease A/D and D/A performance.

AC ELECTRICAL CHARACTERISTICS
(Reference level ViL = 0.8V, Vi = DVpp - 0.5V, VoL = 0.4V, Von = DVpp - 0.5V, DVpp = 5V,
Output load = 50pF unless otherwise)

l Symbol ] N° | Parameter l Min. | Typ. I Max. ] Unit l
SERIAL CHANNEL TIMING (see Figure 3 for Parameter numbers)
1 SCLK Period 300 ns
2 | SCLK Width Low 150 ns
3 | SCLK Width High 150 ns
4 | SCLK Rise Time 10 ns
5 | SCLKFall Time 10 ns
6 | FS Setup 100 ns
7 FS Hold 100 ns
8 | DIN Setup 50 ns
9 DIN Hold 0 ns
10 | DOUT Valid 20 ns
11 | HCO,HC1 Set-up 20 ns
MASTER CLOCK INTERFACE (MCLK) (DVop = +5V or +3.3V)
MCLK - Master Clock Input 0.92 1.54 2.8 MHz
tpw Master Clock Duty Cycle Pulse Width 360 650 %
tph/tpw Pulse Width High 45 55 %
tpl/tpw Pulse Width Low 45 55 %
10/14
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ELECTRICAL SPECIFICATIONS (continued)
Figure 3 : Serial Interface Timing Diagram
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TRANSMIT CHARACTERISTICS
Performance of the Tx Channel

Typical values are given for AVpp = +5V, Tamb = 25°C and for nominal master clock MCLK = 1.536MHz,
differential mode and oversampling ratio = 160. Measurement band = DC to 0.425 x Sampling frequency.

Symbol Parameter Min. | Typ. | Max. | Unit
Gabs | Absolute Gain at 1kHz -0.5 0 05 | dB
Ripple | Ripple in Band : 0 to 0.425 x FS 0.2 dB

(the sinX/X distortion must be corrected in the DSP)
THD Total Harmonic Distortion (differential Tx signal :Vout = 2.5Vep, f = 1kHz) -89 dB
DR Dynamic Range (f = 1kHz) (measured over the full 0 to FS/2 with a -20dBr 94 dB
output signal and extrapolated to full scale) (see Note 3)
PSRR | Power Supply Rejection Ratio (f = 1kHz, Vac = 200mVpp) 50 dB
CRxTx | Crosstalk (transmit channel to receive channel) 90 dB

Smoothing Filter Transfer Characteristics
The cut-off frequency of the single pole switch-capacitor low-pass filter following the DAC is :
n-32.-FS .
fc_ad = 5 710 withn=2,3,4,5,6.
RECEIVE CHARACTERISTICS
Performance of the Rx Channel

Typical values are given for AVpp = +5V, Tamb = 25°C and for nominal master clock MCLK = 1.536MHz,
differential mode and oversampling ratio = 160. Measurement band = DC to 0.425 x Sampling Frequency.

Symbol Parameter Min. | Typ. | Max. | Unit
Gabs Absolute Gain at 1kHz -0.5 0 0.5 dB
Ripple | Ripplein Band : 0t0 0.425 x FS +0.2 dB
THD Total Harmonic Distortion (differential Rx signal : Vin = 2.5Vep, f = 1kHz) -89 dB

DR Dynamic Range (f = 1kHz) (measured over the full 0 to FS/2 with a -20dBr 94 dB
input and extrapolated to full scale) (see Note 3)
PSRR | Power Supply Rejection Ratio (f = 1kHz, Vac = 200mVpp) 50 dB

CTxRx | Crosstalk (transmit channel to receive channel) 90 dB

Note: 3. The dynamic range can be measured in bit with : Ny = DR - 1.76 with DR in dB.
(N7 SGS-THOMSON 1114
Y/, MICROELECTRONICS
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TYPICAL APPLICATIONS
Multi-Standard Modem with Echo Cancelllng
Figure 4
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Line Interface - Differential Duplexor

Figure 5
22kQ C : Improves the low frequency response.
Its value depends on the transformer inductance.
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TYPICAL APPLICATIONS (continued)
Line Interface - Low-Cost Duplexor

Figure 6
4 /
104F ,ﬁ f tonF  J*5V

DVpp AVpp

Phone
Line

7

> VCM
1.2kQ

!
T

22nF
T

AUX IN+
AUX IN-

vcz2 GND

]
> VCM
22nF  12kq O.1KF ! R2
v Re R11>=10kQ
Tsta R10/R11 = Transmit Gain
¥ veum 1/(2xnxR10xC1)=2xFS
MCLK > R5/R2 = Receive Gain
20 #600Q
R3, R4 = Duplexor Balance
(ADC, DAC, DGND) CO'# 22nF
Line Interface - Low-Cost Duplexor Mono Supply
Figure 7
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DEFINITION AND TERMINOLOGY
Data Transfer Interval

Signal Data

Data Mode

Control Mode

Frame Sync.

Frame Sync and

Sampling Period

ADC Channel

DAC Channel
OverSampling Ratio
Resolution

Dynamic Range
Signal-to-(Noise+Distortion)

Crosstalk

Powersupply Rejection Ratio

14/14

The time during which data is transfered from Dout and to Din. This
interval is 16 shift clocks provides by the chip.

This refers to the input signal and all the converted representations
through the ADC channel and the DAC channel.

This refers to the data transfer. Since the device is synchronous, the
signal data words from the ADC channel and to the DAC channel occur
simultaneously.

This refers to the digital control data transfer into DIN and the register
read data from Dout. The control mode interval occurs when
requested by hardware or software.

Frame sync refers only to the falling edge of the signal which initiates
the data transferinterval. The primary frame sync starts the Data Mode
and the secondary frame sync starts the Control Mode.

The time between falling edges of successive primary frame sync
signals.

This term refers to all signal processing circuits between the analog
input and the digital conversion result at Dour.

This term refers to all signal processing circuits between the digital
data word applied to Din and the differential output analog signal
available at OUT+ and OUT- pins.

This term refer to the ratio between the master clock MCLK
corresponding to the oversampling frequency and the sampling
frequency FS.

The number of bits in the input words to the DAC, and the output words
in the ADC.

The S/(N+D) with a 1kHz, -20dBr input signal and extrapolated to full
scale. Use of a small input signal reduces the harmonic distortion
components of the noise to insignificance. Units in dB or in Npit as
explained before.

S/(THD+N) is the ratio of the rms of the input signal to the rms of all
other spectral components within the measurement bandwidth
(0.425 x Sampling Frequency). Units in dB.

The amount of 1kHz signal present on the output of the grounded input
channel with 1kHz 0dB signal present on the other channel. Units
in dB.

PSSR. The amount of 1kHz signal present on the output of the
grounded input channel with 1kHz 200mVpp signal present on the
power supply.
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1-ST7544
1.1 - FEATURES

» FULL ECHO CANCELLING CAPABILITY

= FULLY COMPATIBLE WITH THE ST7543
(7543 mode)

= 16-BIT OVERSAMPLING A/D AND D/A CON-

VERTERS

- Programmable down-sampling frequency
from 7200 to 16000Hz

- Sampling frequency can be 3, 4, 6, 8, 12, 16 x
Symbol rate

- Programmable Over sampling frequency (128
or 160 x Sampling frequency)

- The ST7544 can work with external oversam-
pling clocks

- Programmable Symbol rate (600, 1200, 1600,
2400, 2560, 2743, 2800, 2954, 3000, 3200,
3429 and 3491)

- Bit rates of 300 bps, 600bps, 1200 and all
multiples of 2400 bps up to 28800 bps can be
generated

- Dynamic range : 92dB with a sampling fre-
quency 9600Hz, Oversampling ratio 160

- Total harmonic distortion : -89dB

= ON CHIP REFERENCE VOLTAGE
s THREE PROGRAMMABLE DIGITAL FILTERS
SECTIONS :
- Tx interpolation filter
- Rx decimation filter
Up to 14th order each
- Rx reconstruction filter
Coefficients loaded into RAM

= ANCILLARY CONVERTERS FOR EYE-DIA-
GRAM MONITORING
CLOCK SYSTEM BASED ON DIGITAL
PHASE LOCKED LOOPS
- Separate Tx DPLL and Rx DPLL
- Terminal clock input for Tx synchronization on
all multiples of 2400Hz (V.Fast synchroniza-
tion mode) or on sub-multiple of baud rate
(7543 synchronization mode)
- Bit, Baud, Sampling and Highest synchronous
clock outputs
- Maximum master clock frequency is 38MHz

= SINGLE OR DUAL SYNCHRONOUS SERIAL
INTERFACE TO DSP
= SINGLE POWER SUPPLY VOLTAGE : +5V

2/28
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= | OW POWER CONSUMPTION :
- 260mW operating power at the nominal crystal
frequency of 36.864MHz
- 160mW operating power at the crystal fre-
quency of 18.432MHz
- Lessthan 5mW in the LOW-POWER RESET
MODE

= 1.2MM CMOS PROCESS
= 44-PIN PLCC OR
44-PIN TPQFP (1.4mm body thickness)

1.1 - GENERAL DESCRIPTION

The ST7544 is a single chip Analog Front-End
(AFE) designed to implement high speed voice-
grade Modems up to 28800 bps with echo cancel-
ling capability.

Associated with one or several Digital Signal Proc-
essors (DSP), such as the ST189XX family, it
provides a powerful solution for the implementation
of multi-mode Modems meeting CCITT (V.21,
V.22, V.22 bis, V.23, V.26, V.27, V.29, V.32,V.32
bis and V.33) and BELL (103, 202, 212A...) recom-
mendations. It is fully compatible with the ST7543
in 7543 mode and is also well suited emerging
applications involving bit rates up to 28800 bps (in
the VFast synchronization mode).

The transmit section includes a 16-bit over-sam-
pling D/A converter with a programmable interpo-
lating filter. The receive section includes a 16-bit
oversampling A/D converter with two programma-
ble filters (one for decimation and the other for
reconstruction). Oversampling ratio is selectable to
either 128 or 160. Two additional 8-bit D/A convert-
ers allow eyediagram monitoring on a scope for
modem performance adjustment.

Two independant clock generator systems are pro-
vided, one synchronized on the Tx rate and the
other on the Rx rate.

In External Clock Mode, external oversampling
clocks can be provided to the chip.

Two independant synchronous serial interfaces
(SS!) allow several versatile ways of communicat-
ing with standard DSPs.

To save power, e.g. in lap-top modem applications,
the lowpower reset mode can be used to reduce
the power consumption to less than 5mW.
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1.3 - SIGNAL TRANSFER BLOCK DIAGRAM

The ST7544 Block Diagram (Figure 1) illustrates three paths as follows : The Transmit D/A Section, the

Receive A/D section and the Receive Reconstruction section.

Figure 1
TxDO -«
SSIA BOLKX SeriaVPar}aIIel < 16-bit data bus synchronized to the Tx clock system >
Fsx <@— Conversion
TxDI —p» il ; (l l7
R
Fsx  Txoclk ‘ ‘
Fsx Fsx Fsx
1IR3 | RAM3 IIR2 | RAM2 IIR1
4 x Fsx 4 x Fsx 4 x Fsx RAM1
—p —p
[ stats | | mxst | | A2 | gy Fex or 5x Fsx ﬁ or 5x Fsx
Selector Txoclk FIR3 Txoclk FIR2 Txoclk FIR1
* Txoclk J
E Txoclk = 128
'SX —® Control
Txock — Logo or 160 x Fsx ADC 4—‘—>
Fsr —p»-
FsrSync
Analog Input Analog Output
FsrSync (Rx Signal + Echo) (Tx Signal)
SSiM
RxDO l‘
BCLKR<@—{ Serial/Parallel 5
SsIB - i
Fsr Conversion <16 bit data bus synchronized to the Rx clock system g
RxDI —p» g
+ Note : Regrster 16-bit data bus Tx §
Fsr Rxoclk with Tristate Output
[
&
3
EYEX EYEY 3
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1.4 - IR FILTER OPERATION

Each IR filtering section included in the ST7544
can perform up to seven biquadratic transfer func-
tions in cascade, operating at four times the sam-
pling frequency (see Figure 2).

Each biquad is defined by five coefficients, A, B, C,
D and E (see Figure 3). An additional coefficient F,
scales the IIR filter output.

Unused biquads are made transparent by pro-
gramming A to one and the four remaining coeffi-
cients to zero. Such biquads should preferably be
located in the first sections of the IIR filter in order
to reduce the calculation noise.

1.4.1 - Coefficient Rounding
Initially, coefficients of the filter to be implemented
must be exclusively between +2 and -2. To derive
the actual usable 12+1 bit coefficients, the rounding
process described in Figure 4 must be performed.
Each 13 bit coefficient K is split into its doubling
factor K2, and its 12 bit basic value K1, as the IIR
architecture works with 12 bit coefficients and uses
an extra accumulation when coefficient doubling is
needed.

K2 e [0,1]and -22 < K1 < +2"2
The coefficients are loaded into the different IIR
filters through 16 bit wide time slots. The format to
be used is as follows :

MSB K1 LSB

K2 (12-bit) 000
(1 bit) (3-bit)
<=-------- 16 bit word --=----- >

To programme one lIR filter it is necessary to send
five words per biquad followed by two additional

Figure 2 : IIR Filter Diagram

words set to zero and the F coefficient word :

B(1), C(1), A(1), D(1), E(1), B(2),..., E(7), 0000H,
0000H, F
The total number of words sent is therefore 38.

1.4.2 - Detailed Operation .

The architecture of the device supporting the IIR
filter is based on 28 bit data path. The basic function
is as follows: one coefficient K(N) is multipled by
one sample X(N) followed by one accumulation
with value clampling. It can be precisely described
as follows :

FUNCTION PAC K(N), X(N), S
LOCAL P
P = TRUNC (K1(N) x X(N)/2'2)
S=S+P )
IF ABS(S) > 2% THEN
IF SIGN(S) >0 THEN CLAMP S TO 2%7-1
ELSE CLAMP S TO 2%

IFK2(N)=1THENS =S + P
IF ABS(S) > 227 THEN
IF SIGN(S) >0 THEN CLAMP S TO 2%7-1
ELSE CLAMP S TO 2%/

END OF FUNCTION

The TRUNC function is a two’s complement trun-
cature.

As previously mentionned, the second accumula-
tion is controlled by the doubling factor K2(N).
The complete process of computing 16 bit output
samples (Vout) from 16 bit input samples (Vin)
appears in Figure 5.

‘ BIQUAD#1 BIQUAD#2 BIQUAD#7
VlN‘%’ Vin ) Vour M [Vin ) Vour (@) [ BiVin (0 Vour 0 "’b—VVom
Coefficients 1 A(1), B(1),..., E(1) A@), B@)... E2) A(?), B(7)..... E(7)
4728 57 SGS-THOMSON
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Figure 3 : BIQUAD Structure

Vv, (N)
Vi () w» + : D Vour M)
Delay

1 )
Hn@Z) = A %
Vv, (N) 1-BZ -CZ”
@ B(N) D(N)
y
Delay
Vo) |

C(N) E(N)

Equation Set:  Vo(N) = B(N) x V1(N) + C(N) x Va(N) + A(N) x Vin(N) N = BIQUAD NUMBER (1:7)
Vout(N) = Vo(N) + D(N) x V1(N) + E(N) x Va(N)

Next Step with : V2(N) = V1(N)
V1(N) = Vo(N)

Figure 4 : IIR Coefficients Rounding

STARTING COEFFICIENT k(N)

(2 < K(N) < 12) K=AB,C,D,EorF

3 <k(N) < >0
Yes
\
K2(N) = 0 K2(N) = 1

K1(N) = ROUND (2048*k(N)), K1(N) = ROUND (1024*k(N))

K2=0o0or1 K1 = 12-Bit Word

5/28
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Figure 5 : lIR Operating Sequence

NEW INPUT SAMPLE
Vyy (16-bit)

=t

Vv STORAGE IN 28-BIT FORMAT I

T=800,xVyy

FIRSTBIQUAD | N=1

ACCUMULATOR RESET |

RECURSIVE COEFFICIENTS

PAC B(N), V, (N), S
PAC C(N), V5 (N), S
PACAN), T, S

VO(N) STORED INTO T

Vour AFTER 16-BIT SATURATION
(NEW OUTPUT SAMPLE)

PAC D(N), V, (N), S
DIRECT COEFFICIENTS PAC E(N). V. (N), S
, Va (N),
STATE VARIABLES UP-DATING V2 (N) =Vy (N)
FOR THE NEXT COMPUTATION V4 (N) = Temp
Vour (N) STORED *
wro T | T ; s
NEXT BIQUAD | N=N+1
No
Yes
S=0
OUTPUT SCALING COEFFIECIENT PACF.T.S
1IR OUTPUT SAMPLE T* s
STORED INTO T ;
IR OUTPUT SAMPLE LOADED INTO Vour=T

IF GREATER THAN 16-BIT THEN CLAMPED
TO 7FFF, OR 8000 ;

6/28
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1.5. - IR FILTER PROGRAMMING EXAMPLE
1.5.1 - Example of Configuration

- TxDland RxDI must be tied to Vdd while the serial
interface is not managed by the host processor.

- one external clock : 36.864MHz - RC network on NLPR pin.Typically RC=10ms
- serial port mode : dual (R=100kQ ,C=100nF) (This time must include the
- transmit sampling frequency : 9600Hz external clock start-up time,and the ST7544 set
- receive sampling frequency : 9600Hz up time).
- bit frame clock frequency 1 160*Fsx(r) - SSIM pin tied to DVpp : dual serial port mode.
- transmit bit clock frequency : 14400Hz - BFRS pin tied to DVpp : bit frame frequency set
- receive bit clock frequency  : 14400Hz to 160 time Fsx(r).
- transmit baud clock frequency : 2400Hz 1.5.3 - Software Configuration
- receive baud clock frequency : 2400Hz Writing convention :
- transmit filter : low-pass ror f b
(spec table 48) X rame number .
- receive filter . banp-pass FRAME x,1  frame for RAM 1 loading
spec table 50) FRAME x,2 frame for RAM 2 loading
- interpolation filter . low-pass FRAME x,3 frame for RAM 3 loading
(spec table 43) #" delimits a programmer’s remark
(comments)
1.5.2 Hardware Configuration b’ indicates a binary number
- XTAL10 and XTAL11 hard-wired to the external 1 indicates an hexadecimal number
clock XXXX user defined
7/28
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# SYNCHRONOUS SERIAL INTERFACE A
#FRAME 0.1. Select the correct sampling frequency and set Stb bit in order to select a RAM

B9A4h #TxI0 MS =1 coefficient loading mode selected
# Stb=0 start bit coefficient loading activated

# QS =1 XTAL 10 selected

# RAi=11b  no RAM accessed

# ADi=001b TxCR1 selected

# Di=A4h  Fsx=9600Hz, Txrclk=2400Hz
# TxHSCLK=12.288MHz

# Band split mode inactive
FFFFh#TxI1

FFFFh#TxI2

FFFFh#TxI3

#

#FRAME 1.1 Select RAM 1 and start the coefficient loading of the low-pass filter,and select TxCLK
EOF1h#TxIO MS =1 i

# stb=1

# QS =1

# RAi=00b RAM 1 selected.
# ADi=000b TxCRO selected.
# Di=F1h  TxCLK = 14400Hz

FFFFh#TxI1 unused

0000h#TxI2 word 1 RAM 1 ( first IIR coefficient)

0000h#TxI3 word 2 RAM 1

#

FRAME 2.1 RAM 1 coeff loading,fcomp and fshift prog and Stb ready to select another RAM

A340h #TxIO0 MS =1

# stb=0

# QS =1

# RAi=00b RAM 1 selected.

# ADi=011b TxCR3 selected.

# Di=40h  fcomp = 2400Hz, fshift=Fsx/2

AQOO0Oh #TxI1 word 3 RAM 1

0000h #TxI2 word 4 RAM 1

0000h #TxI3 word 5 RAM 1

#

#

#FRAME 3.1 RAM 1 coefficient loading, no control register access
A7FFh #TxI0

B7D8h #TxI1 word 6 RAM 1

42B0h #TxI2 word 7 RAM 1

0118h #TxI3 word 8 RAM 1

#

#FRAME 4.1 to 12.1 RAM 1 coefficient loading, no control register access
A7FFh #TxIO

XXXXh

XXXXh

XXXXh

8/28
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#FRAME 13.1 Last RAM 1 loading frame

A7FFh #TxIO

0000h #TxI1 word 36 RAM 1

0000h #TxI2 word 37 RAM 1

0008h #TxI3 word 38 RAM 1

#

#

#RAM 2 COEFFICIENT LOADING

#FRAME 1.2 Select RAM 2 and start the coefficient loading of BP filter
EFFFh #TxI0  MS =1

# Stb=1

# Qs =1

# RAi=01b RAM 2 selected
# ADi=111b

FFFFh #TxI1 unused

0000h #TxI2 word 1 RAM 2

0000h #TxI3 word 2 RAM 2

#

#FRAME 2.2 RAM 2 coefficient loading,no control register access and rest Stb
AFFFh #TxI0 MS =1

# Stb=0

# QS =1

# RAi=01b RAM 2 selected
# ADi=111b

A00Oh #TxI1 word 3 RAM 2

0000h #TxI2 word 4 RAM 2

0000h #TxI3 word 5 RAM 2

#

#FRAME 13.2 Last RAM 2 loading frame
A7FFh #TxI0

0000h #TxI1 word 36 RAM 2

0000h #TxI2 word 37 RAM 2

0008h #TxI3 word 38 RAM 2

#

#

#

#RAM 3 COEFFICIENT LOADING

#FRAME 1.3 select RAM 3 and start coeff loading
F7FFh #TxI0 MS =1

# Stb=1

# QS =1

# RAi=10b RAM 3 selected
# ADi=111b

FFFFh #TxI1 unused

0000h #TxI2 word 1 RAM 3
0000h #TxI3 word 2 RAM 3
#

#

9/28
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#FRAME 2.3 RAM 3 coefficient loading,no control register access and rest Stb

#

#

B7FFh #TxI0

A000h #TxI1 word 3 RAM 2

0000h #TxI2 word 4 RAM 2

0000h #TxI3 word 5 RAM 2

#

#

#FRAME 3.3 to 12.3 RAM 3 coefficient loading, no control register access

B7FFh #TxI0

XXXXh

XXXXh

XXXXh

#

#

#FRAME 13.3 Last RAM 3 loading frame

B2C4h #TxIO MS =1

Stb=0

Qs =1

RAi=10b RAM 3 selected

ADi=010b TxCR2 selected

Di=C4h  0dB attenuation on XMIT channel and synchronize the TxCLK clock on
TxRCLK

0000h #TxI1 word 36 RAM 2

0000h #TxI2 word 37 RAM 2

0008h #TxI3 word 38 RAM 2

3 o o

#

#

# FRAME 14

3FFFh #TxIO MS =0 Data mode

# Stb=0 ready to read ram

# QS =1

# RAi=11b  No RAM access

# ADi=111b No Control register access

XXXXh #TxH Txsig
XXXXh #Txl2  Ressig
XXXXh #TxI3 unused
#

#

10/28
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# SYNCHRONOUS SERIAL INTERFACE B
#

#FRAME 0. Select the correct sampling frequency

01A4h #Trl0 ADi=001b RxCR1 selected

# Di =A4h Fsr=9600Hz, Rxrclk=2400Hz
# RxHSCLK=12.288MHz
FFFFh #Trl1 ’

FFFFh #Trl2

FFFFh #Trl3

#

#FRAME 1. Select the correct receive bit clock (RxCLK) frequency
OOF1h #TrlO ADi=000b RxCRO selected

# Di=F1h  RxCLK=14400Hz
FFFFh #Trl1

FFFFh #Trl2

FFFFh #Trl3

#

#FRAME 2. No phase shift selected

0200h #Trl0 ADi=010b RxCR2 selected

#

# Di=00h  no phase shift

FFFFh #Trl1

FFFFh #Trl2

FFFFh #Trl3

#

#

#FRAME 3. select interpolation factor

0340h #TrlO ADi=011b RxCR3 selected

# Di=40h interpolation factor = 160
FFFFh #Trl1

FFFFh #Trl2

FFFFh #TrI3

#

#

#FRAME 4

FFFFh #Trl0 ADi=111b no control register access
XXXXh #Trl1 EYEX-EYEY

FFFFh #Trl2 reserved

FFFFh #Trl3 reserved

#

#

11/28
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1.6 - FILTER COEFFICIENT CODING IN ST7544 TIME-SLOT FORMAT

1.6.1 FILTER CHARACTERISTICS ELSE
EXTRABIT(i)=0

Type : band-pass filter AA()=CI 204
Order M END ":(I)_C NT(A(I) 8)
Sampling frequency  : 9.6kHz*5 = 48kHz AA(i)=(AA(i)<3)AND 32767
passband edge HP : 300Hz AA(i)=(AA(i) OR EXTRABIT(i))
(3dB , butterworth) NEXT
stopband edge HP : 200Hz END SUB
stopband loss HP : 8dB. with :
passband edge LP : 3200Hz (Cauer) INPUT :
stopband edge LP 1 4200Hz NbBiquad number of biquadratic function.
Stopband loss LP + 60dB A() Coefficient in decimal format
passband ripple : 0.1dB OUTPUT:
coefficient wordlength  : 11 bits + sign AA() Coefficient in ST7544 time-slot format.
writing convention:
1.6.2 - Filter Coefficients Table ABS() return an absolute value
B c A D E CINT() convert its argument to an integer.
(if the fractional part of an argument is equal to 0.5,
0 0 0.9 -1 0 it is rounded toward the even number).
0.9614815 0 0.8414686 -1 0 < n left shift of n bit.
1.706978 |- 07952128 0.1985563 - 9 Note : It is not possible to code -1 or 1 , we
1.959984 | - 0.961496 | 0.1774637 | -1.33996 | 1 therafore do as following ’
1.675779 |-0.7113152| 0.0346 |0.35224561 | 1 1 =0%405
1.747247 |- 0.8925031 | 0.1021413 | - 1.698336 | 1 4=2*%-05
1.789548 | - 0.967721 | 0.4543867 | - 1.627507 | 1 So IT IS NOT POSSIBLE TO CODE +/- 2
0 0 0.0025201 0 0 Filter table in Hexadecimal format.
1.6.3 - Coefficient Coding in ST7544 Time-slot B c A D E
Format 000 0000 3C88h | E000h 0000
Example of subroutine to code the coefficients in 3D8sh 0000 | 37EOh | EOOCh 0000
the ST7544 time-slot format. B6AOh | 4D18h CEOh E000h 0000
SUB CODE(A(),NbBiquad,AA()) BEB8h | 4278h B58h | C9A8h | A00Oh
LOCAL i EXTRABIT() B94oh | 4210n | E68h | CBESh | A00Oh
FOITI;=A'B1'SO(AT§)B-|?L'}3|'(|:{EN B7EBh | 46EOh | F98h | D520h | AOOOh
EXTR AB_IT(i)=-32768 B5AOh | 5278h 238h 1690h | AO00Oh
AA(i)=CINT((A(i)/2)*2048) 0000 0000 20H 0000 0000
12/28
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1.6.4 - Transfer Function

Figure 6 Figure 7
TRANSFER FUNCTION TRANSFER FUNCTION
Coefficients 11bits plus sign Coefficients 11 bits plus sign
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Il - ST7544 APPLICATION BOARD

The ST7544 application board will give you a powerful analog front-end evaluation/development tool.

Two applications are available on board :
- Appli 1 : Analog front-end,
- Appli 2 : Modem analog front-end.

Figure 9

TxMna
UNIVERSAL >
ANALOG
FRONT-END RxMAna
5] APPLI_1
(6] . —
g , 1<
w
E<—> ST7544 K>l
2
= 2
g <>
a
UNIVERSAL
IN
ANALOG LINE
FRONT-END
APPLI_2

- Digital interface gives all necessary signals in
order to control and program the ST7544.

- The Digital interface connector is fully compatible
with ST18933 development tools.

- Functionality with 2 crystals available on board,

- Eye diagram monitoring,

- Single-ended application.

- Full differential duplexer application.

Il.1 - CRYSTAL OSCILLATOR

XTAL10 and XTAL11 inputs must be tied to exter-
nal crystal(s) or external clock(s).These inputs are
selected from the TxCtrl register.The maximum
clock rate is 388MHz.XTAL10 is the default external
clock/crystal input.lt is mandatory to short-circuit
XTAL10and XTAL11 when asingle external crystal
or clock generator is used.The nominal master
clock frequency is 36.864MHz but the onchip am-
plifier is designed for a parallel crystal oscillator with
a frequency equal to 18.432MHz.

XTAL2 output is to be tied to one or two external

11.1.1 - Single Crystal Oscillator
Figure 10

ST7544

XTAL10 XTAL11

Fq = 36.864MHz Thrird overtone C. = SERIAL

Operatingrange : 0-70deg, 5V +5%

crystal (Figures 10 and 11). If an external clock is Start-up : Max.=10mS
used, XTAL2 should be left open. Typ.=3.7mS
14/28
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11.1.2 - Double Crystal Oscillator

Figure 11
ST7544
XTAL10 XTAL11
L1 ct
1.5uH 10pF
0.30
c2 - C3
-I 100pF I 10pF

Operating range
Start-up

: 0-70deg, 5V £5%
: Max.=10mS
Typ.=1.5mS

11.1.3 - Quartz Specification

When you order a quartz, you have to specify the
following parameters :

- Nominal frequency (e.g 36.864MHz ,25.848MHz)
- MODE (3rd overtone, Fundamental)

- Load capacitance (SERIAL, 30pF)

- Frequency tolerance (50 ppm from 0 to 70°C)

1.2 - APPLICATION 1 ( single-ended )
I1.2.1 - Transmit

The transmit part is a differential single-ended with
low-pass filter realised by R6//C12 and
R7//C13.The resistors R6 and R7 must be equal as
must the capacitor C12 and C13.
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ST =i

The 3dB cut-off frequency of the 1st order filter
inside the ST7544 is :

Fc=TxOCLK/ (2 - w-10)

E.g: 1stLP : Fsx=7.2kHz over=4
then Fc = 14.7kHz
2nd LP : R =15kQ C=680pF
then Fc = 15.6kHz

As the transfer function of the filters are known,the
digital signal can be compensated if needed.

The C14=1pF gives on BNC J5 a signal referenced
to AGND.

11.2.2 - Receive

The receive part is single-ended to differen-
tial. There is a low-pass filter realised by R13,R14
and C16.
Fc=1/(2*PI*1.2E03 * 2E-12 ) = 66kHz
Having a Fc at 66kHz, we have a flat transfer
function in working Band (0-4kHz).
We DO NOT recommend the use of OP-AMP
based filter as OP-AMP will present high imped-
ance at high frequencies.This low-pass filter must
be implemented as close as posssible to the
pins RxA1 and RxA2.

11.3 - APPLICATION 2 (duplexer)
11.3.1 - Transmit

We have a full differential low-pass filter on transmit
the side before the DAA (see Figure 12)
R1=R21 =R22 = 13.2kQ

R2 = R23 = R24 = 22kQ

R3 = R25 = R26 = 22kQ

C1=2*C12 =2*680pF = 1360pF

C2=C21 = 100pF

Fc=19.6kHz

Ao =- R3/R1 =-1.66

X=5-Q=0.1

15/28
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Figure 12
A F——
o5 c21
R21 R23 H
—

c12

Ti_(

R24
R26 Co2
-

oo 1
=2 n-VR2.R3.C1.0C2

a-7'x X=g e [ VEE (B, FECRE | T2

1.3.2 - Receive
We have 2 filters as in application 1 (LPF, Fc = 66kHz) and describe below (DC offset suppress, Fc = 85Hz)

Figure 13
A R33 A
R36
Vour R1.C-P
R37 Vour _,, _R1-C-P_
o Vn " *TiR2.CP
Vi == cro |Vour c=2 ci9
T - R1=R36 = R39
R2
R38 R2 = R37 = R38
1 Vin T c Vour
R39 ’
R34
16/28
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Y/, MCROELEGTRONICS

90

7544-32 EPS

7544-33 EPS



ST7544 - UNIVERSAL ANALOG FRONT-END

11.3.3 - Duplexer

R,C : Improves the low frequency response.These
values depend on the transfer function of the trans-
former.Filter transfer function realised by R,C must
compensate for the loss in transformer at low fre-
quency.

Figure 14

—r—{
TRANSMIT X E g’“"”e

. Line
| S
ek Lo

2xR 2xR

R

RECEIVE R
—_—{

Z0 : Nominal line impedance.(e.g : ZO = 600€)
TRANSFO : M=1, Rs = Rp = 100Q

2* X = Z0/M? - Rp - Rs/M?
2*X=20-2*Rp=600-200 =400

X =200Q

1.4 - PERFORMANCE MEASUREMENT
11.4.1 - Configuration

The following measurements have been made with
ST7544 application board on application (1) with
crystal 36.864MHz.The analog transmit signal (J5)
is connected to analog receive signal (J4).

The IIR1 filter ( low-pass ) file is the following :

FFFF 0000 0000 AOOO 0000 0000
B7D8 42BO 0118 CA08 A000 BS570
48A0 2838 CB68 A000 B268 5070
3508 CFAO A00O0 AED8 59D0 2898
DD90 A000 AC18 6118 07A0 3368
AOO0 ADFO 5338 0858 4098  A000
0000 0000 0008

The IIR2 and IIR3 filter (band-pass filter) files are
the following :

7544-34 EPS

The control registers are programmed as follow-
ing :

F9A4 TxCR1 M*Q=4"6 U=4 P0=3 and BS=0,
Fsx = 9600Hz,

Symbol rate = 2400 baud,
Txhsclk = 12.288MHz,

Band split Mode inactive
NRST=F1h,

Bit rate clock frequency

= 14400Hz

V=010b , W=0, Ts=000, DL=0,
Fcomp = Txrclk,

Oversampling ratio = 160,
Phase shift freq

(Fsx/2 (Fq+Fsx/2))normal mode
AT=11b, LTX=0, LC=0, SST=0,
VF=0, R2=0, attenuation = 0dB,
mode 7543,

synchronize TXxCLK on TXRCLK,
Normal mode synchronization
idem TxCR1

idem TxCRO

no phase shift

V =160 - Interpolation ratio

F8F1 TxCRO

FB40 TxCR3

FAC4 TxCR2

01A4
00F1
0200
0340

RxCR1
RxCRO
RxCR2
RxCR3

11.4.2 - Measurement
We generate a digital sinewave of 1003.125Hz
(1024 samples).This signal is sent to Txsig.Then

we do a FFT (1024 samples) on the digital receive
signal RxTx.

Figure 15

ST7544 ANALOG LOOP-BACK
Fq = 36.864MHz, Fsx = 9600Hz, Oversampling = 5

0
20
-40
g -s0
Z 80
(%)
-100
-120
R I { | Ty
140 | — L
0 1 2 3 4 5
(Thousands)
FREQUENCY

We have S/N = 84.43 dB. The band noise is double

FFFF 0000 0000 3C88 EOOO 0000 because of analog loop-back ,so if we want to
3D88 0000 37E0  EO00 0000  BGAO calculate the dynamic range of the ST7544 ,we add
4D18 OCEO EO00 0000 BEB8 4278 3dB to the S/N.
0B58 C9A8 A000 B940 4210  OE68 S/N = 84.43+3 = 87.43 dB at Signal = -6.13dBr
CBE8 A000 B7E8 46E0 OF98 D520 S/N =87.43 + 6.13 = 93.56dB = DYNAMIC
A000 B5A0 5278 0238 1690  AQ0O S/N = 6.02 * Nbit + 1.76
0000 0000 0020 Nbit = (93.56-1.76)/6.02 = 15.25 bits

37 $5S:THOMSON 17/28
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Il - INTERFACING ST7544 WITH DSP56000 (MOTOROLA)

You will find below a suggested interface of our ST7544 with DSP56000 series from Motorola.

We use the ST7544 in single SSI. The different connection are as following :

Figure 16
ST7544 DSP56000
Bit Clock Output BCLKX | ——» | SCK Serial Bit Clock Input
Frame Clock Output FSX —» | SC2 Frame Sync Output
Transmit Data Output TxDI —— | SRD Receive Data Output
Receive Data Input TxDO | @— | STD Transmit Data Output

The DSP56000 control register bit has to be configured as following :

Figure 17
SYN Bit Set to
GCK Bit Set to
SCKD Bit Set to
SCD2 Bit Set to
FSL Bit Set to

1 ——® Synchronous Mode

0 ——® Continuous Clock

0 —» External Source Clock

0 ——® SCK Set to Input Mode

1 —® Frame Sync Length Equal 1 Bit
WL1-WLO  Bits Setto 10 ———® Word Length Set to 16 bits
DC4-DCO  Bits Setto X ———® Number of Timeslot (4, 5)

And you have to program the DSP in Network mode.

18/28
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ANNEXE 1 : Demoboard Schematics

Figure 18
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Figure 19
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ANNEXE 2 : Layout

Figure 21
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Figure 23 : Layer 1
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Figure 24 : Layer 2 - GNDD, AGND

''0ooo o
. 0000

otoo :
oz o oooo0

; OOOO

10000000
10000000

[=])

OC)C§%§%§%§%§%§%§%§%D

Ooooo@
000000

25/28
[STR i
99

7544-42 TIF



ST7544 - UNIVERSAL ANALOG FRONT-END

Figure 25 : Layer 3 - DVpp, AVbp
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Figure 27 : Layer 4
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APPLICATION NOTE

ST7546 - SIMPLIFIED ANALOG FRONT-END

CONTENTS
| INTRODUCTION ....................
] DIGITAL INTERFACE (9PINS) ........

1.1 DATAEXCHANGE...................
I.2 REGISTER PROGRAMMATION (16 Bits Word)
1.3 CLOCKSSIGNALS ..................

1.4 RESET - POWER DOWN

l.2.1
mn.a.z2

Tstd2 = Vpp

V.2 MOTOROLA DSP

vi PERFORMANCES
VI FULLY DIFFERENTIAL

1-INTRODUCTION

The ST7546 is a high resolution analog-to-digital
and digital-to-analog converter targeted for V.34
modem and consumer audio applications.

This device has a 16 bit oversampling ADC and
DAGC, filters and control logic for the serial interface.
The oversampling ratio consequently the sampling
frequency for the ADC and DAC are user program-
mable.

The devices operation is controlled by reading the

16-bit information control register.

The major functions of the ST7546 are :

- To convert the audio-signal to 16-bit 2's comple-
ment data format through ADC channel.

- To communicate with an external digital signal

ANG686/0595

1} TESTFEATURES ...................

1.1 CONTROL REGISTER TEST FEATURES
.