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D IG IT A L  E C H O  C A N C E L L E R

.  SIMPLIFIED INTERFACE CIRCUITRY FOR 
FLEXIBLE ADAPTION TO A WIDE RANGE OF 
V.32 CONFIGURATIONS

■ DOVETAILED HARDWARE AND FIRMWARE 
CONNECTION WITH TS68950/1/2 MODEM 
ANALOG FRONT-END CHIP SET

■ KEY COMPONENT IN THE ADVANCED 
TS7532 V.32 MODEM

■ 16 msec OF ECHO PATH IMPULSE 
RESPONSE IN THE NEAR END AND IN THE 
FAR-END CANCELLERS

.  1.14 SEC OF CHANNEL DELAY (two satellite 
hops) IN FAR-END ECHO CANCELLER.

.  10Hz OF FREQUENCY OFFSET IN FAR-END 
ECHO PATH

■ MEETS OR EXCEEDS THE REQUIREMENTS 
OF CCITT RECOMMENDATION V.32

DESCRIPTION
The TS75320 is a high performance voiceband da­
ta modem echo canceller implemented on a single 
chip using advanced digital signal processing te­
chnology. Using sophisticated adaptive algorithms, 
the TS75320 realizes the high precision cancella­
tion of near-end and far-end echoes, even in the pre­
sence of frequency offset in the far end echo.
The residual cancellation levels and convergence 
rates of the TS75320 meet or exceed the deman­
ding requirements of high performance V.32 mo­
dems.
The TS75320 is ideally suited for high performance 
low-cost integrated V.32 solutions.

PIN CONNECTIONS

D4 C 1 3 D3
D5 C 2 4 7 3D 2
D 6 C 3 46 3 D1
D 7 C 4 4 5 3 DO
D 8 C 5 44 3 BE3
D 9 C 6 43 3 BE4

D 1 0 C 7 42 3 BSO
D11 C 8 41 ]B S 1
D 1 2 E 9 4 0 3 BS2

D 1 3 C 10 39 ]A 1 1

D 1 4 C n 38 ]V C C

D 1 5 C 12 37 3 A 1 0

v s s C 13 36 3 A 9

x t a l C 14 35 3 A 8

EX TALC 15 34 3 AD 7
C LKO U TC 16 33 3 A D 6

r d C 17 32 3 AD 5
W R E 18 31 3 A D 4

S R /w C 19 30 3 AD 3
S D S C 20 29 3 AD 2

C S C 21 28 3 A D I
RS 1̂ 22 27 3 ADO

R E S E T C 23 26 3 B E 5 /B A
IRQ L 24 25 3 B E 6/D TA C K
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TS75320

BLOCK DIAGRAM

Figure 1 : Shows a Configuration for a V.32 Modem utilizing the TS75320 with the 
TS68950/51/52 MAFE Chip Set.

TO DAA

FROM DAA
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TS75320

PIN DESCRIPTION

LOCAL INTERFACE

Pin
Name

Pin
N° Type Function Description

D (0 :15) 4 5 -4 8
1-11

I/O D a ta
Bus

D (0 :15) D a ta  Bus

A  (8 :1 1) 35 .37 .39 0 A d d re ss
Bus

H igh O rd e r A d d re sse s  fo r  L o ca l in te r fa c e

RD 17 0 R ead T ra n s fe r  D a ta  R ead

W R 18 0 W rite T ra n s fe r  D a ta  W rite

C L K O U T 16 o C lock
O u tp u t

T h e  fre q u e n c y  o f C L K O U T  is  o n e  h a lf th e  fre q u e n c y  o f th e  in p u t 
c lo c k  o r  crysta l.

SYSTEM INTERFACE

Pin
Name

Pin
Nc Type Function Description

A D  (0 :7 ) 2 7 -3 4 I/O S ystem  D a ta  Bus 
o r  Loca l A d d re ss  

Bus

T h e  d a ta  e x ch a n g e s  b e tw e e n  th e  p ro c e s s o r a n d  a  m a s te r 
v ia  a m a ilb o x  is th e  fu n c tio n  o f th is  bus. It is a lso  u sed  to  
g e n e ra te  th e  a d d re s s e s  o f an  e x te rn a l RAM.

CS 21 I C h ip  S e le c t U sed  by  a M a s te r to  G a in  A cce ss  to  th e  M a ilb o x  an d  
S ystem  Bus

RS 22 I R e g is te r S e lec t U sed  by  a  M a s te r  to  G a in  A cce ss  to  th e  M a ilbox  and  
S ystem  Bus

SD S 20 I S ys tem  D a ta  
S tro b e

S y n ch ro n ize s  th e  T ra n s fe r  on  th e  S ys tem  Bus

S R /W 19 I S ystem
R e a d /W rite

In d ica te s  th e  C u rre n t S ys tem  Bus C yc le  S ta te

D T A C K 25 o D a ta  T ra n s fe r  
A ckn o w le d g e

In d ica te s  th a t th e  p ro c e s s o r has  re co g n ize d  it is  b e ing  
accesse d .

BA 26 0 Bus A va ila b le In d ica te s  A v a ila b ility  o f S ys tem  Bus to  M a s te r

IRQ 24 0 In te rru p t R e q u e s t H a n d sh a ke  s ig n a l s e n t to  th e  m a s te r  g a in  a cce ss  to  th e  
m ailbox.

OTHER PINS

Pin
Name

Pin
N' Type Function Description

E X T A L 15 I C lo ck C rys ta l In p u t Pin fo r  In te rn a l O s c illa to r  o r  In p u t P in fo r  E x te rna l 
O sc illa to r

X T A L 14 I C lo ck T o g e th e r  w ith  E X TA L it is  used  fo r  th e  e x te rn a l 2 5  M H z crysta l.

VC C 38 1 P o w er
S u pp ly

VSS 13 1 G ro u n d

R E S E T 23 1 R ese t

{Z T  SGS-THOMSON
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TS75320

FUNCTIONAL DESCRIPTION

PERFORMANCE SUMMARY
The TS75320 performance figures below are obtai­
ned with analog front-end D/A converters with inte­
gral linearity of 12 bits or better, such as the 
TS68950.
■ Near-end echo cancellation : > 55 dB

With a near-end echo level of -10 dBm at the re­
ceiver input, in the absence of a far-end signal 
and of a far-end echo, the residual echo level is 
below - 65 dBm.

■ Combined near-end and far-end echo cancel­
lers :
For a typical receive level o f-20 dBm and far-end 
echo smaller than -28 dBm the received signal 
to residual echo ratio is better than 24 dB even in 
the presence of up to 10 Hz of frequency offset in 
the far-end echo.

■ The signal to residual echo ratio is better than 21 
dB even for receive levels as small as -40 dBm, 
provided that the far-end echo is 8 dB below the 
received far-end signal.

■ The far-end echo channel delay can be as large 
as 1.14 s.

■ Convergence Time : meets or exceeds CC.ITT 
V.32 handshake requirements.

ECHO CANCELLER OPERATION
The principal task of the echo canceller is the deter­
mination by means of adaptive algorithms, of the 
coefficients of digital filters and phasing processors 
that will generate a modem receiver input free of 
near-end or far-end echoes. The signals processed 
by the echo canceller are the cancellation error at 
the receiver input and the V.32 date sequence being 
transmitted. These signals will normally be availa­
ble in the appropriate format in a digitally realized 
modem.

The echo canceller hardware and firmware have 
been designed for ease of interface with a general 
purpose DSP or microprocessor and require mini­
mal interaction with the modem. In this section we 
describe the hardware and software interfaces to 
the TS75320.

HARDWARE INTERFACE

The TS75320 echo canceller is configured as an es­
sentially self-contained digital peripheral interfaced 
to a host microcontroller or to a host digital signal 
processor through an 8-bit system bus. The bus in­
terface dovetails with the control bus of the TS68930 
digital signal processor. Straightforward intercon­
nection to other processors or to peripheral circuits 
is realized by wirtue of an asynchronous mailbox 
that is readily controlled by means of a flexible 
handshake protocol.

The system bus is also used for addressing the echo 
canceller external RAM, during which time it is not 
available to the host controller. Data transfer to the 
echo canceller’s RAM is effected through the 16-bit 
data bus.
The timing of all communications with the host is de­
termined by the echo canceller.

Data for transmission to the host is loaded into the 
TS75320 three-byte wide ROUT shift register. The 
communication process is effected by means of the 
mailbox transfer protocol. Data for transmission 
from the host is stored in the TS75320 RIN register, 
which is also three bytes wide.
The operation of the mailbox transfer protocol is 
described schematically in the flow chart in Figure 
2 .

fZ 7  SGS-THOMSON
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TS75320

Figure 2 : Mailbox Handshake Protocol.

HOST TS 75320
M A IL B O X  IS A V A IL A B L E  

A ss e rts  IR Q . R D Y O IN

1

\
D e te c ts  IRQ  = 0
(o n e  o f  its  e x te rn a l te s t c o n d it io n s )

I
T

Applies CS = 0, RS = 0, SFVW = 1, SDS = 0 
I

d e te c ts  ^
C S = 0  RS = 0

. The processor is put in Halt state 
and releases the system bus

1
N e g a te s  IRQ 

1
1

D e te c ts  IR Q  = 1 
1
T

M A IL B O X  A C C E S S  
(3 reads a n d  3 w r ite s  m a x im u m ! 
E N D  OF M A IL B O X  A C C E S S  
A p p lie s  C S  = 0 , RS = 1

L
D e te c ts
CS = 0  RS = 1 

|

I f  p se u d o  s lave

T
Internal Halt disappears. The processor 
resumes program and 
takes back control of the bus 

I
T

n e g a te s  R D Y O IN

While the mailbox protocol is in progress only, the 
host may deselect the TS75320 (CS = 1) to use the 
system bus to communicate with other peripherals.

At all othertimes, the system bus is underthe control 
of the TS75320 and it is therefore essential that the 
connection of the bus to the host be tri-state at those 
times.

5 7
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TS75320

FIRMWARE INTERFACE 
The echo canceller firmware is designed in the first 
instance for V.32 modem applications, and there­
fore operates at a Baud rate of 2400 symbols per 
second. The sampling rate is 7200 per second, i.e. 
three samples per Baud interval.
In the period of one Baud interval, the echo cancel­
ler generates three echo estimates, one for each of 
the three receiver samples, and it requires the input 
of the three corresponding echo cancellation errors. 
The echo estimates and the cancellation errors are 
both 16 bit quantities. The echo canceller requires 
also the input of the complex-valued V.32 format 
current symbol from the transmitter, this is the refe­
rence signal for the computation of the echo esti­
mates. By virtue of the V.32 constellation 
requirements, three bits are sufficient for the repre­
sentation of the real and imaginary parts, respecti­
vely. Flence, the transfer of this signal is effected 
with a single byte (the four MSBs for the real part, 
the four LSBs for the imaginary part).
Three mailbox exchanges are required per Baud in­
terval to transfer the data. Once an echo estimate 
has been computed, it is stored in the TS75320 
ROUT register (3-byte wide). The LSB and MSB are 
stored in the first and second bytes, respectively. 
The TS75320 then initiates a mailbox transfer du­
ring which the host reads the echo estimate (LSBs 
followed by MSBs) and stores the two bytes for the 
transmitted symbol. The mailbox transfer operation 
is identical for the second and third echo estimates

and for the cancellation errors except that there is 
no need for the transmitted symbol to be transfer­
red more than once per baud interval.
Particular care must be taken, however, to ensure 
that the modem does not hold the echo canceller 
during the mailbox transfer for more than the time 
required for the data transfer. Otherwise problems 
relating to cycle duration may arise.

INITIALIZATION
The echo canceller is initialized by first asserting the 
reset signal (RESET = 0) for at least 640 ns. The 
TS75320 will then automatically clear its internal 
status and filter coefficients. It will then wait for a 
mailbox transfer consisting of the following three 
hexadecimal bytes : AA AA 00. This will indicate the 
beginning of echo canceller configuration.
The first mailbox transfer after the configuration 
bytes must contain the far-end echo round trip de­
lay expressed in number of Baud periods. This num­
ber must be smaller than 3000 (1.25 seconds). The 
echo canceller will interpret the first two bytes in its 
RIN register as the round trip delay, LSBs followed 
by MSBs, right justified. If the third byte is 0, the far- 
end echo canceller is disabled. If it is 1, the far-end 
canceller is enabled.

The near-end echo canceller convergence is en­
abled by the following 3 bytes in the RIN register of 
the TS75320 : AA AA 01. If the far-end echo can­
celler is enabled it will start adapting automatically 
once the near-end echo canceller has converged.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vcc* S u p p ly  V o lta g e -  0 .3  to  7.0 V

V in* Inpu t V o lta g e -  0 .3  to  7.0 V

T a O p e ra tin g  T e m p e ra tu re  R a nge 0  to  70 °C

T  stg S to ra g e  T e m p e ra tu re  R ange - 5 5  to  150 °C
With respect to Vss.

Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional operation of 
the device at these or any conditions beyond those indicated in the operational sections of this specification is not implied. Exposure to maxi­
mum rating conditions for extended periods may affect device reliability. Standard MOS circuits handling procedure should be used to avoid 
possible damage to the device.

^ 7
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TS75320

DC ELECTRICAL OPERATING - CHARACTERISTICS
VCc = 5.0 V ± 5 %, Vss = 0, Tamb = 0 to + 70 °C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
V c c S u p p ly  V o ltage 4.75 5 5.25 V

V,L In p u t L o w  V o lta g e -  0.3 - 0.8 V

V ,H In p u t H igh  V o lta g e 2.4 - V c c V

lin Inpu t L e a k a g e  C u rre n t E xce p t EX TA L -  10 - 10 pA

li In p u t E X T A L  C u rre n t -  5 0 - 50 pA

VoH O u tp u t H igh  V o lta g e  ( l|0aa »  -  30 0  pA ) 2.7 - - V

V o l O u tp u t Low  V o lta g e  (h 0ad = 3 .2  m A) - - 0.5 V

P d P o w e r D iss ipa tion - 1.5 - w
Cjn In p u t C a p a c ita n ce - 10 - PF

Its i T h re e  S ta te  (o ff s ta te ) In p u t C u rre n t -  20 - 20 pA

AC ELECTRICAL SPECIFICATIONS - CLOCK AND CONTROL PINS TIMING
(VCC = 5.0V ± 5%, Tamb = O' to +70'C ; see figure 3)
Output load = 50 pF + DC characteristics load 
Reference levels : V il : 0.45 V Vih : 2.4 V

Vol : 0.45 V Voh : 2.4 V tr, tf < 5 ns for input signals

Symbol Parameter Min. Typ. Max. Unit
tcex E x te rna l C lo ck  C yc le  T im e 40 160 ns

tfex E x te rna l C lo ck  Fa ll T im e 5 ns

trex E x te rna l C lo ck  R ise T im e 5 ns

tcoh E X TA L to  C L K O U T  H igh D e lay 25 ns

tcol E X T A L  to  C L K O U T  Low  D e lay 25 ns

trco C L K O U T  R ise  T im e 10 ns

tfco C L K O U T  Fa ll T im e 10 ns

tdsl C L K O U T  to  DS. RD, W R  Low 5 ns

tdsh C L K O U T  to  DS, RD , W R  H igh 5 ns

tsc C o n tro l Inpu ts  S e t-u p  T im e  
(BSO... BS2, BE3... BE6, R eset. Halt)

20 ns

the C o n tro l In p u ts  H o ld  T im e  
(BSO... BS 2, BE3... BE6, R eset, Halt)

10 ns

tdic C L K O U T  to  C o n tro l O u tp u t L o w  (IR Q . BA) 50 ns

tdhc C L K O U T  to  C o n tro l O u tp u t H igh  (BA. IRQ ) 50 ns

SGS-THOMSON
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TS75320

Figure 3 : Clock and Control Pins Timing.

INTERNAL CLOCK OPTION
A crystal oscillator can be connected across XTAL and EXTAL. The frequency of CLKOUT : tc/2 is half the 
crystal fundamental frequency.

Figure 4.

C l
EXTAL ---------r H I — *

TS75320
- L  C1, C2 Typical va lue  -  10  pF
CZ3

C2

XTAL ---------M | — I

M88TS75320-04
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TS75320

ELECTRICAL CHARACTERISTICS - LOCAL BUS TIMING
(Vcc = 5.0 V ± 5 %, Tamb = 0 °C to + 70 °C ; see figure 5)

S y m b o l Parameter Min. Max. Unit
tp w RD, W R, SD S, P u lse  W id th 1/5 tc  -  15 1/2  tc ns

t A H A d d re ss  H o ld  T im e 10 - ns

f D S W D a ta  S e t-u p  T im e , W rite  C ycle 25 - ns

t O H W D a ta  H o ld  T im e , W rite  C yc le 10 - ns

tc z w SD S H igh to  D a ta  H igh Im p e d a n ce , W rite  C ycle - 4 0 ns

I d s r D a ta  S e t-u p  T im e , R e ad  C yc le 20 - ns

t D H R D a ta  H o ld  T im e , R ead  C yc le 5 - ns

t A R W A d d re ss  V a lid  to  W R, SD S, RD Low r\
5

0 1 o - ns

Figure 5 : Local Bus Timing Diagram.
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TS75320

AC ELECTRICAL SPECIFICATIONS. SYSTEM BUS TIMING
(Vcc = 5.0 V ± 5 %, Tamb = 0 °C to + 70 °C ; see figure 6)

Symbol Parameter Min. Max. Unit

tspw SD S P u lse  W id th 60 - ns

tsAW SR /W , CS, RS S e t-u p  T im e 20 - ns

tsAH SR /W , C S , RS H o ld  a fte r  SD S  H igh 5 - ns

tsDSR D a ta  S e t-u p  T im e , R e ad  C yc le 20 - ns

tSDHR D a ta  H o ld  T im e , R e ad  C ycle 5 - ns

tsDSW D a ta  S e t-u p  T im e , W rite  C ycle - 35 ns

tsDHW D a ta  H o ld  T im e , W rite  C yc le 10 50 ns

1DSLDT SD S Low  to  D T A C K  Low - 50 ns

t D S H D T SD S H igh to  D T A C K  H igh * - 50 ns

tDSHIR SD S H igh to  IRQ  H igh - 50 ns

tsDZW SD S H igh to  D a ta  H igh Im p e d a n ce , W rite  C ycle - 40 ns

DTACK is an open drain output test load include Rl = 890Q at Vcc.

Figure 6 : System Bus Timing Diagram.
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TS75320

TYPICAL PERFORMANCE

TS75320 : Residual Echo w ithout Far-end Signal.

Residual Echo (dBm).

TS75320 : Residual Echo versus Far End Signal (with far-end echo level 8dB below far-end 
signal).
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TS75320

ORDERING INFORMATION

Part Number Temperature RAnge Package
TS75320CP 0 °C to  + 70  °C 4 8  Pin P lastic  Dil

PACKAGE MECHANICAL DATA

48 PINS-PLASTIC DIP

SCS-THOMSON
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