






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.5.2. Dual bus interface. In order to provide the 
maximum flexibility, the TS68930/31 provides two 
buses. One is called the system bus and is found on 
pins ADO-AD?, the other one called local bus is si­
tuated on pins DO-D15. The system bus provides a 
very straightforward interface to a host controller, 
while the local bus allows the TS68930/31 to make 
an efficient use of external resources such as me­
mories, analog interface circuits etc ... This dual bus 
structure allows many combinations of circuits 
where the TS68930/31 can act in different ways: 

Fig. 6A as a microprocessor peripheral 

Figure 6 A : HOSTITS68930. 

00-07 ADO-AD? 

DATA 
8 

--
CS.RS 

TS68930 
50S or SRD,SRIW or SWR 

HOST 

HOST 
(FULL MASTER) 

IRO.DTACK.BA 

SYSTEM BUS TS68930 

(SLAVE) 

M88TS68930-07 

Figure 6 C : HOSTITS68930/RAM. 

BA 

�~� 

�-�~� 
DO-D7 ADO-AD? 

HOST 

SDS or SAD,SRIW or SWR,CS,RS 

IRQ,DTACK 
�~� 

HOST 
SYSTEM BUS T868930 

(TEMPORARY MASTER) (PSEUDO SLAVE) 

3.5.3. Host/slave configuration. The processor 
acts as a host on its local bus and as a slave on its 
system bus. 

In configurations in which the TS68930 accesses 
external RAMS on its local bus, pins ADO-AD? can 
be used to provide 8 LSB addresses, while A8-A 11 
provides 4 MSB addresses to the RAM. 

In this case, the TS68930/31 prevents the host from 
using the system bus and is then called a pseudo­
slave. 

8 

TS68930/31 

Fig. 6B as a processor with its associated memory 

Fig. 6C as an intelligent peripheral having its own 
external memory and connected to a microproces­
sor. 

It must be emphasized that, in most configurations, 
the connections are absolutely direct and do not use 
any external additional logic. 

Furthermore, thanks to the dual bus structure, se­
veral TS68930/31 can be very simply combined to­
gether in multiprocessor applications, thereby 
directly increasing the processing power. 

Figure 6 B : TS68930/RAM. 

00·015 
DATA 16 4Kx16 

TS68930 
OS or R1S RJW or WR 

RAM 
A8-A11 

ADO·AD? 

LOCAL BUS 
TS68930 RAM 

M88TS68930-08 

,--L--- ,-

DATA 16 

T868930 os or RD,RtW or WR RAM 

AS-All 

'------ I ADO-AD? 
�~� 

LOCAL BUS 
T868930 RAM 

M88TS68930-09 

Since the host can only temporarily access the sys­
tem bus it is defined as a temporary master. That 
mode of operation is software controlled through the 
Access Mode Register (AMR) (see 3.5.?). 

On the TS68931 the pins CAO-CA?, which present 
the least significant bits of external ERAM/CROM 
addresses can be connected to that RAM in place 
of system bus pins ADO-AD? 

15/53 
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3.5.4. Local bus. The local bus uses two software 
programmable signals to control the data on 00-
015. 

OS : Data Strobe. Synchronizes the transfer on lo­
cal bus. 

RlW: Read/Write. Indicates the direction of the data. 

These signals are used for Motorola-like bus com­
patibility. 

Figure 7 : Local Bus Pin Description. 

1------ 00-07 

1------- 08-015 

1----- A8-A11 

T868930 
1----- RNi or WR 

1------ OS or R5 

1------ ADO-A07 

The four address bits of the local bus are usually 
sufficient to address peripherals. When an access 
to external RAM is necessary with the TS68930/31 , 
the address bus can then be extended by using the 
ADO-AD7 pins of the system bus as address lines. 

If an external peripheral or external memories are 
too slow to answer in one machine cycle, the 
TS68930/31 can be programmed to execute an ex­
ternal access in 2 cycles using the bits ESO and ES1 
of Access Mode Register (see 3.5.7.). 

This mode is particularly useful for peripherals such 
as data converters, or dedicated interface like the 

Figure 8 : Separate Local Buses. 

~ 

TO OTHER 

D8-015 SLAVES 

TS68930 

MASTER 

ADO-AD? 

-L . .------------

TS68930 

PSEUDO RAM 

SLAVE DATA 

'------ '------
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RD : Read. Read clock pulse. 

WR : Write. Write clock pulse. 

These signals are used for Intel-like bus compatibi­
lity. 

A8-A11 : Address bits (4) 

ADO-AD7 : Optional additional address bits (8) 

J 16 bit data bus can be concatenated or separate 

] 4 address bits 

J Control bits. Can be chosen among 2 sets 

] Additional adress bits (in pseudo-slave mode) 

M88TS68930-10 

MAFE chip set (Modem Analog Front End) from 
SGS-THOMSON. 

The local data bus can also be splitted into two in­
dependent 8-bit buses. This is used in a mUltipro­
cessor architecture when a pseudo-slave uses the 
system bus to transfer its own RAM addresses on 
00-07 (fig. 8). By dividing its local bus, the tempo­
rary master can remain a full-master on bus 08-015 
and does not require a bus transceiver on 00-07. 
The selection between the two buses is then made 
by the addresses A 1 O-A 11 as indicated in fig. 8. 

A11 A10 Do - D7 D8 - D15 

0 0 Selection High Impedance 

0 1 High Impedance Selection 

1 0 High Impedance Selection 

1 1 High Impedance Selection 

M88TS68930-11 



3.5.5. System Bus: The system bus uses two si­
gnals to control the data on ADO-AD? 

TS68930/31 

The system bus mode of operation is Motorola like. 

CS/RS Mailbox Control Signal. Also used by a host to gain access to the bus. 

SR/W System ReadlWrite l Generated by an external processor (host). 
SDS System Data Strobe 

IRQ Handshake Signal (see 3.5.6) 

DTACK Data Transfer Acknowledge. Compatibility with 68000 family. Is programmed by Access 
Mode Register. 

BA Bus Available. The TS68930/31 is not currently using the system data bus to generate 
addresses. SA is also programmable by the Access Mode Register. 

Figure 9 : System Bus Description. 

8 bit data bus 

Control pins 

protocol signal description. 

RDYOIN. 

[ ADO·AD7 

cs 
AS 
SRIW 

SDS 

DTACK 

BA 

IRQ 

Intemal flag indicating the status of the mailbox 
o = DSP has access to the mailbox 
1 = host has access to the mailbox 

a. RDYOIN is set by the DSPand reset by the host. 
That means that the DSP gives the mailbox to 
the host when it finishes using it and vice-ver­
sa.ln no case can the hostorthe DSPtake pos­
session of the mailbox, it can only wait for the 
other to give it back. 

b. The TS68930/31 sees RDYOIN as a flag: 
_ tested by a branch instruction 

_ set to 1 by an initialization instruction in order 
to give the availability of the mailbox to the 
host. 

IRQ. 
Handshake signal enabling the host to gain access 
to the mailbox. 

a. IRQ is asserted low by the DSP to indicate the 
availability of the mailbox (at the same time as 

TS68930 

M 88TS68930-12 

RDYOIN). 

b. The host after testing IRQ, knows that it can ac­
cess the mailbox. The access to the bus (which 
can be currently used by the DSP as a local ad­
dress bu.§lmust be requested by reading the 
address CS = 0, RS = O. 

c. The DSP then answers back by asserting IRQ 
high. (In pseudo-slave mode, the DSP is hal­
ted). The host now has full control of the bus 
and mailbox. 

When the host has corlJ.QLeted the exchange it 
generates the address CS = 0, RS = 1 and the 
DSP resets RDYOIN. 

HALT (internal). 
The internal halt has the following effect on the cir­
cuit: 
_ the program is stopped at the end of the current in­

struction, the program and loop counter are frozen 
_ a NOP is executed 
_ no more addresses are generated on the system 

bus 
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3.5.6. Mailbox. The mailbox is a set of registers 
which interface with the system data bus. The mail­
box is divided in two parts: 
_ RIN (3 x 8 bit register) : This register is read inter­

nally by the TS68930/31 on the upper byte of L­
bus (L8-L 15) and written externally from the sys­
tem bus. After each write or read operation the 

Figure 10: Mailbox Connection and Protocol. 

data is shifted by one byte. 
_ ROUT (3 x 8 bit register) : This register is written 

internally with the upper byte of the Z-bus (Z8-
Z15) and read externally on the system bus. Af­
ter each operation (read or write), the data is shif­
ted by one byte. 

DO-D15i----------iADO-AD7 -L·BUS 

RIWf---------iSRNJ 1 RIN 

ROlIT 

DS 

HOST 

Detect!lIOO .. O 
one of its external test conditions 

l 
Ap""'1=O, iiS= 0 

Detects iRQ_I 

MALBOXACCESS 
(3 read~ and 3 writes maximum) 

EN) OF MAILBOX ACCESS 
AppIiesCs=O,RS",,1 

I 

This protocol is hardwired on the slave side and pro­
grammed on the host side. The mailbox is included 
in the slave. The two slave address pins (CS, RS) 
are directly connected to two host address lines. 

Therefore, the slave is seen as two external memo­
ry locations by the host which will address it by ge-

SDS --- Z-BUS 

MAILBOX 

TS68930 

SLAVE 

SETS RDYON,IMPLIES 100= 0 

MAIlBOX IS AVAilABlE TO HOST 

I 

detoclS • 
CS .. O,'RS",o 

If pseudo-slave [The processor is put in Halt state 
and releases the system bus 

Asserts IRO high 

I 

detects ~ 
CS=O,RS",' 

~ 

[
Internal Halt Disppears The processor 

If pseudo-slave resumes program and 
takes back control of the bus 

~ 
ClearsRDYOIN 

MUboX IS avalable 10 Itle SlAVI:: 

M88TS68930-13 

M88TS68930-14 

nerating an external address directly or indirectly 
(pointer EO or E1). 

§yjlddressing the location 00 the host echoes the 
IRQ to the slave and accesses the mailbox. 
By addressing the location 01 the host releases the 
bus .. 

18/53 W'I SGS·11I0MSON 
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Figure 11.A : T868930/31 Mailbox Exchange, 81ave Mode, 

(internal signal) 

~R-S------~~/If---, ~~ ~~ ~/~/----------~---------
, ~: ": ~ " ~ I, 
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, , , 
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DTACK I, : U : ' ': U' , U ' , LJ: 
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~ , , 
mailbox 
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mailbox exchange 

, : 

end of 

exchange 
, 

~B-A-,,--------~/~tl--------------~/~tl--------------~/~~/----------~/~~/--------~--------

r----I/I-I-----------------t/ltl----------------/lfl------------,// 
~" 

------------------------------------( DATA OUT >--!. 
ADO·AD7 

slave executes programs with no internal halt during mailbox 
exchanges but never has of AD bus for local addresses 

M88TS68930-15 

• Up to three consecutive readlwrite operations may take place, 
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Figure 11.8: TS68930/31 Mailbox Exchange, Pseudo Slave Mode. 

(internal signal) 
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(Machine cycle clock) r- te ----j . 
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I I I I 
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3.5.7. Access Mode Register (AMR). The AMR is 
a? -bit register which defines the processor external 
access modes. 

19 1B 17 

Bit 0: FEiSE 

This bit defines Fast Exchange in one cycle to ac­
cess external resources when low. Or slow ex­
change in two cycles when high. The slow exchange 
mode can only be used in the real mode. The circuit 
automatically repeats the instruction which defines 
the external transfer. The control of the multiplier, 
ALU, ACU, loop counter is the responsibility of the 
programmer who must take into account the repeti­
tion of the instruction. 

Bit 1 : SUPS. 

0= Slave. 
1 = Pseudo-slave. 

This bit defines the behaviour of the TSS8930/31 re­
garding the system bus (ADO-AD?}. In slave mode, 
the processor will never use the system bus as lo­
cal bus address. 

In pseudo-slave, the processor uses address bus 
(ADO-AD?) for local resources. These bits will be 
concatenated with A8-A 11 bits of the local bus to 
form a 12-bit address bus for larger external memo­
ry spaces. The pseudo-slave will then address an ex­
ternal RAM with LSB's address on ADO-AD? and 
MSB's on A8-A 11. After an exchange the TSS8930 
in pseudo-slave mode must relinquish the master 
(see 3.5.3. - Master/slave configuration). 

Bit 2 : S8ICB. 

16 

TS68930/31 

It is loaded by an INI or SVR instruction and saved 
by an SVR instruction. Its fields are defined as fol­
lows: 

15 14 13 

I-BUS 

Z-BUS 

o = Separated bus. 
1 = Concatenated bus. 
This bit indicates whether the local bus is used as a 
1S-bit concatenated bus or as 2 independent 8-bit 
buses. 
(see 3.5.4. - local bus description). 

Bit 3: I/M. 

o = Control pulses Read (RD) and Write (WR) are 
generated. This is the case with an Intel type peri­
pheral or a standard byte-wide RAM. 
1 = ..Qontrol pulses data strobe (OS) and Read/Write 
(RIW) are generated. 

This is the case for exchanges with a slave proces­
sor, a S8000 type peripheral, a data converter such 
as TS?542 or the M.A.F.E. chip set 
(TSS8950/51/52). 

Bit 4: DTACK/BES. 

The TSS8930 does acknowledge correct access by 
generation of a DTACKoutput. In this case, the BES 
pin is not available for an external test condition. 

Bit 5 : BNBE5. 

This bit low configurates the pin BAlBE5 as bus avai­
lable output (BA) indicating to the master that the 
pseudo-slave is not using the system bus for gene­
rating addresses on the local bus. When high, it is 
used as an external test condition (BE5). 
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Bit 6 : MASK (TS68931 only). 

When this bit is low, an external Halt applied to the 
processor will not change the values in the ARM re­
gister. When high, an external Halt applied to the 
processor will reset the ARM register with following 
configuration: 

ONE CYCLE EXCHANGE, PSEUDO-SLAVE, 
CONCATENATED BUS, RD AND WR CONTROL 
PULSES. 

This bit can be modified by the programmer even 
while the HALT is asserted. 

3.5.S. Instruction interface and system control 
(TS68931 only). On the TS68931, the coefficient 
ROM and the instruction ROM (CROM & IROM) are 
external. The device provides the necessary buses 
to access these data. Instructions are read on IDO : 
I D31 using IAO-IA 15 for addressing. Coefficients are 
read on local address bus DO-D15 using CAO-CA8 
for addressing. CA9 is at low level for address vali­
dation. CAO : CA7 also contains external RAM ad­
dresses (if necessary) associated with a high level 
for CA9. 

So, for the TS68931, there is no need of a pseudo 
slave mode as ADO:AD7 remain available for data 
transfer on the system bus. Clock signals are also 
provided for interfacing purposes (3.6.1.). 

3.5.9. Halt (T868931 only). The external HALT si­
gnal will freeze the program counter, the loop coun­
ter. The instruction register can then be loaded from 
an external source. This signal is used for system 
development. If the MASK bit = 1 then it will force 
the AMR into the following configuration: 

ONE CYCLE EXCHANGE, PSEUDO SLAVE, SE­
PARATE BUS, RD AND WR CONTROL PULSES. 

3.6. OTHER RESOURCES 

3.6.1. Clock generators. Different clock outputs 
are available on the TS68931 and on the TS68930. 

22/53 
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CLKOUT : available on TS68930 and TS68931. 

INCYCLE : available on TS68931 only. 

The CLKOUT output period is function of the EX­
TAL period and is half the frequency of the input 
clock. 

The INCYCLE output is equal to machine cycle in 
real mode and half of machine cycle in complex and 
double precision mode. 

3.6.2. Reset. The reset signal acts on several pro­
cessors blocks as follows: 

_ Sequencer: the program counter (PC) and 
the loop counter (LC) are cleared to zero. The 
instruction register is loaded with NOP ins­
truction. 
Status register: set in real mode, no satu ra­
tion, empty FIFO (EF = 1), memorized over­
flows (MOVF = 0), and XRAM and YRAM in 
non circular addressing mode. 
Access Melde Register (AMR) : set for one cy­
cle external exchange, slave mode, concate­
nated bus, RD and WR, BE5 and BE6, SDS 
and SRiW. 

The reset signal must be maintained for a minimum 
of 16 cycles of EXTAL signal. 

3.6.3. Watchdog capability. The watchdog pre­
vents the processor from staying locked in an unde­
sired state or internal loop caused by adverse condi­
tions such as high-voltage transients. The circuitry 
includes a 2-bit counter which is incremented by 
each falling edge on BE3 input and reset by soft­
ware testing of any of the BE3 conditions. If three 
falling edges of BE3 input occurs without a test of 
the condition, the TS68930 is reset by the watchdog 
circuit. This capability is a mask option of the 
TS68930 which is chosen (or not) by the user. 



Figure 12 : Reset Timing. 

:-- elk generator reset 
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I: . internal register initialization 
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4. TYPICAL APPLICATION CONFIGURATIONS 

Figure 13: Configuration Example with TS68930 + RAM + MAFE*. 
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• MAFE is the TS68950/51/52 Modem Analog Front - End Chip Set. 
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Figure 14 : Configuration Example: 3 TS68930 + RAM. 
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Figure 15 : Configuration Example 4 T868930 + MAFE + RAM, 
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Figure 16: Interfacing CRaM, IROM to ST18931. 
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5. INSTRUCTION SET 

Number of Cycles 
Symbol Type Operation 

REAL CPLX 
OSPR 

OPIN Calculation Instruction with Indirect This instruction refers to operands 1 2 
Addressing indirectly addressed. 

OPDI Calculation Instruction with Direct The operand sourcing the L-BUS is 1 2 
Addressing directly addressed. 

OPIM Calculation Instruction with An immediate operand is read on 1 2 
Immediate Operand R-BUS. 

ASR General Shift Instruction The operand sourcing the L-BUS 1 2 
ASL can be shifted/rotated by 0 --? 15 
LSR bits. 
ROR 

BRI Immediate Branch Instruction Conditional/unconditionnal branch to 2 2 
direct address. 

BRC Computed Branch Instruction Conditional/unconditional branch to 2 2 
computed address. 

SVR Data Transfer Instruction This instruction is used to save 1 2 
TFR register contents in external or 

internal RAM. 

INI Initialization and Control Instruction Pointers, acces mode register, loop 1 2 
counter, mode initialization. 
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INSTRUCTION SET LANGUAGE DEFINITIONS 

LOT Load L-BUS source into Transfer Register T 

R SRC R-BUS Source 

L SRC L-BUS Source 

SL ALU Input Selection Left Side 

SR ALU Input Selection Right Side 

ALU DST ALU Output Destination 

ALU CODE ALU Codes 

LDM Load L-BUS Source into Multiplier Input M 

LON Load R-BUS Source into Multiplier Input N 

Z SRC Z-BUS SOURCE 

Z DST Z-BUS DESTINATION 

ZT Load Z-BUS into Transfer Register T 

ACE Post Incrementation Pointers CROM or ERAM 

AY Post Incrementation Pointers YRAM 

AX Post Incrementation Pointers XRAM 

BRA Branch Address Source 

FT False/true Condition 

SVPC Save Program Counter 

JDST Destination Register for J Constant 

KDST Destination Register for K Constant 

MODE Operating Mode 

SAT Saturation Flag 

ADOF Ever add Flag 

J Constant 8-bit Constant used to initialize registers 

K Constant 12-bit constant used to initialize registers 
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5.1 OPERATING CODE FORMATS 

Fig. 17 : OPIN : Calculation Instruction with Indirect Addressing. 

Bit Field Operations and Codes 

31 OP CODE 00 
30 

29 LDT O-NO LOAD, 1-LBUS --> T 

28 R SRC 00 01 10 11 
27 (XO) (EO) (YO) (Y1) 

26 
000 001 010 011 100 101 110 111 

25 L SRC 
(XO) (X1) (YO) RIN T (E1) (CO) (C1) 

24 

23 SL O-LBUS / 1-P 

22 SR O-RBUS / 1-AlB (refer to ALU DST) 

21 
20 
19 ALU CODE ct. Special Table 
18 
17 

16 ALU DST 00 01 10 11 
15 D F A B 

14 
000 001 010 011 100 101 110 111 

13 Z SRC 
12 

D F A B T CCR - -

11 LDM O-NO LOAD / 1-LBUS --> M 

10 LDN O-NO LOAD / 1-RBUS --> N 

9 ACE 00 01 10 11 
8 + 0 + 1 - - 1 

7 
AY 00 01 10 11 

6 +0 + 1 - -1 

5 AX 00 01 10 11 
4 +0 + 1 - -1 

3 
000 001 010 011 100 101 110 111 

2 Z DST 
NONE ROUT (YO) (Y1) (EO) (E1) (XO) (X1) 

1 

0 ZT O-NO LOAD / 1 ZBUS --> T 
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Fig. 18 : OPDI : Calculation Instruction with Direct Addressing. 

Bit Field Operations and Codes 

31 
30 OP CODE 010 
29 

28 
R SRC 

00 01 10 11 
27 (XO) (EO) (YO) (Y1) 

26 
000 001 010 011 100 101 110 111 

25 L SRC 
24 

X - Y RIN T E - C 

23 Z SRC O-D / 1-F 

22 SR O-RBUS / 1-A 

21 
20 
19 ALU CODE ct. Special Table 
18 
17 

16 ALU DST O-F / 1-A 

15 MSB 
14 
13 
12 

LBUS 11 
10 DIRECT 

9 
ADDRESS 

8 
7 
6 
5 
4 LSB 

3 
2 0000 0010 0100 0110 1000 1010 1100 1110 

NONE ROUT (YO) (Y1) (EO) (E1) (XO) LCR 
Z DST 

1 0001 0011 0101 0111 1001 1011 1101 1111 
0 XO X1 YO Y1 EO E1 CO C1 
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Fig. 19 : OPIM : Calculation Instruction with Immediate Operand. 

Bit Field Operations and Codes 

31 
30 
29 OP CODE 01110 
28 
27 

26 
000 001 010 011 100 101 110 111 

25 L SRC 
(XO) (X1) (YO) RIN T (E1) (CO) (C1) 

24 

23 SL O-LBUS / 1-P 

22 SR O-RBUS / 1-A 

21 
20 
19 ALU CODE ct. Special Table 
18 
17 

16 ALU DST O-F / 1-A 

15 MSB 
14 
13 
12 
11 
10 
9 

IMMEDIATE 8 
7 VALUE 

6 
5 
4 
3 
2 
1 
0 LSB 
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Fig. 20 : ASR, LSL, LSR, ROR, Shift Instructions. 

Bit Field Operations and Codes 

31 
30 
29 OP CODE 01111 
28 
27 

26 000 001 010 all 100 101 110 111 
25 L SRC 
24 

X - Y RIN T E - C 

23 SL O-LBUS 11-P 

22 
ALU CODE 00 01 10 11 

21 ASR LSL LSR ROR 

20 NOTE: When LSR, ASR, ROR 

19 SHIFT 0000 0001 ..... 1111 shift value is complemented to 2. 
18 VALUE a 1 ..... 15 
17 

16 ALU DST O-F 11-A 

15 MSB 
14 
13 
12 
11 LBUS 

10 DIRECT 

9 ADDRESS 

8 
7 
6 
5 
4 LSB 

3 
2 
1 
a 
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Fig. 21 : BRI : Branch Immediate Instruction. 

Bit Field Operations and Codes 

31 
30 OP CODE 100 
29 

28 BRA O-IR, 1-RAS 

27 FT O-FALSE, 1-TRUE 

26 
25 
24 

COND CF Special Table 

23 

22 SVPC O-NO SVPC, 1-PC -> RAS' 

21 MSB 
20 
19 
18 
17 
16 
15 
14 

BRANCH 
13 
12 

ADDRESS 

11 
10 
9 
8 
7 
6 LSB 

5 AX 00 01 10 11 
4 + 0 + 1 - -1 

3 000 001 010 011 100 101 110 111 
2 Z DST 
1 

NONE - [YOl [Y1] - - [XO] [X1] 

0 ZT o NO LOAD, 1-ZBUS -> T 

* The PC write operation in X or YRAM (defined by Z OST) is realized if the branching is really executed. 
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Fig. 22 : BRC : Branch Computed Instruction. 

Bit Field Operations and Codes 

31 
30 OP CODE 1010 
29 
28 

27 FT O-FALSE, 1-TRUE 

26 
25 COND CF Special Table 
24 
23 

22 SVPC O-NO SVPC, 1-PC -> RAS' 

21 
20 

19 RTI O-NO RTI, 1-RAS -> PC 

18 
17 
16 

15 
14 BRANCH 000 001 010 011 100 101 110 111 
13 SOURCE NONE F A B T - - -

12 

11 
10 
9 
8 
7 
6 

5 AX 00 01 10 11 
4 +0 + 1 - -1 

3 000 0001 010 011 100 101 110 111 
2 Z DST 
1 

NONE - [YO] [Y1] - - [XO] [X1] 

0 ZT O-NO LOAD, 1-ZBUS -> T 

* See BRI. 
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Fig. 23 : SVR : Data Transfer Instruction. 

Bit Field Operations and Codes 

31 
30 
29 OP CODE 011000 
28 
27 
26 

25 0000 0001 0010 0011 0100 0101 01100111 
24 Z SRC XO X1 YO Y1 EO E1 CO C1 
23 1000 1001 1010 1011 1100 1101 1110 1111 
22 AMR LC A F D STA B -
21 
20 
19 
18 
17 
16 

15 MSB 
14 
13 
12 
11 
10 ZBUS 

9 DIRECT 

8 ADDRESS 

7 
6 
5 
4 LSB 

3 
000 001 010 011 100 101 110 111 

2 Z DST 
NONE ROUT Y AMR E STR X 

1 
-

0 ZT O-NO LOAD, 1-ZBUS --7 T 
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Fig. 24 : INI : Initialization and Control Instruction. 

Bit Field Operations and Codes 

31 
OP CODE 11 

30 

29 
000 001 010 011 100 101 110 111 

28 J DST 
AMR LCD YO Y1 CRR EN' EF NONE 

27 

26 000 001 010 011 100 101 110 111 
25 K DST 

XO X1 LCI-LCR NONE EO E1 CO C1 
24 

23 MODE 00 01 10 11 
22 - REAL DBPR CPLX 

21 SAT o NO SATURATION MODE 1 SATURATION MODE 

20 ADOF o NO INVERSION 1 INVERSION LSB ADDRESS XIY RAM 

19 J7 J7 0 YRAM NORMAL MODE 1 YRAM CIRCULAR ADDRESSING MODE 

18 J6 
17 J5 OX EI = NIC OX SIM = NIC o RDY OIN = NIC 
16 J4 (if EN) 10 EI = 0 10 SIM = 0 (INTEL) 1 RDY OIN = 1 
15 J CONSTANT J3 11 EI = 1 11 SM = 1 (MOTOROLA) 
14 J2 (if EN) 
13 J1 (if EN) 
12 JO 

11 K11 
10 
9 
8 
7 K7 0 XRAM Normal Mode 1 XRAM Circular Addressing Mode 
6 

K CONSTANT 
5 
4 
3 
2 
1 
0 KO 

• EN (Enable) code (101) is a multi-function condition permitting independant programming of RDYOIN and SIM flags, and STA regis­
ter bit EI in J field of the INI instruction. 
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5.2 ALU CODES 

MNEMO Function SR SI CR CI 

ADD A+B * * * 
ADDC A+B+ CARRY * * * 
ADDS B + A/16 * * * 
ADDX B + A' (COMPLEX CONJUGATE) * * * 
AND A-B * * 0 

ASL CARRY [J--[ f- 0 * * * 
ASR d ~ CARRY * * * 
CLR CLEAR 0 0 0 

COM COMPLEMENT A * * 0 

COM COMPLEMENT B * * 0 

LCCR LBUS -> CCR * * * 
LSL CARRY o-----c=:::::J- 0 * * * 
LSLB LSL BYTE * * * 
LSR 0 -1 f--D CARRY * * * 
LSRB LSR BYTE * * * 
NOP 

OR A,B * * 0 

RCE EXECUTE RC * * * 
RCER EXECUTE RC 1 LOAD NEW CODE * * * 
RCR LOAD RC 

ROR r1 tr-D CARRY * * * 
SBC A + B + CARRY * * * 
SBCR A + B + CARRY * * * 
SET * * 0 

SUB A+B+1 * * * 
SUBR A+B+1 * * * 
TRA TRANSFER A * * 0 

TRA TRANSFER B * * 0 

XOR AEBB * * 0 

SUBS B + Al16 + 1 * * * Notes: 1. A B refer to ALU inputs (respectively LSI DE, RSIDE) not to accumulators AlB. 
2. In ASL the OVF bit is equivalent!o exclusive OR of bit 14 and 15. 
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* 
* 
* 
* 
0 

* 

* 
0 

0 

0 

* 
* 
* 
* 
* 
0 

* 
* 

* 

* 
* 
0 

* 
* 
0 

0 

0 

* 

Z OV MO AO Code 
F VF VF (117-121) 

* * * * 00010 

* * * * 00011 

* * * * 00001 

* * * * 01010 

* 0 * 01110 

* * * 01011 

* 0 * 01111 

1 0 0 10011 

* 0 * 10110 

* 0 * 11000 

* * * * 01001 

* 0 * 11011 

* 0 * 11001 

* 0 * 00111 

* 0 * 11010 

00000 

* 0 * 01101 

* * * * 10001 

* * * * 10000 

10010 

* 0 * 10111 

* * * * 00101 

* * * * 01000 

0 0 0 11100 

* * * * 00100 

* * * * 00110 

* 0 * 10100 

* 0 * 10101 

* 0 * 01100 

* * * * 11101 



5.3. TEST CONDITIONS 

True Condition 

BE3 

BE4 

BE5 

BE6 

Branch Always 

BSO 

BS1 

BS2 

CI 

CR 

MOVF 

OVF 

RDYOIN 

SI 

SR 

Z 

5.4. AMR AND STA REGISTERS 

6 5 

MASK 
BA 

BE5 

False Condition 

No BE3 

No BE4 

No BE5 

No BE6 

Branch Never 

No BSO 

No BS1 

No BS2 

No CI 

No CR 

No MOVF 

No OVF 

No RDYOIN 

No SI 

No SR 

No Z 

AMR (Access Mode Register) 

4 3 2 

DTACK T SB 
BE6 M CB 

STA (Status Register) 

7 

SL 
PS 

TS68930/31 

Code 

0100 

0010 

0011 

0001 

0000 

1100 

1101 

1110 

1010 

0110 

1011 

0111 

1111 

1001 

0101 

1000 

o 

SEO 
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CONDITION CODE REGISTER (CCR) 

Name Function Description 

SR Sign Real Set if the MSB of the ALU result is 1. Cleared otherwise. 

SI Sign Imaginary Set if the MSB of the ALU imaginary result is 1 (in complex mode). Cleared 
otherwise. 

CR Carry Real Set if a carry is generated out of the MSB of the result for arithmetic and shift 
operations. Cleared otherwise. 

CI Carry Imaginary Set if a carry is generated out of the MSB of the imaginary part of the result 
for complex arithmetic and shift operations. Cleared otherwise. 

Z Zero Set if the ALU result equals zero. In complex mode it is set if both real and 
imaginary parts are equal to zero. 

OVF Overflow Set if there was an arithmetic overflow. This implies that the result cannot be 
represented in the operand size. In complex mode it is set for an overflow of 
either real or imaginary part. Cleared otherwise. 

MOVF Memorized Set in the same conditions as overflow. Is cleared only when tested by a 
Overflow branch instruction. 

AOVF Advanced Overflow Exclusive OR of bit 14 and 15 of the ALU. If there was an arithmetic overflow 
on half capacity (15 bits in real/complex mode, 31 bits in double precision 
mode). Is memorized and cleared by LCCR ALU instruction. 

OVFM Overflow Multiplier Set if the multiplier has overflowed. Only meaningful for complex multiplication. 
Is memorized and cleared by LCCR ALU instruction. 

STATE REGISTER (STR) 

Name Function Description 

EF Empty FIFO Set if FIFO is empty. Cleared otherwise. 

SAT Saturation Flag Set if the TS68930 is programmed in saturation mode. In this configuration, 
the processor will behave as follows: 
Positive overflow: ALU result forced to 7FFF. 
Negative overflow: ALU result forced to 8000. 
This feature does not apply to double preCision mode. This bit is cleared 
otherwise. 

MODE Operating Mode Define a real (01), complex (11) or double precision (10) mode. 
(2bits) 

XC XRAM Circular Circular addreSSing mode flag for XRAM. (see 3.3.3) 

YC YRAM Circular Circular addressing mode flag for YRAM. (see 3.3.3) 
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6. ELECTRICAL SPECIFICATIONS 

6.1. ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee . Supply Voltage - 0.3 to 7.0 V 

Vin 
. Input Voltage - 0.3 to 7.0 V 

TA Operating Temperature Range o to 70 °C 

Tstg Storage Temperature Range - 55 to 150 °C 

Pomax Maximum Power Dissipation 3 W 

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 maximum ra­
ting conditions for extended periods may affect device reliability. Standard MOS circuits handling procedure should be used to avoid possible da­
mage to the device. 

6.2. DC ELECTRICAL CHARACTERISTICS 
Vee = 5.0 V ± 5 %, Vss = 0, TA = 0 'C to + 70 'C (unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit 

Vee Supply Voltage 4.75 5 5.25 V 

VIL Input Low Voltage - 0.3 0.8 V 

VIH Input High Voltage 2.4 Vee V 

lin Input Leakage Current 10 J.LA 
VOH Output High Voltage (lioad = - 300 ~A) 2.7 V 

VOL Output Low Voltage (lioad = 3.2 mAl 0.5 V 

PD Power Dissipation 1.5 W 

Gin Input Capacitance 10 pF 

ITSI Three State (off state) Input Current 10 ~A 
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6.3. AC ELECTRICAL SPECIFICATIONS - CLOCK AND CONTROL PINS TIMING 

(V cc = 5.0 V ± 5 %, T A = 0 'C to + 70°C, see figure 6.1.) 
OUTPUT LOAD = 50 pF + DC Characteristics I load 
REFERENCE LEVELS: V IL : 0.8 V V IH : 2.4 V 

VOL:0.8V VoH :2.4V tr, tf :0; 5 ns for input signals 

Symbol Parameter 

teex External Clock Cycle Time 

tfex . External Clock Fall Time 

trex External Clock Rise Time 

teoh EXTAL to CLKOUT High Delay 

teol EXTAL to CLKOUT Low Delay 

teor CLKOUT Rise Time 

teof CLKOUT Fall Time 

tdsl CLKOUT to DS. RD, WR Low 

tdsh CLKOUT to DS, RD, WR High 

tse Control Inputs Set-up Time (BSO ... BS2, BE3 ... BE6, Reset, halt) 

the Control Inputs Hold Time (BSO ... BS2, BE3 ... BE6, Reset, halt) 

tdle CLKOUT to Control Output Low (IRQ, BA) 

tdhe CLKOUT to Control Output High (BA) 

Figure 25 : Clock and Control Pins Timing. 

EXTAL 

CLKOl!T 

BS/BE 
RESET, HALT 

IRQ,BA 
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Min. Typ. Max. 

40 160 

5 

5 

25 

25 

10 

10 

5 

5 

20 

10 

50 

50 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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INTERNAL CLOCK OPTION 

A crystal oscillator can be connected across XT AL and EXT AL. The frequency of CLKOUT : tc/2 is half the 
crystal fundamental frequency. 

Cl 
EXTAL 1 :1-___ 

TS68930 ~ 

XTAL 
T C2 

: a---. 

6.4. AC ELECTRICAL SPECIFICATIONS - LOCAL BUS TIMING 

(Vee = 5,0 V ± 5 %, TA = 0 'C to + 70 'C ; see figure 6.2.) 

Symbol Parameter 

tpw RD, WR, AS Pulse Width 

tAH Address Hold Time 

tosw Data Set-up Time, Write Cycle 

tOHw Data Hold Time, Write Cycle 

tOSR Data Set-up Time, Read Cycle 

tOHR Data Hold Time, Read Cycle 

tARW Address Valid to WR, AS, RD Low 

Figure 26 : Local Bus Timing Diagram 

ADDRfSSES »2»» 
tpw 

55 

tARW 

R/W 

\\\\\\\\\ 
tpw 

jfij 

\ 
tARW 

WR tpw 

tARW 

OO-D15 

C1 ,C2 typical value = 10pF 

Min. Max. 

1/2 tc - 15 1/2 tc 

10 

25 

10 

20 

5 

112 tc - 40 

~ 

K 
} r- -

~ r 

/ 
r-

/ 
tosw tOHW 

DATA OUT \' &\l DATA OUT 

I 

tasR IOHB 

00-.Q15 
DATA IN DATA IN J-

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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6.5. AC ELECTRICAL SPECIFICATIONS - SYSTEM BUS TIMING 

(Vee = 5.0 V ± 5 %, TA = 0 CC to + 70 CC ; see figure 6.3.) 

Symbol Parameter 

tspw SDS Pulse Width 

tSAV; SRIW, CS, RS Set·up Time 

tSAH SR/W, CS, RS Hold after SDS High 

tSOSR Data Set-up Time, Read Cycle 

tSOHR Data Hold Time, Read Cycle 

tsosw Data Set-up Time, Write Cycle 

tsoHW Data Hold Time, Write Cycle 

tOSLOT SDS Low to DTACK Low 

tOSHOT SDS High to DTACK High" 

tOSHIR SDS High to IRQ High 

• DTACK is an open drain output test load include RL = 8200 at Vee 

Figure 27 : System Bus Timing Diagram. 

.2f!/W. CS. 
RS 

ADO-A07 
DATA IN 

ADO-AD7 
DATA DUT 
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\ 

tSAW 

7Jj. 

tSDSW 

«« 
tDSLDT 

tspw 

tSDSR 

DATA IN 

DATA OUT 

\ 
1\ 

Min. Max. Unit 

60 ns 

20 ns 

5 ns 

20 ns 

5 ns 

35 ns 

10 50 ns 

50 ns 

50 ns 

50 ns 

V 

tSAH 
~ 

fill / 
tSD~R 

I~SDH~ 

tDSHDT 

V--
J 

iOSHIR 

;f 



6.6. AC ELECTRICAL SPECIFICATIONS - INSTRUCTION BUS TIMING 

(V cc = 5.0 V ± 5 %, T A = 0 'C to + 70 'C ; see figure 6. 4.) 

Symbol Parameter Min. 

tlNCH CLKOUT High to INCYCLE High 

tlNCL CLKOUT Low to INCYCLE Low 

tlASW CLKOUT High to Address Valid 

tlAHW I-BUS Address Hold 

tliSR Instruction Valid 

tllHR Instruction Hold 

tOSR CROM Data Set-up Time 

tOHR CROM Data Hold Time 

Figure 28: Bus Timing Diagram. 

tel2 

/ \ 
CLKOUT 

~ ~IINCH 

INCYCLE ~ 
IIASW IIAHW 

10131 «««< ADDRESSES 

IROM 
CROM 

OO-D15 

5 

5 

20 

20 

10 

tc/2 - 40 

5 

tel2 

j'f \ 

~ 1---1"- tlNCL 

\ 

tliSR IIIHR 

""-
/ DATA Instruction it" 

~ SCiS·THOMSON .. ., I IiIIilU©DiI@~~rn©1i'DiI@IllU©l!l 

IDSR 

DATACROM 

TS68930/31 

Max. Unit 

15 ns 

15 ns 

40 ns 

40 ns 

ns 

ns 

ns 

ns 

/r-

/ 
r-

I DHR 

>-

45/53 

713 



TS68930/31 

7. PIN CONNECTIONS 

48 - Pin Dual- in - Line Package (top view) 

013 
014 11 

015 
VSS 

XTAL 
EXTAL 

CLKOUT 
os 

R/iN 
SR/W 

SOS 
cs 
AS 

RESET 
IRQ 

03 
02 
Dl 
DO 
BE3 
BE4 
BSO 
BS1 
BS2 
A11 
vec 
A10 
A9 
A8 
AD7 
AD6 
AD5 
AD4 
AD3 
AD2 
ADI 
ADO 
BE5/BA 
BE6/DTACK 

'------' 
M88TS68930-28 

84 Pin Grid Array Ceramic(top view) 

1022 1020 1019 1017 1014 VOO 1012 109 107 

1025 1023 1021 1018 1015 IDlO IDll ID8 INCYCLE 

ID26 ID24 ID16 VSS 1013 

ID28 ID27 

ID31 ID30 1029 Al0 

105 IDO IDl BE6 
DTACK 

ID3 104 ID2 AD7 

DO 01 

D2 D4 D12 VSS VDD 

- -
D3 D6 D7 Dl0 D13 D15 EXTAL R/W CS 

- -

D5 D8 D9 Dll 014 CLKOUT XTAL DS SR/W 
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106 BE3 

--
HALT B50 

BE4 BSl 

BS2 All 

A9 A8 

A04 
BES 
BA 

ADS AD6 

A02 AD3 

-
IRQ ADl 

--
RESET ADO 

-
SDS RS 
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8. ORDERING INFORMATION 

Part Number Temperature Range' 

TS68930CP/PXXX" o to 70°C 
TS68931 CR o to 70°C 

• For extended temp. range. please consult your sales office . 
• • XXX is the specific number associated to a customer code. 

SOFTWARE TOOLS 

TS68930 SP-PC Software Package Including 
Macroassembler 
Functionnal Stimulator 
Linker for PC 

TS68930 SP-VMS Same Software Package for VAX Machines 

TS68930 SPC-PC Same Software with C-compiler for PC 

TS68930 SPC-VMS Same Software Package with C-compiler for VAX 

HARDWARE TOOLS 

TS68930 EMU Stand-alone Emulator 

TS68930 HDS-1 Hardware Development System 110 V Power Supply 

TS68930 HDS-O Hardware Development System 220 V Power Supply 

TS68930 EPR EPROM Simulation Module for TS68930 

9. PACKAGE MECHANICAL DATA 

48 PINS - PLASTIC DIP 

25 

Package 

48 Pin Plastic OIL 
84 Pin Grid Array 

{11 Nominal dimension 

(2J True geometrical position 

63.5max. 14 

48 Pins 
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APPENDIX A 

DEVELOPMENT TOOLS 

DEVELOPMENT PROCESS 

The development process of a digital signal proces­
sing application using the TS68930 or TS68931 is 
supported by a complete range of dedicated soft­
ware and hardware tools which includes macroas­
sembler, linker, simulator, C compiler and optimizer 
(respectively TS68930SP or TS68930SPC), stand­
alone emulation card TS68930EMU, multiproces­
sor hardware development system TS68930HDS, 
EPROM emulation module, TS68930EPR. 

SOFTWARE TOOLS 

All the development softwares run on the most com­
mon computers, such as IBM-PC or AT® , under 
MS-DOS® or VAX® , VMS® , UNIX® or UL TRIX 
operatinq systems. 

The macroassembler supports conditional assem­
bly, high level language facilities for loop definition 
and generates all the files for simulation, emulation 
and PROM programming. 

The functional simulator provides step by step exe­
cution, break on address and data values, access 
to all intemal registers and interface to 1/0 files 
(ADX, DAC, test inputs). 

The linker provides mod,ular programming facilities. 

The library consists of macros, basic DSP routines 
etc ... and provides additional help to user's for their 
applications. 

The C language compiler offers high-level language 
facilities which meets the advanced requirements 
(parallelism, pipe-line, three computation modes, 
32-bit instruction set) of the TS68930/31. 

HARDWARE TOOLS 

All the hardware tools are designed to provide ease 
of use and minimum learning time by utilizing menu 
driven and DSP specific emulation features. 

TS68930 EMU and TS68930 HDS have in com­
mon: 

- Full speed emulation of TS68930 and TS68931 

- Use of internal, external or application clock 

- 20 breakpoints (stops at defined addresses) 

- 8 complex breakpoints (stop after N address X and 
M address Y) 

- Realtime trace of internal resources 
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- Emulation probes (for TS68930 or TS68931) 

- Menu driven operation (about 100 commands) 

- Resident AssemblerlDisassembler with full screen 
editor 

- Symbolic debbuging 

- Direct link with PROM programmers 

Emulator specific features. 

The TS68930EMU is a low cost, stand-alone emu­
lator providing advanced emulation features such 
as real-time trace. It can be driven via a RS232C 
link by a terminal or an IBM-PCR and offers: 

- 8K program memory (expandable to 64K) 

- 2K x 16-bit data RAM 

- A wire-wrapping area 

- Full speed 100ns cycle emulation 

- 2RS232C serial ports 

- Complex conditions break-points 

Hardware development station features: 

The TS68930 HDS is a hardware development sta­
tion, aimed at the development of multiprocessor 
applications. Up to four pairs of emulator boards, 
and logic analyser boards can be combined to 
match exactly the user needs: 

- CMOS memory for backup of configuration 

- 64K x 32 program memory 

- 4K x 16 data RAM 

- A logic analyser with: 

* 2K x 19 bit for trace of TS68930/31 bus and 15 ex­
ternal inputs 

* Synchronous analyzer on program and local buses 

* Asynchronous analyzer on system bus or external 
inputs 

* Triggering conditions (Address bus with count, da­
ta bus external branch inputs, mailbox exchanges, 
extemal inputs). 

EPROM module. 

The TS68930EPR is a small-sized module which 
uses the perfect compatibility between TS68930 
andTS68931. The module uses a TS68931 and fast 
EPROM memories to emulate in real time a ROM 
masked TS68930 during prototyping or field tests to 
minimize hardware developments. The module is 
plug and function compatible with TS68930 pin out. 
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APPENDIX B 

MASKING INFORMATION 
The information required by SGS-THOMSON to 
realize a customer masked version of the TS68930 
are provided below. 

The files for masking must include program ROM 
content and coefficient ROM content. They can be 

VERIFICATION MEDIA 
All original pattern media are filed for contractual 
purpose and are not returned. A computer listing of 
the ROM content code will be generated and retur­
ned to the customer with a listing verification form. 
The listing should be carefully checked and the ap-

VERIFICATION UNITS 
Ten engineering samples containing the customer 
ROM patterns will be sent for program verification. 

transferred on EPROMS, 5" 1/4 floppy disks, ma­
gnetic tapes (VAXNMS format) or by link to SGS­
THOMSON Microelectronics. This must be done in 
conjunction with your local sales office or repre­
sentative indications. 

proval form completed, signed and returned to SGS­
THOMSON Microelectronics. The returned verifica­
tion form is the contractual agreement for genera­
tion of the customer masks and batch manufactu­
ring. 

These samples will be engineering samples and 
must be kept by user as reference parts. 
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DIGITAL SIGNAL PROCESSOR 
CUSTOMER ORDERING SHEET 

COMMERCIAL REFERENCE' : .TS68930CP/XXX ... COMPANY 

CUSTOMER'S MARKING ADDRESS 

PHONE 

PATTERN MEDIAS OPTION 

o EPROMS o WATCHDOG 

o 51/4" FLOPPY 

o MAGNETIC TYPE-

o OTHER' 

YEARLY QUANTITY FORECASTED: 

START OF PRODUCTION DATE 

FOR A SHIPMENT PERIOD OF 

Customer Contact Name Date Signature 



APPENDIX C 

SUMMARY OF RESOURCES PER FUNCTION 

OPERATING MODES 

Symbol Function 

MODE 2-bit register defining the operating mode 
(real/complex/double precision) 

OPERATING UNIT 

Symbol Function 

ALU 2 Port 16-bit Arithmetic Logic Unit 
5 Possible Sources. 4 Possible Destinations. 30 ALU Codes 
Works on 32-bit. Data in 2 Machines Cycles. 

D ALU Output Register 

BS Variable 0 - 15-bit right shift, left shift, right rotation barrel 
shifter. 

MULT 16 x 16 ...., 32 parallel pipeline multiplier + 16-bit 
adder/substractor, used in complex Multiplications. 

M,N 2 x 16-bit registers containing multiplier operands. 

P 2 x 16-bit register containing multiplier result. 

STA 16-bit register containing status of ALU, mode, status of 
address calculation units,enable interrupt flag. 

A 2 x 16-bit accumulator. 

B 2 x 16-bit accumulator. 

F 4 x 16-bit first in first out register. 

EF Flag. Indicates that the Fifo is empty; can be set by software. 

RC 6-bit register allowing replacement of ALU operation code by 
a data coming from L-BUS. 

T 2 x 16-bit register providing direct transfer between L-BUS 
and Z-BUS. 

SAT Flag indicates saturation mode. 

TS68930/31 

Resource Paragraph 
Nb 

Access Mode Register 

Resource Paragraph 
Nb 

Arithmetic Logic Unit 3.2. 1 

Barrel Shifter 3.2.2 

Pipeline Multiplier 3.2.3 

Status 3. 2. 4 

Accumulators 3. 2. 4 

Fifo 3. 2. 4 

Empty Fifo 

Replace Code Register 3. 2. 4 

Transfer Register 3. 2. 4 

Saturation 3. 2. 4 
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DATA MEMORY BLOCK 

Symbol Function Resource Paragraph 
Nb 

XRAM 128 x 16-bit Random Access Memories Data RAMs 3. 3. 1 
YRAM 

CRaM 512 x 16-bit read only memory containing coefficients or Data ROM 
constants. 

XACU Arithmetic units providing address incrementation. decremen- Address Calculation Units 3. 3. 2 
YACU tation and automatic loop. 

XACU is dedicated to XRAM. (8 bits) 
YACU is dedicated to YRAM. (7 bits) 

ECACU 12-bit arithmetic unit providing incrementation. 
decrementation of address. 
Shared by CRaM and ERAM (external RAM). 

XC Flag indicates the circular addressing mode for XRAM. XRAM Circular Flag 3. 3. 3 
YC Flag indicates the circular addressing mode for YRAM. YRAM Circular Flag 

XO. Xl 2 x 8-bit registers used for indirect addressing of XRAM Pointers 3. 3. 4 
X Supplementary register used for circular addressing. 

YO. Yl 2 x 7-bit registers used for indirect addressing for YRAM. 
Y Supplementary register used for circular addressing. 

CO. Cl 2 x 9-bit register used for indirect addressing of CRaM. 

EO. El 2 x 12-bit registers used for indirect addressing of ERAM. 

CONTROL BLOCK 

Symbol Function Resource Paragraph 
Nb 

IROM 1280 x 32-bit word read-only-memory containing program Instruction ROM 3. 4. 2 
code and immediate data for TS68930 (ref section 6. 6 for 
TS68931 ) 

IR 32-bit register' containing instruction. Instruction Register 

PC Register containing address of program memory. Program Counter 3. 4. 3 

SEQ The sequencer can test directly 16 conditions programmed Sequencer 3.4. 1 
on a high or low state and the sequencer controls next 
program address defined by BRANCH, subroutine call, next 
instructions. 

RAS 2 x 16-bit register for saving programm counter in case of Return Address Stack 
subroutine call or interrupt. 

LC 15-bit register containing a control word for automatic loop. It Loop Counter 3. 4. 4 
is divided into the following sub-registers. 

LCI 4-bit register containing the number of instructions to be 
executed in the loop. 

LCR 8-bit register containing the number of loops. 
LCD 3-bit register containing the number of instructions between 

declaration and start of the loop. 

Prevents locked states for TS68930 only. Watchdog Circuit 3. 6. 3 
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INPUT/OUTPUT BLOCK 

Symbol Function Ressource Paragraph 
Nb 

AMR 8-bit register defining the access mode on the local bus. Access Mode Register 3.5.7 

RIN 3 x 8-bit shift register. Input Register 3.5.6 
Mailbox input. 

ROUT 3 x 8-bit shift register. Output Register 
Mailbox output. 

RDYOIN Flag used in the protocol to indicate witch processor has Read Out Internal 3.5.5 
access to the mailbox. 
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ST18930EMU 

8T18930/31 D8P EMULATION BOARD 

• FULL SPEED ST18930/31 EMULATION 
• USER FRIENDLY MENU 
• STEP BY STEP EXECUTION 
• BREAKPOINTS ON PC OR DATA VALUES 
• TS68000 BASED MONITOR 
• FULL SCREEN SYMBOLIC ASSEMBLER AND 

DISASSEMBLER EDITOR 
• CONTROLLED BY STANDARD TERMINAL OR 

IBM-PC HOSTED 
• PROGRAM DOWN-LOADING FROM VAX, IBM 

PC-XT/AT (under kermit) 
• PRINTER ECHO 
• PROGRAM RAM OF 4K X 32-BIT 
• COEFFICIENT RAM OF 512 X 16-BIT 
• READ AND MODIFY ALL INTERNAL REGIS­

TERS AND MEMORIES 
• EXTERNAL DSP RAM OF 2K X 16-BIT 
• TWO RS232 SERIAL LINKS FOR TERMINAL, 

HOST, PRINTER OR PROM PROGRAMMER 
• CONFIGURATION SAVED ON POWER OFF 
• MULTIPROCESSING REAL TIME EMULATION 

ALLOWED 

DESCRIPTION 

The ST18930EMU is a powerful stand-alone deve­
lopment tool intended for the emulation of the 
ST18930/31 DSP, The ST18930EMU board has 
been designed to be compatible with the "c" Com­
piler, Macro-Assembler, Functional Simulator and 
Hardware Development System (HDS) tools. The 
ST18930EMU allows full real-time application deve­
lopment. 

The TS68000 based interactive monitor features a 
menu-driven display and also supports a full Screen 
Symbolic Assembler and Disassembler as well as 
Communication Software enabling Uplink/Downlink 
with VAX and IBM PC. 

All software required for operation of the 
ST18930EMU is resident within four on-board 
EPROMs. 

January 1989 

Figure 1 : ST18930EMU. 

The ST18930EMU board offers three probes for 
connection to the target application: 

_ One 120-pin PGA probe for ST18931 emula­
tion 

_ One 48-pin DIP probe for ST18930 emulation 
_ One 52-pin PLCC probe for ST18930 emula-

tion 
A 32K x 16 battery backed-up CMOS RAM allows 
an automatic saving of configuration (user program 
and data). 

The ST18930EMU board is a powerful low-cost tool 
for software development, debugging, and real-time 
emulation of the ST18930/31. 

ORDER CODES 

ST18930EMU 
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ST18930EMU 

Figure 2: ST18930EMU Complete configuration. 
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ST18930EMU 
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ST18930EPR 

8T18930/31 D8P EPROM MODULE 

• FULL SPEED ST18930 EMULATION 
• PLUG AND FUNCTION COMPATIBLE WITH 

ST18930 DSP CHIP 
• INCLUDES PROGRAM AND COEFFICIENT 

EPROMS 
• VERTICAL AND HORIZONTAL PLUG-IN VER­

SIONS 
• MULTIPROCESSOR CONFIGURATION ALLO­

WED 
• USEFUL DURING PROTOTYPING AND FIELD 

APPLICATIONS 
• LARGE PROGRAM CAPACITY ALLOWED (up 

to 8k x 32 bit) 
• DELIVERED WITH SIX BLANK EPROMS (2k x 

8 bit) 
• COMPLEMENTARY TOOL FOR ST18930 DSP 

FAMILY 

DESCRIPTION 

The 8T18930EPR module is a board which permits 
the replacement of the 8T18930 (DSP in ROM ver­
sion) by the ST18931 (DSP in ROMLESS version) 
with external coefficient and program Eprom memo­
ries. The ST18930EPR is the ideal and complemen­
tary tool for debugging an application at the proto­
type level or when the program length exceeds the 
3k of the 8T18930 ROM Program capacity. Another 
advantage provided by the ST18930EPR is to ma­
nufacture compact prototypes before ordering the 
final 8T18930 masked version, or to develop low­
quantity applications, eliminating masking cost. The 
ST18930EPR is designed to physically fit in the 
same board surface as the ST18930 device. 

It allows a complete full speed emulation of the 
ST18930 even in multi-DSP configurations. Fast 
buffers are added on the data-bus and may be re' 
moved depending of the multiprocessing architec­
ture. 
The module is delivered with six blank EPROMs (2k 
x 8 bit). Suggested references are CYPRESS 
CY7C291-35WC or any compatible memories. The 
capacity of the program EPROM memory is 2k x 32 
bit, or optionnally can be 8k x 32 bit as compared 
with 3k x 32 bit for the ST18930. The capacity of the 
coefficient EPROM memory is 512 x 16 bit. The 
ST18930EPR is compatible with the use of a crys­
talon the input pins EXTAL and XTAL, or with an 

January 1989 

Figure 1 : ST18930EPR. 

external clock on the input pin EXTAL. The 5 volts 
power supply can be provided on the socket of the 
target application, or by an external power supply. 

ORDER CODES 

ST18930EPR-H horizontal version (surface requi­
rement : 60 x 81 mm, height: 15mm) 

ST18930EPR-V vertical version (surface require­
ment : OIL 48 socket, height = 78mm) 

NOTE: Several options are possible for the Eprom 
module (high quantity without memories or with 
Prom or OTP memories, or with 8k x 8 bit Eproms, 
or with 52-PLCC socket). Please contact your local 
SGS-THOMSON sales office and/or distributor. 

PROGRAMMING 

Using the ST18930 EMUlator or HDS monitor with 
"PROG" menu, the program and coefficients are 
down-loaded to the Prom-Programer in byte-wide 
sections. An EPROM is programmed wiih each 
byte-wide section. Six EPROMs are required; 4 for 
the 32-bit wide Program memory and 2 for the 16-
bit wide coefficient memory. The programmed 
EPROMs are then inserted in the EPROM-sockets 
according to the module layout. 
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ST18930EPR 

Figure 2 : ST18930EPR Module Layout. 
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ST18930HDS 

ST18930/31 DSP HARDWARE DEVELOPMENT STATION 

• EMULATION/LOGIC ANALYSIS FOR 
_ ST18930 INTERNAL PROGRAM ROM 
_ ST18931 EXTERNAL PROGRAM ROM 

• MULTIPROCESSING 
_ UP TO FOUR EMULATOR BOARDS AND 

FOUR OPTIONAL DEDICATED LOGICAL 
ANALYZER BOARDS 

• MULTIUSER 
_ UP TO FOUR INDEPENDANT EMULA­

TION/LOGIC ANALYZER STATIONS 
• USER-FRIENDLY INTERFACE 

REDUCED LEARN-TIME 
MENU DRIVEN 

_ SYMBOLIC DEBUGGING 
RESIDENT ASSEMBLER WITH FULL 
SCREEN EDITOR 

_ CONTROLLED BY STANDARD TERMI­
NALS OR IBM-PC HOSTED 

_ DIRECT LINK TO PROM PROGRAMMER 
_ CMOS BATTERY BACKUP OF CONFIGU­

RATION (breakpoints, mode ... ) 
_ UPLOAD-DOWNLOAD KERMIT PROTO­

COL WITH HOST (VAX, IBM-PC) 
• EMULATION FEATURES 

_ FULL SPEED 
_ 64K PROGRAM MEMORY (32 bit wide) 
_ 4K EXTERNAL DATA MEMORY, MAPPING 

ON A WORD BASIS 
_ BREAKPOINTS ON PC VALUE 
_ COMPLEX BREAKPOINTS ON DATA VA­

LUES 
_ SYNCHRO SIGNAL GENERATION AT SE­

LECTED ADRESSES OR RANGE 
_ PSEUDO REAL TIME TRACE OF INTER­

NAL REGISTERS WITHOUT SLOWING 
DOWN EXECUTION 

• LOGIC ANALYZER 
_ REAL-TIME TRACE (2K depth, 95 bits) 
_ SYNCHRONOUS ON DSP BUSES 
_ ASYNCHRONOUS ON DSP SYSTEM BUS 

AND ON 15 EXTERNAL INPUTS 
_ MIXED MODE SYNCHRONOUS-ASYN­

CHRONOUS 
_ TRIGGERING CONDITIONS 

• ON PROGRAM ADDRESS IN 
CONJUNCTION WITH MANY DIVERSI­
FIED CONDITIONS (N times addr. 1 follo­
wed by M times addr. 2) 

January 1989 

Figure 1 : ST18930H OS. 

• ON LOCAL DATA BUS VALUE 
• ON EXTERNAL BRANCH DSP INPUTS 

CONDITIONS 
• ON START OF MAILBOX EXCHANGE 

_ BEFORE, AFTER AND WINDOW TRIGGE­
RING 

_ TIME MEASUREMENT FUNCTION 
_ BREAKPOINT GENERATION ON LOCAL 

BUS VALUE 

DESCRIPTION 

The ST18930HDS is specifically designed for real­
time multi-DSP applications. A menu-driven user in­
teriace allows a quick leaming time to completely 
and easily use all of the system efficiently. 

The designer can add the number of emulator and 
logic analyzer boards to meet exactly his require­
ments. 

The ST18930HDS enhances the large range of de­
velopment tools for the SGS-THOMSON DSP fami­
ly. 

The ST18930HDS greatly reduces the time required 
for development of application softwares. 
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ST18930HDS 

1. GENERAL PRESENTATION OF THE 
ST18930HDS 

The ST18930HDS (Hardware Development Sta­
tion) is a real-time multi-processors (up to 4) emu­
lation system which provides a simple but extreme­
ly powerful user interface due to its interactive me­
nu-driven organization. 

The ST18930HDS is a modular system consisting 
of: 

_ a rack with power supplies, fans and stan­
dard double·':i.Jrocard 9 slots VMEBUS back­
plane 

_ a 6801 0 VME bus controller board 
_ up to four real-time emulator boards with 64k 

x 32 of program memory 
_ up to four logic analyzer boards with 2k x 95 

bit trace memory associated with each emu­
lator board. These analyzer boards are optio­
nal and can be used or not according to the 
application. 

The ST18930HDS includes four programmable 
RS232C serial ports for connection either to a ter­
minal, printer, PROM or EPROM programmer, or 
host computer such as Vax or IBM-PC. 

This means also that four users can work inde­
pendently with four terminals, each one associated 
with a particular ST18930HDS emulator board. 

This multHask capability is managed by the 68010 
CPU board. In case of power failure or when swit­
ching off the system, a large 64k x 8 CMOS RAM 
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with battery back-up permits automatic saving of 
system configuration and user programs and data. 

The connector P2 on the VME bus is normally not 
used by the ST18930HDS boards. So it is possible 
on the emulation board and by wire-wrapping to 
send DSP signals on connector P2. This possibility 
enables the user to use these signals on a double­
Eurocard format application. One possible example 
is a D/A and ND conversion board. 

All the software management of the ST18930HDS 
is written in "C" language modules. 

2. ORDER CODES 

The basic configuration of the ST18930HDS in­
cludes one emulation board with its set of three 
probes (48-pin DIP and 52-pin PLCC for ST18930 
and 120-pin for ST18931), and one logic analyzer 
board with its set of probes. 

The ST18930HDS is available in two versions 
(220V or 11 OV). The emulation board and logic ana­
lyzer boards with their respective probes are also 
available as separate items to fully use the system's 
efficiency: 
Part number 
ST18930HDS-0 
ST18930HDS-1 

Power supply 
220V 
110V 

* Contact your SGS-THOMSON sales office and/or 
distributor 
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• MUL TIPLICATION/ACCUMULATION 
ROUTINES 

• OPERATIONS ON COMPLEX NUMBERS 
• DOUBLE PRECISION SHIFTS 

(32-bit Word) 
• DSP FUNCTIONS: 

_ Real, Complex and Adaptive Complex FIR 
_ Biquadratic Filter Routine 
_ Autocorrelation Routine 
_ Lattice Filter Routine 

• FAST FOURIER TRANSFORMS: 
_ Butterfly 
_ 8-point FFT 
_ 54-point FFT 

• ARITHMETIC FUNCTIONS: 
_ Normalization and Denormalization 
_ 32 X 32 Multiplication 
_ Square Root 
_ Division and Inversion 
_ Rectangular to Polar Coordinates 
_ Sine and Cosine of an Angle 

• MACROS, MODULES AND HINTS FOR DSP 
SOFTWARE DEVELOPMENT 

December 1 988 

ST18930LIB 

8T18930/31 D8P LIBRARY 

DESCRIPTION 
The ST18930/31 DSP Module Library contains the 
major DSP routines required in the implementation 
of most DSP applications. 

These routines and macros are all written in 
ST18930/31 source code and can readily be incor­
porated into the users program. 

The DSP Library is available forthe IBM-PC, XT, AT 
and VAX-VMS (1500 BPI magnetic tape) as well as 
in printed form. 

ORDER CODES 
ST18930LlB-PC 

ST18930LlB-VMS 

PC/MS DOS 

VAX VMS 
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ST18930SP 

8T18930/31 D8P SOFTWARE-PACKAGE 

• EFFICIENT SET OF SOFWARE TOOLS 
WHICH INCLUDES: 
_ A Macroassembler 
_ A Linker 
_ A Functional Simulator 

• AVAILABLE FOR VAX OR PC/MS DOS 
• MACROASSEMBLER'S FEATURES: 

_ Macro Definition and Macro Call 
_ Conditional Assembly 
_ Data Memory File Generation 
_ Multiple Output Format Generation 
_ High-level Language Loop Facility 
_ Powerful Expression Facility 

• LINKER'S FEATURES: 
_ Incremental Linker 
_ De~elopment of Modular and Relocatable 

Software 
_ Use of Libraries 
_ Partial Linking of Group of Modules (Incre­

mental liker) 
Automatic or Forced Memory Allocation in 
Relative Sections 

_ Absolute Output Cross-references for Debug­
ging 

_ Simulation File Generation 
• FUNCTIONAL SIMULATOR'S FEATURES: 

_ Software Debugger without Hardware Needs 
_ 1000 Instructions per Second on a VAX 785 
_ Step by Step Execution 
_ Breakpoint on Value or Address 
_ Access to all Internal Registers and Memories 
_ I/O Simulation Files 
_ Detailed Help Function 

December 1988 

DESCRIPTION 
A DSP program must run as fast as possible (real­
time constraint). This goal can easily be met with the 
SGS-THOMSON MICROELECTRONICS DSP 
family due to their 32-bit instructions and three data­
bus structure which allow implementation and ex­
ecution of sophisticated algorithms at maximum 
speed. However, a DSP program must also have 
the characteristics of any other program. It must be 
fast to develop, easy to read and simple to check. 
The SGS-THOMSON DSP software tools have 
been developed with these goals in mind. 

The macroassembler allows the programmer to 
easily develop DSP algorithms at maximum speed. 
The linker can link a group of modules and gener­
ate an executable program. The functional simula­
tor simulates the internal DSP operation for effective 
development and off-line program verification. 

MACROASSEMBLER 

The macroassembler allows the programmer to de­
velop DSP algorithms in Assembly language work­
ing at maximum speed. The PC configuration needs 
640 Kbits of RAM plus a hard disk. 

Assembly language is a computer-oriented lan­
guage for writing programs, consisting of symbolic 
instructions and assembler directives. In assembly 
instructions, the user assigns symbolic addresses 
to memory locations and specifies instructions by 
means of symbolic (mnemonic) operation codes. 
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ST18930SP 

The user specifies instruction operands by means 
of symboli~ addresses and numbers. 

Assembler directives are instructions to the assem­
bler rather than instructions which will be translated 
into object code. 

The directives have to control the assembly (END, 
ORG, MEMORY, INCLUDE, PROGRAM), the data 
definition (DEF, REF, SET, ASG) the macros (CRE­
ATE, DELETE, CHANGE, DEFAULT, LIBRARY), 
the conditional assembly (IF, ELSE, ELSEIF, 
REPT), the listing (LIST, PRINT, MAP, CROSS, 
HEAD, CODE, PAGE, TITLE, INPUT, OUTPUT, 
LINES) and the generation of binary or object files 
(HEXA, INTEL, MOTOROLA, NOBIN, TEKTRO, 
LINK). 

Macro calls provide the means to create a macro 
language that is capable of calling source state­
ments from other locations within the program. A 
macro call fetches the source statements defined by 
the macro and substitutes them for the macro as if 
they had been written in that location in the program. 
The obvious advantage to using macro code is that 
less source code must be written, and this in turn 
means that the programs become easier to read and 
debug. In addition, macros are executed faster than 
a comparable absolute code subroutine because no 
branching is involved. 

Macro calls and conditional assembly provide the 
means to create modular programs. Those pro­
grams then can be linked together by using the DSP 
linker. 

LINKER 

The linker allows the development of modular and 

2/5 

738 

relocatable software. It can use libraries and provide 
a linking of a group of modules (incremental linker). 

It adds two powerful features compared to conven­
tional ones: it can link a group of modules which do 
not constitute a complete program. Then, this new­
est group can be used as an input for final linking. It 
can generate an executable program even when ex­
ternal references are still unsolved. This enables 
real-time debugging of an incomplete program with­
out having to create empty functions to test. 

FUNCTIONAL SIMULATION 

THE ST18930 Functional Simulator is a software 
program that simulates the internal operation of the 
ST18930/31 DSP for effective software develop­
ment and off-line program verification. Use of the 
functional simulator allows debugging of 
ST18930/31 software without the requirement of 
hardware. 

The simulator uses a coded form of the ST18930 
DSP object code produced by the ST18930 linker. 
Simulation of ND Converters, D/A Converters, and 
other conventional peripherals is accomplished 
using associated input and output files. 

All internal registers and memories of the ST18930 
can be modified during a simulation session. During 
execution of the program, the internal registers and 
memories of the simulated ST18930 are modified 
as the host computer interprets each instruction. 
Simple or high level breakpoints may be used to 
suspend execution at a selected point in the pro­
gram so that the internal registers and memories 
can be inspected and/or modified. 



~ 
!ll~ 
~tn 
@. 

e;! 
~o 

~I 
~o 
!/lz 

--J I'" 
w _ 
<.0 ()1 

1111.,1:11.1111 
SOURCE PROGRAM 

IN ASSEMBLY LANGUAGE 

• 
~ 

+ 
LLB LNK 

LIBRARY ~BJE1T FilE 

~----------------~ ~ 
OUTPUT 1 FILES 

required for .RES(ults) 
output file generation 

! -1 f ! 1_ -r-- 1 1 1 1 
LNK BRD RES SIM MAP BIN ~ R M Y R MeR M E R~ 

1 Memory ~ontent 
LProgram. J 

- -------------....-------------------
I 

Bin a ry IF i Ie s 

j 1 
~~~l~ 

en 
-I .... 
Q) 
<0 
(0) 
Q 

en 
"'C 



~ --.J 
-I> o 

I.put ~ e commands 

File 

~ AltHeo
) 

File 

!!1m 
~,;: 

(RNI) 
for 

Simulator 

@. 

E:i! 
~o ~ 

.SIM 

~!I a;;;m 
-0 
~z DSP 

SIMULATOR 

TERMINAL 
ECHO 

(copy) i (£JUMP) 
File .. ~~ ........ 

Files 

Input 
rWritecom) III M'~::';" echo 

File X,Y,C,E 

i 
iData files, read or written by the DSP d . 
I simulation unng 

s 
I 
I y M 
I 
I 
I File 

s A 

I 
I .RIN 

T 

E l 
I 
I 
I 
I 

M B 

I 

0 

I ~ B 

I 

x 

I Bus 
.ROUT u 

s 

lAD 
I 
I 
I 

l 

0 

(Set £JAC) Files c 

DAC A 

l 

S B 

ADC 
u 

s 

en 
-I .... 
Q) 
co 
(,.) 
o 
en 
"tJ 



On-line help with the simulator commands is avail­
able by entering a simple HELP command. 

ORDER CODES 

Part Number 

ST18930SP-PC Software Package on PC for 
ST18930/31 

ST18930SP-VMS Software Package on VAX VMS 
for ST18930/31 

ST18930SP 
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• UPGRADED KERNIGHAM AND RITCHIE "C" 
DEFINITION, I.E. RESPECT OF ANSI X3J11 
STANDARD 

• RUNS ON PC OR COMPATIBLE UNDER MS­
DOS 3.1 OR LATER 

• RUNS ON VAX UNDER VMS OPERATING 
SYSTEM (for UNIX or ULTRIX operating system 
contact your sales office) 

• "FLOAT" IN RESPECT OF IEEE 754 STAN­
DARD, "DOUBLE" AND "INTEGER" TYPES AL­
LOWED 

• MANY FUNCTIONS IMPLEMENTED : CHA­
RACTER AND STRING HANDLING, MEMORY 
MANAGEMENT, CONVERSION, MATHEMATI­
CAL, 110 ROUTINES 

• SPECIFIC RUN-TIME FOR ACCESS TO PERI­
PHERALS (mail-box, A/D and D/A converter ... ) 

• SOURCE ASSEMBLER INCLUSION IN 
SOURCE "C" PROGRAM CAPABILITY 

• INTERRUPT HANDLING 
• INCLUDES PREPROCESSOR, MACROAS­

SEMBLER AND LINKER-LOADER 
• PRODUCES LOADABLE AND RUNNABLE BI­

NARY OBJECT FILES 
• HIGH LEVEL SYMBOLIC DEBUGGER 

DESCRIPTION 

The SGS-THOMSON Microelectronics "C" compi­
ler used with the assembler/linker (included with the 
compiler) allows the possibility to write "C" source 
code and produces object code running on the 
ST18930/31 Digital Signal Processor. It takes into 
account all the advanced features of the 
ST18930/31 (parallelism, pipe-line, double preci­
sion, complex mode and 32-bit instruction set). 

December 1988 

ST18930SPC 

8T18930/31 D8P "C" COMPILER 

The high level language "C" compiler has been de­
signed to provide the greatest flexibility of use. 

User can either run the complete software with on­
ly one simple command, or ru n separately each soft­
ware included in the package: "C" compiler, optimi­
zer, assembler and linker. 

STANDARD 

THE SGS-THOMSON "C" compiler is an implemen­
tation of the ANSI X3J11 standard, which includes 
and exceeds Kernigham and Ritchie specification. 
New possibility for the processor and new class for 
data are allowed. For example, "CONST" allows 
ROM implementation for constant data. 

LICENSE 

The SGS-THOMSON "C" compiler is delivered un­
der license for one user only. Upgrades of new re­
leases will be done to each registered user, free of 
charge, for a duration of 12 months starting from the 
purchase date. 

ORDER CODES 

The ST18930SPC "C" compiler includes in the 
same commercial software-package the "C" compi­
ler software plus the standard ST18930SP software 
(macroassembler, linker and functional simulator). 

Part Number 

- ST18930SPC-PC "C" compiler for ST18930/31 on 
PC/MS DOS 

- ST18930SPC-VMS "C" compiler for ST18930/31 
on VAX VMS. 
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TS68930EMU 

TS68930/31 DSP EMULATION BOARD 

• FULL SPEED TS68930/31 EMULATION 
(25MHz) 

• USER FRIENDLY MENU 
• STEP BY STEP EXECUTION 
• SIMPLE AND HIGH LEVEL BREAKPOINTS 
• TS68000 BASED MONITOR 
• FULL SCREEN SYMBOLIC ASSEMBLER AND 

DISASSEMBLER EDITOR 
• PROGRAM DOWN-LOADING FROM VAX, IBM 

PC-XT/AT 
• PRINTER ECHO 
• PROGRAM RAM OF 2K x 32-BIT 
• COEFFICIENT RAM OF 512 x 16-BIT 
• READ AND MODIFY ALL INTERNAL REGIS­

TERS AND MEMORIES 
• EXTERNAL DSP RAM OF 2K x 16-BIT 
• TWO RS232 SERIAL LINKS FOR TERMINAL, 

HOST, PRINTER OR PROM PROGRAMMER 
• MULTIPROCESSING REAL-TIME EMULA­

TION ALLOWED 

DESCRIPTION 
The TS68930EMU Emulation Board is a powerful 
stand-alone development tool intended for the emu­
lation of the TS68930/31 DSP. The TS68930EMU 
board has been designed to be compatible with the 
"C" Compiler, Macro-Assembler, Functional Simu-

January 1989 

lator and Hardware Development System (HDS) 
tools. The TS68930EMU allows full real-time appli­
cation development and implementation. 

The TS68000 based interactive monitor features a 
menu-driven display and also supports a full Screen 
Symbolic Assembler and Disassembler as well as 
Communication Software enabling Uplink/Downlink 
with VAX, IBM PC configured as host. 

All software required for operation of the 
TS68930EMU is resident within four on-board 
EPROMs. 

The TS68930EMU board offers two probes for 
connection to the target application: 
• One 84-pin PGA probe for TS68931 emUlation 
• One 48-pin DIP probe for TS68930 emulation 

A 2K x 16 battery backed-up CMOS RAM expan­
sion board is also supplied for use with the 
TS68930EMU to facilitate uploading of Program 
and Coefficient Memory. 

The TS68930EMU board is an excellent low-cost 
tool for software development, debugging, and real­
time emulation fo the TS68930/31. 

ORDER CODE 

TS68930EMU 
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TS68930EMU 

Figure 2 : Complete Configuration. 

l SERIAL PORT P1 

\ 
DEBUGGER, 

I 
I DOWNLOADI 

I UPLOAD, 

ASSEMBLEURI 

EXTERNAL DISASSEMBLER 

PQWER SUPPLY 

I T868000 EXPANSION 

CONNECTOR 

Power requirements: 
On board DC/DC converter which provides ± 12V 
+ SV ± S%/SA 
Physical Specifications 
290mm x 230mm 
Temperature range 
Storage: - 40·C to 80·C 
Operating: + S·C to SS·C 
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TS68930EPR 

TS68930/31 DSP EPROM MODULE 

• FULL SPEED TS68930 EMULATION 
• PLUG AND FUNCTION COMPATIBLE TO 

TS68930 
• INCLUDES PROGRAM AND COEFFICIENT 

EPROM's 
• VERTICAL AND HORIZONTAL PLUG-IN VER­

SIONS 
• MULTIPROCESSOR CONFIGURATION ALLO­

WED 
• USEFUL DURING PROTOTYPING AND FIELD 

APPLICATION 
• LARGE PROGRAM CAPACITY ALLOWED (up 

to 8k x 32 bit) 
• DELIVERED WITH SIX BLANK EPROMS (2k x 

8 bit) 
• COMPLEMENTARY TOOL FOR TS68930 DSP 

FAMILY 

DESCRIPTION 
The TS68930EPR EPROM module is a high perfor­
mance board which permits the replacement of the 
TS68930 (DSP in ROM version) by the TS68931 
(DSP in ROMLESS version) with external coefficient 
and program Eprom memories. The TS68930EPR 
is the ideal and complementary tool for debugging 
an application at the prototype level or when the pro-

January 1989 

gram length exceeds the 1 .3k of the TS68930 ROM 
Program capacity. Another advantage provided by 
the TS68930EPR is to manufacture compact proto­
types before ordering the final TS68930 masked 
version, or to develop low-quantity applications eli­
minating masking cost. The TS68930EPR is de­
signed to physically fit in the same board surface as 
the TS68930 device. 

It allows a complete full speed emulation of the 
TS68930 even in multi-DSP configurations. Fast 
buffers are added on the data-bus and may be re­
moved depending of the multiprocessing architec­
ture. 

The module is delivered with six blank EPROMs (2k 
x 8 bit). Suggested references are CYPRESS 
CY7C291-35WC or any compatible memories. The 
capacity of the program EPROM memory is 2k x 32 
bit, or 8k x 32 bit as compared with 1.3 x 32 bit for 
the TS68930. The capacity of the coefficient 
EPROM memory is 512 x 16 bit. The TS68930 is 
compatible with the use of a crystal on the input pins 
EXTAL and XTAL, or with an external clock on the 
input pin EXT AL. The 5 volts power supply can be 
provided on the DIL-48 socket of the target applica­
tion, or by an external power supply. 
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TS68930EPR 

MODULE LAYOUT 

TOP VIEW 

'9-;-;:;-:--'-=""--------' ~ 74ALS373 

<;----.::.c..:.==--------, ~ 74ALS373 

EEJ 
IC18 

74F245 

PROGRAM MEMORY 

PROGRAM WORD MEMORY 

IC5 I IC6 I IC3 I IC1 
D31 D15 DO 

MODULE LAYOUT 

program memory size 
selector (2k or 8k) 

coefficient memory 

EXTERNAL POWER SUPPLY 

PADS AND SELECTION 

Separated or concatened 
bus selector 

COEFFICIENT WORD MEMORY 

I IC14 IC15 I 
D15 DO 

M88TS68930EPR-01 

Nole : The module is delivered with 6 blank EPROMs (2k X 8). 
Suggested references: CYPRESS CY7C291-35WC or any compatible memories. 

ORDER CODES 

TS68930EPR-H horizontal version (surface requi­
rement : 60 x 81 mm, height: 15 mm) 

TS68930EPR-V vertical version (surface require­
ment : DIL 48 socket, height: 78 mm) 

Nota: For high quantity without memories, or with 
Prom or OTP memories, please contact your local 
SGS-THOMSON sales office and/or distributor. 

214 
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PROGRAMMATION 
Using the TS68930Emuiator or HDS monitor with 
"PROG" menu, the program and coefficients are 
down-loaded to the Prom-Programmer in byte-wide 
sections. An EPROM is programmed with each 
byte-wide section. Six EPROMs are required; 4 for 
the 32-bit wide Program memory and 2 for the 16-
bit wide coefficient memory. The programmed 
EPROMs are then inserted in the EPROM-sockets 
according to the module layout. 
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TS68930EPR 

DIMENSION OF THE TS68930EPR MODULE 

1) Vertical Module 

60 mm 

2) Horizontal Module 

T868931 

M88TS68930EPR-03 

applic. mother board 

M88TS68930EPR-04 

• If the TS68930EPR module is plugged into a OlL48 socket increase these value with the height of the OIL 
socket (3 or 4 mm). 
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TS68930HDS 

TS68930/31 DSP HARDWARE DEVELOPMENT STATION 

• EMULATION/LOGIC ANALYSIS FOR 
_ TS68930 MCU VERSION 
_ TS68931 MPU VERSION 

• MULTIPROCESSING 
_ UP TO FOUR EMULATOR BOARDS AND 

FOUR OPTIONAL DEDICATED LOGICAL 
ANALYZER BOARDS 

• USER-FRIENDLY INTERFACE 
_ REDUCED LEARN-TIME 
_ MENU DRIVEN 
_ SYMBOLIC DEBUGGING 
_ RESIDENT ASSEMBLER WITH FULL 

SCREEN EDITOR 
_ CONTROLLED BY STANDARD TERMI­

NALS OR IBM-PC HOSTED 
_ DIRECT LINK TO PROM PROGRAMMER 
_ CMOS BATTERY BACKUP OF CONFIGU­

RATION (breakpoints, mode ... ) 
_ UPLOAD-DOWNLOAD KERMIT PROTO­

COL WITH HOST (VAX, IBM-PC) 
• EMULATION FEATURES 

_ FULL SPEED 
(cycle time = 160ns) 

_ 64K PROGRAM MEMORY (32 bit wide) 
_ 4K EXTERNAL DATA MEMORY, MAPPING 

ON A WORD BASIS 
_ 30 SIMPLE BREAKPOINTS (break at AD­

DRESS 1) 
_ 8 COMPLEX BREAKPOINTS (break after N 

ADDR. 1 followed by M ADDR.2) 
_ SYNCHRO SIGNAL GENERATION AT SE­

LECTED ADDRESSES OR RANGE 

December 1988 

_ PSEUDO REAL TIME TRACE OF INTER­
NAL REGISTERS WITHOUT SLOWING 
DOWN EXECUTION 

• LOGIC ANALYZER 
_ REAL-TIME TRACE (2k depth, 95 bits) 
_ SYNCHRONOUS ON DSP BUSES 
_ ASYNCHRONOUS ON DSP SYSTEM BUS 

AND ON 15 EXTERNAL INPUTS 
_ MIXED MODE SYNCHRONOUS-ASYN­

CHRONOUS 
_ TRIGGERING CONDITIONS 

• ON PROGRAM ADDRESS IN 
CONJUNCTION WITH MANY DIVERSI­
FI ED CON DITIONS (N times Addr. 1 follo­
wed by M times Addr. 2) 

• ON LOCAL DATA BUS VALUE 
• ON EXTERNAL BRANCH DSP INPUTS 

CONDITIONS 
• ON START OF MAILBOX EXCHANGE 

_ BEFORE, AFTER AND WINDOW TRIGGE­
RING 

_ TIME MEASUREMENT FUNCTION 
_ BREAKPOINT GENERATION ON LOCAL 

BUS VALUE 

DESCRIPTION 

The TS68930HDS is mainly intended for real-time 
multi-DSP applications. It has a menu-driven user 
interface so no learn time is required to completely 
and easily use all the system efficiency. 
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TS68930HDS 

The designer can add emulator and logic analyzer 
boards to meet exactly his requirement. The 
TS68930HDS enhances the large range of develop­
ment tools for the SGS-THOMSON DSP family. 
1. GENERAL PRESENTATION OF THE 
TS68930HDS 

The TS68930HDS (Hardware Development Sta­
tion) is a real-time multiprocessors (up to 4) emula­
tion system which provides a simple but extremely 
powerful user interface due to its interactive menu­
driven organization. 

The TS68930HDS is a modular system consisting 
of : 

- a rack with power supplies, fans and standard dou­
ble-Eurocard 9 slots VMEBUS back-plane 

- a 68010 VME bus controller board 

- up to four real-time emulator boards with 64k x 32 
of program memory 

- up to four logic analyzer boards with 2k x 95 bit 
trace memory associated with each emulator board. 
These analyzer boards are optional and can be used 
or not according to the application. 

The TS68930HDS includes four programmable 
RS232C serial ports for connection either to a ter­
minal, printer, Prom or Eprom programmer, or host 
computer such as Vax or IBM-PC. 
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This multi-task capability is managed by the 68010 
CPU board. In case of power failure or when swit­
ching off the system, a large 64k x 8 CMOS RAM 
with battery back-up permits automatic saving sys­
tem configuration and user programs and data. 

The connector P2 on the VME bus is normally not 
used by the TS68930HDS boards. But it is always 
possible on the emulation board and by wire-wrap­
ping to send DSP signals on connector P2. This pos­
sibility enables the user to use these signals on a 
double-Eurocard format application. One possible 
example is a D/A and ND conversion board. 

All the software management of the TS68930HDS 
is written in "C" language modules. 

2. ORDER CODES 

The basic configuration of the TS68930HDS in­
cludes one emulation board with its set of two probes 
(48-pin for TS68930 and 84-pin for TS68931), and 
one logic analyzer board with its set of probes. 

The TS68930HDS is available in two versions (220V 
or 11 OV). The emulation board and logic analyzer 
boards with their respective probes are also availa­
ble as separate items to fully use the system efficien­
cy'. 
Part Number 
TS68930HDS-0 
TS68930H DS-l 

Power supply 
220V 
110V 
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• MUL TIPLICATION/ACCUMULATION 
ROUTINES 

• OPERATIONS ON COMPLEX NUMBERS 
• DOUBLE PRECISION SHIFTS (32-bit word) 
• DSP FUNCTIONS: 

_ Real, Complex and Adaptive Complex FIR 
_ Biquadratic Filter Routine 
_ Autocorrelation routine 
_ Lattice Filter Routine 

• FAST FOURIER TRANSFORMS: 
_ Butterfly 
_ 8-point FFT 
_ 64-point FFT 

• ARITHMETIC FUNCTIONS: 
_ Normalization and Denormalization 
_ 32 x 32 Multiplication 
_ Square Root 
_ Division and Inversion 
_ Rectangular to Polar Coordinates 
_ Sine and Cosine of an Angle 

• MACROS, MODULES AND HINTS FOR DSP 
SOFTWARE DEVELOPMENT 

December 1988 

TS68930LIB 

T868930/31 D8P LIBRARY 

DESCRIPTION 

The TS68930/31 DSP Module Library contains the 
major DSP routines required in the implementation 
of most DSP applications. 

These routines and macros are all written in 
TS68930/31 source code and can readily be incor­
porated into the users program. 

The DSP Library is available forthe IBM-PC, XT, AT 
and VAX-VMS (1600 BPI magnetic tape) as well as 
in printed form. 

ORDER CODES 

TS68930Ll B-PC 

TS68930LlB-VMS 

PC/MS DOS 

VAX VMS 

OTHER DSP APPLICATION PROGRAMS 

CCITT V.22BIS!V.22/v.23/v.21 and BELL 212/103 

CCITTV.32 

These softwares are not included in the DSP libra­
ry. They can be obtained through software licence 
agreement. 
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TS68930SP 

TS68930/31 DSP SOFTWARE-PACKAGE 

• EFFICIENT SET OF SOFWARE TOOLS 
WHICH INCLUDES: 
_ A Macroassembler 
_ A Linker 
_ A Functional Simulator 

• AVAILABLE FOR VAX OR PC/MS DOS 
• MACROASSEMBLER'S FEATURES: 

_ Macro Definition and Macro Call 
_ Conditional Assembly 
_ Data Memory File Generation 
_ Multiple Output Format Generation 
_ High-level Language Loop Facility 
_ Powerful Expression Facility 

• LINKER'S FEATURES: 
_ Incremental Linker 
_ Development of Modular and Relocatable 

Software 
_ Use of Libraries 
_ Partial Linking of Group of Modules (lncre­

mental linker) 
_ Automatic or Forced Memory Allocation in 

Relative Sections 
_ Absolute Output Cross-references for Debug­

ging 
_ Simulation File Generation 

• FUNCTIONAL SIMULATOR's features: 
_ Software Debugger without Hardware Needs 
_ 1000 Instructions per Second on a VAX 785 
_ Step by Step Execution 
_ Breakpoint on Value or Address 

Access to allintemal Registers and Memories 
_ 1/0 Simulation Files 
_ Detailed Help Function 

December 1988 

DESCRIPTION 
A DSP program must run as fast as possible (real­
time constraint). This goal can easily be met with the 
SGS-THOMSON MICROELECTRONICS DSP fa­
mily due to their 32-bit instructions and three data­
bus structure which allow implementation and exe­
cution of sophisticated algorithms at maximum 
speed. However, a DSP program must also have 
the characteristics of any other program. It must be 
fast to develop, easy to read and simple to check. 
The SGS-THOMSON DSP software tools have 
been developed with these goals in mind. 

The macroassembler allows the programmer to ea­
sily develop DSP algorithms at maximum speed. 
The linker can link a group of modules and gene­
rates an executable program. The functional simu­
lator simulates the internal DSP operation for effec­
tive development and off-line program verification. 

MACROASSEMBLER 
The macroassembler allows the programmer to de­
velop DSP algorithms in Assembly language wor­
king at maximum speed. The PC configuration 
needs 640 Kbits of RAM plus a hard disk. 

Assembly language is a computer-oriented lan­
guage for writing programs, consisting of symbolic 
instructions and assembler directives. In assembly 
instructions, the user assigns symbolic addresses 
to memory locations and specifies instructions by 
means of symbolic (mnemonic) operation codes. 
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TS68930SP 

The user specifies instruction operands by means 
of symbolic addresses and numbers. 

Assembler directives are instructions to the assem­
bler rather than instructions which will be translated 
into object code. 

The directives have to control the assembly (END, 
ORG, MEMORY, INCLUDE, PROGRAM), the data 
definition (DEF, REF, SET, ASG) the macros 
(CREATE, DELETE, CHANGE, DEFAULT, LIBRA­
RY), the conditional assembly (IF, ELSE, ELSEIF, 
REPT), the listing (LIST, PRINT, MAP, CROSS, 
HEAD, CODE, PAGE, TITLE, INPUT, OUTPUT, 
LINES) and the generation of binary or object files 
(HEXA, INTEL, MOTOROLA, NOBIN, TEKTRO, 
LINK). 

Macro calls provide the means to create a macro 
language that is capable of calling source state­
ments from other locations within the program. A 
macro call fetches the source statements defined by 
the macro and substitutes them for the macro as if 
they had been written in that location in the program. 
The obvious advantage to using macro code is that 
less source code must be written, and this in turn 
means that the programs become easier to read and 
debug. In addition, macros are executed faster than 
a comparable absolute code subroutine because no 
branching is involved. 

Macro calls and conditional assembly provide the 
means to create modular programs. Those pro­
grams then can be linked together by using the DSP 
linker. 

LINKER 
The linker allows the development of modular and 
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relocatable software. It can use libraries and provide 
a linking of a group of modules (incremental linker). 

It adds two powerful features compared to conven­
tional ones: it can link a group of modules which do 
not constitute a complete program. Then, this new­
est group can be used as an input for final linking. It 
can generate an executable program even when ex­
ternal references are still unsolved. This enables 
real-time debugging of an incomplete program with­
out having to create empty functions to test. 

FUNCTIONAL SIMULATION 
The TS68930 Functional Simulator is a software 
program that simulates the internal operation of the 
TS68930/31 DSP for effective software develop­
ment and off-line program verification . Use of the 
functional simulator allows debugging of 
TS68930/31 software without the requirement of 
hardware. 

The simulator uses a coded form of the TS68930 
DSP object code produced by the TS68930 linker. 
Simulation of AID Converters, D/A Converters, and 
other conventional peripherals is accomplished 
using associated input and output files. 

All internal registers and memories of the TS68930 
can be modified during a simulation session. During 
execution of the program, the internal registers and 
memories of the simulated TS68930 are modified 
as the host computer interprets each instruction. 
Simple or high level breakpoints may be used to sus­
pend execution at a selected point in the program 
so that the internal registers and memories can be 
inspected and/or modified. 
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On-line help with the simulator commands is avai­
lable by entering a simple HELP command. 

ORDER CODES 

Part Number 

TS68930SP-PC Software Package on PC for 
TS68930/31 

TS68930SP-VMS Software Package on VAX VMS 
for TS68930/31 

TS68930SP 
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• UPGRADED KERNIGHAM AND RITCHIE "C" 
DEFINITION, I.E. RESPECT OF ANSI X3J11 
STANDARD 

• RUNS ON PC OR COMPATIBLE UNDER MS­
DOS 3.1 OR LATER 

• RUNS ON VAX UNDER VMS OPERATING 
SYSTEM (for UNIX or UL TRIX operating system 
contact your sales office) 

• "FLOAT" IN RESPECT OF IEEE 754 STAND­
ARD, "DOUBLE" AND "INTEGER" TYPES AL­
LOWED 

• MANY FUNCTIONS IMPLEMENTED : CHA­
RACTER AND STRING HANDLING, MEMORY 
MANAGEMENT, CONVERSION, MATHEMATI­
CAL, I/O ROUTINES 

• SPECIFIC RUN-TIME FOR ACCESS TO PERI­
PHERALS (mail-box, A/D and D/A converter ... ) 

• SOURCE ASSEMBLER INCLUSION IN 
SOURCE "C" PROGRAM CAPABILITY 

• INCLUDES PREPROCESSOR, MACRO-AS­
SEMBLER AND LINKER-LOADER 

• PRODUCES LOADABLE AND RUNNABLE BI­
NARY OBJECT FILES 

• HIGH LEVEL SYMBOLIC DEBUGGER 

DESCRIPTION 

The SGS-THOMSON MICROELECTRONICS "C" 
compiler used with the assembler/linker (incluaed 
with the compiler) allows the possibility to write "C" 
source code and produces object code running on 
the TS68930/31 Signal Processor. It takes into ac­
count all the advanced features of the TS68930/31 
(parallelism, pipe-line, double precision, complex 
mode and 32-bit instruction set). 

December 1988 

TS68930SPC 

TS68930/31 DSP "C" COMPILER 

The high level language "C" compiler has been de­
signed to provide the greatest flexibility of use. 

User can either run the complete software with on­
ly one simple command, or run separately each soft­
ware included in the package: "C" compiler, optimi­
zer, assembler and linker. 

STANDARD 

THE SGS-THOMSON "C" compiler is an implemen­
tation of the ANSI X3J11 standard, which includes 
and exceeds Kernigham and Ritchie specification. 
New possibility for the processor and new class for 
data are allowed. For example, "CONST" allows 
ROM implementation for constant data. 

LICENSE 

The SGS-THOMSON "C" compiler is delivered un­
der license for one user only. Upgrades of new re­
leases will be done to each registered user, free of 
charge, for a duration of 12 months starting from the 
purchase date. 

ORDER CODES 

The TS68930SPC "C" compiler includes in the 
same commercial software-package the "C" compi­
ler software plus the standard TS68930SP software 
(macroassembler, linker and functional simulator). 

Part Number 

- TS68930SPC-PC "C" compiler for TS68930/31 on 
PC/MS DOS 

- TS68930SPC-VMS "C" compiler for TS68930/31 
on VAX VMS 
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APPLICATION NOTE 

DEVELOPMENT OF REAL-TIME ALGORITHMS USING 
THE SGS-THOMSON DIGITAL SIGNAL PROCESSOR TS68930 
AND THE SGS-THOMSON ANALOG FRONT-END TS68950/1/2 
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APPLICATION NOTE 

1. INTRODUCTION 

The purpose of this application note is to describe a 
powerful vehicle to execute and check DSP (digital 
signal processing) algorithms in real-time for mo­
dem (or any voice-grade) applications. 

THE CONTEXT 

Developing a DSP application is a process which 
can be divided into 3 main steps: 
• Digital signal processing software development 

Typically a digital signal processing software 
development chain includes the following pro­
grams: 
_ calculation of filter coefficients 
_ simulation of transmission lines 
_ signal generation programs (sinewaves, noise) 
_ spectrum analysis program (fast fourrier trans-

form) 

Such a chain is generally available on a mainframe 
and is used in combination with an high level lan­
guage to develop and simulate algorithms from a 
system point of view. 
• Translation, coding, optimization 

After being reasonably sure that the algorithm ful­
fills the specifications it is translated into the as­
sembler language of a digital signal processor 
such as the SGS-THOMSON Microelectronics 
TS68930 or ST18930. 

• Test in real time 

The final but most important step is to test the be­
haviour of the algorithm in real time and (very im­
portant in signal processing) real world situations. 
For instance, a digital to analog converter is a per­
fect device in simulation whereas it has defects 
such as non-linearities in the real world. 

In DSP testing there is no such thing as yes or no. 
The tests are qualitative appreciation of a real signal 
(typically: in modem the bit error rate, in speech sub­
jective listening tests, in recognition percentage of 
recognized words, etc.). 

This has for consequence that in order to always im­
prove quality, algorithms are always changed which 
in turn implies that the 3-step design is not a straight­
forward process. On the contrary it requires going 
back and forth between theory, simulation on the 
main-frame and the tests on the application board. 
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Therefore development tools must be easy to use 
and well integrated into a complete chain, particu­
larly to avoid losing time going from one step to ano­
ther. 

THE OBJECT 

The execution vehicle described in this application 
note takes care of the second and third step of an 
application. 

The following assumptions are made relative to the 
user: 
• he/she has all the necessary tools to search and 

develop algorithms, 
• he/she will set-up its own hardware environment 

as required by the application (such as the type of 
telephone line), 

• the user knows the TS68930. 

The execution vehicle contains the following items: 
• the TS68930 macro-assembler available on VAX 

VMS and on MS-DOS machines for developing 
TS68930 code, 

• the macro-assembler libraries, 
• the program to download the TS68930 code from 

the host onto the evaluation board, 
• the emulation board for testing and modifying the 

code, 
• the emulation probe to connect the emulation 

board to the analog interface board, 
• an analog interface board [EFRMAFE] consisting 

of : 
_ TS68950 (tx chip) 
_ TS68951 (rx chip) 
_ TS68952 (time base chip) 

• the MAFCOM command language (explained in 
this application note). 

FURTHER REFERENCES 
_ TS68950 data sheet 
_ TS68951 data sheet 
_ TS68952 data sheet 
_ TS68930 data sheet 
_ TS68930 DSP user's manual 
_ TS68930 macro assembler and simulator 

user's guide 
_ TS68930EMU user's manual 
_ EFR MAFE user's manual 



2. NOTES AND DEFINITIONS 

2.1. MAFE 

The term MAFE refers to the SGS-THOMSON 
3-chip set TS68950/1/2. For a digital signal proces­
sor the 3 chips are seen as 1 chip. More precisely: 

Figure 1 : The Modem Analog Front-end Chip. 
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APPLICATION NOTE 

• the 3 chips are connected in parallel to the pro­
cessor data, address, control lines, 

• hence the processor does not differentiate be­
tween chips but rather between registers. 

A functional diagram of the 3-chip set is shown in 
fig. 1. 
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APPLICATION NOTE 

3. THE MAFE REGISTERS 

3.1. OVERVIEW OF THE REGISTER SET 

The MAFE contains 14 registers: 
• 5 registers used to transmit or receive signals; 

they all can be directly accessed. 
• 1 address register which refers to one of the 8 

control registers. 
• 8 control registers used for the programmation of 

the various parameters; they cannot be directly 
accessed, instead they are programmed either in­
directly or sequentially. 

a) SIGNAL REGISTERS 

Tx chip: There are 2 registers in which signal sam­
ples are transmitted on 12 bits. 
• TX SIGNAL SAMPLE 
• ESTIMATED ECHO SAMPLE 

Rx chip: There are 2 registers in which signal sam­
ples are received on 12 bits. 
• RX SIGNAL SAMPLE 
• RESIDUAL SIGNAL SAMPLE 

3.2. PROGRAMMATION OF THE REGISTER SET 

There is a 1-bit register which indicates the detec­
tion of a carrier 
• CARRIER DETECT 

b) CONTROL REGISTERS 
• 3-bit ADDRESS REGISTER which gives the ad­

dress of one of the 8 following control registers: 
• RC1 - BIT CLOCK I BAUD RATE CLOCK (time 

base chip) 
• RC2 - CONVERSION CLOCK I MULTIPLEXING 

CLOCK (time base chip) 
• RC3 - BAND-PASS/REJECTION/RECONS­

TRUCTION FILTERS (rx chip) 
• RC4 - TRANSMIT ATTENUATION & EXI 

CONTROL (tx chip) 
• RC5 - AGC GAIN (rx chip) 
• RC6 - CARRIER LEVEL DETECTOR THRE­

SHOLD (rx chip) 
• RC7 - RX CLOCK PHASE SHIFT AMPLITUDE 

(time base chip) 
• RC8 - RX CLOCK PHASE SHIFT PROGRAM­

MING (time base chip) 

These 7 registers can be directly accessed with the addresses listed in the table below: 

Register Addresses Register Names 

eS1 eso RSO RS1 R/W = 0 R/W = 1 

0 X X X deselected deselected 
1 0 0 0 TX SIGNAL RX SIGNAL 
1 0 0 1 ESTIM. ECHO RESIDUAL SIGNAL 
1 0 1 0 ADDRESS REG. CARRIER DETECT 
1 0 1 1 CONTROL REG. 
1 1 X X deselected deselected 

a) SIGNAL REGISTERS 

WRITING TX SIGNAL or ESTIMATED ECHO 

It takes 2 accesses since the MAFE has an external 8-
bit bus and the samples are transmitted on 12 bits. 

FORMAT (for the 4 signal sample registers) 

MAFE Data Bus 

FIRST CYCLE 

SECOND CYCLE 

bit 0 = Isb 

bit 11 = msb 

07 

3 

11 

READING CARRIER DETECT 

The active bit is D7. 
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06 

2 

10 

05 

1 

9 

READING RX SIGNAL or RESIDUAL SIGNAL 

It takes 2 accesses since the MAFE has an exter­
nal 8-bit bus and the samples are received on 12 
bits. 

04 03 02 01 DO 

0 X X X X 

8 7 6 5 4 



b) CONTROL REGISTERS 

The a control registers cannot be directly accessed; 
they are programmed either indirectly or sequential­
ly. 

Indirect access: 

The ADDRESS REGISTER (bit 07-05) is loaded 
with the address of the control register to be acces­
sed: 

ADDRESS REGISTER CONTROL REGISTER 
(bit 07-05) 

000 RC1 

001 RC2 

010 RC3 

011 RC4 

100 RC5 

101 RC6 

110 RC7 

111 RCa 

3.3. DESCRIPTION OF THE CONTROL REGISTERS 

APPLICATION NOTE 

The CONTROL data REGISTER can then be writ­
ten with the programmation word. 
It must be noted that after each access the AD­
DRESS REGISTER is always incremented. 

Sequential access: 
This method is very useful to program a group of 
continuous registers as it is the case at initialization 
time. If there are N registers to program it will take 
N + 1 accesses compared to 2N accesses with the 
indirect method. 
Since the ADDRESS REGISTER is always incre­
mented after each access, it can be loaded with an 
address (generally 0) and all control registers can 
then be programmed in sequence. 
Each access a CONTROL data REGISTER is writ­
ten with a new programmation word. 

TX AND RX CLOCK PARAMETERS: CONTROL REGISTERs RC1 RC2 

Control Register RC1 Control Register RC2 

Bit 7-4 Bit 3-1 Bit 7-5 Bit 4-3 Bit 2 
Code 

Bit Clock Baud Rate Multiplexing Conversion TX Sync 
(kHz) (1) Clock (kHz) (1) Clock (kHz) (1) Clock (kHz) (1) 

0 19.2 2.4 1440 9.6 RxCLK 
1 16.8 2.0 288 8.0 TxSCLK 
2 14.4 1.6 12 7.2 (*) 
3 12.0 1.2 9.6 7.2 
4 9.6 0.6 7.2 
5 7.2 0.6 4.8 
6 6.4 0.6 2.4 (*) Tx 
7 6.0 0.6 1.2 DPLL 
8 4.8 runs 
9 3.2 freely 
A 2.4 if 
B 1.2 there 
C 0.6 is no 
D 0.6 transition 
E 0.6 
F 0.6 
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RECEIVE FILTER PARAMETERS: CONTROL REGISTER RC3 

Control Register RC3 
Code Bit 7-6 (bit 3 = 0) Bit 7-6 (bit 3 = 1) Bit 5-4 Bit 2 Bit 1 

High Pass Filter High Pass Filter Low Pass Filter Sample & REC 
Sampl. Freq./ Sam pI. Freq.l Sampl. Freq.l hold Filter 
- 3dB cut-off - 3dB cut-off! - 3dB cut-off (SH2) 

(kHz/Hz) rejected band (kHz/Hz) 
(kHz/Hz/Hz) 

0 36/250 72/800 OFF OFF 
1 36/250 144/1600 ON ON 
2 72/500 72/800/370-470 288/3200 
3 144/1600 144/2200/800-1500 288/3200 

(1) All references at 5. 76MHz master clock. 
(2) High Pass Filter values depends on rejection filter being on. 

RECEIVE CLOCK PARAMETERS: CONTROL REGISTERS RC7 RCa 

Control Register RC8 Control Register RC7 
Bit 6-4 Bit 7-3 

Code 
Rx Clock Rx Clock Phase Shift Amplitude (degree) 

Phase Shift 600 1200 1600 2400 

0 0.75 1.5 2 3 
1 Fine LAG (note 1) 1.5 3 4 6 
2 Fine LEAD (note 1) 2.25 4.5 6 9 
3 3 6 8 12 
4 Coarse (note 2) 3.75 7.5 10 15 
5 " 4.5 9 12 18 
6 " 5.25 10.5 14 21 
7 " " 6 12 16 24 
8 6.75 13.5 18 27 
9 7.5 15 20 30 
A 8.25 16.5 22 33 
B 9 18 24 36 
C 9.75 19.5 26 39 
0 10.5 21 28 42 
E 11.25 22.5 30 45 
F 12 24 32 48 
10 11.25 22.5 30 45 
11 13.5 45 60 90 
12 33.75 67.5 90 135 
13 45 90 120 180 
14 61.25 112.5 150 225 
15 67.5 135 180 270 
16 78.75 157.5 210 315 
17 90 180 240 360 
18 101.25 202.5 270 405 
19 112.5 225 300 450 
1A 123.75 247.5 330 495 
1B 135 270 360 540 
1C 146.25 292.5 585 
10 157.5 315 630 
1E 168.75 337.5 675 
1F 180 360 720 

Notes: 1. fine = 2 main clock cycles. 
2. coarse = as programmed in RC7 bit 7-3. 
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RECEIVE / TRANSMIT PARAMETERS: CONTROL REGISTERS RC4 RCS RC6 

RCS RC6 

Code 
Bit 7·3 Bit 7·5 

RX 
RX 

Carrier Level 
AGC Gain Detection 

(dB) Threshold (dBm) 

0 0 - 29.85 
1 1.5 - 27.35 
2 3 - 34.15 
3 4.5 - 46.75 
4 6 - 44.25 
5 7.5 - 46.75 
6 9 - 44.25 
7 10.5 
8 12 
9 13.5 
A 15 
B 16.5 
C 18 
D 19.5 
E 21 
F 22.5 
10 24 
11 25.5 
12 27 
13 28.5 
14 30 
15 31.5 
16 33 
17 34.5 
18 36 
19 37.5 
lA 39 
lB 40.5 
lC 42 
lD 43.5 
IE 45 
IF 46.5 

4. HARDWARE DESCRIPTION 

As shown in the functional diagram (figure 2) the 
SGS·THOMSON Microelectronics family of compo· 
nents for OSP can be directly interconnected without 
any glue. 

The following paragraphs explain the different steps 
to connect the OSP and the MAFE kit. 

4.1. OSP·MAFE DATA BUS CONNECTION 

The MAFE external data bus is 8-bit wide [00-07] ; 
this bus is used to write control words, transmit si­
gnals or receive signals. 

RC4 

Bit 7·4 Bit 2·1 

TX TX 
Attenuation EXI Control 

(dB) 

0 Input disconnected. 
2 Transmit Filter ilp 
4 Transmit Atten. o/p 
6 Input disconnected. 
8 
10 
12 
14 
16 
18 
20 
22 

Infinite 
" 
" 
" 

Implementation: 

It is connected to the upper part of the OSP local da­
ta bus [08-015] rather than to the lower part for the 
following reason: 

_ in the case of separate buses the programmer 
will have a larger memory space (cf. appen­
dixA). 

Obviously in the case of concatenated buses it does 
not matter if the MAFE is connected on the upper or 
lower part of the bus. 
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APPLICATION NOTE 

4.2. DSP-MAFE ADDRESS BUS CONNECTION 

The MAFE has 4 address lines_CS1, CSO, RSO, RS1 
and 2 control signals RIW, E allowing the direct 
control of ? registers. 

Implementation: 

The 4 MAFE address lines are connected to the 4 most 
significant addresses of the DSP local address bus. 

Figure 2 : Connection DSP-Mafe. 

TS68930 
or 
TS68931 

CTRL 

8 BITS 

There is a good reason for this; the address lines 
AS-A11 are free whereas AO-A? are multiplexed 
with the system bus (cf. appendix A). 

DSP AS A9 A10 Al1 OS R/W 
--- -

MAFE RS1 RSO CSO CS1 E RlW 

TxANALOGINTERFACE 

ATO 
ClK 

TS68950 
ceO 

TxCCLK 

Ax ANALOG INTERFACE 

Tx and Rx 
CLOCKS 

1-<~~ClK 

TS68952 

TERMINAL CLOCK 
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1--_'" RxCClK 

NOTE: * Digital ground 

V Analog ground 
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4.3. TIMING REQUIREMENTS 
With reference to the table below and to timing dia­
gram 1 it can be seen that the MAFE has an input 

Symbol Parameter 

teye Cycle Time 

twel Pulse Width E Low Level 

tweh Pulse Width E High Level 

thee Control Signal Hold Time 

tsee Control Sig. Set·up Time 

tsdi Input Data Set-up Time 

thdi Input Data Hold Time 

tddo Output Data Delay Time 

tdz Output High·Z Delay 

These 2 timings are too slow for the DSP. Fortuna­
tely the DSP has a slow access mode (cf. appendix 
A) which lengthen any external accesses by 160ns. 

Symbol Parameter 

tpw RD, WR, DS Pulse Width 

tah Address Hold Time 

tdsw Data Set-up Time, Write Cycle 

tdhw Data Hold Time, Write Cyele 

tdsr Data Set-up Time, Read Cycle 

tdhr Data Hold Time, Read Cycle 

tarw Address Valid to WR, DS, RD Low 

APPLICATION NOTE 

data set-up time of 120ns and an output data delay 
time of 150ns. 

Min. Max. Unit 

1 320 ns 

2 180 ns 

3 100 ns 

5 10 ns 

6 40 ns 

7 120 ns 

8 10 ns 

9 150 ns 

10 80 ns 

In this way the DSP and the MAFE can be connec­
ted directly. 

The DSP timing is shown below. 

Min. Max. Unit 

225 240 ns 

10 ns 

185 ns 

10 ns 

20 ns 

5 ns 

40 ns 
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WRITE OPERATION 

0) (0 
0 0 

GSO CSI 
RSO - RSl 
R!W 

0) e 
00-07 

READ OPERATION 

E 

0 
8 

CSO CSI 

RSO- RS! 

R/W 

00- D7 

Notes: 1. Voltage levels shown are VIL < OAV, VIH > 2.4V, unless otherwise specified. 
2. Measurement paints shown are O.8V and 2.2V, unless otherwise specified. 
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4.4. BLOCK DIAGRAM 
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5. THE COMMAND LANGUAGE 

The command language has been developed with 
the DSP macro-assembler available on VAX-VMS 
and MS-DOS. 

This command language is used in order to simpli­
fy the programmation of the MAFE. In this way the 
programmation is reduced to a series of commands 
(ex: TXSO = transmit signal out) instead of having 
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to remember register numbers, bit numbers or spe­
cific details. 

This command language is one possible command 
language among many and the user can (and is ad­
vised to) use the DSP macro-assembler to create 
his own language as needed. 

The command language is given in program (cf. ap­
pendix B.2.). 
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DEFINITIONS OF PARAMETERS 

_ ADDIR: direct address in internal memory or register T 
_ K, BIT, BAUD, MUX, FS, HPF, LPF : hexadecimal value (with reference to tables of paragraph 3.3.) 
_ RSR: binary value (Example: 101 = rejection filter ON, sample & hold OFF, reconstruction filter ON). 

5.1. THE ROUTINES 

SIGNAL TRANSFER 

TRANSMIT 

1 - Signal 
2 - Estimated echo 

RECEIVE 

1 - Signal 
2 - Residual Signal 
3 - Carrier Detect 

PARAMETER SETTING 

TIME BASE 

1 Bit Rate, 
Baud Rate, 

2 - Mux, 
Sample Clock 

3 - Mux, Sample Clock, Sync 
4 - RX Phase Shift 

Amplitude 
5 - RX Phase Shift 

Programming 

TRANSMIT 

1 - Attenuation 
2 - Exi Input 

RECEIVE 

1 - HPF, LPF, 
REJ, SH2, 
Reconst. 

2 - AGC Gain 
3 - CD Threshold 

Address 

800 
900 

800 
900 
AOO 

Address 

0000 

2000 

2000 

0000 

EOOO 

6000 
6000 

4000 

8000 
AOOO 

5.2. SIGNAL TRANSFER: NOTES AND COM­
MENTS 

All routines are between a memory location (direct­
ly addressed) in the DSP and the wanted MAFE re­
gister. 

The points to keep in mind are that: 

_ it takes 2 accesses to read or write a sample, 
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Bits Syntax 

15 - 8 TXSO ADDIR 
15 - 8 TXEE ADDIR 

15 - 8 RXSI ADDIR 
15 - 8 RXRES ADDIR 
15 CD ADDIR 

Bits Syntax 

15 - 12 RC1 BIT, BAUD\ 
11 - 9 
15 - 13 RC2 MUX, FS\ 
12 - 11 

10 RC2 SYNC MUX, 
FS, K\ 

15 - 11 RXPSA K\ 

14 - 12 RXDPLL K\ 

15 - 12 SET_ATT K\ 
10 - 9 SET_EXI K\ 

15 - 12 RC3 HPF, LPF, RSR\ 
11,10,9 

15 - 11 SET_AGC K\ 
15 - 13 SET_CDth KI 

_ the DSP has 16-bit registers and the 12-bit 
samples are aligned on the left (bit 11 of the 
sample corresponds to bit 15 of the register), 

_ the transfer is made on the 8 most significant 
bits of the bus, 

_ in slow exchange mode the DSP repeats any 
instruction only when referring to an external ad­
dress. 
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An example is given for receiving signals. 

RXSI 10.X (get receive signal and transfer in loca­
tion 10.x). 

Instruction 1 : First read access 

OPDI ; LDL $800.E ; ; LSRB L A\ 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I b31 b21 b1 I bO I X Ix Ix Ix Ix Ix Ix Ix Ix Ix Ix Ix I 
DSP DATA BUS DO-D15 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I b31 b21 b1 I bO I X I X I X Ix I 
DSP ACCUMULATOR A 

Instruction 2 : Second read access 

OPDI ; LDL $800.E ;; OR L A F\ 

WARNING: this instruction is repeated twice (exter­
nal access in slow access mode). The first time the 
data on the bus is wrong; consequently the ALU re­
sult is wrong and must be ignored. 

quently the ALU result is right and must be used (it 
is done in instruction 3). The FIFO is only used in 
order not to disturb the accumulator A. If accumula­
tor A was used as ALU destination it would be loa­
ded with a wrong value in the first cycle therefore 
the OR operation would give a bad result in the se­
cond cycle. 

The second time the data on the bus is right; conse-

Instruction 3 : 

SVR D 10.X\ 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

~11~1OIb9Ib8Ib7Ib6Ib51b4lx Ix Ix Ix Ix Ix Ix Ix I 
DSP DATA BUS DO-D15 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

~11 ~101 b91 b81 b71 b61 b51 b41 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 
DSP INTERNAL DATA BUS LO-L 15 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

~11~1OIb9Ib8Ib7Ib6Ib51b4lb3Ib2Ib1IbOlx Ix Ix Ix I 
DSP ALU O/P REGISTER D 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

~11~1OIb9Ib8Ib7Ib6Ib51b4lb3Ib2Ibl IbO I X Ix Ix Ix I 
DSP XRAM LOCATION 10 

5.3. PARAMETER SETTING: NOTES AND 
COMMENTS 
The commands refer to a register and not a para­
meter. As most registers include 1 or several corre­
lated parameters it does not create any problems; 

however there are cases when 2 parameters are to­
tally uncorrelated but are in the same register; so 
when changing a parameter, the other parameter of 
the register can get inadvertently changed. 
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The user must be careful in the following cases: 

_ command RC2 will put tx sync to zero 
_ command SET _ATT will put exi to zero 
_ command SET _EXI will put attenuation to zero. 

6. EXAMPLE: THE PROGRAM MAFTEST2 

To develop the program MAFTEST2, macros from 
3 different libraries have been used: 
• the command language MAFCOM (cf. appendix 

B.2) just described in part 3 
• PSIL 1 : (ct. appendix B.3) it is a microprocessor 

type language. In this way programs are quicker 
to write and more readable than with the DSP as­
sembler language; the disadvantage however is 
that it does not make use of the parallelism of the 
DSP. 

PSIL 1 is used for: 

_ modules which do not require speed (initializa­
tion), 

_ developing test programs. 
• PSIUTIL: (ct. appendix B. 4) collection of utilities; 

for the present time it is made of memory fill and 
timers. 

6.1. DESCRIPTION 

The program is divided in 4 small modules: 

INITIALIZATION 
• clear the rams 
• move the sinewave from the CROM into the 

XRAM 
• initialize the DSP with the MAFE access parame­

ters 

• initialize the XRAM and YRAM in circular addres­
sing mode 
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• initialize the MAFE registers. 

TRANSMITTER TEST 
• WAIT1 : wait for an external clock edge. 

On the negative edge of the transmit sampling 
clock the program will do the transmit task. 
On the negative edge of the receive sampling 
clock the program will do the receive task. 

• TXMIT : the sinewave stored in the YRAM is read 
and the samples sent to the signal olp and echo 
o/p. 

• RECEIVE: the receive signal (ATO being looped 
back on pin RAI) is stored in the XRAM ; the resi­
dual signal (EEO being looped back on pin EEl) 
is stored in the XRAM. 
Note that the estimated echo output is not smoo­
thed and goes to zero for a small time (8 clock cy­
cles = 1/1.44mHz/8 = 5.55~s). 

RECEIVER TEST 

The 2 signals stored in stage 1 in XRAM are dis­
played therefore giving the quality of the receiver 
path. 

The receive signal (ATO being looped back on pin 
RAI) is added to the estimated echo and is stored 
in the YRAM; 

the residual signal (EEO being looped back on pin 
EEl) is stored in the YRAM. 

ECHO CANCELLING 

The 2 signals stored in stage 2 in YRAM are dis­
played therefore giving the receiver quality when ad­
ded with the estimated echo. 

Note: Addition and substraction of echo only differs 
by a 180 degree phase shift. 



APPENDIX A - PROGRAMMING THE 
ACCESS MODE REGISTER (AMR) 

The AMR is a 6-bit register (TS68930) 7-bit 
(TS68931) indicating the circuit 1/0 configuration. 

BIT MEANING: 

APPLICATION NOTE 

To access the MAFE the AMR must be program­
med as follows 

INI REAL SAT; AMR % 1111011\ 

bit 0 -0 : Fast Exchange 
1 : Slow Exchange 

: external access in 160ns 
: external access in 320ns 

bit 1 -0: Slave 
1 : Pseudo-Slave 

: slave mode on the system bus 
: pseudo-slave mode 

bit 2 -0 : Separate Bus 
1 : Concatenated Bus 

: the local bus is separated into two 8-bit buses DO-D7 and D8-D15 
: the local bus is 16-bit wide 

- -
bit 3 -0 : memory byte-wide 

1 : Motorola 
: 1 RD pin, 1 WR pin_ 
: 1 Data Strobe, 1 R/W 

bit 4 - 0: DTACK : BE6 is redefined in DTACK signal for exchanges with a MCU belonging 
to TS68000 family 

1 : BE6 
bit 5 -0 : Bus Available 

1 : BE5 

: this pin can be used to test external signals 
: BE5 is redefined as BA 
: this pin can be used to test external signals 

bit 6 MASK (TS68931 only) 
o : AMR not masked : AMR contents not restored to its initial state 
1 : AMR masked : AMR contents restored to its initial state. 

When an external HALT is applied, the AMR is for­
ced into a predetermined configuration: 
• bit 0 = 0 cycle 160ns 
• bit 1 = 1 pseudo-slave mode 
• bit 2 = 1 local bus concatenated 
• bit 3 = 0 memory byte-wide protocol. 

When the external HALT is no longer applied, the 
AMR contents is restored to its initial state only if bit 
6 has been set to 1. 

BIT 0 = 1 (SLOW EXCHANGE MODE) : 

The MAFE being a slow peripheral it is accessed by 
the DSP in slow exchange mode. 

All control signals start at the same ti me as in the stand­
ard read or write but they last an additional 160ns. In 
read cycle, the bus is sampled 160ns later. 

It must be noted that it is purely an external ex­
change mode, since 
• the TS68930 must be in REAL mode, 
• the circuit automatically repeats the instruction 

where the exchange takes place, 
• during this exchange, management of the ad­

dresses, of the processing block, of the loop coun­
ters are under the responsibility of the 
programmer who has to take into account the re­
petition of the instruction. 

BIT 1 = 1 (PSEUDO SLAVE) 
When the DSP is programmed as slave it can only 
have 4 bits of external address (A8-A 11). 

When the DSP is programmed as pseudo-slave it 
will have 12 bits of external address (A8-A 11 + ADO­
AD7) ; the system data bus (ADO-AD7) is then used 
to supply the lower address lines of the local bus. 

BIT 2 = 0 (SEPARATE BUSES) 

This feature is useful when accessing an 8-bit de­
vice such as the MAFE since: 
• when reading, the 8 unused read bits are puts to 

zero, 
• when writing, the 8 unused written bits are put in 

tri-state. 

The bus is selected by the address lines 
[A 1 O-A 11] according to the following table: 

A10 A11 Selected Bus Non Selected Bus 

0 0 00-07 08-015 

0 1 08-015 00·07 

1 0 08·015 00-07 

1 1 08-015 00-07 

BIT 3 = 1 (MOTOROLA TYPE SIGNAL R/W & DS) 

BIT 4 = 1 (BE6 is used to test TX conversion clock) 

BIT 5 = 1 (BE5 is used to test RX conversion clock) 

BIT 6 = 1 (for emulation purpose only). 
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APPENDIX 8 - PROGRAM LISTINGS 

B 1 - The test program MAFTEST 2 

"##################################################################### 

################### HERE IS THE TEST PROGRAM MAITEST2 ###############~ 

################### VI.3 OlNOV86 ############################# 

################### AUTHOR: F.M.J RA YMONDOU ########################## 

###################################################################### 

FUNCTION: TEST THE 4 SIGNALS' 
A TO (TX SIGNAL) 
RAI (RECEIVE SIGNAL), 
EEO (ESTIMATED ECHO) 
EEl (RESIDUAL SIGNAL) 

TEST THE CLOCK GENERA TOR 
TEST ATTENUATION ON TRANSMITER & AMPLIFICATION ON RECEIVER 
TEST ECHO CANCELLING PATH 

HOW? : - GENERATION OF A SINEW A VE IN THE PSI 

STAGE!: 

- SEND IT TO THE 2 TX REGISTERS 
- OUTPUT ATO (WITH ATTENUATION 6DB) 
- OUTPUT EEO (NO ATTENUATION POSSIBLE) 

---> CHECK EEO & ATO ON SCOPE: IT IS THE SAME SINEWAVE, ONE SAMPLED (EEO), THE 
OTHER FILTERED & ATTENUATED BY 6 DB (ATO) 

- LOOP BACK ATO TO THE RX INPUT RAI THROUGH A DIVIDER BRIDGE 27 DB 
- AND AMPLIFY INTIRNALL Y OF 33DB 
- LOOP BACK EEO TO THE RX INPUT EEl 
- STORE THE RX REGISTERS IN THE PSI XRAM 

STAGE2: 

(NO MORE ATTENUATION NOR AMPLIFICATION BUT ECHO CANCELLING PATH) 

- SEND THE 2 STORED SIGNALS IN XRAM TO THE 2 TX REGISTERS 
- OUTPUT A TO ( NO ATTENUATION) 
- OUTPUT EEO 

---->CHECK ATO & EEO: ATO AFTER 6+27 ATTENUATION & 33DB AMPLIFICATION 
HAS THE SAME AMPLITUDE THAN EEO 

- LOOP BACK ATO TO THE RX INPUT RAI THROUGH A DIVIDER BRIDGE 27 DB 
- LOOP BACK EEO TO THE RX INPUT EEl 
- INTERNALLY EEO + ATO/27DB == EEO 
- RECEIVE SIGNAL = SMOOTHED EEO 
- RESIDUAL SIGNAL = EEO 
- STORE THE RX REGISTERS IN THE PSI YRAM 

STAGE3: 

- SEND THEM TO THE TX REGISTERS 

---->CHECK ATO & EEO: ATO = SMOOTHED EEO OF THE FORMER STAGE 
EEO = EEO OF THE FORMER STAGE 
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THEN THE PROGRAM LOOPS ON THIS THREE STAGES 

NOTE=ALSO IT CAN BE CHECKED: 
- THt GtNtKATtU CLOCKS 
- AGCI RECEIVER PIN (RECEIVED SIGNAL BEFORE AMPLIFICATION) 
- EEl & RAI INPUTS 

ATO .....---------1-1 

PSI TX 

EEOI----.; 

EE I .-----1 
RX 

RAI ~~------~ 

#####################################################################n 

.SIMUL 

.MOTOROLA 
" DEFINING A 16-POINT SINUSOID" 

.MEMORY HEXA 
CROM($50)= 0000 

CF04 
A57E 
89BE 
8000 
89BE 
A57E 
CF04 
0000 
30FC 
5A82 
7642 
7FFF 
7642 
5A82 
30FC \ 

.ENDMEM 
ASG RCI = $0000 

.ASG RC2 = $2000 

.ASG RC3 = $4000 

.ASG RC4 = $6000 

.ASG RC5 = $8000 

.ASG RC6 ~ $AOOO 

.ASG RC7 = $COOO 

.ASG RC8 = $EOOO 

.ASG SAMPLES = 9 "address of timer: number of samples" 

.ASG ACQTIME = 10 "address of timer :acquisition before display " 
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"- - --- - - -- - ------- --INITIALISA TIONS- - - - -- - -- - - - - -- - - -- - - - - - - - -" 

XRAMCLR \ 
YRAMCLR \ 

START: BLCKMOV $50,16,$10, YO \ 
INIMAFE \ 
INI REAL, SAT ;YI $IF ;XI $2F \ 
INI REAL,SAT ;YO C $10 ;XO C $10 \ 
INI REAL,SAT ;YO-C $10 ;XO-C $10 \ 
RCI A,4 \· .............. BIT=2.4KHZ -;BAUD=.6KHZ ..... " 
RC2 4,0 \" .............. MUX=7.2KHZ ,FS=9.6KHZ ...... " 
RC3 2,1,0 \" ............ BANDPASS .5--1.6KHZ ....... '· 
SET AGC 16 \" ......... .33 DB AMPLIFICATION ....... ." 
SET-AlT 3 \" ............ 6 DB ATTENUATION ........... " 
INITIMER SAMPLES.X ,16 \ 
INITIMER ACQTIME.X , 2400 \"4 S waiting" 

,,----------- TRANSMITTER TEST ---------------------------------" 

WAITI: IFTXC TXMIT \ 
IFRXC RECEIVE \ 
BRANCH WAIT 1 \ 

TXMIT: OPIN; LDL [YO]+ , T \ 
TXSO T \ • .... .TX SINEWAVE ON SIGNAL O/P ............ " 
TXEE T \ " ..... TX SINEWAVE ON ECHO O/P ............. " 

DECTIMER SAMPLES.X \ ' one sample less to transmit" 
IFNOZERO WAITI\ 
INITIMER SAMPLES.X , 16 \ 
DECTIMER ACQTIME.X \ 
IFNOZERO WAIT! \ 
SET AGC 0 \" ........ NO AMPLIFICATION .................. " 
RC32,1,01l \" ...... SET-UP ECHO CANCELLING ............ " 
SET ATT 0\ 
INITIMER ACQTIME.x , 2400 \ 
INI REAL,SAT; YI_C $2F \ 
GOTO WAIT2 \ 

RECEIVE:RXSI T \ • ..... RX A TO ON RAI by a divider bridge ..... 
ST T , LXOj+ \ "and store it in XRAM" 
RXRES T \ " .... RX EEO ON EEI... ....................... " 
ST T , [XO]+ \ "and store it in XRAM" 
GOTO WAIT! \ 

"---------------- RECEIVER TEST ------------------------ " 

WAIT2: IFTXC TX2 \ 
IFRXC RX2 \ 
BRANCH WAIT2 \ 

TX2: OPIN; LDL [XO]+ , T \ 
TXSO T \ " .... TX RRI ON ATO ...... " 
OPIN; LDL [XO]+ , T \ 
TXEE T \ " .... TX RR2 ON EEO ...... " 

DECTIMER SAMPLES.X \ 
IFNOZERO W AIT2 \ 
INITIMER SAMPLES.x , 16 \ 



DECTIMER ACQTIME.X \ 
IFNOZERO W AIT2 \ 
INmMER ACQTIME.X,2400 \ 
GOTO WAIT3 \ 

RX2: RXSI T \ ....... RX ATO ON RAI by a divider bridge ..... .. 
ST T , [YO)+ \ "and store it in YRAM" 
RXRES T \ " .... RX EEO ON EEL ....................... .. 
ST T , [YO]+ \ "and store it in YRAM" 
GOTO WAIT2 \ 

____________ ECHO CANCELLING 

WAIT3: IFTXC TX3 \ 
BRANCH W AITJ \ 

TX3: OPIN; LDL [YO)+ , T \ 

.END 

TXSO T \ 
OPIN; LDL IYO]+ • T \ 

TXEE T \ 

DECTIMER SAMPLES.x \ 
IFNOZERO WAITJ \ 
INITIMER SAMPLES.X, 16 \ 
DECTIMER ACQTIME.x \ 
IFNOZERO WAIT3 \ 
GOTO START \ 

APPLICATION NOTE 
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B.2 - The command language MAFCOM 

"############################################################### 

###### HERE IS DEFINED THE MAFE COMMAND LANGUAGE MAFCOM ######## 

###################### VI.S jan87 #################### 

#### AUTHOR: D.F MARTIN ############# 

################################################################ 

FUNCTION: THIS LANGUAGE IS USED TO COMMAND THE MAFE KIT WITH THE 
TSM'J30 PSl. 

SjW DEVELOPMENT TOOLS:- TS68930 MACRO-ASSEMBLER (PSIMAC) ON V AX- VMS. 
- MACRO LIBRARY :PSILI 
- MACRO LIBRARY :PSIUTIL 

S/W DEVELOPMENT TIME: I DAY. 

TEST TOOLS:- TS68930 REAL-TIME EMULATOR/EVALUATION BOARD (EVA-PSI) 
- MAFE EVALUATION BOARD (EVM-MAFE) 

TEST TIME: I WEEK 
###############################################################" 

.CROSS 

.MAP 

,,**** SIGNAL REGISTER ADDRESSES *******************************" 
.ASG Tx ~ $800 
.ASG Rx = $800 
.ASG EE ~ $900 
.ASG RES = $900 
.ASG CD ~ $AOO 
11**** CONTROL REGISTER ADDRESSES ******.************************n 
.ASG RCI = $0000 
.ASG RC2 = $2000 
.ASG RC3 = $4000 
.ASG RC4 = $6000 
.ASG RCS = $8000 
.ASG RC6 = $AOOO 
.ASG RC7 = $COOO 
.ASG RC8 = $EOOO 

"**** READING & WRITING SIGNAL SAMPLES ************ .. *.***************" 

.LIBRARY TXSO ADDIR \ 
LSL 8 "ADDIR" A \ 
SVR A $800.E \ 
LDA "ADDIR" \ 
SVR A $800.E \ 
.ENDMAC 

.LIBRARY RXSI ADDIR \ 
OPDI ;LDL $800.E;;LSRB L A \ 
OPDI ;LDL $800.E;;OR L A,F \ WARNING: FIFO becomes useless 
SVR D "ADDIR" \ 
.ENDMAC 

.LIBRARY TXEE ADDIR \ 
LSL 8 "ADDIR" A \ 
SVR A $900.E \ 
LDA "ADUlR" \ 
SVR A $900.£ \ 

.ENDMAC 
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.LIBRARY RXRES ADDIR \ 
OPDI ;LDL $900.E ;;LSRB L A \ 
OPDI ;LDL $900.E ;;OR L A,F \ WARNING: FIFO becomes llseless 

SVR D "ADDIR"\ 
.ENDMAC 

n**** CARRIER DETECT *******************************11 

.LIBRARY CD ADDIR\ 
OPDI ;LDL $AOO.E ;;TRA L A \ 
SVR A "ADDIR" \ 

.ENDMAC 

"**** CLOCK CONTROL *******************************11 

.LIBRARY ReI BIT, BAUD \ 
OPIM ;LDR RCI,N ; TRA R A \ 
SVR A $AOO.E \ 
OPIM ;LDR ( ($"BIr * (2 ** 12 » + ("BAUD" * (2 ** 9» ), N ; TRA R A \ 
SVR A $BOO.E \ 

.ENDMAC 

.LIBRARY RC2 MUX , FS \ ATTENTION TX SYNC HAS BEEN PUT TO ZERO 
OPIM ;LDR RC2,N ; TRA R A \ -
SVR A $AOO.E \ 
OPIM ;LDR ( ("MUX'*(2**I3))+('FS'*(2**1l)) ),N; TRA R A \ 
SVR A $BOO.E \ 

.ENDMAC 

.LIBRAR Y RC2SYNC MUX , FS , K \ 
OPIM ;LDR RC2,N ; TRA R A \ 
SVR A $AOO.E \ 
OPIM ;LDR «"MUX"*(2**I3))+("FS"*(2** 11»+("K"*(2**9))),N; TRA R A \ 
SVR A $BOO.E \ 

.ENDMAC 

.LIBRARY RXPSA K\ 
OPIM ;LDR RC7,N ; TRA R A \ 
SVR A $AOO.E \ 
OPIM ;LDR ($"K" * (2 ** II)), N; TRA R A \ 
SVR A $BOO.E \ 

.ENDMAC 

.LIBRARY RXDPLL K\ 
OPIM ;LDR RC8,N ; TRA R A \ 
SVR A $AOO.E \ 
OPIM ;LDR ("K" * (2 ** 12», N; TRA R A \ 
SVR A $BOO.E \ 

.ENDMAC 

"**** TRANSMITTER CONTROL *******************************11 

.LIBRARY SET ATT K\ ATTENTION EXI HAS BEEN PUT TO ZERO 
OPIM ;LDR ROi,N ; TRA R A \ 
SVR A $AOO.E \ 
OPIM ;LDR ($"K" * (2 ** 12», N ; TRA R A \ 
SVR A $BOO.E \ 

.ENDMAC 
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.LIBRARY SET_EXI K\ ATTENTION ATT HAS BEEN PUT TO ZERO 
OPIM ;LDR RC4,N ; TRA R A \ 
SVR A $AOO.E \ 
OPIM ;LDR ("K" * (2 ** 9», N; TRA R A \ 
SVR A $BOO.E\ 

.ENDMAC 

"**** RECEIVER CONTROL *******************************" 

.LIBRARY RC3 HPF,LPF,RSR\ 
OPIM ;LDR RC3,N ; TRA R A \ 
SVR A $AOO.E \ 
OPIM ;LDR ("HPF" *(2**14)+"LPF"*(2**12)+(%"RSR" (<<) 9) ), N; TRA R A \ 
SVR A $BOO.E \ 

.ENDMAC 

.LIBRARY SET_AGC K\ 
OPIM ;LDR RC5,N; TRA R A \ 
SVR A $AOO.E \ 
OPIM ;LDR ($"K" * (2 ** 11», N; TRA R A \ 
SVR A $BOO.E \ 

.ENDMAC 

.LIBRAR Y SET _ CDth K \ 
OPIM ;LDR RC6,N ; TRA R A \ 
SVR A $AOO.E \ 
OPIM ;LDR ($"K" * (2 ** l3», N; TRA R A \ 
SVR A $BOO.E \ 

.ENDMAC 

"########### INITIALIZATION ############################" 

.LIBRAR Y INIMAFE \ 
LDK 0 \ 
ST A $OAOO.E \ 
INI REAL,SAT ;AMR %1111011\ 

REPEAT 16 TIMES; REAL,SAT \ 
BEGIN: 

ST A $OBOO.E \ 
END: 

.ENDMAC 

"############ CLOCK TEST ##########################" 

.LIBRAR Y IFTXC PC ADDIR \ 
. BRANCH BE6;.:pC ADDIR" \ 

.ENDMAC -

.LIBRARY IFRXC PC_ADDIR \ 
BRANCH BE5 "PC _ ADDIR" \ 

.ENDMAC 
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B.3 - The library PSIl1 

"############################################################### 

###### HERE IS DEFINED THE GENERAL LANGUAGE PSILI ############## 

###################### V2.21 OCT 86 ##################### 

#### AUTHOR: D.F MARTIN (33) 76 49 36 00 X3823 ############# 

################################################################" 

.CROSS 

.MAP 
"**** OPERATION ON ACCUMULATOR A ******************************* 
** LOA, STA , ADD, SUB, MSUB ,ADDC, AND, OR, XOR, LDK ,COM ** 

ASRA , LSRA , RORA , LSLA " 

. LIBRARY LDA ADDIR \ 
OPDI ;LDL "ADDIR";; TRA L A \ 

.ENDMAC 

.LIBRARY STA ADDIR \ 
SVR A AADDIRA\ 

.ENDMAC 

.LIBRARY ADD ADDIR \ 
OPDI ;LDL "ADDIRA;; ADD L A A \ 

.ENDMAC 

.LIBRARY SUB ADDIR \ 
OPDI ;LDL "ADDIRA;; SUBR L A A \ 

.ENDMAC 

.LIBRARY MSUB ADDIR \ 
OPDI ;LDL 'ADDIRA ;; SUB L A A \ 

.ENDMAC 

.LIBRARY ADvC AVVIK \ 
OPDI ;LDL "ADDIRA ;; ADDC L A A \ 

.ENDMAC 

.LIBRAR Y AND ADDIR \ 
OPDI ;LDL AADDIRA ;; AND L A A \ 

.ENDMAC 

.LIBRAR Y OR ADDIR \ 
OPDI ;LDL "ADDIRA ;; OR L A A \ 

.ENDMAC 

.LIBRAR Y XOR ADDIR \ 
OPDI ;LDL 'ADDIR" ;; XOR L A A \ 

.ENDMAC 

.LIBRAR Y LDK CONSTANT \ 
OPIM ;LDR "CONSTANT" ,N; TRA R A \ 

.ENDMAC 

.LIBRARY COM ADDIR \ 
OPDI ;LDL "ADDIRA;; COM L A \ 

.ENDMAC 

.LIBRAR Y ASRA NN \ 
OPIN ST A, T\ 
ASR ANNA T A\ 
.ENDMAC 

~ SCS·1lI0MSON ""1' Ii1AlU~Il1@IiU~Il1@[i\I]U~® 
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.LIDRAR Y LSRA NN \ 
OPIN ST A, T\ 
LSR !'NN" T A\ 
.ENDMAC 

.LIBRARY RORA NN \ 
OPIN ST A, T\ 
ROR "NN" T A\ 
.ENDMAC 

.LIBRARY LSLA NN \ 
OPIN ST A, T\ 
LSL "NN" T A\ 
.ENDMAC 

" •••• OPERATION BETWEEN ACCUMULATORS .**.** •• ********* •• ********* 

.LIBRAR Y HIDE\ 
OPIN ST A, T; LDL T;; TRA L,B\ 
.ENDMAC 

.LIBRARY SEEK\ 
OPIN ST B, T; LDL T;; TRA L,A \ 
.ENDMAC 

"*n* OPERATION WITHOUT MODIFYING ACCUMULATOR **************************** 
•• LDD , STD , ADDD , SUBD , MSUBD , ADDCD , ANDD , ORD , XORD , LDKD' 

. LIBRARY LDD ADDIR \ 
OPDI ;LDL "ADDIR" ;; TRA L F \ 

.ENDMAC 

.LIBRARY STD ADDIR \ 
SVR D "ADDIR"\ 

.ENDMAC 

.LIBRAR Y ADDD ADDIR \ 
OPDI ;LDL "ADDIRA;; ADD L A F \ 

.ENDMAC 

.LIBRAR Y SUBD ADDIR \ 
OPDI ;LDL "ADDIRA ;; SUBR L A F \ 

.ENDMAC 

.LIBRARY MSUBD ADDIR \ 
OPDI ;LDL 'ADDIR" ;; SUB L A F \ 

.ENDMAC 

.LIBRAR Y ANDD ADDIR \ 
OPDI ;LDL AADDIR";; AND L A F \ 

.ENDMAC 

.LIBRAR Y ORD ADDIR \ 
OPDI ;LDL "ADDIR" ;; OR LA F \ 

.ENDMAC 

.LIBRARY XORD ADDIR \ 
OPDI ;LDL AADDIRA ;; XOR LA F \ 

.ENDMAC 

24/29 

790 



APPLICATION NOTE 

.LIBRARY LDKD CONSTANT \ 
OPIM ;LDR "CONSTANP ,N; TRA R F \ 

.ENDMAC 

"**** OPERATION MEMORY TO MEMORY **************************** 
** MOVE, MOVK* 

. LIBRARY MOVE SRCADDIR , DSTADDIR \ 
OPDI ;LDL "SRCADDIR" ;; TRA L F \ 
SVR D "DSTADDIR"\ 

.ENDMAC 

.LIBRARY MOVK CONSTANT, DSTADDIR\ 
OPIM ;LDR "CONSTANT" ,N ; TRA R F \ 
SVR D "DSTADDIR"\ 

.ENDMAC 

"**** OPERATIONS WITH INDIRECT ADDRESSING *********************** 
** LD ,ST ,MASK *******.*****************************************n 

. LIBRARY LD INDIRADR , REG \ 

.IF «('AINDIRADR 2 3 "'(=)'EO') (+) ('AINDIRADR 2 3 "'(=)'YI')) 
OPIN; ;LDR "INDIRADR" ; TRA R "REG" \ 

.ELSE 
OPIN ;LDL "INDIRADR" ; ; TRA L "REG" \ 

.ENDIF 

.ENDMAC 

.LIBRARY ST REG, INDIRADR \ 
OPIN ST "REG" "INDIRADR"\ 

.ENDMAC 

.LIBRAR Y MASK INDIRADR , CaNST ANT \ 
OPIM LDL AINDIRADR" ,M ;LDR "CONSTANP ,N; AND L R A \ 

.ENDMAC 
"ATfENTION: NOT OPERATIONAL WITH POINTERS EO,YI" 

,,**** OPERATION ON POINTERS ************** ••• *.****.***.*** 
****** LDP , INCP , DECP , ADDP , INIP ************** 

.LffiRAR Y LDP POINTER \ 
OPDI ST D "POINTER" ;;;\ 

.ENDMAC 

.LIBRARY INCP POINTER \ 

.IF ( (,"POINTER I 2 "'(=)'EO') (+) (,"POINTER] 2 "'H'YI') ) 
OPIN ;;LDR [APOINTERA]+ ; \ 

.ELSE 
OPIN ;LDL ["POINTERA]+;; \ 

.ENDIF 

.ENDMAC 

.LIBRARY DECP POINTER \ 

.IF ( ('APOINTER I 2 A'(=)'EO') (+) ('A POINTER I 2 MH'Y]') ) 
OPIN ;;LDR ["POINTERA]- ; \ 

.ELSE 
OPIN ;LDL [ApOINTERA]- ;; \ 

.ENDIF 

.ENDMAC 
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.LIBRAR Y ADDP POINTER ,NN \ 
SVR A POINTER A T\ 
OPIM LDL T M ;LDR ANN" N; ADD L R F\ 
OPDI ST D "POINTER" \ 

.ENDMAC 

. LIBRARY INIP POINTER ,VALUE \ 

.IF ( ('''POINTER'''(=)'YO') (+) ("'POINTER"'(=)'Yl') ) 
INI REAL SAT; "POINTER" "VALUE" ; \ 

.ELSE 
INI REAL SAT;; "POINTER" "VALUE" 

.ENDIF 

.ENDMAC 

"**** OPERATION ON PROGRAM SEQUENCE ***.*************************** 
*****GOTO ,IFPOS ,IFNEG ,IFCARRY ,IFZERO ,IFNOZERO ,CALLA, PUSHX, 

PULLX , WAIT ***************************************************" 

.LIBRAR Y GOTO PC _ ADDR \ 
BRANCH "PC ADDR"\ 

.ENDMAC -

.LIBRAR Y IFPOS PC _ADDR \ 
BRANCH NOSR ApC ADDRA \ 

.ENDMAC 

.LIBRAR Y IFNEG PC ADDR \ 
BRANCH SR APC_ADDRA \ 

.ENDMAC 

.LIBRARY IFCARRY PC_ADDR \ 
BRANCH CR "PC_ADDR" \ 

.ENDMAC 

.LIBRAR Y IFZERO PC ADDR \ 
BRANCH Z APC_ADDRA \ 

.ENDMAC 

.LIBRAR Y IFNOZERO PC ADDR \ 
BRANCH NOZ "PC ADDRA \ 

.ENDMAC -

.LIBRARY CALLA \ 
BRANCH A ; SVPC RAR \ 

.ENDMAC 

.LIBRARY PUSHX PC ADDR\ 
BRANCH ApC ADDRA; SVPC [Xl]-\ 

.ENDMAC -

.LIBRAR Y PULLX\ 
INCP XI\ 
LD [Xl] , A\ 
BRANCH A\ 

.ENDMAC 

.LIBRARY WAIT COND \ 
WAIT&: BRANCH NO"COND" WAIT& \ 

.ENDMAC 
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" ••••• DO\ENDO··""'· 

.LIBRAR Y DO N \ 
LDKD AW \ 

DOBEG&: OPIN ST D T\ 
.ENDMAC 

.LIBRARY ENDO \ 
OPIM LDL T ;LDR 1 ;SUB L R F \ 
IFNOZERO (DOBEG& + 1)\ 

.ENDMAC 

"**** OPERATIONS ON AMR ******************************* 
***.** AMRSLOW , AMRFAST •••• *.******** 

.LIBRARY AMRSLOW \ 
INI REAL SAT ;AMR $7F ;\ 

.ENDMAC 

.LIBRARY AMRFAST \ 
INI REAL SAT ;AMR $7E ;\ 

.ENDMAC 

"**** INITIALIZE MODE ******************************* 
•••••• REAL, CMPLX , DBPR •••••••••••••• 

. LIBRAR Y REAL \ 
INI REAL SAT \ 

.ENDMAC 

.LIBRARY CMPLX \ 
INI CMPLX SAT \ 

.ENDMAC 

.LIBRARY DBPR \ 
INI DBPR NOSA T \ 

.ENDMAC 

" •••• OPERATION ON FLAGS •••••••••••••••• *.*** ••••• ***** 
•••••• EMPTYFIF , RDYOIN •••• **** •••••• 

. LIBRARY EMPTYFIF \ 
INI REAL SAT ;EF 1 ;\ 

.ENDMAC 

.LIBRARY RDYOINI \ 
INI REAL SAT ;RDYOIN 1 ;\ 

.ENDMAC 

.END 
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B.4 - The library PSIUTIL 

i'########################################################### 

################### HERE ARE THE PSI UTILITIES :PSIUTIL ############## 
############################ V2.3 7/10/86 ########################## 

###################### authorS: D.F.MARTIN , F.RA YMONDOU ########### 

######################################################################*" 

"############### CLEAR XRAM ######################" 

.LIBRARY XRAMCLR \ 
REPEAT 128 TIMES ;REAL SAT\ 
INI REAL SAT; ; XO $00 \ 
LDK 0\ 

BEGIN: 
OPIN ST A [XO]+\ 

END: 
.ENDMAC 

"############### CLEAR YRAM ######################" 

.LlBRAR Y YRAMCLR \ 
REPEAT 128 TIMES ;REAL SAT\ 
INI REAL SAT;YO $00 ; \ 
LDK 0\ 

BEGIN: 
OPIN ST A [YO]+\ 

END: 
.ENDMAC 

"############### CLEAR ERAM FIRST 128 ONLY ############" 

.LIBRAR Y ERAMCLR \ 
REPEAT 128 TIMES ;REAL SAT\ 
INI REAL SAT; ; EO $00 \ 
LDK 0\ 

BEGIN: 
OPIN ST A [EO]+\ 

END: 
.ENDMAC 

"######### BLOCK MOVE CROM -----> RAM ###########" 

.LlBRARY BLCKMOV SRC, LENGTIl, DEST ,POINTER \ 
LDK "SRCA \ 
LDP CO \ 
LDK "DESTA \ 
LDP "POINTER" \ 

REPEAT ("LENGTH" - 1) TIMES;REAL,SAT \ "LOOP; PIPELINE OF 1 " 
OPIN ; LDL [CO]+ ;; TRA L A \ 

BEGIN: 

END: 
OPIN ST A ["POINTER"]+; L'DL [CO]+ ;; TRA L A\ 

OPIN ST A ["POINTER"]+ \ 
.ENDMAC 

"#####################################" 

.LlBRAR Y TIMEOUT K \ 
LDK AKA \ 

LZOOP&: Sr A 1 \ 
OPIM LDL T , M; LDR 1 ,N ; SUB L R A \ 
IFNOZERO LZOOP& \ 

.ENDMAC 
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"############### TIME OUT from 0 to I hour ######################### 

######## real: ( Tl X T2 ) X 800ns (5 cycles) 
MAX ~ 2 ** 32 x 800ns ~~~ 3200 s 

########################################################################" 

.LIBRARY TIMEOUTO Tl ,T2 \ 
LOK ATl A \ 
OPIN ST AT; LOL T ;;TRA L B\ 
LOK AT2A \ 

LZXOOP&:ST A T \ 
NOP\ for ease of counting cycles 
OPIM LDL T , M; LOR I ,N ; SUB L R A \ 
IFNOZERO LZXOOP& \ 
ST B T \ 
OPIM LDL T , M; LOR I ,N ; SUB L R B \ 
IFNOZERO (LZXOOP& - I )\ 

.ENOMAC 

"#####################################" 

.LIBRAR Y INITlMER AODIR , K \ 
LOK AKA\ 
STA AADOIR"\ 

.ENDMAC 

"#####################################" 

.LIBRARY OECTIMER ADDIR\ 
LDK 1\ 
MSUB AADDIRA\ 
STA "ADDIR"\ 

.ENDMAC 

"######################################" 

.LIBRARY INICTR ADDIR \ 
LDK 0\ 
STA "ADDIRA \ 

.ENDMAC 

"#######################################" 
.LIBRARY INCCTR ADDIR \ 

LDK I \ 
ADD "ADDIRA \ 
STA AADDIRA \ 

.ENDMAC 
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DSP APPLICATION NOTE SUMMARY 

This summary is the list of all available application notes around SGS-THOMSON digital signal processors 
family. These application notes will not be printed in the data-book for space reasons, but are listed here for 
convenience. 

_ Interfacing the TS68930/31 with D/A converters AM6012, DAC808. 

_ Interfacing the TS68930/31 with 8031/51 Intel family of processors. 

_ Examples of mailbox communications between two TS68930 and a Modem Analog Front End (MAFE) 
chip set. 

_ Interfacing the TS68930/31 to analog signals. 

_ Lattice filter implementation with SGS-THOMSON DSP's. 

_ TS68931 instruction bus optimized interface. 

_ Sine and cosine implementation with TS68930/31 routines. 

_ TS68930/31 extended data memory applications schematic. 

_ Interface schematic for 8086 ho~t processor to the ST18930/31 digital signal processors. 

_ Digital IIR filter development and evaluation programs for the TS68930/31 digital signal processors. 

_ Development of real time algorithms using the TS68930/31 DSP and the MAFE chip set. 
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