




















































































































































































































































































































DSP16/DSP16A DEVICE PROGRAMMING
Comments

4. DSP16/DSP16A DEVICE PROGRAMMING

This chapter discusses various aspects of programming the DSP16 and DSP16A devices. Many of
the topics are illustrated in the complete sample programs presented in Appendix B. Techniques
for programming the serial and parallel I/O sections of the device may be found in Chapters 5 and
6, respectively.

Chapter 3 described the instruction set specific to the DSP16/DSP16A device. Programming
examples in this manual follow the assembler syntax of the WE DSP16/DSP16A Support
Software Library for DSP16/DSP16A source files. An overview of the DSP16/DSP16A
assembly language is provided in the following section.

4.1 DSP16/DSP16A ASSEMBLY-LANGUAGE NOTATION

A DSP16/DSP16A source file exists as a text file and contains DSP16/DSP16A instructions,
directives to allow the assembler to interpret the instructions and data, and comments to clarify
the use of the program. The syntax of the assembler directives is described in this chapter; also
described are conventions and nomenclature used throughout the remainder of this manual.
Appropriate formats for DSP16/DSP16A source files are also discussed.

4.1.1 Integer Notation

Decimal, hexadecimal, or octal expressions may be freely mixed when specifying numerical data
in a source file. The syntax is identical to C-language programming.

» Decimal. Any string of normal digits (0—9) is interpreted as a decimal number, provided it
does not have a leading zero.

- Hexadecimal. A numerical string beginning with Ox is interpreted as a hexadecimal number
and may contain the digits 0—9, a—f, or A—F. For example, 0x0 is the same as 0. 0x010 is
the same as 0x10, which is the decimal number 16. And OxFF or Oxff is the decimal number
127.

« Octal. A numerical string beginning with the digit zero is interpreted as an octal number and
may contain the digits 0—7. For example, 07 is the decimal number 7 and 010 is the decimal
number 8.

« Fixed-Point. Numbers with a decimal point are interpreted as binary fixed-point numbers by
the DSP16/DSP16A assembler. The number of binary digits to the right of the decimal point is
14 by default, but may be changed (see the WE® DSP16 and DSP16A Support Software
Library User Manual).

4.1.2 Comments
Comments may be placed in the source file to enhance readability and to provide information for

other users. A comment may be placed on a line by itself or may appear at the end of a line
containing an instruction. The following lines are examples of valid comments:

4-1
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/* This is a valid comment */
instruction
instruction /* this is a valid comment */

4.1.3 Labels

Labels in a source file serve two purposes: to give a descriptive name to a particular location and
to provide a destination for a branch instruction. Labels may consist of upper- and/or lower-case
alphanumeric characters and the underscore, although the first character may not be numeric. A
label must be terminated with a colon. Labels may be as long as necessary to be descriptive;
however, only the first eight characters are significant. The following lines show examples of
valid labels:

start_1: instruction /* "start_1" is a valid label */
instruction
end: instruction /* "end" is a valid label */

4.1.4 Data Stored in ROM

Data may be stored in a ROM location by using the int directive. The following lines of source
code are examples of how to store data in ROM:

table: int OxXFF /* Initialize one ROM location *x/
2#int 0x10 0xA2 /* Initialize four ROM locations */
3*int 23 /* Initialize three ROM locations */

fixed: int 1.23 -1.634 /* Initialize two ROM locations *x/

tab_end: int 3.721!'10 /* Initialize one ROM location */

As shown above, multiple ROM locations may be specified with a single statement. In the
second example, two ROM locations are replicated to initialize four ROM locations; however, in
the third example, all three locations are initialized to the same value.

Following the label fixed, two ROM locations are initialized in a fixed-point notation. By default,
the DSP16/DSP16A assembler assumes that fixed-point numbers are to be assembled with 14 bits
of precision and 2 bits of magnitude. An environment variable, precision, may be changed to
allow other values of precision.

The last example demonstrates another method to specify the precision of a fixed-point format.
The suffix !N (where N is the desired precision) can be used to force different precision encodings
"on the fly." In this case, 3.721 is encoded with 6 magnitude bits and 10 precision bits.

4.1.5 RAM Variables

RAM variables can be allocated similarly to data stored in ROM by surrounding the int directives
with the .ram and .endram directives. Note that RAM locations are allocated without being
initialized. The following sequence allocates six RAM variables:
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.ram

datal: int /* allocate 1 RAM variable */
data2: 2*int /* allocate 2 RAM variables */
datad: 3*int /* allocate 3 RAM variables */
.endram

4.1.6 DSP16/DSP16A Source-File Format

A DSP16/DSP16A source file is prepared as a text file by using a text editor with the UNIX
Operating System or MS-DOS Operating System. (See Appendix B for complete
DSP16/DSP16A program listings.) When creating a source file, the following conventions
should be observed:

« The source file name must end with ".s".
- Directives beginning with "." (such as .ram and .endram) must begin in the first column.

« White space is used to separate the fields of instructions. Either a space or a tab character
constitutes white space. Using tabs to separate and align the fields improves the readability of
source files.

« Labels normally begin in the first column to enhance readability, but may be indented if
desired.

- It is customary, but not required, to place the title and a brief description of the program at the
top of the file for reference.

4.2 PROGRAMMING TECHNIQUES

The following sections describe problems commonly encountered when programming the
DSP16/DSP16A device and their possible solutions. In general, many of the problems
encountered when programming other digital signal processors (such as latency and pipeline
effects) have been eliminated by the design of the DSP16 and DSP16A devices.

4.2.1 Instruction Set Ambiguities

Several instructions, which normally would be written identically, can be interpreted as various
types of instructions. This interpretation of the instructions determines the number of ROM
locations used to store the instruction, the number of instruction cycles used to execute the
instruction, and whether or not the instruction affects the flags. Hence, the interpretation can be
critical. For example, the instruction

a0 =y

could be a multiply/ALU, special function, or data move instruction. When the instruction is
interpreted as a multiply/ALU or special function instruction, the instruction requires one ROM
location and executes in one instruction cycle. When the instruction is interpreted as a data move
instruction, the instruction requires one ROM location and executes in two instruction cycles.
The interpretation of the instruction is critical if conditional testing based on the results of the
instruction execution is performed. The DSP16/DSP16A flags are affected by the multiply/ALU
and special function instructions, but not by the data move instructions.
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The WE DSP16/DSP16A Support Software Library provides optional mnemonics that may be
used with an instruction to specify its type. Table 4-1 shows the mnemonics that can be used to
specify the type of instruction. For example, the instruction

au a0 =y

is interpreted as a multiply/ALU instruction.

Table 4-1. Optional Mnemonics

Use To Specify
au Multiply/ALU instruction
if true | Special function instruction
set Short immediate instruction
move | Data move instruction

If an instruction may be encoded several ways, the assembler chooses the encoding based on the
following priority:

1. Special function
2. Multiply/ALU

3. Short immediate
4

Data move
4.2.2 Polling for I/O

‘When not using interrupt driven I/O, polling for input and output conditions is the simplest means
of handling I/O timing. The following segment of code continuously polls the pioc register to
determine if the condition IBF is true, meaning that there is data in the serial input register
waiting to be processed. When data is loaded into the serial input buffer from an external device,
program execution continues below the wait loop.

y = 0x010 /* place mask into y register */

wait: a0 = pioc /* check pioc register for IBF */
a0 & y /* — look only at bit 4 *x/
if eq goto wait +/* — if no input, wait. */
*r0 = sdx /* move data into RAM */

This same code fragment can be used to poll any I/O condition by changing the value in register
y., which is used to mask the unwanted bits of the pioc register. For example, use 0x04 to check
only the condition PIDS, which indicates that a parallel input was performed.
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4.2.3 Modulo Addressing

Modulo addressing is provided to allow efficient implementation of cyclical memory accesses. To
use modulo addressing, the first RAM address of the modulo must be loaded into register rb and
the last RAM address into re. The register being used as the memory pointer must be
postincremented by +1. Each time the pointer is used, its value is compared with the contents of
register re (before the postincrement is performed). If the two values are equal, the value of
register b is loaded into the register being used to address the RAM and the cycle repeats.

It is important to note that whenever register re contains a value not equal to zero, modulo
addressing is active. On reset, the value of re is zero. Whenever modulo addressing is not used,
this register should contain zero and should not be used to store any number other than the
address of the end of a modulo.

4.2.4 Random Number Generation

The DAU includes a 10-state pseudorandom binary sequence (PRBS) generator, which is used to
toggle a bit in the DAU. The status of this bit may be determined by testing for the "heads" or
"tails" condition. The following segment of code generates a 16-bit random number in the high
half of accumulator a0 by randomly setting each of the 16 bits:

do 16 {
if heads a0h = a0h + 1 /* if heads, set bit to 1 */
a0 = a0 << 1 /* shift left 1 position */

}

The pseudorandom sequence is incremented each time it is tested and may be reset by writing any
value to the pi register (writing to the pi register does not affect its contents except when in an
interrupt service routine). (See Section 4.2.5.)

4.2.5 Programming Tips

The following section describes several practical programming tips that may not be obvious to a
new user of the DSP16/DSP16A.

1) When loading count values into c0 and c1, the count value is 1 — count, where count is the
desired number of times the loop is to be executed. An easy way to assemble the loop counter
load is to let the assembler compute the 1 — count value. For example, if a loop is to be
repeated 10 times, the following code could be used:

c0O =1 - 10

loop: .
if c0lt goto loop

The assembler correctly computes 1 — count, and the code is easier to read.
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2) If extra 16-bit registers are needed, there are several possible ways to "create” them.

a) If not using interrupts or development system breakpoints, an icall instruction may be
placed at location 0. This causes a branch to location 2 (where program execution begins)
and makes the DSP16/DSP16A "think" that it is in an interrupt service routine (ISR).
While in an ISR, the DSP16/DSP16A no longer updates the pi register each time the pc
register changes, and the pi register may be written to (writes to pi do not affect its contents
when not in an ISR, but writing the pi register resets the pseudorandom sequence
generator). When in an ISR, the pi register is not used by the DSP16/DSP16A and is free
for use as a general-purpose 16-bit register.

b) While not in a subroutine, the pr register is available as a general-purpose 16-bit register.

c) While not doing ROM table lookups, the pt register is available as a general-purpose 16-bit
register. It can easily be incremented or modified using:

{y =Y, Y=aT, Z : y} x = *pt++ /* load of y necessary when */
/* loading x from ROM */

or

i =N /* or -N */
{y =Y, Y=aT, 2 : y} x = *pt++i

Note: The XAAU adder is only 12 bits wide, therefore, modifying as above is modulo 4K,

ie.,
pt = 4095
{y =Y, Y=aT, Z : y} x = *pt++
/* pt is now 0, */
/* not 4096 (2**12) */
However,
a0 = pt
a0h = aOh + 1
pt = a0

is no problem, except above 32767 unless saturation logic is disabled on a0 (since a value
above 32767 appears to be an overflowed 2’s complement value).

3) While not using modulo addressing (re = 0), the 1b register is available as a general-purpose
register. The re register is not available since a non-zero value enables modulo addressing.
Note that all YAAU register are 9 bits wide in the DSP16 and 16 bits wide in the DSP16A.

4) If a write of O to a RAM location is required, and modulo addressing is not being used, the re
register can be used (re is zero by definition).

*rN [++, --, ++3j] = re

clears the RAM location pointed to by rN with no setup required.

4-6
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5) If adding and subtracting accumulators without using y is desired, the following instructions
could be used to perform an add (assuming that only the high half of an accumulator is being
used or the high half is a whole number and the low half is a fraction):

a0 = a0 >> 4

abh = a0h + 1

a0 = a0 << 4 /* adds 16 (2**4) to a0 *x/
/* (similarly, << 8 adds 256) */

a0 = -a0
a0h = a0h + 1
a0 = -a0 /* subtracts 1 from a0 */

Shifting left and adding can be used to add fractions.

6) The following two-cycle data move instructions can be coded as a single-cycle multiply/ALU
instruction (when executing in the cache) by doing a dummy load to x.

do 40 {
y = aN /* 2-cycle data move %/
}

This takes 81 machine cycles, while:

do 40 {
y = aN x = *pt++ /* single-cycle when in cache */
}

takes only 43 machine cycles (2 when it is loaded the first time and 2 the last time it is
executed). In both cases, the do instruction requires 1 cycle. Note that this is a trivial
example to make the cycle counts more obvious. This "trick” is most useful when the kermnel
of an operation is in the cache and a result needs to be multiplied by a coefficient or operated
on by the ALU.

7) The above assumes that pt has already been set and that postincrementing pt does not affect
anything. If this is not true (postincrementing pt is not desired), the following can be done:

i 0
do 40
aN x = *pt++i /* postincrement by 0 */

— -
I

This does not alter the value of pt.
4.2.6 Concurrent Interrupts
Consideration must be given to situations in which multiple interrupting conditions occur. The

DSP16/DSP16A device does not allow nesting of interrupts; however, there are other ways to
guarantee that all interrupts can be recognized and serviced.
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Casel

If an internal and external interrupt request occur at nearly the same time and before the execution
of the branch-to-one (start of interrupt service routine), the status field in the pioc register can be
examined. In this case, the status will indicate that both interrupts are pending. They can be
serviced accordingly.

RULE: An interrupt occurring after an internal interrupt occurs and before IACK is asserted
(in response to the internal interrupt) causes the INT bit in the pioc register (bit 0) to
be set, providing that INT meets its assertion time requirements.

The INT signal is negated on the rising edge of IACK.

PIDS

IACK

A. Branch-to-one instruction executed. Beginning
of interrupt service responding to negation of PIDS.

———— _.._.__;7.._____ S

e |- ©

___4_______;,/___._...___ ]

B. pioc register has PIDS and INT status bits set.

o]

ireturn instruction executed. End of interrupt service routine.

D. Next interruptible instruction.

Figure 4-1. Case 1 — Internal Interrupt (PIDS) and INT
Occur Before Assertion of JACK
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Case 2

If INT is asserted (high) when IACK is already asserted (i.e., when the DSP16 device is servicing
another interrupt), then INT must remain asserted until the next rising edge of IACK. This is
because the internal interrupt request is cleared on the falling edge of IACK. This guarantees that
the interrupt request (assertion of INT) will be serviced at the next interruptible instruction after
the currently executing interrupt service routine has finished.

RULE: To guarantee recognition of INT when it is asserted during an interrupt service
routine (IACK high), INT should not be negated until the next rising edge of IACK,
providing that INT assertion time is met.

-
S Wy o e U1

>

Branch-to-one instruction executed in response to
internal interrupt (PIDS).

pioc register has PIDS status bit set.
ireturn instruction executed.
Next interruptible instruction.

Branch-to-one instruction executed in response to INT.

mmg 0w

pioc register has INT status bit set.

Figure 4-2. Case 2 — INT Asserted During Service of Internal
Interrupt After pioc Status is Checked
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Case 3

Internal interrupt requests remain pending until the respective pdx or sdx registers are serviced.
Hence, if an external interrupt is being serviced and another internal interrupt request is
generated, the internal interrupt request remains pending and causes a second interrupt to be taken
at the next interruptible instruction. In this way, the internal interrupt is not missed if it occurs
during the servicing of another external interrupt.

-———0
p——]
———-m
-==m
——
——

INT

IACK

PIDS

Branch-to-one instruction.

pioc register has INT status bit set.
Read of pioc register status.

pioc register has PIDS status bit set.
ireturn instruction executed.

Next interruptible instruction.

Branch-to-one instruction. Begin to service internal interrupt.

mommyY 0w

Service internal interrupt.

Figure 4-3. Case 3 —Internal Interrupt Asserted While
Servicing an External Interrupt
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Case 4

If it is possible for two or more interrupt requests to be pending, the easiest method for servicing
these interrupts is to service the external interrupt first and then the internal interrupt requests
individually (by taking a new interrupt for each internal request) until no more interrupts are
pending. The drawback of this procedure is that if external interrupts are frequent, there may be a
large latency when servicing internal interrupts.

4.2.7 Interrupt Latency

Two classes of DSP16/DSP16A instructions are not interruptible. The first class contains all
branch instructions. The second class contains instructions that are executing in the cache (i.e.,
any instruction when executing from the on-chip instruction cache cannot be interrupted).

Interrupt latency is bounded by the longest in-cache operation. In situations where interrupt
latency is critical, in-cache operations should be split into smaller cache operations whose
execution time is less than any critical latency requirements. In this situation, an interruptible
instruction must be placed between successive cache instructions.

For example:
do 93 {
instr
instr
instr
}
nop /* interruptible instruction */
redo 50
nop /* interruptible instruction */
redo 50
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Serial /O

5. SERIAL YO

The serial I/O port on the DSP16/DSP16A device provides a serial interface to many codecs and
signal processors with few if any external chips. The high-speed, double-buffered port supports
back-to-back transmissions. The output buffer empty (OBE) and input buffer full (IBF) flags
facilitate the reading and/or writing of the serial I/O port by program or interrupt driven I/O.
There are four selectable active clock speeds. A bit-reversal mode provides compatibility with
either most significant bit (MSB) first or least significant bit (LSB) first serial I/O formats. A
multiprocessor I/O configuration requiring no external chips is provided. Three registers, serial
I/O control (sioc), time-division multiplexed slot (tdms), and serial receive/transmit address (srta),
allow the modes of operation to be controlled.

Figure 5-1 shows a simplified block-level representation of the serial I/O data path. The double-
buffered inputs (isr and ibuf) and outputs (obuf and osr) connect to the internal data bus. The
serial I/O uses a register-based implementation. The input and output buffer registers (ibuf and
obuf, respectively) are used to input and output the data through the port. Both registers are
referenced in the instruction set by the name sdx. Unlike other registers in the DSP16/DSP16A
device, the writing of sdx and the reading of sdx are performed on two distinct registers. The
ICK, OCK, ILD, and OLD interface is represented by the clock generator block. The signals
connected to this block are bidirectional and may be programmed via the sioc register. The ifsr
and ofsr provide flag signals for the input and output (IBF and OSE), respectively. The
multiprocessor I/O is not represented in Figure 5-1. The signals shown on the lower portion of
Figure 5-1 are described in Section 5.3.

A\ AN

/ DATA BUS /
INPUT OUTPUT
BUFFER BUFFER
(IBUF) (OBUF)

INPUT FLAG INPUT DATA OUTPUT DATA OUTPUT FLAG
SHIFT REGISTER SHIFT REGISTER SHIFT REGISTER SHIFT REGISTER
(IFSR) (ISR) (OSR) (OFSR)

A I I Y
~&—{ CLOCK GENERATOR [—#>

A A i i
y \j

IBF ILD Di ICK  OCK DO oLD OSE

Figure 5-1. Serial /O Internal Data Path

5.1 SIO OPERATION

The following subsections describe the operation of the SIO input and output sections and the
active clock generator.
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5.1.1 Input Section

A typically free-running clock (ICK) synchronizes all events occurring within the input section of
the SIO. A high-to-low transition of the input load (ILD) signal followed by a rising edge of ICK
initiates the start of an input transaction. The first serial data bit is read from DI on the next rising
edge of ICK. Eight or sixteen bits later, when the input shift (isr) register fills, this data is
transferred to the input buffer (ibuf) register and the input buffer full (IBF) signal is asserted,
indicating that the bufferis full. The DSP16/DSP16A device may read the data at this time. The
read command is of the type a0 = sdx, al = sdx, or Y = sdx. The IBF is negated when the input
buffer is read. Another serial input may begin before the input buffer read takes place since the
port is double-buffered. If the new transfer is completed before the previous input is read, then
the new data is transferred to the input buffer, overwriting the old data. The status of IBF may be
read from the pioc register, IBF status field (bit 4), or the IBF field (bit 15) — this is the sign bit
that can be tested without masking

(i.e., a0 = pioc\ a0 = a0\ if pl goto loop). The IBF may also be used as an interrupting condition,
if the appropriate enable bit in the pioc register is set (pioc register, bit 9).

5.1.2 Output Section

When the DSP16/DSP16A device is reset (power-up or RSTB), the internal status flag output
buffer empty (OBE) is set, indicating that the buffer is empty. When data is written to the output
buffer by an instruction of the form sdx = a0, sdx = al, sdx = ¥, or sdx = value, OBE is cleared
and the serial output section is ready for a serial transmission. The status of the OBE flag may be
read from the pioc register (OBE status field, bit 3). The OBE may be used as an interrupting
condition if the appropriate enable bit in the pioc register is set (pioc register, bit 8). A typically
free-running clock (OCK) synchronizes all events taking place within the output section. A
high-to-low transition of the output load (OLD) signal, followed by a rising edge of OCK,
initiates the start of an output transaction. This procedure causes the contents of the output buffer
register to be transferred to the output shift (osr) register, the internal flag OBE to be set
(indicating the need for more data), and a high-to-low transition of OSE (indicating that the shift
register is full). The first serial data bit is placed on the data output (DO) at this time. Eight or
sixteen bits later, when the serial output has been completed, the output shift register empty
(OSE) signal will be asserted, indicating that the last bit of the serial transmission has been sent.
(OSE can be used by external hardware to latch a shift register.) If the output buffer has been
reloaded, another transfer begins immediately; otherwise, zeros are sent on the serial output until
the buffer is reloaded prior to a high-to-low transition of OLD beginning another transmission.
Double-buffering allows the output buffer to be reloaded while data is being shifted out of the
output shift register.
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A serial address (SADD) transmits simultaneously with DO. This address is the transmit address
field of the srta register (see Table 5-4). The SADD output is active low. The SADD may also
be used as a second serial output (only) port. The SADD signal is valid whether or not the device
is in the multiprocessor mode (See Section 5.6). If SADD is to be used in this manner, the LD
field of the sioc register should be set high to synchronize SADD with DO.

5.1.3 Active Clock Generator

The active clock signals for the SIO section are derived from CKI, with a maximum frequency of
CKI + 4. A simplified representation of the SIO active clock and load generator is shown in
Figure 5-2. In the figure, the switches represent the user-programmable features. A closed switch
corresponds to the associated bit in the sioc or tdms register having a value of one.

The five signals ICK, OCK, ILD, OLD, and SYNC can be individually programmed to be either
inputs or outputs (passive or active). When using active clocks (generated by the
DSP16/DSP16A device), the speed of the clocks can be selected from four speeds: CKI divided
by 4, 12, 16, or 20. This selection determines the speed of both ICK and OCK. The speed of
ILD and OLD can be selected as either the ICK or OCK signals divided by 16. An active SYNC
signal is generated from this same source (ICK or OCK divided by 16) and is further divided by 8
or 16. The resulting SYNC signal is either the signal ICK or OCK divided by 128 or 256. The
SYNC signal can be configured to generate an 8 kHz sampling signal for codec applications.

CLK SPEED SELECT

DIVIDE BY le—] <2  Je—cx
2,6, 8 OR 10

RESYNC

+16
) ' SYNCSP
+8,16 SPEED
ocK IcK SELECT
10 ILD oLp 10 sv&
SERIAL To SERIAL
OUTPUT LD SERIAL OUTPUT
SECTION s'é‘é’%’.éu SECTION .
—= MULTIPROCESSOR
CIRCUITRY
ocK IcK ILD oLp SYNC

Figure 5-2. SIO Active Clock and Load Generation
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5.2 USER-CONTROLLED FEATURES

Programmable modes are controlled by the serial I/O control (sioc) register. Flexibility in
programming the functions of the serial I/O port allows the port to interface with a variety of
devices with little or no "glue logic." Table 5-1 shows the control bits of the sioc register.
During device reset, the sioc register bits are cleared.

Table 5-1. Serial I/Q Control (sioc) Register
Bit | 9 [8]7] 6 5 4 3 2 1 0
Field | LD | CLK | MSB | OLD | ILD | OCK | ICK | OLEN | ILEN
Field Value Result/Description
0 Active ILD/OLD = ICK+16,
LD Active SYNC = ICK+128/256.1
1 Active ILD/OLD = OCK+16,%
Active SYNC = OCK+128/256.%,
00 Active clock = CKI+4.
CLK 01 Acqve clock = CKI+12.
10 Active clock = CKI+16.
11 Active clock = CKI+20.
0 LSB first.
MSB 1 MSB first.
OLD 0 OLD is an input (passive mode).
1 OLD is an output (active mode).
ILD 0 ILD is an input (passive mode).
1 ILD is an output (active mode).
OCK 0 OCK is an input (passive mode).
1 OCK is an output (active mode).
ICK 0 ICK is an input (passive mode).
1 ICK is an output (active mode).
16-bi .
OLEN 0 6 th output
1 8-bit output.
0 16-bit input.
E
ILEN 1 8-bit input.

1 Either 128 or 256 — see tdms register SYNC field.
 Select this mode when using SADD (not necessary if ICK = OCK).
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The following section describes each programmable mode in detail.

« LD — The LD field (sioc bit 9) allows the active (internally generated) ILD and OLD signals to
be derived from either ICK (LD = 0) or OCK (LD = 1). Active ILD and OLD always are
derived from the same source.

« CLK - The CLK field (sioc bits 8,7) allows one of four active I/O speeds to be selected: a
division of the input clock CKI by either 4, 12, 16, or 20. As an example, with a CKI of 8.192
MHz, 24.576 MHz, 32.768 MHz, or 40.960 MHz, using the appropriate divisor of 4, 12, 16, or
20, respectively, results in an active I/O rate of 2.048 MHz. Refer to Table 5-1 for the CLK
field encoding.

MSB — The MSB field (sioc bit 6) determines the bit order of the serial transmissions: most
significant bit (MSB) first (MSB = 1) or least significant bit (LSB) first (MSB = 0). This mode
switch allows compatibility with devices that perform either MSB first or LSB first serial
transfers. This mode is also useful when performing p-law or A-law conversions. A minimal
amount of software is required to perform these conversions. Since this field allows the bit
order to be switched when an sdx read or write occurs, the MSB field can be switched
immediately before and/or after an sdx read or write. If this technique is used in other than an
interrupt service routine, care should be taken to insure that the proper mode is in effect in the
event of an interrupt.

OLD - The OLD field (sioc bit 5) allows OLD to be either an input (OLD = 0) or an output
(OLD = 1).

ILD — The ILD field (sioc bit 4) allows ILD to be either an input (ILD = 0) or an output
(LD = 1).

OCK - The OCK field (sioc bit 3) allows OCK to be either an input (OCK = 0) or an output
(OCK = 1).

ICK — The ICK field (sioc bit 2) allows ICK to be either an input (ICK = 0) or an output
(ICK = 1.

OLEN - The OLEN field (sioc bit 1) controls the length of the serial output: either 16-bit
(OLEN = 0) or 8-bit (OLEN = 1). When the data is sent in the 8-bit mode with the LSB first
(MSB = 0), the eight data bits should be placed in the least significant half of obuf; i.e.,
0x00DD (D = data). When the data is sent in the 8-bit mode with the MSB first (MSB = 1),
the eight data bits should be "packed"” in the most significant half of obuf; i.e., 0XDDO0O

(D = data).

ILEN - The ILEN field (sioc bit 0) controls the length of the serial input: either 16-bit
(ILEN = 0) or 8-bit (ILEN = 1). When the data is sent in the 8-bit mode with the LSB first
(MSB = 0), the eight data bits are placed in the most significant half of ibuf; i.e., 0OxDDOO
(D = data). When the data was sent in the 8-bit mode with the MSB first (MSB = 1), the
eight data bits are placed in the least significant half of ibuf; i.e., 0x00DD (D = data).

5.3 SERIAL I/O PIN DESCRIPTIONS
The physical serial I/O port consists of eleven signals: four are used for serial input, four are used

for serial output, and three are used in multiprocessor and/or TDM applications. Table 5-2 lists
each signal with its type, pin number, and description.
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Table 5-2. Serial I/O Pins

Symbol

Type*

Pin

Name/Description

DI

56

Data Input. Serial PCM data latched on rising edge of ICK, either
LSB or MSB first, according to the sioc register MSB field.

ICK

/ot

58

Input Clock. Clock for serial PCM input data. In active mode,
ICK is an output; in passive mode, ICK is an input, according to the
sioc register ICK field.

ILD

/O

57

Input Load. Falling edge of ILD indicates the beginning of a serial
input word. In active mode, ILD is an output; in passive mode, ILD
is an input, according to the sioc register ILD field.

IBF

of

53

Input Buffer Full. IBF is asserted when the input buffer is filled
and negated by a read of the buffer. IBF is also negated by asserting
RSTB.

DO

Ot

61

Data Output. Serial PCM data output from the output shift register
(osr), either LSB or MSB first — according to the sioc register MSB
field. DO changes on the rising edges of OCK. DO is 3-stated
when DOEN is high.

DOEN

/Ot

Data Output Enable (Active-Low). An input when not in the
multiprocessor mode. DO and SADD are enabled only if DOEN is
low. DOEN is an output when in the multiprocessor mode (tdms
register MODE field set). In the multiprocessor mode, DOEN
indicates a valid time slot for a serial output.

OCK

rley)

59

Output Clock. Clock for serial PCM output data. In active mode,
OCK is an output; in passive mode, OCK is an input, according to
the sioc register OCK field.

OLD

IOt

60

Output Load. Clock for loading the parallel-to-serial converter
from the output buffer (obuf). A falling edge of OLD indicates the
beginning of a serial output word. In active mode, OLD is an
output; in passive, OLD is an input, according to the sioc register
OLD field.

OSE

(0}

52

Output Shift Register Empty. Indicates the end of a serial
transmission. OSE is set either by the emptying of the output shift
register or by asserting RSTB. OSE is reset by the DSP16 writing a
word (two clock cycles after the falling edge of OLD) to the output
shift register. If no new word is written by the DSP16, OSE
remains high regardless of activity on OLD.

* [ =Input; O = Output.

t 3-stated.




SERIAL I/O
Serial /O Programming Example

Table 5-2. Serial /O Pins (continued)
Symbol | Type* | Pin Name/Description
SADD | I/Of | 63 | Serial Address (Active-Low). An 8-bit serial bit stream typically
used for addressing during multiprocessor communication between
multiple DSP16 devices. In multiprocessor mode, SADD is an
output when the tdms time slot dictates a serial transmission;
otherwise, it is an input. SADD is always an output when not in
multiprocessor mode and can be used as a second serial output.
SADD is 3-stated when DOEN is high.

SYNC I/Of | 62 | Multiprocessor Synchronization. Typically used in the
multiprocessor mode, a falling edge of SYNC indicates the first
word of a TDM I/O stream and causes the resynchronization of the
active ILD and OLD generators. SYNC is an output when the tdms
register SYNC field is set; otherwise, it is an input. SYNC must be
tied low if it is not used as an output. When used as an output,
SYNC = ILD/OLD - 8 or 16, depending on the setting of the
SYNCSP field of the tdms register. This procedure can be used to
generate a slow clock for SIO operation.

* I =Input; O=Output.
+ 3-stated.

5.4 CODEC INTERFACE

Figure 5-3 is the schematic showing the connections required to interface the DSP16/DSP16A
device to an AT&T T7500 p-law/A-law Codec. Figure 5-4 shows the connections necessary to
interface the DSP16/DSP16A device to an AT&T T7520 or T7522 High-Precision Codec. In
both examples, the SYNC signal is actively driving ILD, OLD, and the codec with an 8 kHz
signal.

5.5 SERIAL I/O PROGRAMMING EXAMPLE

The program segment shown in this section demonstrates the use of the serial I/O port’s interrupt
facility. The advantage of using the interrupt on input buffer full (IBF) is that the input data is
read in immediately, making careful placement of the sdx read commands within the program
unnecessary. This program allows 128 inputs to be read into a buffer while another buffer already
loaded with data is used by the program. When the first buffer fills, the two buffers are switched
and the process repeats.
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Figure 5-3. WE ® DSP16/DSP16A to AT&T T7500 Codec Interface

5-8

BCLK
MCLK
T7500
u-law / A-law
CODEC Fs
DR
DX

R2048
T2048
T7520
OR
T7522

PRECISION
CODEG RSYNC

TSYNC
RPCM

TPCM

OCK

ICK

SYNC

DSP16
ILD /DSP16A

OLD

DO

DOEN

L

OCK

ICK

SYNC
DSP16
ILD /DSP16A

OoLD

DO

DOEN

L

Figure 5-4. WE ® DSP16/DSP16A to AT&T T7520 or
T7522 Codec Interface
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Program Segment
5.5.1 Program Segment
/* Ping pong I/0 routine */

goto start

intrpt: *rO0++ = sdx
ireturn

start: auc = 0x0
pioc = 0x200 /* interrupt on IBF */
sioc = 0x0 /* passive I/0 x/
y = 0x0
rl = Oxfe
*rl =y /* initialize flag */
r2 = Oxfd /* temp storage */
r0 = Oxff /* interrupt pointer */
rl = Oxff /* program I/O pointer */
y = 0x17f /* address of last sample in */
*r2 =y /* 128 point buffer *x/
goto loop

mainprg:

/* Main program here; prog. must take less time than I/0! */

a0 = *ril++ /* read in data from buffer */

loop: a0 = r0 /* r0 is address of input ptr. */
y = *r2
a0 -y /* check for 128 samples in buffer */
if ne goto loop /* loop if not full */
rl = Oxfe
a0 = *rl /* get alternate buf flag */
a0 = a0l /* set DAU flags */
if eq goto buf /* alternate between buffers */
y = 0x00
*rl =y /* set flag for bufl */
r0 = Oxff /* interrupt pointer to bufl *x/
rl = 0x17f /* program I/O pointer to buf2 */
y = 0x17f
*r2 =y /* address of last sample in bufl */
goto mainprg

buf: y = 0x01
*rl =y /* set flag for buf2 *x/
r0 = 0x17f /* interrupt pointer to buf2 *x/
rl = O0xff /* program I/0 pointer to bufl *x/
y = Ox1ff /* address of last sample in buf2 */
*r2 =y

goto mainprg
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5.6 MULTIPROCESSOR MODE DESCRIPTION

The multiprocessor mode allows up to eight DSP16/DSP16A devices to be connected together in
such a way as to provide data transmission to any of the individual DSP16/DSP16As in the
system. Two registers associated with the multiprocessor mode are the time division multiplexed
slot (tdms) register (see Table 5-3) and the serial receive and transmit address (srta) register (see
Table 5-4). This mode requires no external hardware and uses a TDM interface with eight time
slots per frame. A serial address on the SADD line is sent simultaneously with data on DO from
any one device in a predetermined time slot, and the data is received only by other device(s)
having the address specified. Each device has a user-programmable receive address associated
with it.

In the multiprocessor mode, the following pins are connected together to form a four-wire bus, as
shown in Figure 5-5. The DI and DO form a single-wire data bus referred to as DATA; ICK and
OCK form a clock line referred to as CK; the SADD forms a single-wire address bus referred to
as ADD; and SYNC provides a synchronization line referred to as SYN. Typically, CK and SYN
are specified statically for one particular DSP16/DSP16A device to always generate, although CK
may also be generated by an external clock. The signals are generated by the DSP16/DSP16A
device having active SYNC and OCK signals, which occur when the tdms register SYNC field is
set and the sioc register OCK field is set. The other devices use the SYNC and OCK signals in
the passive mode to synchronize operations. All DSPs have their ILD and OLD signals in active
mode. A high-to-low transition of SYNC delineates transmit slot 0. Eight words are exchanged
within a SYNC frame, so the tdms register should have the SYNCSP field set low when in the
multiprocessor mode. This provides 128 active ICK and/or OCK cycles per SYNC frame (8
words X 16-bits/word). The multiprocessor mode is turned on by setting the tdms mode field to
one.

In the multiprocessor mode, each device can send data in a unique time slot designated by the
tdms register transmit slot field. The tdms register has fully decoded fielding in order to allow for
one DSP16/DSP16A device transmitting in more than one time slot. This procedure is useful for
multiprocessor systems with less than eight DSP16/DSP16A devices, when a higher bandwidth is
necessary between certain devices in that system. Each device also has an address specified by the
srta register transmit address field (Table 5-4), used to transmit the information regarding the
destination of the data and an address assignment made to it by the receive address field referring
to its own identity. In subsequent examples, the srta register receive address will be referred to as
the "device number." Note: It is possible to assign more than one receive address or a duplicate
receive address to a DSP16/DSP16A device, but the examples given assume a unique receive
address.
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DI

DSP16/DSP16A
ICK OCK ID OLD

OBE SADD SYNC DOEN
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DATA

CK NC NC

DSP16/DSP16A
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DSP16/DSP16A
1

DATA CK ADD SYN
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A dad
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ADD SYN

NC

Multiprocessor Mode Description

DSP16/DSP16A
7

DATA CK ADD SYN

A A A2

Y y

Figure 5-5. DSP16/DSP16A Multiprocessor Connections

If the serial address coming from the bidirectional SADD line of the transmitting device matches
the address of one of the other devices, the input is loaded into that device’s input buffer and its
IBF flag is set at the end of the transmission. In order to read in the new data, an interrupt could
take place based on the IBF flag. Note that the address is eight bits wide with eight
DSP16/DSP16A devices (maximum) in the multiprocessor configuration. This means there is
one address bit per DSP16/DSP16A device. The srta register has one address bit per device in
order to allow transmissions to more than one device at a time. A broadcast mode sending data
from one device to all others is accomplished by setting all bits high on the transmission field of

srta.
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Table 5-3. Time-Division Multiplexed Slot (tdms) Register
Bit 9 8 |7]elslalsl2]1] o
Field | SYNCSP | MODE TRANSMIT SLOT SYNC
Field Value Result/Description
0 SYNC =ICK/OCK{} +128.
SYNCSP 1 SYNC = ICK/OCK7{ + 256.
0 Multiprocessor mode off.
MODE DOEN is an input (passive mode).
1 Multiprocessor mode on.
DOEN is an output (active mode).
1XXXXXXX Transmit slot 7.
X1XXXXXX Transmit slot 6.
XX 1XXXXX Transmit slot 5.
TRANSMIT SLOT XXX 1XXXX Transmit slot 4.
XXXX1XXX Transmit slot 3.
XXXXX1XX Transmit slot 2.
XXXXXX1X Transmit slot 1.
XXXXXXX1 Transmit slot 0.
SYNC SYNC is an output (active mode).
XXxxxxx0 SYNC is an input (passive mode).

+ See sioc register, LD field.
} Select this mode when in multiprocessor mode.

Typically, the time-division multiplexed slot register (tdms) is set up at the beginning of a
program and does not change for each of the devices in the multiprocessor system. If the time
slot needs to be changed, it is imperative that each processor still have its own unique time slot.
The falling edge of SYNC (the TDM frame sync) is used to update all the new time slots except
time slot 0, which is updated in the next cycle of SYNC.

During reset, the tdms register resets to all zeros, disabling the multiprocessor mode by default.
The srta register is unaltered by reset.
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Table 5-4. Serial Receive/Transmit Address (srta) Register
B |15l 2|nlw|ols|7]e]s]als]2]1]o0
Field RECEIVE ADDRESS TRANSMIT ADDRESS
Field Value Result/Description
1XXXXXXX Receive address 7.
X1XXXXXX Receive address 6.
XX 1XXXXX Receive address 5.
RECEIVE ADDRESS XXX 1XXXX Rece%ve address 4.
XXXX1XXX Receive address 3.
XXXXX1XX Receive address 2.
XXXXXX1X Receive address 1.
XXXXXXX1 Receive address 0.
1XXXXXXX Transmit address 7.
X1XXXXXX Transmit address 6.
XX1XXXXX Transmit address 5.
SMIT ADDRESS XXX 1XXXX Transm?t address 4.
XXXX IXXX Transmit address 3.
XXXXX1XX Transmit address 2.
XXXXXX1x Transmit address 1.
XXXXXXX1 Transmit address 0.

Figure 5-6 shows the operation of a system using eight DSP16/DSP16A devices in a
multiprocessor configuration. The settings used for the tdms and srta registers are shown in order
to illustrate the current state of these registers during each I/O operation. The following describes
the operation shown in Figure 5-6.

Time Slot
0

Actions

In preparation for time slot 0 (left-most column), the tdms register of device
number 7 has been initialized so that it can transmit in time slot zero. This
situation also forces the device to generate the frame sync of the I/O stream. The
srta register of device 7 has been set so that it can transmit to device 3 and receive
address 7. The serial data register (SDX) of device 7 contains the data to be
transmitted.

During time slot 0, the data from device 7 is transmitted on the TDM channel.

Device 3 recognizes its address on the serial address line (SADD) and accepts the
data into its SDX register, which is subsequently read by the command *10 = sdx.
All other devices ignore this transaction, since the transmit address was not theirs.

No actions in time slot 1.
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In preparation for time-slot 2, the tdms register of device 2 has been initialized so
that during time slot 2, device 2 will transmit to device 5.

During time slot 2, the data from device 2 is transmitted on the TDM channel.
Device 5 recognizes the address on the SADD and accepts the data into its sdx
register, which is then read by the command *r1++ = sdx.

No actions in time slot 3.
No actions in time slot 4.

In preparation for time slot 5, device 0 has been initialized so that it will transmit
in this time slot to all other devices. Devices 1, 4, and 6, which have not been
previously mentioned, are ready to receive data assigned to their respective
addresses. Devices 2, 3, 5, and 7, which were initialized earlier, are also ready to
receive data.

During time slot 5, the data in device O is transmitted on the TDM channel. Every
device address is represented on the SADD line, and all devices will accept the
data.

No actions in time slot 6.

No actions in time slot 7.
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TIME SLOT NUMBER

TDMS = 0x120

SRTA = 0x01FE
sdx = ‘ri++

SRTA = 0x0200
a0 = sdx

TDMS = 0x104

SRTA = 0x0420
sdx = a0 a0 = sdx

SRTA = 0x0400 -

SRTA = 0x0800 SRTA = 0x0800

*r0 = sdx a0 = sdx

SRTA = 0x1000
a0 = sdx

SRTA = 0x2000 SRTA = 0x2000

*r14+ = sdx a0 = sdx

SRTA = 0x4000
a0 = sdx

TDMS = 0x101 SRTA = 0x8008
SRTA = 0x8008

sAX = *rO++ a0 = sdx

Figure 5-6. DSP16/DSP16A Multiprocessor Communications
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5.6.1 Suggested Multiprocessor Configuration

In the suggested configuration, the DSP16/DSP16A device supplying the SYNC signal also
supplies the ICK and OCK signals; the remaining DSPs are configured for passive SYNC, ICK,
and OCK signals. All DSPs have active ILD and OLD signals.

For the DSP16/DSP16A device with the given transmit slot, the following parameters should be
configured as shown:

Transmit Transmit Slot

Parameter Slot 0 1—7
SYNC Active Passive
ICK Active Passive
OCK Active Passive
ILD Active Active
OLD Active Active

To achieve the configuration shown above, the following registers in the DSPs should be set as
shown:

Transmit Transmit
Register Slot 0 Slot 1—7

sioc 0x23C 0x230
tdms 0x101 0x1XX
srta 0xXXX 0xXXX
Note: An "X" indicates that the number is dependent on the specific application.

The interrupt on IBF must also be enabled in the pioc register of each DSP16/DSP16A device to
allow the devices to detect and process an input.
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5.7 SERIAL /O TIMING DIAGRAMS
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6. PARALLEL I/O

The WE DSP16/DSP16A Digital Signal Processor has a 16-bit parallel I/O interface with external
devices for rapid transfer of data. Access times are programmable via the strobe field in the pioc
register. Minimal or no additional logic is required to interface with memory or other peripheral
devices. Five maskable interrupts are included in the PIO unit.

Although there is only one physical PIO port, there are two logical PIO ports: pdx0 and pdx1.
The two logical ports are distinguished by the state of the peripheral select line (PSEL). Figure
6-1 shows the DSP16/DSP16A PIO unit at the block level.

INT ————————

IACK ~————————

PDBO0O- ‘——jr—_{ pdx in (16)
—

PDB15

pdx out (16)

DATA BUS (16)

PIO
PIDS <—l———
PSEL 4——— r pioc (16) J-I—

PODS !

Figure 6-1. Parallel I/O Section

6.1 SOFTWARE DESCRIPTION

The parallel I/O port can be accessed via the data move group of instructions. The two logical
ports (pdx0 and pdx1) correspond to the state of the PSEL pin (logical O or logical 1,
respectively). That is, an access to the logical port pdx0 initiates a transaction with the PSEL
signal cleared (0), while an access to logical port pdx1 initiates a transaction with the PSEL signal
set (1).

When programming the device, three PIO registers can be referenced:

» pioc — Parallel I/O control register.
» pdx0 — Logical port 0.
«» pdx1 — Logical port 1.

Note: pdx0 and pdx1 both reference the same physical register.
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The parallel I/O control (pioc) register is a 16-bit, user-accessible register used to configure some
features of the parallel I/O:

- External device access time.
« Interrupt masks.
» Active/passive mode.

- Status/control (S/C) bit mode.

Table 6-1 shows the pioc register.

Table 6-1 Parallel I/O Control (pioc) Register

Bit |15 |14] 13 | 12 | 11 |10]9]s8]7]6]5]4a]3]2]1]0
Field | IBF | STROBE | PODS | PIDS | S/C | INTERRUPTS STATUS
Field Value Result/Description
IBF R IBF interrupt status bit (same as bit 4).
Strobe width of
PODS PIDS
00 T™ T
STROBE 01 2T 2T
10 3T 3T
11 4T 4T
0 PODS is an input (passive mode).
PODS . -
1 PODS is an output (active mode).
PIDS 0 PIDS is an input (passive mode).
1 PIDS is an output (active mode).
0 Not S/C mode.
S/C
1 S/C mode.
WXxXxx IBF interrupt enabled when set.
XWXXX OBE interrupt enabled when set.
INTERRUPTS xXWxx PIDS interrupt enabled when set.
XXXWx PODS interrupt enabled when set.
XXxxW INT interrupt enabled when set.
RXxxx IBF status bit.
XRxxx OBE status bit.
STATUS XXRxx PIDS status bit.
XxxXRx PODS status bit.
XxXXR INT status bit.
* T =2 x tCKIHCKIH.
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6.1.1 pioc Register Settings

From the system perspective, the DSP16/DSP16A device can be an active device (i.e., initiates
transactions on the parallel data bus, PDB), or a passive device (i.e., receives stimulus from
external devices). In the active mode, the DSP16/DSP16A device behaves as a bus master; in the
passive mode of operation, the DSP16/DSP16A device behaves as a peripheral to another device,
such as a microprocessor or another DSP16/DSP16A device. Bit 15 of the pioc register is the
same as bit 4. See the following description of bit 4.

Bits 14 and 13 of the pioc register control the duration of assertion of the PIDS and PODS
signals. This will be described in more detail in Section 6.2.2.

Bit 12 of the pioc register, when equal to logic 1, makes the PODS pin an output; hence, the
DSP16/DSP16A device can perform active mode write transactions to external devices. When bit
12 of the pioc register is equal to logic 0, the PODS pin is an input used for passive reads from
the DSP16/DSP16A device by external devices.

Bit 11 of the pioc register, when equal to logic 1, makes the PIDS pin an output; hence, the
DSP16/DSP16A device can perform active mode read transactions from external devices. When
bit 11 of the pioc register is equal to logic 0, the PIDS pin is an input used for passive writes to
the DSP16/DSP16A device.

Note: The external PSEL pin always reflects the last access of pdx0 or pdx1 by the
DSP16/DSP16A program. PSEL is unaffected by the selection of active or passive PIDS or
PODS.

Bit 10 of the pioc register, when equal to logic 1, places the PIO in status and control (S/C) mode.
In the S/C mode, the upper half of the parallel data bus (PDB15—PDB08) becomes an input
only; the lower half (PDB07—PDB00) remains bidirectional (see Section 6.2.4).

Bits 9, 8, 7, 6, and 5 of the pioc register are used to mask interrupts. There are five types of
interrupts that can occur:

Interrupts caused by an external device writing to the DSP16/DSP16A device’s serial port.
This type of interrupt is masked when bit 9 of the pioc register is set to logic 0.

Interrupts caused by an external device reading from the DSP16/DSP16A device’s serial port. This
type of interrupt is masked when bit 8 of the pioc register is set to logic 0.

Interrupts caused by an external device writing to the DSP16/DSP16A device’s parallel port
when the DSP16/DSP16A device is in passive mode. This type of interrupt is masked when
bit 7 of the pioc register is set to logic 0.

Interrupts caused by an external device reading from the DSP16/DSP16A device’s parallel port
when the DSP16 device is in passive mode. This type of interrupt is masked when bit 6 of the
pioc register is set to logic 0.

Interrupts caused by an external device asserting the INT pin. This type of interrupt is masked
when bit 5 of the pioc register is set to logic 0.
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Note: There is one instruction latency when altering the INTERRUPTS field of the pioc register.
For example, if interrupts are disabled with the command pioc=0x00, the DSP16/DSP16A device
still responds to an interrupt during the next instruction. After this instruction has executed, the
interrupts are disabled. Therefore, to protect an instruction sequence from interrupts, follow the
command to mask the INTERRUPTS field of the pioc register with one instruction that may be
safely interrupted.

Bits 4, 3, 2, 1, and 0 of the pioc register indicate the serial and parallel I/O buffers and the
interrupt pin. This portion of the pioc register can be used to determine which of the five
aforementioned interrupts are requesting service. These bits can be read by an interrupt service
routine to determine which interrupt(s) have occurred and, hence, how to proceed to service the
interrupt request. These status bits can also be used to perform programmed I/O by polling some
condition when necessary. It is important to note that pending interrupt status bits are cleared
under the following conditions:

« pioc[4], which indicates that the serial I/O input buffer is full, is cleared by reading from the
sdx (serial I/O) register.

pioc[3], which indicates that the serial output buffer is empty, is cleared when a write to the sdx
(serial I/O) register is performed.

.

pioc([2], which indicates that an external device has written into the DSP16/DSP16A device’s
pio register, is cleared when the DSP16/DSP16A device reads from the PIO register (either
pdx0 or pdx1). Reading from the PIO register clears this bit irrespective of whether it is done
inside or outside an interrupt routine. Note that this interrupt can occur only when the
DSP16/DSP16A device is in the passive mode; hence, the DSP16/DSP16A device reading
from the PIO registers (to clear pioc[2]) does NOT cause an external read transaction to take
place.

.

pioc[1], which indicates that an external device has read from the DSP16/DSP16A device’s
PIO register, is cleared when the DSP16/DSP16A device writes to the PIO register (either pdx0
or pdx1). Writing to the PIO register clears this bit irrespective of whether it is done inside or
outside an interrupt routine. Note that this interrupt can occur only when the DSP16/DSP16A
device is in the passive mode; hence, writing to the PIO registers (to clear pioc[1]) does NOT
cause an external write transaction to take place.

pioc[0], which indicates that an external device has asserted the INT signal, is cleared when the
interrupt acknowledge (IACK) signal makes a high-to-low transition, indicating that the
interrupt service routine has completed. If external interrupts are masked, this bit will NOT be
set when INT is asserted. Recall that this bit can be cleared only when an ireturn instruction
causes the high-to-low transition of IACK.

Note: The contents of the pioc register are cleared, except bit 3 which is set, when the RSTB

signal is asserted. Hence, the DSP16/DSP16A device is in passive mode, non-status and control
(S/C) bit mode, with all interrupts masked after a chip reset.

6-4
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6.1.2 Latent Reads

While in active mode, reading from a logical PIO port is accomplished by an actual read of the
single physical port on the DSP16/DSP16A device. When a read of the parallel input register
(physical port) is performed, a transaction to the external system is performed on the logical port.
Reads from the logical port imply that:

- All reads take their data from the on-chip parallel input register.

« As data is read from the internal parallel input register, a read transaction to the external system
is initiated.

+ Upon completion of the external read transaction, data received from the external system
(logical port O or 1) is loaded into the parallel input register.

Since data is read from the internal parallel input register and then new data is accepted into the
parallel input register from a logical port, reads from the external system are latent. For example,
to read a string of four words of data (dO, d1, d2, d3) from the PIO port, the following actions are
required:

1. The first instruction reads meaningless data from the parallel input register and initiates the
transaction to bring the first datum (dO) from the external device.

2. The second instruction reads the first datum (d0) from the parallel input register and initiates
the transaction to bring the second datum (d1) from the external device.

3. The third instruction reads the second datum (d1) from the parallel input register and initiates
the transaction to bring the third datum (d2) from the external device.

4. The fourth instruction reads the third datum (d2) from the parallel input register and initiates
the transaction to bring the fourth datum (d3) from the external device.

5. The fifth and final instruction reads the fourth datum (d3) from the parallel input register and
initiates a transaction that reads another word of data from the external device and overwrites
the last datum (d3) in the parallel input register.

To fetch a vector of data of length N requires N+1 instructions and generates N+1 read
transactions to the external system. In order to fetch a single datum that is not already present in
the parallel input register, two instructions are required. Since both logical ports map into the
same physical port, a fetch from either logical port takes data from the parallel input register; the
external access then overwrites the contents of the parallel input register with the data from the
logical port specified in the instruction.

The parallel output register is distinct from the parallel input register. Writing to pdx0 and pdx1
does not alter the contents of the parallel input register.

6-5
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6.2 HARDWARE DESCRIPTION

The parallel I/O bus is an asynchronous interface. Data strobes indicate when data may be put on
the bus during active mode reads and when data is available on the bus during active mode writes.
The PIO port characteristics are programmable and are controlled by the parallel I/O control
register (pioc). The following sections describe the PIO signals and their functions.

6.2.1 Parallel /O Signals

Table 6-2 describes the PIO signals of the DSP16/DSP16A device.

Table 6-2. Parallel I/O Signals

Symbol | Type* | Pin Name/Description

PDB00 11 | Parallel Data Bus — Bit 0.

PDBO01 10 | Parallel Data Bus — Bit 1.

PDBO02 9 | Parallel Data Bus — Bit 2.

PDBO03 8 | Parallel Data Bus — Bit 3.

PDB04 5 Parallel Data Bus — Bit 4.

PDBO5 4 | Parallel Data Bus — Bit 5.

PDBO06 3 | Parallel Data Bus — Bit 6.

PDB07 I/0t 2 | Parallel Data Bus — Bit 7.

PDBO08 84 | Parallel Data Bus — Bit 8.

PDB09 83 | Parallel Data Bus — Bit 9.

PDBI10 82 | Parallel Data Bus — Bit 10.

PDB11 81 | Parallel Data Bus — Bit 11.

PDB12 78 | Parallel Data Bus — Bit 12.

PDB13 77 | Parallel Data Bus — Bit 13.

PDB14 76 | Parallel Data Bus — Bit 14,

PDB15 75 | Parallel Data Bus — Bit 15.

PSEL ot 72 | Peripheral Select. PSEL is used to specify the logical port
to/from which data is to be conveyed. PSEL is high (logic 1)
when pdx1 is the register specified in the I/O instruction and low
when pdx0 is the register specified.

* ] = Input; O = Output.
T 3-stated.
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Table 6-2. Parallel I/O Signals (continued)
Symbol | Type* | Pin Name/Description
PIDS /Ot 73 | Parallel Input Data Strobe (Active-Low). In active mode,
PIDS is an output. when PIDS is asserted, data may be placed
onto the PDB. Upon negation of PIDS, data should be removed
from the PDB. PIDS is asserted by the DSP16/DSP16A device
during active mode read transaction.

In passive mode, PIDS is an input. When asserted by an external
device, this signal indicates that data is available on the PDB.

In both passive and active modes, the trailing edge (low-to-high
transition) of PIDS is the sampling point.

PODS I/O0t 74 | Parallel Output Data Strobe (Active-Low). In active mode,
PODS is an output. When PODS is asserted, data is available on
the PDB. PODS is asserted by the DSP16/DSP16A device
during an active mode write transaction.

In passive mode, PODS is an input. When PODS is asserted by
an external device, the DSP16/DSP16A device places the
contents of its parallel output register (pdx0 or pdx1) onto the
PDB.

*] =Input; O =Output.
+ 3-stated.

6.2.2 Active Mode

The duration of parallel I/O strobe signals can be programmed using bits 14 and 13 of the pioc
register. Table 6-3 shows the possible configurations.

Table 6-3. PIO Strobe Widths
pioc Bits Strobe width

14 13 | PIDS* | PODS*
0 0 T T

0 1 2T 2T

1 0 3T 3T

1 1 4T 4T

* T =2 x tCKIHCKIH
When minimum strobe widths are configured, parallel I/O transactions can occur at the
instruction rate. Consecutive parallel I/O instructions can be executed.

Note: When the strobe widths are not minimum, consecutive PIO instructions are
prohibited — other non-PIO instructions must be placed between two PIO
instructions.

6-7
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» When pioc[14, 13] = 01, one or more instructions must be placed between
PIO instructions.

« When pioc[14, 13] = 10, two or more instructions must be placed between
PIO instructions.

» When pioc[14, 13] = 11, three or more instructions must be placed
between PIO instructions.

Any interrupt service routine must guarantee that these conditions are met.
As a simple rule, when pioc[14, 13] = 11, the first instruction in an interrupt
service routine cannot be a PIO instruction.

6.2.3 Passive Mode

In passive mode, the DSP16/DSP16A device can be used as a peripheral to such other devices as
a microprocessor. Bits 12 and 11 of the pioc register are used to configure the passive mode.
When bit 12 of the pioc register is clear (0), the PODS signal becomes an input and the contents
of the DSP16/DSP16A device’s parallel output register can be read by an external device
asserting PODS. When bit 11 of the pioc register is clear (0), PIDS is an input and the
DSP16/DSP16A device’s parallel input register can be written by an external device asserting
PIDS.

Providing that their respective interrupt mask bits are set (logic 1), the assertion of PIDS and
PODS by an external device causes the DSP16/DSP16A device to recognize an interrupt. This
mechanism is a means by which functional synchronization between the DSP16/DSP16A device
and an external device can be achieved.

6.2.4 Status and Control (S/C) Mode

The (S/C) mode of the DSP16/DSP16A device’s parallel I/O is invoked by setting bit 10 of the
pioc register to logic 1. When this bit is set, the upper half of the parallel data bus (PDB15—
PDBO08) becomes an input only. The lower half of the parallel data bus (PDBO7—PDB00)
remains bidirectional. The lower half of the parallel data bus can be used as an 8-bit,
bidirectional port that behaves just as the 16-bit port does in both the active and passive modes.
The upper half of the parallel data bus, being an input only, can perform active and passive mode
input transactions.

The S/C bit mode may be used as follows:

- The upper bits (PDB15—PDB08) can be used by devices external to the DSP16/DSP16A
device to control the behavior of the DSP16/DSP16A. The DSP16/DSP16A device can be
programmed to poll the parallel port and to respond according to the data there. An external
device can use the upper eight bits of the parallel I/O (in the passive mode) to write a control
byte into a DSP16/DSP16A device. Data on this upper byte must be clocked (using PIDS) into
the parallel I/O port. Furthermore, the DSP16/DSP16A device should have its PODS signal
configured in the passive mode (bit 12 of pioc clear).
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- The lower eight bits of the parallel data bus (PDBO7—PDBO00) can be used by external devices
to indicate some condition (status) internal to the DSP16/DSP16A device. The
DSP16/DSP16A device, by writing to the pdx register enables these eight bits when PODS is
asserted.

6.3 INTERRUPTS AND THE PARALLEL I/O

There are two internal interrupts generated, based on parallel I/O events. An internal interrupt is
generated (provided it is unmasked) when an external device performs a passive mode write.
‘When the external device negates the PIDS signal (low-to-high transition), an internal interrupt
request is generated. When the DSP16/DSP16A device accepts this interrupt request, the IACK
signal is asserted. When the interrupt routine is completed, IACK is negated (becomes logic 0).
See Section 2.8 for more information on how the DSP16/DSP16A device reacts to interrupts.

Similarly, when an external device performs a passive read, an internal interrupt request is
generated upon negation (low-to-high transition) of PODS. When the DSP16/DSP16A device
accepts this interrupt request, the IACK signal is asserted. When the interrupt routine has
completed, IACK is negated (becomes logic 0).

‘When the DSP16/DSP16A device is in the passive mode, program synchrenization can be
obtained by using the interrupt mechanism to synchronize a data source, with the program being
run by the DSP16/DSP16A device. Briefly, the DSP16/DSP16A device can have its parallel I/O
configured in the passive mode. A data source provides data to the DSP16/DSP16A device via
passive writes. During the associated interrupt routine, the DSP16/DSP16A device program
performs I/O functions. The receipt of data by the DSP16/DSP16A device is indicated to the
external data source by the falling edge (high-to-low) transition of the IACK signal.

When the PIDS signal is active, the pdx in register is shadowed during interrupts. This allows
the parallel input to be used during interrupts without the possibility of destroying data previously
fetched via a latent PIO read. When the interrupt service routine is exited, pdx in is loaded with
its value prior to the interrupt. If the parallel input is changed from active to passive during the
interrupt, the shadowing feature is disabled.

6.4 PIO BUS TRANSACTIONS

In this section, the four types of parallel I/O transactions are described:
« Active mode input (active read)

« Active mode output (active write)

- Passive mode input (passive read)

« Passive mode output (passive write)

Note: For timing information, refer to the appropriate data sheet.
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6.4.1 Active Mode Input

The active mode input transaction (shown in Figure 6-2) is initiated by the DSP16/DSP16A
device executing a data move instruction (e.g., *r2 = pdx0). When an active mode input occurs,
PIDS and PSEL are asserted, indicating that an external device can place data on the parallel data
bus (PDB). PSEL can be used to select one of two external sources for the data. The external
device must place valid data on the PDB before the negation of PIDS. The access time for the
external data source is configurable via the pioc register. The external data source can remove

data from the PDB after negation of PIDS.
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6.4.2 Active Mode Output

The active mode output transaction (shown in Figure 6-3) is initiated by the DSP16/DSP16A
device executing a data move instruction (e.g., pdx0 = *r2). When an active mode output occurs,
PODS and PSEL are asserted. A short time later, the DSP16/DSP16A device places data onto the
PDB. This data remains valid until a short time after the negation of PODS. This write time is
configurable via the pioc register.
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6.4.3 Passive Mode Input
The passive mode input transaction (shown in Figure 6-4) is initiated by an extemal device

asserting PIDS. The external device must place data onto the PDB prior to the negation of PIDS.
The external device may remove the data from the bus after the negation of PIDS.
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6.4.4 Passive Mode Output

The passive mode output transaction (shown in Figure 6-5) is initiated by an external device
asserting PODS. A short time later, the DSP16/DSP16A device places data from its pdx output
register onto the PDB. The data remains valid until a short time after the negation of PODS by
the external device.
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6.4.5 Parallel I/O Interaccess Timing

Figure 6-6 shows the timing of mixed active mode inputs and outputs. Refer to the previous
sections (6.4.1 and 6.4.2) on active mode input and output transactions for specific descriptions of
individual transactions.

tPODSHPODSL

I
l
M\
I
tPIDSHPODSL ——I

|
!
I
|
I

VOH —
VoL —

PODS

tPODSHPIDSL

PSEL zg:' ___ X * )Q: X:
| |
[ I
|
|

VOH —
PIDS
voL —

|
1
I
| tPIDSHPIDSL
| |
VH —
POB _( HI ’—_< ’___< X

ACTIVE WRITE ACTIVE WRITE l ACTIVE READ I ACTIVE READ ACTIVE WRITE

Figure 6-6. Parallel I/O Interaccess Timing



DA R T v . o ,\ ' L ‘ o Bl .
B T L N o B
o

- Interface




fi;?ll Demeehnsbymmeﬂcal()rder : S,
: 7:1.2°Pins by Functional Group........ e ronggnireiies
7.2 ELECTRICAL: Gﬂm&cm&m R—
;73 EXTERNALMEMORY ik




INTERFACE GUIDE
Pin Assignments

7. INTERFACE GUIDE

This chapter describes elements of the physical design of the DSP16 device that must be
considered when designing practical physical systems. For timing characteristics and
specifications, refer to an up-to-date WE ® psp16 Digital Signal Processor Data Sheet or WE ®
DSP16A Digital Signal Processor Data Sheet. For information concerning the 133-pin PGA
package, refer to the WE ®psri6 Digital Signal Processor For Military Applications Data
Sheet.

Note: When working with critical information, be sure it is the latest available. The date of

publication can be found on the last page of data sheets and on the title page of manuals.
Nommally, data sheets are updated more frequently than information manuals.

7.1 PIN ASSIGNMENTS

Figure 7-1 is the pin diagram for the DSP16/DSP16A device. Table 7-1 is an alphabetical list of
pin names.
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Figure 7-1. DSP16/DSP16A Digital Signal Processor — Pin Diagram
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Table 7-1. DSP16/DSP16A Pin Names
Symbol Pin Symbol Pin
ABO0—AB15 32—29,26—22, OLD 60
20—18, 15—12 OSE 52
CKI 67 PB00—PBI15 11—8,5—2
CKO 33 84—81, 78—75
DI 56
DO 61 PIDS 73
DOEN 64 PODS 74
EXM 34 PSEL 72
IACK 68 RBO0O—RB15 35—40, 42—51
IBF 53 RSTB 66
ICK 58 SADD 63
ILD 57 SYNC 62
INT 71 VDD 1,6,17,28,41, 55,
OCK 59 70,79
Vss 7,16, 21,27, 54,
65, 69, 80

7.1.1 Device Pins by Numerical Order

Table 7-2. DSP16/DSP16A Pin Descriptions
Pin | Symbol | Type* Name/Description
1 VDD P SV.
2 PBO7 1/0F Parallel I/O Data Bus — Bit 7.
3 PBO06 I/0% Parallel I/O Data Bus — Bit 6.
4 PBO5 I/0% Parallel I/O Data Bus — Bit 5.
5 PB04 1/0% Parallel I/O Data Bus — Bit 4.
6 VDD P SV.
7 Vss P Ground.
8 PBO03 /0t Parallel I/O Data Bus — Bit 3.
9 PB02 /0t Parallel I/O Data Bus — Bit 2.
10 PBO1 I/0t Parallel I/O Data Bus — Bit 1.
11 PB0O0 I/O% Parallel I/O Data Bus — Bit 0.
12 ABI15 Ot ROM Address Bus — Bit 15.
13 AB14 Of ROM Address Bus — Bit 14.
14 AB13 OF ROM Address Bus — Bit 13.
15 AB12 Of ROM Address Bus — Bit 12.

*I=Input; O=Output; P=Power Supply.
T 3-stated.
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Table 7-2. DSP16/DSP16A Pin Descriptions (Continued)
Pin | Symbol | Type* Name/Description
16 | Vss P Ground.
17 | VDD P 5V.
18 ABI11 (o)} ROM Address Bus — Bit 11.
19 | ABI10 ot ROM Address Bus — Bit 10.
20 | ABO9 ot ROM Address Bus — Bit 9.
21 Vss P Ground.
22 | ABO8 ot ROM Address Bus — Bit 8.
23 | ABO7 OF ROM Address Bus — Bit 7.
24 | ABO6 ot ROM Address Bus — Bit 6.
25 | ABOS ot ROM Address Bus — Bit 5.
26 | ABO4 ot ROM Address Bus — Bit 4.
27 | Vss P Ground.
28 | VDD P SV,
29 | ABO3 ot ROM Address Bus — Bit 3.
30 | ABO2 ot ROM Address Bus — Bit 2.
31 | ABO1 of ROM Address Bus — Bit 1.
32 | ABOO Ot ROM Address Bus — Bit 0.
33 | CKO 0} Clock Out. Buffered clock at half the frequency of CKI.
34 | EXM I External Memory. When high, all instructions and coefficients
are fetched from external memory. When low:
DSP16 — forces use of internal ROM for instructions and
coefficients.
DSP16A - the first 4 Kwords of program memory are fetched
from internal ROM; addresses beyond 4 Kwords are fetched
from external memory.
35 | RBOO I ROM Data Bus — Bit 0.
36 | RBO1 I ROM Data Bus — Bit 1.
37 | RBO2 I ROM Data Bus — Bit 2.
38 | RBO3 I ROM Data Bus - Bit 3.
39 | RBO4 I ROM Data Bus - Bit 4.
40 | RBOS I ROM Data Bus — Bit 5.
41 | VDD P SV,
42 | RB0O6 I ROM Data Bus - Bit 6.
43 | RBO7 I ROM Data Bus - Bit 7.
44 | RBOS8 I ROM Data Bus - Bit 8.
45 | RB09 I ROM Data Bus - Bit 9.
46 | RB10 1 ROM Data Bus — Bit 10.

*I=Input; O =Output;

T 3-stated.

P = Power Supply.
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Table 7-2. DSP16/DSP16A Pin Descriptions (Continued)
Pin | Symbol | Type* Name/Description

47 | RBI11 I ROM Data Bus — Bit 11.

48 | RBI12 I ROM Data Bus — Bit 12.

49 | RBI13 I ROM Data Bus — Bit 13.

50 | RB14 I ROM Data Bus — Bit 14.

51 | RB15 I ROM Data Bus — Bit 15.

52 | OSE (033 Output Shift Register Empty. Indicates the end of a serial
transmission. OSE is set either by emptying the output shift
register or by asserting RSTB. OSE is reset by the DSP16
device writing a word to the output shift register.

53 | IBF (o) Input Buffer Full. IBF is set when the input buffer is filled and
cleared by a read of the buffer. IBF is also cleared by asserting
RSTB.

54 | Vss P Ground.

55 | VDD P SV.

56 | DI I Serial PCM data latched on rising edge of ICK, either LSB or
MSB first, according to the status of the sioc register MSB field.

57 | ILD I/O0% Input Load. Falling edge of ILD indicates the beginning of a
serial input word. In active mode, ILD is an output; in passive
mode, ILD is an input, depending on the sioc register ILD field.

58 | ICK I/0t | Input Clock. Clock for serial PCM input data. In active mode,
ICK is an output; in passive mode, ICK is an input, depending
on the I/O format.

59 | OCK I/0t | Output Clock. Clock for serial PCM output data. In active
mode, OCK is an output; in passive mode, OCK is an input,
depending on the I/O format.

60 | OLD 1/O0% Output Load. Clock for loading the parallel-to-serial converter
from the output buffer (obuf). A falling edge of OLD indicates
the beginning of a serial output word. In active mode, OLD is an
output; in passive, OLD is an input, according to the sioc register
OLD field.

*I=Input; O=Output; P =Power Supply.

1 3-stated.
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Table 7-2. DSP16/DSP16A Pin Descriptions (Continued)
Pin | Symbol | Type* Name/Description
61 | DO ot Data Output. Serial PCM data output from the output shift
(osr) register, either LSB or MSB first, according to the sioc
register MSB field. DO changes on the rising edges of OCK.

62 | SYNC I/0% Multiprocessor Synchronization. A falling edge of SYNC
indicates the first word of a TDM I/O stream. SYNC is an
output when the tdms register transmit slot 0 is set; otherwise, it
is input.

63 SADD I/O% Multiprocessor Address (Active-Low). An 8-bit serial bit
stream used for addressing during multiprocessor
communication between multiple DSP16 devices. SADD is an
output when the tdms time slot dictates a serial transmission;
otherwise, it is an input.

64 | DOEN I/0% Data Output Enable. An output when in the multiprocessor
mode (tdms register MODE field set) and an input otherwise.
DO is 3-stated when DOEN is high.

65 | Vss P Ground.

66 | RSTB Reset. A high-to-low transition causes entry into the reset state.
The sioc, pioc (except bit 3, which is set), tdms, rb, and re
register bits are cleared. Reset clears external flags IACK and
IBF and sets external flag OSE. DAU condition flags and the
auc register are not affected by reset. All output and
bidirectional pins are 3-stated during reset. A low-to-high
transition causes execution to begin at ROM location 0.

67 | CKI I Clock In. Input clock at twice the frequency of internal
operations.

68 | IACK Of Interrupt Acknowledge. IACK signals when an interrupt is
being serviced by the DSP16. The IACK remains high until
normal instruction operation resumes.

69 | Vss P Ground.

70 | VDD P SV.

Pt

*I=Input; O =Output; P =Power Supply.
T 3-stated.
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Table 7-2. DSP16/DSP16A Pin Descriptions (Continued)

Pin | Symbol | Type* Name/Description

71 | INT I Processor Interrupt. Interrupt to DSP16. INT is acknowledged
when interrupts are enabled by the pioc register.

72 | PSEL ot Peripheral Select. PSEL is used in the input and output modes
to address external devices. PSEL is low when register pdx0 is
referenced, and high when pdx1 is referenced.

73 | PIDS I/O0t Parallel Input Data Strobe. Active mode (output) is controlled
by data move instructions. Passive mode (input) is externally
controlled. On low-to-high transition, data from the parallel I/O
data bus is latched into the parallel input data register.

74 | PODS 1/0t Parallel Output Data Strobe. Active mode (output) is
controlled by data move instructions. Passive mode (input) is
externally controlled. When low, data from the parallel data
output register is enabled into the parallel I/O data bus. The
rising edge may be used as a latching clock. When high, the
parallel I/O data bus is 3-stated.

75 | PB15 /Ot Parallel I/O Data Bus — Bit 15

76 | PB14 /Ot | Parallel /O Data Bus — Bit 14

77 | PB13 1/0t | Parallel /O Data Bus — Bit 13

78 | PB12 1/Ot Parallel I/Q Data Bus — Bit 12

79 | VDD P 5V.

80 | Vss P Ground

81 | PB11 /Ot | Parallel /O Data Bus — Bit 11

82 | PB10 I/Ot Parallel I/O Data Bus — Bit 10

83 | PB09 1/0t Parallel I/O Data Bus — Bit 9

84 | PBO8 I/O0% Parallel I/O Data Bus — Bit 8

*I=Input; O=Output; P =Power Supply.

+ 3-stated.
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7.1.2 Pins by Functional Group

INTERFACE GUIDE
Pins by Functional Group

Table 7-3. External Memory Interface Group
Pin | Symbol | Type* Name/Description
32 ABOO ROM Address Bus — Bit 0.
31 ABO1 ROM Address Bus — Bit 1.
30 ABO2 ROM Address Bus — Bit 2.
29 ABO3 ROM Address Bus — Bit 3.
26 AB04 ROM Address Bus — Bit 4.
25 ABO5 ROM Address Bus — Bit 5.
24 ABO6 ROM Address Bus — Bit 6.
23 ABO7 ROM Address Bus — Bit 7.
22 ABO8 ot ROM Address Bus — Bit 8.
20 AB09 ROM Address Bus — Bit 9.
19 AB10 ROM Address Bus — Bit 10.
18 AB11 ROM Address Bus — Bit 11.
15 AB12 ROM Address Bus — Bit 12.
14 AB13 ROM Address Bus — Bit 13.
13 AB14 ROM Address Bus — Bit 14.
12 ABI15 ROM Address Bus — Bit 15.
34 EXM I External Memory. When high, all instructions and
coefficients are fetched from external memory. When low:
DSP16 - forces use of internal ROM for instructions and
coefficients.
DSP16A — the first 4 Kwords of program memory are
fetched from internal ROM; addresses beyond 4 Kwords
are fetched from external memory.
35 RB0O ROM Data Bus - Bit 0.
36 RBO1 ROM Data Bus — Bit 1.
37 RBO02 ROM Data Bus — Bit 2.
38 RBO03 ROM Data Bus — Bit 3.
39 RB04 ROM Data Bus — Bit 4.
40 RBO5 ROM Data Bus — Bit §.
42 RBO06 ROM Data Bus — Bit 6.
43 RBO7 I ROM Data Bus — Bit 7.
44 RBO8 ROM Data Bus — Bit 8.
45 RB09 ROM Data Bus — Bit 9.
46 RB10 ROM Data Bus — Bit 10.
47 RBI11 ROM Data Bus — Bit 11.
48 RB12 ROM Data Bus — Bit 12.
49 RB13 ROM Data Bus — Bit 13.
50 RB14 ROM Data Bus — Bit 14.
51 RB15 ROM Data Bus — Bit 15.
*]=Input; O =Output
+ 3-stated.
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Table 7-4. SIO Interface Group

Pin

Symbol

Type*

Name/Description

52

OSE

Of

Output Shift Register Empty. Indicates the end of a
serial transmission. OSE is set either by emptying the
output shift register or by asserting RSTB. OSE is reset
by the DSP16 writing a word to the output shift register.

53

IBF

Of

Input Buffer Full. IBF is set when the input buffer is
filled and cleared by a read of the buffer. IBF is also
cleared by asserting RSTB.

56

DI

Data Input. Serial PCM data latched on rising edge of
ICK, either LSB or MSB first, according to the status of
the sioc register MSB field.

57

ILD

I/O¥

Input Load. Falling edge of ILD indicates the beginning
of a serial input word. In active mode, ILD is an output;
in passive mode, ILD is an input, depending on the sioc
register ILD field.

58

ICK

/Ot

Input Clock. Clock for serial PCM input data. In active
mode, ICK is an output; in passive mode, ICK is an input,
depending on the I/O format.

59

OCK

/Ot

Output Clock. Clock for serial PCM output data. In
active mode, OCK is an output; in passive mode, OCK is
an input, depending on the I/O format.

60

OLD

/Ot

Output Load. Clock for loading the parallel-to-serial
converter from the output buffer (obuf). A falling edge of
OLD indicates the beginning of a serial output word. In
active mode, OLD is an output; in passive mode, OLD is
an input, according to the sioc register OLD field.

61

DO

Of

Data Output. Serial PCM data output from the output
shift (osr) register, either LSB or MSB first, according to
the sioc register MSB field. DO changes on the rising
edges of OCK.

*]=Input; O = Output
+ 3-stated.
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Pins by Functional Group
Table 7-4. SIO Interface Group (Continued)
Pin | Symbol | Type* Name/Description

62 SYNC I/Of | Multiprocessor Synchronization. A falling edge of
SYNC indicates the first word of a TDM I/O stream.
SYNC is an output when the tdms register transmit slot O
is set; otherwise, it is an input.

63 SADD I/0t Multiprocessor Address (Active-Low). An 8-bit serial
bit stream used for addressing during multiprocessor
communication between multiple DSP16 devices. SADD
is an output when the tdms time slot dictates a serial
transmission; otherwise, it is an input.

64 DOEN I/Ot | Data Output Enable. An output when in the
multiprocessor mode (tdms register MODE field set) and
an input otherwise. DO is 3-stated when DOEN is high.

Table 7-5. PIO Interface Group

Pin | Symbol [ Type* Name/Description

11 | PDB0O Parallel I/O Data Bus — Bit 0.

10 | PDBO1 Parallel I/O Data Bus — Bit 1.

9 | PDB02 Parallel I/O Data Bus — Bit 2.
8 | PDBO03 Parallel /O Data Bus — Bit 3.
5 | PDB04 Parallel I/0O Data Bus — Bit 4.
4 | PDBOS Parallel I/O Data Bus — Bit 5.
3 | PDB06 Parallel I/O Data Bus — Bit 6.
2 | PDBO7 /Ot | Parallel /O Data Bus — Bit 7.

84 | PDBO08 Parallel I/0 Data Bus — Bit 8.

83 | PDB09 Parallel I/O Data Bus — Bit 9.

82 | PDBI0O Parallel I/O Data Bus — Bit 10.

81 PDB11 Parallel I/O Data Bus — Bit 11.

78 | PDBI12 Parallel I/O Data Bus — Bit 12.

77 | PDB13 Parallel I/O Data Bus — Bit 13.

76 | PDB14 Parallel I/O Data Bus — Bit 14.

75 | PDBI15 Parallel I/O Data Bus — Bit 15.

*]=Input; O = Output
+ 3-stated.
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Table 7-5. PIO Interface Group (Continued)

Pin

Symbol

Type*

Name/Description

72

PSEL

of

Parallel Select. PSEL is used to address external devices.
PSEL is low when pdx0 is referenced and high when pdx1
is referenced.

73

PIDS

/ot

Parallel Input Data Strobe. Active mode (output) is
controlled by the data move instructions. Passive mode
(input) is externally controlled. On low-to-high transition,
data from the parallel I/O data bus is latched into the
parallel input data register.

74

PODS

/ot

Parallel Output Data Strobe. Active mode (output) is
controlled by the data move instructions. Passive mode
(input) is externally controlled. When low, data from the
parallel data output register is placed into the parallel data
bus. The rising edge may be used as a latching clock.
When high, the parallel I/O data bus is 3-stated.

Table 7-6. Miscellaneous Function Group

Pin

Symbol

Type*

Name/Description

33

CKO

ot

Clock Out. Buffered clock at half the frequency of CKI.

66

RSTB

I

Reset. A high-to-low transition causes entry into the reset
state. The sioc, pioc (except bit 3, which is set), tdms, rb,
and re register bits are cleared. Reset clears external flags
TIACK and IBF and sets external flag OSE. DAU
condition flags and the auc register are not affected by
reset. All output and bidirectional pins are 3-stated during
reset. A low-to-high transition causes execution to begin
at ROM location 0.

67

CKI

Clock In. Input clock at twice the frequency of internal
operations.

68

IACK

Ot

Interrupt Acknowledge. Interrupt acknowledge signals
when an interrupt is being serviced by the DSP16 device.
The IACK remains high until normal instruction operation
resumes.

71

Processor Interrupt. Interrupt to DSP16 device. INT is
acknowledged when interrupts are enabled by the pioc
register.

* I = Input;
+ 3-stated.
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Table 7-7. Power and Ground Group

Pin | Symbol | Type* Name/Description

1 VDD 5V.

6 VDD 5V.

17 VDD SV.
28 VDD P SV.
41 VDD SV.
55 VDD 5V.
70 VDD SV.
79 VDD SV.

7 Vss Ground.
16 Vss Ground.
21 Vss Ground.
27 Vss P Ground.
54 Vss Ground.
65 Vss Ground.
69 Vss Ground.
80 VSss Ground.

* P = Power Supply.

7-11
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7.2 ELECTRICAL CHARACTERISTICS

The parameters are valid for the following conditions: TC =0 to 85 °C;
VDD =5V 10%; VSS =0 V; t = 2 x tCKIHCKIH.

Table 7-8. Electrical Characteristics
Parameter Sym | Min | Max | Unit

Input Voltage

Low VIL | — 0.8 v

High VIH 2.0 — \%
Output Voltage

Low (IOL=2.0 mA) voL | — 04 \'%

High (JOH= —2.0 mA) VOH | 24 — \Y%
Output Current

Low (IOL=0.4 V) IoL | — 20 | mA

High (IOH=2.4 V) IOH — 2.0 mA
Output Short-Circuit Current | IOS — -200 | mA

(VOH=0 V)
Output 3-State Current

Low (VIL = 0.8) IozL | -75 75 LA

High (VIH = 2.0) IozH | =75 75 HA
Input Current

Low (VIL = 0.8) m —_ =25 HA

High (VIH = 2.0) IIH — 25 LA
Input Capacitance CI — 15 pF

Absolute Maximum Ratings

Voltage on any pin with reSpect to ground ..........coceeceveeeiievencncennnenesecesssuesennens —0.5Vio+6V
POWET QISSIPATON  ....eveeeereceeeriercceeesee e nee et eae st et e seeseeneeeese st seseesessenes st sate e sas st smas e enesaennnas 1w
Ambient temperature range ... . —40°Cto +120°C
Storage temperature range —65 °Cto +150 °C

Maximum ratings are the limiting conditions that can be applied to all variations of circuit and
environmental conditions without the occurrence of permanent damage.

Bonding and soldering of the external leads of these devices can be performed safely at
temperatures up to 300 °C.
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7.3 EXTERNAL MEMORY

Figure 7-2 shows the external memory interface timing. Note that there are no read or write
signals. The external memory interface was primarily provided to allow users to place programs
in external ROM, rather than having to order mask-programmed devices. In some applications,
such as the DSP16 and DSP16A Development Systems, the external memory is RAM, which is
loaded by a microcomputer and then read by the DSP16/DSP16A device.

DSP16 Only

When the EXM pin is tied high, the internal ROM of the device can be replaced with up to 64
Kwords of external memory. The address space starts at address zero. Addresses are generated
by the XAAU (ROM addressing unit) and supplied off-chip on the address bus (ABOO—AB15).

DSP16A Only

‘When the EXM pin is tied low, the processor augments the low 4 Kwords of on-chip program
ROM with up to 60 Kwords of external program memory. When the EXM pin is tied high, the
entire 64 Kword address space is mapped into external program memory.

[e—tCKIHCKIH—

[<— tCKILCKIH
1CKIHCKIL —»

“ W/ \_J f ./ ./

|«¢——————— tCKOHCKOH ———p»>
t— tCKIHCKOH

J—
\ /
— 1CKOLABX
VOH — l‘_ I‘—
AB
v X X
— 1CKOLRBX

tRBVCKOL L—

tCKIHCKOL —pf

VOH —
CKO
voL —

VIH —
ViL —

RB

Figure 7-2. External Memory Interface Timing
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7.4 RESET AND INTERRUPT CONTROL

The DSP16/DSP16A device can be reset by the use of the RSTB input. Asserting RSTB (low)
causes all device outputs to 3-state. The next low-to-high transition causes the device to begin
program execution from address zero. Part A of Figure 7-3 shows the timing of the RSTB input
and device outputs.

Part B of Figure 7-3 shows the timing of the INT (interrupt request) input. When an external
device requests an interrupt, the DSP16 device recognizes an interrupting condition at the next
interruptible instruction (provided the INT interrupt enable bit in the pioc register is set), the
interrupt acknowledge signal (IACK) is asserted, and program execution branches to address one.

At the end of the interrupt service routine, as determined by the ireturn instruction, IACK is
negated.

[¢———— tRSTBLRSTBH ———»

pste U T \ /‘C
—

viL — h
|- tRSTBLOUT Z-3m] l— tRSTBHOUTV
VOH — X +
ouT ALL DEVICE OUTPUTS {
voL — + X

A. Reset Timing

et———— tINTHINTL ———]
VIH — '
INT S
VIL —
tIACKHINTL ——l fe—
VOH —
IACK
VoL —

B. Interrupt Timing

Figure 7-3. Reset and Interrupt Timing
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7.5 DEVICE PACKAGE OUTLINE

PIN 1 IDENTIFIER
0.045 (1.14) DIA. DETALL A
SURFACE SPOT 0.042 (1.07) MIN
0.042 (1.07) MIN —»] |-— POLISHED 0.056 (1.42) MAX —o»]  jat—
-

0.056 (1.42) MAX —
-1 ‘ @ﬁ_—_-

0.029 (.737) -
X 0.013 ( 330) MIN
[J o022 | 1.185 (30.10) 0.021 (:533) MAX

| ¢5588) 1195:'&%) 35) _L___ ‘

]
] [
‘ ? P 1.090 (27.69) MIN
A1 1.135 (28.83) MAX
—)
—
! 1150(2921) r'\ - /)
I‘ 1. 158 (29 41) DETAIL B o.osg E(;_ 27)

7° AROUND
ALL SIDES \

0.090 (2 29) MIN
1.150 (29.21) MIN 0.130 (3.30) MAX
1.158 (29.41) MAX 0.165 (4.19) MIN
1.185 (30.99) MIN > 0200 (5 08) MAX
1.195 (30.35) MAX ‘

TT‘TH_H_"—H
|
|
Y

0.001 (.025) MIN
0003 (076) MAX

— 0.005 (.127) MAX
0.006 (.127) REF 0.005 (.127) MAX
0.071 (1.80) REF
0.025 (.635) MIN
0.040 (1.02) MAX 0.025 (.635) MIN

0.013 (.330) MIN

-——I l-— 0.005 (.127) MAX

85°-

NOTES: ALL MEET JEDEC STANDARDS.

PIN 1 INDEX MARK MAY BE A DIMPLE OR NUMBERIC LOCATED IN ZONES INDICATED.
DIMENSIONS ARE IN INCHES AND (MILLIMETERS).

Figure 7-4. 84-Pin PLCC Device Outline
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INSTRUCTION SET ENCODING
Formats

A. INSTRUCTION SET ENCODING

This appendix defines the hardware-level encoding of the DSP16/DSP16A device instructions.

A.1 FORMATS

Multiply/ALU Instructions

Format 1: Multiply/ALU Read/Write Group.

Field D |S

T F1 Y
Bt |15|1ma[B]nlulwlols]7]els[af3]2]1]0

Format 1a: Multiply/ALU Read/Write Group.

Field T aT | s Fl Y
Bit [1s]ualBl]lulwolols]7]lels[al3]2]1]o0

Format 2: Multiply/ALU Read/Write Group.

Field T D |s F1 X z
Bit (15| 4] 3]n2|ufw|lofsl7]le6]ls]lals]l2]1]o0

Format 2a: Multiply/ALU Read/Write Group.

Field T aT | s F1 X z
Bit |15]1a]B3]n2]lufwlols]7]e6]ls5[4][3[2]1]0

Special Function Instructions

Format 3: Special Functions.

Field CON

Bit 15ﬁ4T;r3T12—j11 10|09 z;—[7f[26T5 4]3]2]1]o0




INSTRUCTION SET ENCODING

Formats
Control Instructions
Format 4: Branch Direct Group.
Field T1 A
Bit | 15| 14| B3]n2[nn]wo|ols]7]e6]ls]a]l3][2]1]0
Format 5: Branch Indirect Group.
Field T B
Bit |15 ]3] lujwo]ols]7]els]als][2]1]o0

Format 6: Conditional Branch Qualifier/Software Interrupt (icall).
Note that a branch instruction immediately follows except
for a software interrupt (icall).

Field T SI C

Bit |15 ||l ulwfols]7]le]ls]al3]2]1]o0
Data Move Instructions
Format 7: Data Move Group.
Field T D R Y/Z

Bit [15 [ 3]n2]nunlwofo]s]7]e6]ls]als3]2]1]o0
Format 7a: Data Move Group.
Field T aT R Y

Bit |15 |14 3]nlulwolols]7]e6]ls]als]2]1]o0

A-2




INSTRUCTION SET ENCODING
Formats

Format 8: Data Move (Immediate Operand — 2 words).

Field T | p | R | Y
Immediate Operand (N)
Bit [15|{14a|[13{12]lu]wf{o]ls|7]le]|s[al3]2]1]0

Format 9: Short Immediate Group.

Field T 1 Short Immediate Operand (M)
Bit |15[14]3[12[nfofols8] 76 [5[4]3]2]1]o0
Cache Instructions

Format 10: Do — Redo.

Field

NI

Bit

T
s]uufn|le|n

K
wlols]7]e6]slals]l2]li1]o

A-3



INSTRUCTION SET ENCODING
Replacement Tables for Format Fields

A.2 REPLACEMENT TABLES FOR FORMAT FIELDS

Field Descriptions

T Field. Specifies the type of instruction.

D Field. Specifies a destination
accumulator.

D Register

0 | Accumulator 0
1 | Accumulator 1

aT Field. Specifies transfer accumulator.

aT Register

0 Accumulator 1

1 Accumulator 0

11000 | Branch indirect

11001 | y=a0 x=X Fl
11010 | Cond. branch qualifier
11011 | y=al x=X Fl

S Field. Specifies a source accumulator.

S Register
0 | Accumulator 0
1 | Accumulator 1

X Field. Specifies the addressing of
ROM data in two-operand multiply/ALU
instructions. Specifies the high or low
half of an accumulator or the y register in
one-operand multiply/ALU instructions.

11100 | Y =a0[l] F1
11101 | Z:y x=X F1
11110 | Reserved

11111 | y=Y x=X F1

T Operation* Format
0000x | gotoJA 4
00010 | Shortimm j, k, b, re 9
00011 | Shortimm r0,rl,r2,r3 9
00100 | Y=al[l] F1 1
00101 | Z:aT[l] F1 2a
00110 | Y F1 1
00111 | aT[{ll=Y F1 la
01000 | aT=R Ta
01001 { R=a0 7
01010 | R=N 8
01011 | R=al 7
01100 | Y=R 7
01101 | Z:R 7
01110 | do, redo 10
01111 | R=Y 7
1000x | call JA 4
10010 | ifc CON F2 3
10011 | if CON F2 3
10100 | Y=y[1] F1 1
10101 | Z:y[1] F1 2
10110 | x=Y F1 1
10111 | y[l]=Y F1 1

5
1
6
1
1
2
1

* imm = immediate

X | Operation
Two-Operand Multiply/ALU

0 *pt++

1 *pt++
One-Operand Multiply/ALU

0 aTl, yl

1 aTh, yh




F1 Field. Specifies the multiply/ALU

function.
F1 Operation
0000 | aD=p p = X*y
0001 | aD=aS+p p=x*y
0010 P = X*y
0011 | aD=aS—p p=x*y
0100 | aD=p
0101 { aD=aS+p
0110 | NOP
0111 { aD=aS-p
1000 | aD=aSly
1001 | aD=aSAy
1010 | aS &y
1011 | aS—y
1100 | aD=y
1101 | aD=aS+y
1110 | aD=aS &y
1111 | aD=aS-y
Y Field. Specifies the form of register
indirect.
Y Operation
0000 | *r0
0001 | *rO++
0010 | *r0—-
0011 | *rO++j
0100 | *r1
0101 | *rl++
0110 | *rl——
0111 | *rl++4j
1000 | *r2
1001 | *r2++
1010 | *r2—-
1011 | *r2++j
1100 | *r3
1101 | *r3++
1110 | *r3—-
1111 | *r3++4j

INSTRUCTION SET ENCODING
Replacement Tables for Format Fields

Z Field. Specifies the form of register
indirect compound addressing with
postmodification.

Z Operation
0000 | *r0zp
0001 | *rOpz
0010 | *rOm2
0011 | *0jk
0100 | *rlzp
0101 | *rlpz
0110 | *rlm2
0111 | *rijk
1000 | *r2zp
1001 | *2pz
1010 | *r2m2
1011 | *2jk
1100 | *r3zp
1101 | *r3pz
1110 | *r3m2
1111 | *r3jk

I Field. Specifies a register for short
immediate data move instructions.

1 Register
00 | 10/
01 | rlk
10 | r2/tb
11 | r3/re

SI Field. Specifies when the conditional
branch qualifier instructions should be
interpreted as a software interrupt instruction.

SI Operation

0 | Not a software interrupt

1 | Software interrupt

A-5



INSTRUCTION SET ENCODING
Replacement Tables for Format Fields

F2 Field. Specifies the special function to be R Field. Specifies the register for data move

performed. instructions.

F2 Operation R Register
0000 | aD=aS>>1 000000 0
0001 | aD=aS<<1 000001 rl
0010 | aD=aS>>4 000010 22
0011 | aD=aS<<4 000011 13
0100 | aD=aS>>8 000100 j
0101 | aD=aS<<8 000101 k
0110 | aD=aS>> 16 000110 i)
0111 | aD=aS<< 16 000111 e
1000 | aD=p 001000 | pt
1001 | aDh=aSh+1 001001 pr
1010 | Reserved 001010 pi
1011 | aD =rnd(aS) 001011 i
1100 | aD=y 0000
1101 | aD=aS+1 01 X

010001 y
1110 | aD=aS
111 D=—a8 010010 yl
i 010011 | auc
010100 psw
B Field. Specifies the type of branch 010101 | <0
instruction (except software interrupt). 8}8} }(l) z ;

B Operation 011000 sioc

011001 srta

000 | return

001 | ireturn 011010 sdx

010 | oto ot 011011 | tdms

011 f ol p‘t’ 011100 | pioc

1xx | Reserved 011101 pdx0
011110 pdx1

Other codes | Reserved

A-6



C Field. Specifies the condition for special
functions and conditional control instructions.

CON Condition
00000 mi
00001 pl
00010 eq
00011 ne
00100 lvs
00101 lve
00110 mvs
00111 mvc
01000 heads
01001 tails
01010 cOge
01011 cOlt
01100 clge
01101 cllt
01110 true
01111 false
10000 gt
10001 le

Other codes | Reserved

INSTRUCTION SET ENCODING
Replacement Tables for Format Fields

NI Field. Number of instructions to be
loaded into the cache. Zero implies redo
operation.

K Field. Number of times the NI instruction
in cache are to be executed.

JA Field. 12-bit jump address.
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PROGRAMMING EXAMPLES
Programming Examples

B. PROGRAMMING EXAMPLES

This appendix contains DSP16/DSP16A source-file listings for four complete sample programs.
These programs are intended to demonstrate the use of various programming techniques and may
be easily modified for use in various applications. Comments within the source files provide all
the information necessary to understand the program’s function and to make minor modifications.
The programs included are:

« FIR filter

- IIR filter

» 4 X 4 matrix multiplication

« Find the maximum element in a vector
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FIR Filter

B.1 FIR FILTER

B-2

/*

/* DSP16/DSP16A FIR filter design example:

/*

/* The following code represents a 66th

/* order FIR filter. Linear inputs are provided

/* via the serial input. Linear outputs are sent
/* to the serial output.

/*

/* The filter was designed using a Hamming
/* window on an ideal lowpass filter with the following
/* parameters.

/* f (cutoff) = 1000 Hz

/* f (stop) = 1500 Hz

/* f (sample) = 10000 Hz

/*

/* The stopband attenuation is constrained to be

/* above 50 dB.

/*

.ram

X66: 65*int

X1: int

ibuf: int

.endram

/*

/* 66th order FIR filter

/*

/* This FIR example uses a modulo addressed
/* delay line. Outputs are calculated from X(n-66)
/* toward X(n). The inner loop of the filter uses
/* 67 multiplies and requires 89 cycles (6.7 us at 75 ns),
/* which easily meets the 10000 Hz requirement (100 us).
/*

/* al: scratch calculations

/* r0: input buffer location

/* rl: delay line pointer

/* pt: coefficient pointer

/*

/* Also modifies rb, re, i, x, y, p, sdx

/*

*/
x/
*/
*/
*/
x/
*/
x/
*/
*/
x/
*/
x/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
x/
x/
x/
*/
*/
*/
x/
*/
x/
*/
x/



fir66:

loop:

wait:

endl:
/*
/*
/*

H66:

if eqg

do 65 {

goto

int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int

auc=0x02
pt=H66
rO0=ibuf
i=-66
rb=X66
re=X1
rl=X66
y=0x0010

al0=pioc
al&y
goto wait
*rO=sdx

/* Perform
al0=p

a0=al0-p

al0=al0-p

al0=al0-p

a0=al-p

sdx=a0
loop

PROGRAMMING EXAMPLES

FIR Filter

/* Use fractional notation

/* Initialize pointers

/* Main loop

/* Wait for valid input

/* Input sample

Convolution
y=*rl++

pP=xX*y y=*rl++

p=x*y  y=*r0
p=x*y *rl++=y

*/

Coefficients from h(n-66) to h(n)

-0.000545
-0.000000
0.000641
0.001046
0.000876
-0.000000
-0.001275
-0.002184
-0.001864
-0.000000
0.002673
0.004485
0.003739
-0.000000
-0.005112
-0.008391
-0.006859
-0.000000
0.009085
0.014743
0.011954
-0.000000
-0.015755
-0.025682
-0.021038
-0.000000
0.028989

x=*pt++
x=*pt++

x=*pt++i

B-3

*/
*/

*/
*/

*/

*/
*/
*/



PROGRAMMING EXAMPLES

FIR Filter
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int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int
int

int_

int
int
int

0.049177
0.042713
-0.000000
-0.073628
-0.157832
-0.224610
-0.250000
-0.224610
-0.157832
-0.073628
-0.000000
0.042713
0.049177
0.028989
-0.000000
-0.021038
-0.025682
-0.015755
-0.000000
0.011954
0.014743
0.009085
-0.000000
-0.006859
-0.008391
-0.005112
-0.000000
0.003739
0.004485
0.002673
-0.000000
~-0.001864
-0.002184
-0.001275
-0.000000
0.000876
0.001046
0.000641
-0.000000
-0.000545
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B.2 IIR FILTER

/*

/* DSP16/DSP16A IIR filter design example:

/*

/* The following code represents a 5th

/* order IIR filter. It is implemented as 3 five

/* multiply second-order sections. (Thus the code is
/* actually the same as a 6th order filter). Linear
/* inputs are provided via the serial input and

/* prescaled with no loss of precision. Linear outputs
/* are sent to the serial output.

/*

/* The filter was designed by performing a
/* bilinear transformation on a classical elliptic filter
/* designed with the following parameters.

/*

/* f (cutoff) = 1000 Hz

/* f (stop) = 1500 Hz

/* f (sample) = 10000 Hz

/*

/* The stopband attenuation is constrained to be

/* above 50 dB.

/*

.ram

statev: 6*int /* Six state variables
.endram

/* The IIR coding example uses the following
/* DSP16/DSP16A resources:

/*

/* al: input/output for each section

/* rl: state variable pointer

/* pt: pointer to filter coefficients

/* i, k: for compound addressing mode

/*

/* This coding example demonstrates the use of

/* compound addressing for maintaining the state

/* variable delay line. The form is direct form II.

*/
x/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
x/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/

*/
*/
*/
x/
*/
*/
x/
*/
*/
x/
x/
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IIR Filter
iir5
loop:
wait:
if eq
do 3 {

B-6

endl: goto

coef: int
int
int
int
int

int
int
int
int
int

int
int
int
int
int

auc=0x02
j=-2
k=3

pt=coef
rl=statev
y=0x0010

a0=pioc
alsy
goto wait
al0=sdx
al=a0>>1
al=al0>>1

/* Perform

a0=al0-p
a0=al-p
al0=p

al0=al+p
a0=al+p

sdx=a0
loop

-0.759982
0.0
0.060045
0.0
0.060045
-1.508821
0.70049
-0.108068
0.245454
0.245952

-1.530470
0.905134
-1.976028
1.758388
1.759004

/*

/*

/*

/*

/*

Use fractional notation
Initialize registers

Main program loop

Wait for valid input

Prescale input value

three second-order sections

p=x*y

p=x*y
p=x*y
p=x*y
p=x*y
p=x*y

y=*rl++
y=*rl--

y=*rl++
*rlzp:y
y=a0

*rljk:y
y=*rl--

/* all
/* a2l
/* bll
/* b21
/* b0l

/* al2
/* a22
/* bl2
/* b22
/* b02

/* al3
/* a23
/* bl3
/* b23
/* b03

*/
x/
*/
*/
*/

*/
*/
*/
*/
*/

*/
*/
*/
*/
*/

x=*pt++
x=*pt++

x=*pt++
x=*pt++
x=*pt++
x=*pt++
x=*pt++

*/
*/

*/

*/

*/

*/

/*
/*

/*
/*
/*
/*
/*

all */
a2l */

bl (n)
b2 (n)
b0 (n)
al(n+1)
a2 (n+l)



B.3 MATRIX MULTIPLICATION

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/*

.ram

Qwp

PROGRAMMING EXAMPLES
Matrix Multiplication

DSP16/DSP16A 4x4 matrix multiply programming example:

The following code implements a 4x4 matrix multiply.
In this example matrices A and B are input through

the parallel i/o prior to being multiplied. The result

is stored in matrix C. Matrices are input row by row

and stored in row order. The resulting C matrix is

stored in the same fashion.

The matrix multiply routine demonstrates the
use of "fast sets"™ to perform pointer arithmetic

both inside and outside of the cache.

Ram variables

l16*int
16*int
l6*int

.endram

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

*/

Matrix Multiply routine:

rl:
r0:
r2:

where C

a0,
used.

cl, rb, re,

points
points
points
= A %

Jr X4

to A
to B
to C
B

y registers are also

*/
x/
x/
*/
*/
*/
*/
*/
*/
x/

*/
*/
*/
*/
*/
x/
*/
x/
*/
x/
x/
x/
*/
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Mmult: cl=-3 /* Initialize registers */
auc=0x00 /* Integer mode */
/* Read in Matrices *x/
r0=A
a0=pdx0
do 32 {
a0=pdx0
*rQ++=a0
}
rb=A /* Reinitialize regs *x/
re=A+3
r2=C
rl=A
/* Main program loop */
loop: r0=B
j=4
y=*r0++j
X=*rl++
do 4 {
p=x*y y=*r0++j
al0=p x=*rl++
p=x*y y=*r0++j
al0=al+p x=*rl++
j=-11
p=x*y y=*r0++j
al0=al0+p x=*rl++
j=4
pP=x*y y=*r0++j
a0=al+p x=*rl++
*r2++=a0l
}
j=3
*rl++3
al0=rl
rb=al
*rl++j
al0=rl
re=al
*rl++

if cllt goto loop
stop: goto stop
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B.4 FIND MAXIMUM VECTOR ELEMENT

/* The following segment of code will find the */
/* component of an input vector with maximum magnitude. */
/* Both the magnitude and index (offset) of the component */
/* are retained upon completion. *x/
/* This coding example demonstrates the use of *x/
/* conditional ALU monadic instructions and event counting */
/* using the c2 register. */
/* x/
.ram
vector: 32#*int
.endram
/* Read in the vector to be searched via PIO. */
/* (It is assumed that the vector will be reused */
/* after the determination of its maximum component. */
/* Otherwise, a more efficient loop might be written */
/* which determines the max component as the values */
/* are read.) * /
setup: auc=0x00
rl=vector
a0=pdx1l
do 32 {
al0=pdx1l
*rl++=a0
}
/* Begin search. */
/* Upon completion, the magnitude of the component x/
/* with maximum value is stored in a0, and the index */
/* of this component (its offset from the base address */
/* 'vector’) is stored in c2. */
/* As written, if more than one component of the */
/* vector share the maximum value, then the first of these */
/* two is retained. The routine can easily be modified to */
/* retain the last of these components by replacing the *x/
/* test condition with ‘1le’. */
findmaxM: rl=vector
cl=0
c2=0
y=*rl
x=*rl++
p=x*y y=*rl
al=p x=*rl++
do 31 {
p=x*y y=*rl
al=al0-p x=*rl++

ifc mi aO=p
}
stop: goto stop
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C. DSP16/DSP16A INSTRUCTION SET SUMMARY

Tables 3-2 through 3-12 are repeated below for the convenience of the user, to provide quick
access to the DSP16/DSP16A instruction set. See Section 3.9 for a more detailed desciption of
the instruction set.

Table C-1. Conditional Mnemonics
Test Meaning Test Meaning
pl Result is nonnegative (sign bit mi Result is negative.
is bit 35).
eq Result is equal to zero. ne Result is not equal to zero.
gt Result is greater than zero. le Result is less than or equal to
Zero.
1vs Logical overflow set (36-bit lve Logical overflow clear.
overflow).
mvs Mathematical overflow set (32- mvc | Mathematical overflow clear.
bit overflow).
cOge | Counter O greater than or equal cOlt | Counter O less than zero.
to zero.
clge Counter 1 greater than or equal cllt Counter 1 less than zero.
to zero.
heads | Pseudorandom sequence bit set. |}l tails | Pseudorandom sequence bit
clear.
true The condition is always false | The condition is never satisfied
satisfied in an if instruction. in an if instruction.

Note: Testing the state of c0 or c1 automatically increments the counter by 1.

Table C-2. Instruction Group Characteristics

Instruction Flags Execute From
Group Affected Within Cache Interruptible
Multiply/ALU DAU Yes Yes
Special Function DAU Yes Yes
Control None No No
Data Move I/O status only Yes* Yes
Cache None No No

* Two-word data immediate instructions may not be executed from within the cache.

C-1
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All multiply/ALU instructions require one word of memory.

Table C-3. Multiply/ALU Instructions
Transfer
Function Cycles
Statements Statements | Out/In Cache
p=x*y | y=Y x=X 2/1

aD=p p=x*y | y=aT x=X 2/1
aD=aS+p p=x*y | y[ll=Y 1/1
aD=aS-p p=x*y | aT[ll=Y 11
aD=p x=Y 1/1
aD=aS+p Y 1/1
aD=aS-p Y=yll] 2/2
aD=y Y=aT(l] 2/2
aD=aS+y Z:y x=X 2/2
aD=aS-y Z:y[1] 2/2
aD=aS&y Z: aT[l] 22
aD=aSly
aD=aS7y
aS-y
aS&y

Table C-4. Replacement Table for Multiply/ALU Instructions

*Mjk

Replace Value Meaning

aD, aS, aT | a0, al One of two DAU accumulators.

X *pt++,*pt++i ROM location pointed to by pt.
pt is postmodified by +1 and i,
respectively.

Y *M, *tM++, *tM——, RAM location pointed to by

*IM++j ™. M=0,1,2,3)1tM is

postmodified by 0,+1,-1, and j,
respectively.

z *rMzp, *rMpz, *rMm?2, | Read/write compound

addressing. M=0, 1, 2,3. tM
is used twice: first,
postmodified by 0, +1, -1, and
j, respectively; and second,
postmodified by +1, 0, +2, and
k respectively.




All special function instructions (conditional and unconditional) require 1 word of program

DSP16/DSP16A INSTRUCTION SET SUMMARY
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memory and execute in 1 instruction cycle.

Table C-5. Special Function Instructions

Instruction Description
aD=aS>>1
aD=aS>>4 Arithmetic right shift (sign preserved) of
=aS>>8 36-bit accumulators.
aD=aS>>16
aD=aS
aD=—aS -
aD=rnd(aS) { Round upper 20 bits of accumulator.
aDh=aSh+1 | Increment high half of accumulator (lower half cleared).
aD=aS+1 Increment accumulator.
aD=y
aD=p —
aD=aS<<1
aD=aS<<4 Logical left shift (sign-extended from bit 31) of the
aD=aS<<8 least significant 32 bits of the 36-bit accumulators.
aD=aS<<16

The above special function instructions can be conditionally executed:

if CON instruction

and with an event counter:

ifc CON instruction

which means:
if CON is true then
cl=cl+1
instruction
c2=cl
else
cl=cl+1
Table C-6. Replacement Table for Special
Function Instructions
Replace Value Meaning
aD,aS a0,al One of two DAU accumulators.
CON mi, pl, eq, ne, gt, le, Ivs, | See Table C-1 for definitions of
mvs, mvc, cOge, cOlt, processor flags.
clge, cllt, heads, tails,
true, false
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All unconditional control instructions (except icall) execute in 2 instruction cycles and require 1
word of program memory; conditional control instructions execute in 3 instruction cycles and
require 2 words of program memory. icall requires 1 word of program memory and executes in 3

instruction cycles.

The control instructions, with the exception of ireturn and icall can be conditionally executed as

follows:

Table C-7. Control Instructions
goto JA || icall

gotopt || return (goto pr)

call JA || ireturn (goto pi)

call pt

if CON instruction

Table C-8. Replacement Table for Control
Function Instructions

Replace Value Meaning

CON mi, pl, eq, ne, gt, le, lvs, | See Table 3-12 for
mvs, mvc, c0ge, cOlt, definitions of processor
clge, cllt, heads, tails, flags.
true, false

JA 12-bit value Least significant 12 bits

of an absolute address
within the same 4
Kword memory section.

Data move instructions execute in 2 instruction cycles. Immediate data move instructions require
two words of program memory; all other data move instructions require only 1 word. The only
exception is a special case immediate load (short immediate) instruction. If a YAAU register is
loaded with a 9-bit, or smaller, value, the instruction requires only 1 word of memory and

executes in 1 instruction cycle.

C-4

Table C-9. Data Move Instructions
R=N|| R=M

R=Y || Y=R

aT=R || R=aS

Z :R
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Table C-10. Replacement Table for Data Move Instructions
Replace Value Meaning

R X DAU register — signed, 16 bits.
y DAU register — signed, 16 bits.!
yl DAU register — unsigned, 16 bits.
auc DAU control register — unsigned, 7 bits.
c0 DAU counter 0 — signed, 8 bits.
cl DAU counter 1 — signed, 8 bits.
c2 DAU counter 2 — signed, 8 bits.
10 YAAU pointer reg. — unsigned, 9 bits (16 bits in DSP16A).
rl YAAU pointer reg. — unsigned, 9 bits (16 bits in DSP16A).
2 YAAU pointer reg. — unsigned, 9 bits (16 bits in DSP16A).
3 YAAU pointer reg. — unsigned, 9 bits (16 bits in DSP16A).
b YAAU modulo addr. reg. — unsigned, 9 bits (16 bits in DSP16A).
re YAAU modulo addr. reg. — unsigned, 9 bits (16 bits in DSP16A).
j YAAU incr. register — signed, 9 bits (16 bits in DSP16A).
k YAAU incr. register — signed, 9 bits (16 bits in DSP16A).
pt XAAU pointer register — unsigned, 16 bits.
pr XAAU program return register — unsigned, 16 bits.
pi XAAU program interrupt register — unsigned, 16 bits.2
i XAAU incrmient register — signed, 12 bits.
psw Processor status word.
sioc Serial I/O control regist;er.3
sdx Serial I/O data register.
tdms Serial I/O tdms control register.3
srta Serial receive/transmit address.>
pioc Parallel I/O control register.
pdx0 Parallel I/O data register with PSEL = 0 (pin 72).
pdx1 Parallel I/O data register with PSEL = 1 (pin 72).

aD,aS | a0,al High half of accumulator. !

Y *IM, *rM++, Same as in multiply/ALU instructions.
*IM——*1M++j

Z *rMzp,*rMpz, Same as in multiply/ALU instructions.
*rMm2,*rMjk

N 16-bit value Immediate data.

M 9-bit value Immediate data for YAAU registers.

Notes:

‘When reading signed registers less than 16 bits wide, their contents are sign-extended to 16 bits. When reading
unsigned registers less than 16 bits wide, their contents are zero-extended to 16 bits. When short immediate addressing
is used to write to YAAU registers in the DSP16A, unsigned registers are zero-extended from 9 to 16 bits. Signed
registers (j,k) are sign-extended from 9 to 16 bits.

1Data moves to y, a0, or al load the high half (bits 31—16) of the register. If clearing of the destination is enabled
(according to the CLR field of the auc register), the low half of the destination register is cleared (0) when the high half
is loaded.

2The pi register acts as a "shadow" of the pc register. Each time the pc changes, its value is also loaded into pi.
"Shadowing" is disabled when executing an interrupt service routine, therefore, pi contains the contents of pc prior to
the interrupt. Writes to pi do not alter its contents, except during interrupt service routines.

3sioc, tdms, and srta registers are not readable.
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The do and redo instructions require 1 word of program memory. The do instruction executes in
1 instruction cycle, and the redo instruction executes in 2 instruction cycles.

Table C-11. Cache Instructions
do K {

instructionl

instruction2

instructionNI

}

redo K

Table C-12. Replacement Table
for Cache Instructions

Replace Value Meaning

K 2 <K< 127 | Number of times the
instructions are to be
executed.

NI 1<NI<15 1 to 15 instructions may
be included.

‘When the cache is used to repeat a block of NI instructions, the cycle timings of the instructions
are as follows:

1. The "first pass" does not affect cycle timing except for the last instruction in the block of
Nl instructions. This instruction executes in 2 cycles.

2. During pass 2 through pass K+1, each instruction is executed "in the cache”
(see Table C-3).

3. During the last (Kth) pass, the block of instructions executes "inside the cache" except for
the last instruction which executes outside the cache.

The instructions remain in the cache memory and may be re-executed using the redo command
without the need to reload the cache.
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D. PROGRAMMABLE REGISTERS

This reference section shows the six programmable control registers of the DSP16/DSP16A
device:

« Processor status word (psw)

« Arithmetic unit control (auc)

+ Parallel I/O control (pioc)

« Serial I/O control (sioc)

« Serial receive/transmit address (srta)

« Time-division multiplexed slot (tdms)

All six registers are described in detail in other chapters in this manual. This section is provided
only as a quick reference for the programmable registers.

Table D-1. Arithmetic Unit Control (auc) Register
Bit |6]5]4]3]2]1]0
Field CLR SAT ALIGN
Field Value Result/Description
1xx Clearing yl is disabled (enabled when 0).
CLR x1x Clearing all is disabled (enabled when 0).
xx1 Clearing a0l is disabled (enabled when 0).
SAT 1x al saturation on overflow is disabled (enabled when 0).
x1 a0 saturation on overflow is disabled (enabled when 0).
00 p <« (XXy).
01 p « (xxy) +4.
ALIGN 10 p &« (xXy) X 4.
11 Reserved.
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Table D-2. Processor Status Word (psw) Register

Bit 15—12 11 | 10 9 8—5 4 3—0
Field | DAUFlags | X X | al[V] | al[35-32] | aO[V] | a0[35-32]
Field Value Result/Description
Wxxx IMI —logical minus when set.
XWxx LEQ - logical equal when set.
DAU Flags XXWx LLV —logical overflow when set.
XXXW LMYV — mathematical overflow when set.
al[V] \\%4 Accumulator 1 (al) overflow when set.
Wxxx Accumulator 1 (al) bit 35.
XWxx Accumulator 1 (al) bit 34.
1[35-32
al(35-32] XXWX Accumulator 1 (al) bit 33.
XXXW Accumulator 1 (al) bit 32.
a0[V] W Accumulator 0 (a0) overflow when set.
Wxxx Accumulator 0 (a0) bit 35.
XWxx Accumulator 0 (a0) bit 34.
a0(35-32] XXWX Accumulator 0 (a0) bit 33.
XXXW Accumulator 0 (a0) bit 32.
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Table D-3. Parallel I/O Control (pioc) Register

Bit |15 |14]13]| 12 | 1 |10 9—5 40
Field | IBF | STROBE | PODS | PIDS | S/C | INTERRUPTS | STATUS
Field Value Result/Description
IBF R IBF interrupt status bit (same as bit 4).
Strobe width of
PODS PIDS
00 T T
STROBE 01 2T 2T
10 3T 3T
11 4T 4T
PODS 0 PODS is an input (passive mode).
1 PODS is an output (active mode).
PIDS 0 PIDS is an input (passive mode).
1 PIDS is an output (active mode).
0 Not S/C mode.
SiC 1 S/C mode.
WXXXX IBF interrupt enabled when set.
XWXXX OBE interrupt enabled when set.
INTERRUPTS XXWXX PIDS interrupt enabled when set.
XXXWX PODS interrupt enabled when set.
XXXXxW INT interrupt enabled when set.
Rxxxx IBF status bit.
XRxxx OBE status bit.
STATUS xxRxx PIDS status bit.
XXXRx PODS status bit.
xXXxR INT status bit.

* T = 2xtCKIHCKIH.
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Table D-4. Serial I/O Control (sioc) Register
Bit | 9 |s]|7] &6 5 4 3 2 1 0
Field | LD | CLK | MSB | OLD | ILD | OCK | ICK | OLEN | ILEN
Field Value Result/Description
0 Active ILD/OLD = ICK+16,
LD Active SYNC = ICK+128/256%
1 Active ILD/OLD = OCK+16,%
Active SYNC = OCK+128/256.7,
00 Active clock = CKI+4
CLK 01 Act%ve clock = CKI+12
10 Active clock = CKI+16
11 Active clock = CKI+20
0 LSB first
MSB 1 MSB first
OLD 0 OLD is an input (passive mode).
1 OLD is an output (active mode).
ID 0 ILD is an input (passive mode).
1 ILD is an output (active mode).
OCK 0 OCK is an input (passive mode).
1 OCK is an output (active mode).
ICK 0 ICK is an input (passive mode).
1 ICK is an output (active mode).
16-bi
OLEN 0 6 . it output
1 8-bit output
16-bit
ILEN 0 6 blt input
1 8-bit input

+ Either 128 or 256 — see tdms register SYNC field.
¥} Select this mode when using SADD (not necessary if ICK = OCK).



PROGRAMMABLE REGISTERS
Programmable Registers

Table D-5. Serial Receive/Transmit Address (srta) Register
Bit 15 — 8 7—0
Field | RECEIVE ADDRESS | TRANSMIT ADDRESS
Field Value Result/Description

1XXXXXXX Receive address 7
X1XXXXXX Receive address 6
XX 1XXXXX Receive address S

RECEIVE ADDRESS XXX 1XXXX Rece%ve address 4
XXXX1XXX Receive address 3
XXXXX1xx Receive address 2
XXXXXX1X Receive address 1
XXXXXXX1 Receive address O
1XXXXXXX Transmit address 7
X1XXXXXX Transmit address 6
XX 1XXXXX Transmit address 5
XXX 1XXXX Transmit address 4

TRANSMIT ADDRESS :

XXXX 1XXX Transmit address 3
XXXXX1XX Transmit address 2
XXXXXX1X Transmit address 1
XXXXXXX1 Transmit address O




PROGRAMMABLE REGISTERS
Programmable Registers

Table D-6. Time-Division Multiplex Slot (tdms) Register

Bit 9 8 7—1 0
Field | SYNCSP | MODE | TRANSMIT SLOT | SYNC

Field Value Result/Description
0 SYNC =ICK/OCK{ + 128 §
SYNCSP 1 SYNC = ICK/OCKT + 256
0 Multiprocessor mode off.
MODE DOEN is an input (passive mode).
1 Multiprocessor mode on.
DOEN is an output (active mode).
1XXXXXXX Transmit slot 7.
XIXXXXXX Transmit slot 6.
XX 1XXXXX Transmit slot 5.
TRANSMIT SLOT XXX 1XXXX Transmit slot 4.
XXXX1XXx Transmit slot 3.
XXXXX1XX Transmit slot 2.
XXXXXX1X Transmit slot 1.
XXXXXXX1 Transmit slot 0.
SYNC SYNC is an output (active mode).
' XXXXXXx0 SYNC is an input (passive mode).

+ See sioc register, LD field in Table D-4.
} Select this mode when in multiprocessor mode.
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A-law — A European standard for the
compression and expansion of the dynamic
range of a signal.

Active mode — Certain pins on the
DSP16/DSP16A device are programmable as
either inputs or outputs. When one of these
signals is set as an output, it is in active
mode. When one of these signals is set as an
input, it is in passive mode.

ADD — Adder.

Addressing modes — The DSP16/DSP16A
device supports various modes for addressing,
which include immediate, indirect, and
compound.

ALU - Arithmetic logic unit.

Arithmetic logic unit (ALU) — On-chip unit
that performs microprocessor-like arithmetic
operations.

Arithmetic unit control register (auc) — A
register that configures some features for the
data arithmetic unit.

Assembler — A program that translates
symbolically represented character input into
a form (binary) that the computer can
interpret.

auc — Arithmetic unit control register.

Breakpointing — The ability to have the
software simulator or hardware development
system halt and/or perform some command at
a present location or when some test
condition is met.

Byte — An 8-bit quantity that may appear at
any address in memory.

Cache — A small, high-speed memory that
can be used selectively to store repetitive
operations.

GLOSSARY

Compound Addressing — A memory
read/write operation using only one pointer.

CMP - Comparator.

Cyclical addressing — See Modulo
addressing.

Data arithmetic unit (DAU) — A 16-/32-bit
unit that is the main execution unit for signal
processing algorithms.

DAU - Data arithmetic unit.

Hardware mode — When using the DSP16 or
DSP16A Development System, a mode in
which the program has been downloaded into
the development system and is being
executed by the actual DSP16/DSP16A
device. Hardware mode is used for real-time
program testing.

I — Increment register in XAAU.

ibuf — Input buffer.

Input buffer (ibuf) — A register in the SIO
unit is used to accept input from an external
device.

Immediate addressing mode — An
addressing mode in which the operand
contains the value to be operated on. No
address reference is required.

Interrupt — A means by which external
devices may request service by the
MiCroprocessor.

1/O — Input/output.

isr — Input shift register.

j — Increment register in YAAU.

k — Increment register in YAAU.



GLOSSARY

Latency — The time required for the
completion of a task once initiated.

Modulo addressing — Cyclical addressing
between upper and lower bounds.

p-law — An American standard for
compression and expansion of the dynamic
range of a signal.

MUX — Multiplexer.
osr — Output shift register.

Overhead — A quantity in addition to the
minimum required. When transmitting data,
it is the bits other than information bits, e.g.,
check bits, framing bits, or some other
procedure or format bits. When executing a
program loop, it is the instructions needed to
control the program flow, those not involved
in the desired computation. '

p — Product register.

Parallel I/O port (pio) — A group of registers
used to provide a bidirectional data link to
microprocessors and other I/O devices.

Parallel I/O control register (pioc) — A
register that allows the specification of the
configuration of the PIO data pins, the mode
of the parallel I/O data strobe signals, and the
width of the parallel I/O data strobe signals in
the active mode. The pioc also contains the
mask and status fields for interrupts.

Passive mode — Certain pins on the
DSP16/DSP16A device are programmable as
either inputs or outputs. When one of these
signals is set as an input, it is in passive
mode. When one of these signals is set as an
output, it is in active mode.

pc — Program counter.

pdx(in) — Parallel I/O input register.
pdx(out) — Parallel I/O output register.

pi — Program interrupt register.

pio — Parallel I/O port.

pioc — Parallel 1/O control register.
Pipelining — Overlapping the execution of
instructions to increase the DSP’s
performance.

pr — Program return register.

Processor status word register (psw) — A
register that contains the status information
for the data arithmetic unit.
Postmodification — The addition of an
increment/decrement value to a memory
pointer after each use.

psw — Processor status word.

pt — ROM table pointer.

RAM - Random access memory.

rb — Modulo addressing register containing
the beginning value of the modulo.

re — Modulo addressing register containing
the end value of the modulo. re contains zero
if modulo addressing is not active.
ROM - Read only memory.

sdx(in) — Serial I/O input register.

sdx(out) — Serial I/O output register.



Serial I/0 (SIO) — A group of registers that
allows interfacing with other devices with
few, if any, external chips. It converts serial
input data into parallel data and parallel data
into serial output data.

Serial I/O control register (sioc) — A
register that allows specification of the length
of serial input and output data words, the
mode of serial bit clocks and serial load
signals, the bit ordering of 1/O, the active
serial I/O bit clock rate, and active load
generated from either ICK or OCK.

Simulator — A highly specific program that
allows the simulation in software of the
logical functions of the DSP16/DSP16A
device.

SIO - Serial I/O unit.

sioc — Serial I/O control register.

srta — Serial receive/transmit address register.
Stack — An area of reserved memory used for
storing the program counter and contents of
registers during a program interrupt.

SHIFT - Shifter.

tdms — Serial I/O time-division multiplexed
slot register.

GLOSSARY

Throughput — A means of relating the speed
with which problems, programs, or segments
are performed.

Time-division multiplexed (TDM) — A
procedure for transmitting two or more
signals over a common channel through the
use of successive time intervals for different
devices.

x — Multiplier input register.

XAAU — ROM address arithmetic unit.
YAAU - RAM address arithmetic unit.

y or yh — y(high) DAU register.

yl — y(low) DAU register.

2’s complement — A method used in some
systems to represent positive and negative
integers. Positive integers are identical to
standard binary numbers; however, negative
integers are the 1’s complement of a standard

binary number plus one.

3-state — To place an output in a high-
impedance state.
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A

accumulators (a0—a3), 2-7
active clock generator, 5-3
active mode, 6-2, 6-5, 6-7
input, 6-10
output, 6-11
adder (XAAU), 2-4
adder (YAAU), 2-6
address arithmetic units, 2-4
addressing modes, 3-2
ALU, see arithmetic logic unit
application development, 1-2
architecture, 1-1, 2-1
arithmetic, 2-9
arithmetic bit alignment, 2-9—2-12
arithmetic logic unit (ALU), 1-1, 2-7,2-9
diadic functions, 2-7
monadic functions, 2-7
arithmetic unit control (auc) register,
2-8,2-10, D-1
CLR field, 2-9
SAT field, 2-8
assembly language, 4-1
AT&T Bulletin Board, 1-5
auc register, see arithmetic unit
control register

B

bit reversal, 2-13
bit-reversal mode, 5-1
block diagram, 2-1
broadcast mode, 5-11

C

cache, 1-2,2-3
cache instructions, 2-3, 3-1,
3-18—3-19, C-6
formats, A-3
statements, 3-19
CKI signal, 5-3
clock speed, 5-3
codec interface, 5-7, 5-8
comments, 4-1—4-2
compound addressing instructions, 3-4
concurrent interrupts,
see interrupts, concurrent
conditional mnemonics, 3-5, C-1
control block, 2-3

INDEX

control instructions, 3-1, 3-14—3-16, C-4
formats, A-2
statements, 3-15

counters c0—c2, 2-8

D

DAU, see data arithmetic unit
data arithmetic unit (DAU), 2-6
data move instructions, 3-1, 3-16—3-18,
C-4—C-5

formats, A-2—A-3

statements, 3-18
device number, 5-10
do instruction, C-6
documentation, 1-4
double-buffering, 5-2
DSP16, 1-1

development system, 1-3, 7-13
DSP16A, 1-1

development system, 1-3, 7-13

E

electrical characteristics, 7-12

EXM signal, 7-13

external memory, 7-13
interface timing, 7-13

F

features,
DSP16, 1-1
DSP16A, 1-1

G

guard bits, 2-7

H

hardware mode, 1-3

I

i register, see static offset register
ibuf, see input buffer register

icall instruction, 2-15, 3-14, 4-6, C-4
IBF signal, 5-2

ICK signal, 5-2, 5-3

if instruction, 3-12

ifc instruction, 3-12



INDEX

ifsr, see input flag shift register
ILD signal, 5-2, 5-3
immediate addressing, 3-2
indirect addressing, 3-2
input buffer register, 5-1, 5-2
input data shift register, 5-2
input flag shift register, 5-1
instruction set, 1-2, 3-1
ambiguities, 4-3
characteristics, C-1
encoding, A-1
formats, A-1—A-3
replacement tables, A-4—A-7
notation, 3-1—3-2
mnemonics, 3-3
summary, 3-20—3-59, C-1
syntax, 3-1
integer notation, 4-1
decimal, 4-1
fixed-point, 4-1
hexadecimal, 4-1
octal, 4-1
interfacing, 7-1
interrupt conditions, 2-15
IBF condition, 2-15, 4-4, 5-7
INT condition, 2-15
OBE condition, 2-15
PIDS condition, 2-15
PODS condition, 2-15
interrupt hardware, 2-16
INT signal, 2-16, 4-8, 4-9, 6-3,
6-4,7-14
IACK signal, 2-16, 4-8, 4-9, 6-4,
6-9,7-14
interrupt service routine (ISR), 2-17,
4-6, 6-8
interrupt software, 2-17
IBF bits (pioc), 2-17
INT bit (pioc), 2-17, 4-8, 7-14
OBE bit (pioc), 2-17
PIDS bit (pioc), 2-17
PODS bit (pioc), 2-17
interrupts, 2-15, 6-3
concurrent, 4-7—4-11
control, 7-14
internal, 6-9
latency, 4-11
masking, 6-3
parallel I/O, 6-9
timing, 7-14

1/O timing, 4-4
isr, see input data shift register
ISR, see interrupt service routine

J

j register, see offset registers
K

k register, see offset registers
L

labels, 4-2

latent reads, 6-5

LEQ, see logical equal

LLV, see logical overflow

LMI, see logical minus

LMYV, see mathematical overflow
logical equal (LEQ), 3-4

logical minus (LMI), 3-4

logical overflow (LLV), 3-4

M

mathematical overflow (LMV), 3-5
maximum ratings, 7-12
memory, 1-2,2-2
maps, 2-2
on-chip, 1-2,2-2
modulo addressing, 3-3, 4-5
multiplier (DAU), 2-6
multiply/ALU instructions, 3-1,
3-6—3-12,C-2
formats, A-1
function statements, 3-6, 3-9
transfer statements, 3-6, 3-10
multiprocessor mode, 5-10
communications, 5-15
connections, 5-11
suggested configuration, 5-16

N

no operation instruction, 3-7, 3-12
nop instruction, see no operation
instruction

noninterruptible instructions, 2-17, 4-11



0

obuf, see output buffer register
OCK signal, 5-2, 5-3
offset registers

j register, 2-6, 3-2

k register, 2-6, 3-2
ofsr, see output flag shift register
OLDssignal, 5-2, 5-3
optional mnemonics, 4-4
OSE signal, 5-2
osr, see output data shift register
output buffer register, 5-1
output data shift register, 5-2
output flag shift register, 5-1

P

p register, see product register
package outline, 7-15
parallel input register, 6-5
parallel 1/O (PIO), 6-1
access times, 6-1
bus transactions
data strobes, 2-14, 6-6
interaccess timing, 6-14
signals, 6-6—6-7
strobe widths, 6-7
parallel I/O address line (psel), 2-14
parallel I/O control word (pioc)
register, 2-14, 2-15, 2-16, 4-8, 6-1,
6-2—6-4, 6-6, D-3
IBF field, 5-2
IBF status bit, 5-1, 5-2, 5-11
INTERRUPTS field, 6-4
OBE status bit, 5-1, 5-2
parallel I/O data bus (PDB), 2-14, 6-6,
6-10, 6-11, 6-12, 6-13
parallel I/O port, 1-2, 2-14, 2-15
passive mode, 6-2, 6-4, 6-8, 6-9
input, 6-12
output, 6-13
pc register, see program counter register
PDB, see parallel I/O data bus
pdx0 and pdx1, 2-14, 6-1, 6-4, 6-5, 6-9
pi register, see program interrupt
register
PIDS signal, 6-3, 6-8, 6-10, 6-12

INDEX

pin descriptions, 7-2—7-11
external memory interface group, 7-7
miscellaneous function group, 7-10
numerical order, 7-2—7-6
PIO interface group, 7-9—7-10
power and ground group, 7-11
SIO interface group, 7-8—7-9
pin diagram, 7-1
pin names, 7-2
PIO, see parallel I/O
pioc, see parallel I/O control word
register
PODS signal, 6-3, 6-8, 6-9, 6-11, 6-13
polling 1/O, 4-4
Ppr register, see program return register
PRBS, see pseudorandom binary
sequence
precision, 2-9, 4-2
processor flags, 3-4
processor status word (psw) register, 2-8,
2-9,D-2
product (p) register, 2-6, 2-9, 2-10
programming, 4-1
examples, B-1—B-9
techniques, 4-3—4-11
tips, 4-5—4-7
program counter (pc) register, 2-4, 4-6
program interrupt (pi) register, 2-4, 4-5,
4-6
program return (pr) register, 2-4, 4-6
PSEL signal, 6-1, 6-3, 6-10, 6-11
psel, see parall I/O address line
pseudorandom binary sequence (PRBS),
4-5
psw register, see processor status word
register
pt register, see table pointer register

R

10—r3 pointer registers, 2-6, 3-2

RAM, 2-3

RAM address arithmetic unit (YAAU),
2-5,2-6,4-6,C-4

RAM variables, 4-2—4-3

random numbers, 4-5

1b register, 2-6, 3-2, 3-3,4-5

re register, 2-6, 3-2, 3-3,4-5

redo instruction, C-6

register loads, 2-8



INDEX

reset control, 7-14
reset timing, 7-14
ROM, 2-2
data storage, 4-2
initialization, 4-2
ROM address arithmetic unit (XAAU),
2-4,2-5,4-6,7-13
RSTB signal, 64, 7-14

S

SADD signal, 5-3
saturation, 2-8
serial I/O (SIO), 5-1
bit clocks, 2-13
data length, 2-13
data path, 5-1
input section, 5-2
load signals, 2-13
pin descriptions, 5-5—5-7
operation, 5-2
output section, 5-2
programming example, 5-7
timing, 5-17—5-20
transfers, 2-13
serial I/O control (sioc) register, 2-13,
5-1,54,D-4
LD field, 5-3
serial I/O port, 1-2, 2-13, 2-14
serial receive/transmit address (srta)
register, 2-13, 5-1, 5-10, 5-13, D-5
shadow register, 2-4
simulation mode, 1-3
simulator/accelerator mode, 1-3
SIO, see serial I/O
sioc, see serial I/O control register
software simulator, 1-3

source file, 4-1, 4-3
special function instructions, 3-1,
3-12—3-14,C-3
formats, A-1
statements, 3-13
srta register, see serial receive/transmit
address register
static offset (i) register, 2-4
status and control mode, 6-3, 6-8
support software library, 1-3, 4-4
SYNC signal, 5-3, 5-12
synchronization clock, 2-13

T

table pointer (pt) register, 2-4, 4-6, 4-7

tdms register, see time-division
multiplexed register

technical assistance, 1-5

time-division multiplexed slot (tdms)
register, 2-13, 5-1, 5-10, 5-12, D-6

timing characteristics, 7-1

\%

virtual shift addressing mode, 2-6, 3-3,
34

X

X register, 2-6
XAAU, sece ROM address arithmetic unit

Y

y register, 2-6, 2-7, 2-9, 4-4
YAAU, see RAM address arithmetic unit
yl, 2-7
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