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PRODUCT SPECIFICATION

289321/371/391

16-BIT DIGITAL
SIGNAL PROCESSORS

FEATURES

DSP ROM oTP DSP RAM MIPS Package 40-Pin 44-Pin 44-Pin 84-Pin
Part (K Words) (KWords) (Words) (Max) Part DIP PLCC QFP PLCC
Z89321 4 512 20 289321 X X X
Z89371 4 512 16 Z89371 X X X
789391 64" 512 20 Z89391 X
* External

B 0°C to +70°C Operating Temperature Range
M 4.5-to 5.5-Volt Operating Range

DSP Core

m 20 MIPS @ 20 MHz, 16-Bit Fixed Point DSP
B 50 ns Instruction Cycle Time

m Six-Level Hardware Stack

m Six Register Address Pointers

m  Optimized Instruction Set (30 Instructions)

On-Board Peripherals

m Dual 8/16-Bit CODEC Interface Capable of
up to 10 Mbps

m p-Law Compression Option (Decompression
is performed in software)

B 16-Bit I/O Bus (Tri-Stated)

B Three /O Address Pins (Latched Outputs)
B Wait-State Generator

® Three Vectored Interrupts

B 13-Bit General-Purpose Timer

GENERAL DESCRIPTION

The Z893XX family of products are high-performance
Digital Signal Processors (DSPs} with a modified Harvard-
type architecture featuring separate program and data
memory. The design has been optimized for processing
power and minimizing silicon space.

The single-cycle instruction execution and bus structure
promotes efficient algorithm execution, while the sixregister
pointers provide circular buffering capabilities and dual
operand fetching.

Three vectored interrupts are complemented by a six level
stack, and the CODEC interface allows high-speed transfer
rates to accommodate digital audio and voice data.

Adedicated Counter/Timer provides the necessary timing
signals for the CODEC interface, and an additional 13-bit
timer is available for general-purpose use.

The Z893XX DSPs are optimized to accommodate
advanced signal processing algorithms. The 20 MIPS
(maximum) operating performance and efficient
architecture provides real-time instruction execution.
Compression, filtering, frequency detection, audio, voice
detection/synthesis and other vital algorithms can all be
accommodated.
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289321/371/3
16-BIT DIGITAL SiGNAL PROCESSORS

GENERAL DESCRIPTION (Continued)

The Z89321/371/391 devices feature an on-board CODEC
interface, compatible with 8-bit PCM and 16-bit CODECs
for digital audio applications. Additionally, an on-board
wait-state generator is provided to accommodate slow
external peripherals.

Notes:
All Signals with a preceding front slash, °f", are active Low, e.g.,
B//W (WORD Is active Low); /B/W (BYTE is active Low, only).

Power connections follow conventional descriptions below:

Connectlion Circuit Device

For prototypes, as well as production purposes, the Z839371

member of the DSP product family is a one-time pro- Power Veo Voo

grammable (OTP) device with a 16 MHz maximum operating Ground GND Ves

frequency.

Throughout this specification, references to the Z89321

device applies equally to the Z89371 and Z89391, unless

otherwise specified.
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Figure 1. Z89321/371/391 Functional Block Diagram
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PIN DESCRIPTION

</ Table 1. Z89321/371 40-Pin DIP Pin Identification
B2 O 1 40 1 Rxp No.  Symbol Functlon Direction
ExT13 [ 2 39 [ vss
. 38 3 e 1—3 \E/XT12-EXT14 gt:;ggl data bus Input/Output
88
vss [] 4 37 EXT1 5 EXT15 External data bus Input/Output
extis ] 5 36 EXTO 6-7 EXT3-EXT4 External data bus Input/Output
EXT3 ] 6 35 vss 8 Vg Ground
exta ] 7 34 FS1 911 EXTS-EXT7 External data bus Input/Output
vss 1 8 33 12 TXD Serial outputto CODECs ~ Output
58 uor 13-14  EXT8-EXT9 External data bus Input/Output
exts [ 9 32 uoo 15 v Ground
28932173711 5 roun
exte ] 10 DIP K} /INTO
exy 1 1 a0 FS0 16-17  EXT10-EXT11  External data bus Input/Output
18 un User input Input
™ [ 12 2 CLK 19 o User input nput
exts [} 13 28 /DS 20 SCLK CODEC serial clock Input/Output®
exte ] 14 27 VDD 2 Vio Power supply Input
vss [ 15 26 EA2 22 RD//WR Strabes for external bus Output
extio [ 16 25 EA1 23 /RESET Reset Input
24-26  EAC-EA2 External address bus Output
e L4 17 24 EAD 27 Voo Power supply Input
un 4 18 2 /RESET 28 /DS Data strobe for external bus ~ Output
I 19 2
- 2 ROIAWR 29 CLK Clock Input
sck 4 20 21 11 vop 0 FSO CODEC 0 frame sync Input/Output*
kil /INTO Interrupt Input
32-33  U00-U01 User output Output
Figure 2. Z89321/371 40-Pin DIP Pin Assignments 34 FS1 CODEC 1 frame sync {nput/Output™
35 Vv Ground
3-38 EXTO-EXT2  External data bus Input/Output
39 Ve Ground
40 RXD Serial input from CODECs ~ Input
Notes:

* Input or output is defined by interface mode selection.
1+ HALT and WAIT pins are not available on the 40-pin DIP package.
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N 2L0a155 16-BIT DIGITAL SIGNAL PROCESSORS
PIN DESCRIPTION (Continued)
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Figure 3. Z89321/371 44-Pin PLCC Pin Assignments
Table 2. Z89321/371 44-Pin PLCC Pin Identification
No. Symbol Function Direction No. Symbol Function Direction
1 HALT Stop execution Input 25-26  EXTB-EXT9 External data bus Input/Qutput
2 FSO CODEC 0 frame sync Input/Output* 27 Ve Ground
3 /INTO Interrupt Input 28-29  EXT10-EXT11  External data bus Input/Qutput
4-5 uoo-uoi User output Output 30 /INT2 Interrupt Input
6 FS1 CODEC 1 frame sync Input/Output* 3t /INT1 Interrupt Input
7 Vs Ground 32 un User input Input
8-10  EXTO-EXT2 External data bus Input/Output 33 uio User input Input
1 Vg Ground 34 SCLK CODEC serial clock Input/Output*
12 RXD Serial input from CODECs  Input 35 Voo Power supply Input
13-15  EXT12-EXT14  External data bus Input/Qutput 36 RD//WR RD//WR strobe for EXT bus ~ Qutput
16 Vg Ground 37 WAIT WAIT state Input
17 EXT15 External data bus Input/Output 38 /RESET Reset Input
18-19  EXT3-EXT4 External data bus Input/Output 39-41 EAD-EA2 External address bus Output
20 Vs Ground 42 Voo Pawer supply Input
21-23  EXT5-EXT7 External data bus Input/Output 43 /DS Data strobe for external bus ~ Output
24 TXD Serial output to CODECs Output 44 CLK Clock Input
Note:
* Input or output is defined by interface mode selection.
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Figure 4. Z89321/371 44-Pin QFP Pin Assignments
Table 3. Z89321/371 44-Pin QFP Pin ldentification
No. Symbol Function Direction No. Symbol Function DBirection
1-2 EXT3-EXT4 External data bus Input/Output 22-24  EAO-EA2 External address bus Output
3 Vs Ground 25 Voo Power supply Input
46 EXTS-EXT7 External data bus Input/Output 26 /DS Data strobe for external bus ~ Output
7 TXD Serial output to CODECs Qutput 27 CLK Clock Input
89 EXT8-EXT9 External data bus Input/Output 28 HALT Stop execution Input
10 Ve Ground 29 FSO CODEC 0 frame sync Input/Qutput*
11-12  EXT10-EXT1  External data bus Input/Output 30 /INTO Interrupt Input
13 /INT2 Interrupt Input 31-32 U00-UOt User output Output
14 /INT1 interrupt Input 33 FS1 CODEC 1 frame sync Input/Output*
15 un User input Input 34 Vs Ground
16 ulo User input Input 35-37  EXTO-EXT2 External data bus Input/Output
17 SCLK CODEC serial clock Input/Output™ 38 Ve Ground
18 Voo Power supply Input 39 RXD Serial input to CODECs Input
19 RD//WR RD//WR strobe EXT bus Output 40-42 EXT12-EXT14 External data bus Input/Output
20 WAIT WAIT state Input 43 Ve Ground
21 /RESET Reset input 44 EXT15 External data bus Input/Output
Note:
*Input or output is defined by interface mode selection.
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PIN DESCRIPTION (Continued)
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Figure 5. Z89391 84-Pin PLCC Pin Assignments
Table 4. Z89391 84-Pin PL.CC Pin identification
Symbol Function Direction Symbol Function Direction
EXT15-EXTO  External data bus Input/Output CLK Clock Input
Vss Ground HALT Stop execution Input
PD15-PDO Program data bus Input UI1-uio User inputs Input
PA15-PAQ Program address bus Output INT2-INTO  Interrupts Input
Voo Power supply Input UO1-uoo User outputs Output
EA2-EAO External address bus Output SCLK CODEC serial clock Input/Output*
/DS Data strobe Output FSO CODEC 0 frame sync Input/Output*
RD/MWR READ//WRITE strobe Output FS1 CODEC 1 frame sync Input/Output*
WAIT WAIT state Input RXD Serial input to CODECs Input
/RESET Reset Input TXD Serial output to CODECs  Output
Note:

* Input or output is defined by interface mode selection.
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16-BIT DIGITAL SIGNAL PROCESSORS

PIN FUNCTIONS
CK Clock (input). This pin controls the external clock.

EXT15-EXTO External Data Bus (input/foutput). These pins
control the data bus for user-defined outside registers,
such as an ADC or DAC. The pins are normally tri-stated,
except when the outside registers are specified as
destination registers in the instructions. All the control
signals exist to allow a read or a write through this bus.

RD//WR Read/Write Strobe (output). This pin controls the
data direction signal for EXT-Bus. Data is available from
the CPU on EXT15-EXTO when this signal is Low. EXT-Bus
is in input mode (high-impedance) when this signal is
High.

EA2-EAQ External Address (output). These pins control
the user-defined register address output (latched). One of
eight user-defined external registers is selected by the
processor with these address pins for read or write
operations. Since the addresses are part of the processor
memory map, the processor is simply executing internal
reads and writes. External Addresses EXT4-EXT7 are
used internally by the processor if the CODEC interface
and 13-bit timer are enabled.

/DS Data Strobe (output). This pin control the data strobe
signal for EXT-Bus. Data is read by the external peripheral
on the rising edge of /DS. Data is also read by the
processor on the rising edge of CK /DS.

HALT Halt State (input). This pin controls Stop Execution.
The CPU continuously executes NOPs and the program
counter remains at the same value when this pin is held
High. An interrupt request must be executed (enabled) to
exit HALT mode. After the interrupt service routine, the
program continues from the instruction after the HALT.
(HALT is not available on the 40-pin DIP package.)

/INT2-/INTO Three Interrupts (input, active Low). These
pins controlinterruptrequests 2-0. Interrupts are generated
on the rising edge of the input signal. Interrupt vectors for

the interrupt service starting address are stored in the
following program memory locations:

Device /INTO /INT1 /INT2
Z89321/371 OFFFH OFFEH OFFDH
789391 FFFFH FFFEH FFFDH

Priority is: INT2 = lowest, INTO = highest. INT1 is dedicated
to the CODEC interface and INT2is dedicated to the 13-bit
timer if both peripherals are enabled. (Note: INT1 and
INT2 pins are not bonded-out on the 40-pin DIP package.)

/RESET Reset (input, active Low). This pin controls the
asynchronous reset signal. The /RESET signal must be
kept Low for at least one clock cycle. The CPU pushes the
contents of the Program Counter (PC) onto the stack and
thenfetches anew PC value from program memory address
OFFCH (or FFFCH for the Z89391) after the reset signal is
released.

WAIT WAIT State (input). The wait signal is sampled atthe
rising edge of the clock with appropriate setup and hold
times. The normal write cycle will continue when wait is
inactive on a rising clock. A single wait-state can be
generated internally by setting the appropriate bits in the
EXT7-2 register. (WAIT is not available on the 40-pin DIP
package.)

UIt-UI0 Twoe Input Pins (input). These general-purpose
input pins are directly tested by the conditional branch
instructions. These are asynchronous input signals that
have no special clock synchronization requirements.

UO1-U00 Two Output Pins (output). These general-
purpose output pins reflect the value of two bits in the
status register S5 and S6. These bits have no special
significance and may be used to output data by writing to
the status register. A mask option is available for open-
drain or push-pull outputs. Note: The user output value is
the opposite of the status register content.

1-7
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ADDRESS SPACE

Program Memory. Programs of up to 4 Kwords can be
masked intointernal ROM (OTP for Z89371). Four locations
are dedicated to the vector address for the three interrupts
(OFFDH-OFFFH) and the starting address following a Reset
(OFFCH). Internal ROM is mapped from O000H to OFFFH,
andthe highestlocation for program is OFFBH. A 64 Kword
External Program Memory Space is available onthe Z89391.
The vector addresses for the Z89331 reside at FFFCH-
FFFFH (Figure 6).

Internal Data RAM. The 789321, 371 and 391 all have
internal 512 x 16-bit word data RAM organized as two
banks of 256 x 16-bit words each: RAMO and RAM1. Each
data RAM bank is addressed by three pointers: Pn:0 (n =
0-2) for RAMO and Pn:1 (n = 0-2) for RAM1. The RAM
addresses for RAMO and RAM1 are arranged from 0-255
and 256-511, respectively. The address pointers, which

may be writtento, or read from, are 8-bitregisters connected
to the lower byte of the internal 16-bit D-Bus and are used
to perform modulo addressing. Three addressing modes
are available to access the Data RAM: register indirect,
direct addressing, and short form direct. The contents of
the RAM can be read to, or written from, in one machine
cycle per word, without disturbing any internal registers or
status other than the RAM address pointer used for each
RAM. The contents of each RAM can be loaded
simultaneously into the X and Y inputs of the multiplier.

Registers. The 289321 has 19 internal registers and up to
an additional eight externalregisters. The external registers
are user-definable for peripherals, such as A/D or D/A, or
to DMA, or other addressing peripherals. Both external
and internal registers are accessed in one machine cycle.

Data Memory Program Memory
FFFF FFFF INTO-INT2 Vect. | 64 Kwords
FFFC RESET Vector
Not Used Not Used
Or
512 words RAMT O1FF 4 Kwords ["|NTO-INT2 Vect. | OFFF
86%% RESET Vector | OFFC
DRAMO
0000 0000
f——— On-Chip Memory — | Off-Chip Memory

Figure 6. Memory Map

1-8
B 9934043 0027457 457 MW

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



. 289321/371/391
_@ 2L 16-BIT DIGITAL SIGNAL PROCESSORS

FUNCTIONAL DESCRIPTION

Instruction Timing. Most instructions are executed inone  fractional two's-complement, 16-bitbinary numbers (Figure
machine cycle. Long immediate instructions and Jump or 7). This puts them in the range [~1 to 0.9999695), and the
Call instructions are executed in two machine cycles. A resultis in 24 bits so that the range is [-1 t0 0.9999999]. In
multiplication or multiplication/faccumulate instruction  addition, if 8000H is loaded into both X and Y registers, the
requires a single cycle. Specific instruction cycletimesare  resulting multiplication is considered an illegal operation
described in the Condition Code section. as an overflow would result. Positive one cannot be
represented in fractional notation, and the multiplier will
Multiply/Accumulate. The multiplier can performa 16-bit  actually yield the result 8000H x 8000H = 8000H (-1 x -1
x 16-bit multiply, or multiply accumulate, in one machine =-1).
cycle using the Accumulator and/or both the X and Y
inputs. The multiplier produces a 32-bit result, however, ALU. The ALU has two input ports, one of which is
only the 24 most significant bits are saved for the next  connected to the output of the 24-bit Accumulator. The
instruction or accumulation. For operations on very small  other input is connected to the 24-bit P-Bus, the upper 16
numbers where the least significant bits are important, the  bits of which are connected to the 16-bit D-Bus. A shifter
data should first be scaled by eight bits (or the multiplier ~ between the P-Bus and the ALU input port can shift the
and multiplicand by four bits each) to avoid truncation  data by three bits right, one bit right, one bit left or no shift
errors. Note that all inputs to the multiplier should be  (Figure 8).

DDATA DDATA
Y /' XDATA -~ /
—
" " Mult. (24)| l Shift Unit * I
{16 {18
] X Yoo ¥ 'Dptlc.ma':
X Register (16) | Y Register (16) "‘6 24124 ‘afggtg',gi':m

. No Shift
Multiplier /24 /24 Mly 1 Bit Left
P Register (24) £24

3

124 3
vy | Arithmetic Logic Unit (ALU) I

/24 | Shift Unit * I ’,24
24

y
* Options:
| ] v 1 Bit Right I Accumulator (24) l
3 Bits Right
MUX No Shift |
1 Bit Left
24

Figure 8. ALU Block Diagram

Figure 7. Multiplier Block Diagram
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FUNCTIONAL DESCRIPTION (Continued)

Hardware Stack. A six-level hardware stack is connected
to the D-Bus to hold subroutine return addresses or data.
The Call instruction pushes PC+2 onto the stack, and the
RET instruction pops the contents of the stack to the PC.

User Inputs. The Z89321 has two inputs, UIO and Ul1,
which may be used by Jump and Call instructions. The
Jump or Call tests one of these pins and if appropriate,
jumps toanew location. Otherwise, the instruction behaves
like a NOP. These inputs are also connected to the status
register bits S10 and S11, which may be read by the
appropriate instruction (Figure 8).

User Outputs. The status register bits S5 and S6 connect
directly to UOO and UO1 pins and may be written to by the
appropriate instruction. Note: The user output value is the
opposite of the status register content.

Interrupts. The Z89321 has three positive edge-triggered
interruptinputs. An interrupt is acknowledged at the end of
an instruction execution. It takes two machine cycles to
enter an interrupt instruction sequence. The PC is pushed
onto the stack. A RET instruction transfers the contents of
the stack to the PC and decrements the stack pointer by
one word. The priority of the interrupts is INTQ = highest,
INT2 = lowest. INT1 is dedicated to the CODEC interface
and INT2is dedicated to the 13-bittimer if both peripherals
are enabled. Note: The SIEF instruction enables the
interrupts. The SIEF instruction must be used before exiting
an interrupt routine since the interrupts are automatically
disabled when entering the routine.

Registers. The 289321 has 19 physical internal registers
and up to eight user-defined external registers. The EA2-
EAO determines the address of the external registers. The
signals are used to read from or write to the external
registers /DS, WAIT, RD//WR.

IO Bus. The processor provides a 16-bit, CMOS-
compatible bus. /O Control pins provide convenient
communication capabilities with external peripherals, and
single-cycle access is possible. For slower
communications, an on-board hardware wait-state
generator can be used to accommodate timing conflicts.
Threeiatched /O address pins are used to access external
registers. The EXT 4, 5, 6, 7 pins are used by the internal
peripherals. Disabling a peripheral allows access to these
addresses for general-purpose use.

CODEC Interface. The multi-compatible, dual CODEC
interface provides the necessary control signais for
transmission of CODEC information to the DSP processor.
The interface accommodates 8-bit PCM or 16-bit Linear
CODECs. Special compatibility with Crystal
Semiconductor's 4215/4216 CODECs provides the
necessary interface for audio applications. Many general-
purpose 8-, 16-bit A/Ds, D/As are adaptable. The interface
can also be used as a high-speed serial port.

p-Law Compression. The 8-bit CODEC interface mode
provides p-law compression from 13-bit format to 8-bit
format. Decompression is performed in software by use of
a 128-word lookup table.

Timer. Two programmable timers are available. One is
dedicated to the CODEC interface, the other for general-
purpose use. When a time-out event occurs, an interrupt
requestis generated. Single pass and/or continuous modes
are available. If the CODEC interface is not used, both
timers can be used for general-purpose.

Wait-State Generator. An internal wait-state generator is
provided to accommodate slow external peripherals. A
single wait-state can be implemented through control
registers EXT7-2. For additional states, a dedicated pin
(WAIT) can be held High. The WAIT pin is monitored only
during execution of a read or write instruction to external
peripherals (EXT bus). Note: A WAIT pin is not available
on the 40-pin DIP package.

1-10
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REGISTERS

There are 19 internal registers which are defined below:

Register Register Definition

P Output of Multiplier, 24-bit

X X Multiplier Input, 16-bit

Y Y Multiplier Input, 16-bit

A Accumulator, 24-bit

SR Status Register, 16-bit

Pn:b Six Ram Address Pointers, 8-bit each
PC Program Counter, 16-hit

EXT4 13-Bit Timer Configuration Register
EXT5-1 CODEC Interface Channe! O Data
EXT5-2 CODEC Interface Channel 0 Data
EXT6-1 CODEC Interface Channel 1 Data
EXT6-2 CODEC Interface Channel 1 Data
EXT7-1 CODEC Interface Configuration Register
EXT7-2 Wait-State Generator/CODEC

Interface Configuration Register

The following are virtual registers as physical RAM does
not exist on the chip.

Register Register Definition

EXTh External Registers, 16-bit

BUS D-Bus

Dn:b Eight Data Pointers*
Note:

* These occupy the first four locations in RAM bank.
P holds the result of multiplications and is read-only.

X and Y are two 16-bit input registers for the multiplier.
These registers can be utilized as temporary registers
when the multiplier is not being used.

Ais a 24-bit Accumulator. The output of the ALU is sent to
this register. When 16-bit data is transferred into this
register, it is placed into the 16 MSBs and the least
significant eight bits are set to zero. Only the upper 16 bits
are transferred to the destination register when the
Accumulator is selected as a source register in transfer
instructions.

Pn:b are the pointer registers for accessing data RAM, (n
=0,1,2refer to the pointer number) (b = 0,1 refers to RAM

Bank 0 or 1). They can be directly read from or written to,
and can pointtolocationsin data RAM or Program Memory.

EXTn are external registers (n = 0to 7). There are eight 16-
bit registers provided here for mapping external devices
into the address space of the processor. Note that the
actual register RAM does not exist on the chip, but would
exist as part of the external device, such as an ADC resuit
latch. Use of the CODEC interface and 13-bittimerreduces
the number of external registers to four.

BUS is aread-only register which, when accessed, returns
the contents of the D-Bus. Bus is used for emulation only.

Dn:b refers to locations in RAM that can be used as a
pointer to locations in program memory which is efficient
for coefficient addressing. The programmer decides which
location to choose from two bits in the status register and
two bits in the operand. Thus, only the lower 16 possible
locations in RAM can be specified. At any one time, there
are eight usable pointers, four per bank, and the four
pointers are in consecutive locations in RAM. For example,
if S3/54 = 01 in the status register, then D0:0/D1:0/D2:0/
D3:0refer toregister locations 4/5/6/7 in RAM Bank 0. Note
that when the data pointers are being written to, a number
is actually being loaded to Data RAM, so they can be used
as a limited method for writing to RAM.

SRis the status register (Figure 8) which contains the ALU
status and certain control bits (Table 5).

Table 5. Status Register Bit Functions
Status Register Bit

Function

S15 (N) ALU Negative

514 (OV) ALU Overflow

S13(Z) ALU Zero

S12(L) Carry

S11 (UI) User Input 1

S10 (VI0) User Input 0

S9 (SH3) MPY Qutput Arithmetically
Shifted Right by three bits

S8 (OP) Overflow Protection

S7 (IE) Interrupt Enable

S6 (UO1) User Output 1

S5 (UQOD) User Output 0

S4-S3 “Short Form Direct” bits

§2-S0 (RPL) RAM Pointer Loop Size
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REGISTERS (Continued)

The status register can always be read in its entirety. S15-
S10 are set/freset by hardware and can only be read by
software. S9-S0 control hardware looping and can be
written by software (Table 6).

Table 6. RPL Description

s2 81 S0 Loop Size
0 0 0 256
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
N OV Z C Ul U0 SH3 OP I[E UO1 UOD

S$15-812 are set/reset by the ALU after an operation. S11-
S10 are set/reset by the user inputs. S6-S0 are control bits
described in Table 5. S7 enables interrupts. If S8 is set, the
hardware clamps at maximum positive or negative values
instead of overflowing. If S9 is set and a multiple/shift
option is used, then the shifter shifts the result three bits
right. This feature allows the data to be scaled and prevents
overflows,

PC is the Program Counter. When this register is assigned
as a destination register, one NOP machine cycle is added
automatically to adjust the pipeline timing.

External Register, EXT4-EXT7, are used by the CODEC

interface and 13-bit timer, the registers are reviewed in the
CODEC interface section.

RPL

[s15] s14]|s13] s12f s11 | s10] sa | se | s7] s6 ] ss|sa]sa]s2]st]so]

—— —— —— — — —— —— —

Ram Pointer Loop Size
000 256
001 2

010 4

o011 8

100 16

101 32
110 64
111 128
“Short Form Direct" bits

User Output 0-1*
Interrupt Enable

Overflow protection

MPY output arithmetically shifted

right by Bros bits

User Input 0-1 (Read Only)
Carry

Zero

Overflow

Negative

* The output value is the opposite of the status register content.

Figure 8. Status Register
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PERIPHERAL OPERATION
Disabling Peripherals

Disabling a peripheral (CODEC Interface, Counter) allows
general-purpose use of the EXT address for the disabled
peripheral. If the peripheral is not disabled, the EXT control
signals and EXT data are still provided, but transfer of data
on the EXT pins is not available (because internal transfers
are being processed on the internal bus). Care must be
taken to ensure that control of the EXT bus does not cause
bus conflicts.

Reading Data from CODEC Interface*

External datais serially transferred intothe CODEC interface
registers from an external CODEC. This serial data is
loaded into EXT5-2 (8- or 16-bit modes). Because the

interface is double-buffered, data must be transferred to
EXT5-1 before being transferred along the internal data
bus of the processor. This is accomplished by writing data
to EXT5-2.

Writing Data to CODEC Interface* n
Internal data is transferred from the internal data bus of the
processor to the EXT5-2 register. The CODEC interface
constantly transfers and receives data during normai
operation. Data to be transferred is loaded to EXT5-2 and
is autornatically serially transferred.

Note: *EXT5-1 and EXT5-2 are used in the example, but
this information applies equally to EXT6-1 and EXT6-2.
(Refer to Figure 10, CODEC Block Diagram.)

Internal 16-Bit Bus

EXT7-1

<

CODEC Timer Register

I-

EXT7-2

EXT7-2 Wait-State Register

Figure 9. EXT7 Register Configuration

Loading EXT7

Because EXT7 is double-buffered, a pair of writes are
performed when loading the EXT7 registers (Figure 9).

LD EXT7, #%54F4 Loads CODEC Timer Register

LD EXT7, #%6CDA Loads Wait-State Register
LD @P0:0, EXT7 Reads EXT7-1 and places
data in RAM

Interrupts

The Z89321 features three interrupts:
INTO  General-Purpose
INT1  CODEC Interface
INT2  13-Bit Timer

If all peripherals are enabled, INTO (general-purpose) can
be used.

M 9984043 0027462 814 MR
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PERIPHERALS (Continued)
CODEC Interface CODEC Interface Control Signals

The CODEC Interface provides direct-connect capabilities
for standard 8-, 16-bit CODECs. The interface also supports
8-bit PCM, 8-bit PCM with hardware p-law conversion
(u-law expansion is done in software), 16-bit Linear and
Crystal's Sigma-Delta Stereo CODEC modes. Registers
are used to accommodate the CODEC Interface (EXTS5,
EXT6 and EXT7). The CODEC interface provides two
Frame Sync signals, which allows two channels of data for
transmission/receiving.

CODEC Interface Hardware

The CODEC Interface hardware uses six 16-bit registers,
p-law compression logic and general-purpose logic to
control transfers to the appropriate register (Figure 10).

SCLK (Serial Clock)
The Serial Clock provides a clock signal for operating the

external CODEC. A 4-bit prescaler is used to determine the
frequency of the output signal.

SCLK = (0.5* CLK)/PS where: CLK = System Clock
PS = 4-bit Prescaler*

* The Prescaler is an up-counter.

Note: An internal divide-by-two is performed before the
clock signal is passed to the Serial Clock prescaler.

vl Data Bus S
4 {1 6 4
L6 A6 p-Law
Compression "I
EXT5-1 ] EXT6-1 EXT7-1
- CLKIN CLKIN
Y 4
, . Y 97
A1 A18 A6
EXT5-2 ! EXT6-2 » EXT7-2
l_ CLKIN ey I—— CLKIN
; L
CLKIN | CONTROL y
LOGIC
TXD
y

Figure 10. CODEC Interface Block Diagram
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TXD (Serial Output to CODEC)

The TXD line provides 8-, 16-, and 64-bit data transfers.
Each bitis clocked out of the processor by the rising edge
of the SCLK, with the MSB transmitted first.

RXD (Serial Input from CODEC)

The RXD line provides 8-, 16-, and 64-bit data transfers.
Each bit is clocked into the processor by the falling edge
of the SCLK, with the MSB received first.

int1_

FS0, FS1 (Frame Sync)
The Frame Sync is used for enabling data transfer/receive.
Therising and falling edge of the Frame Sync encloses the
serial data transmission.

Interrupt

Once the transmission of serial data is completed an
internal interrupt signal is initiated. A single-cycle Low
pulse allows an interrupt on INT1. When this occurs, the
processor will jump to the defined Interrupt 1 vector
location (Figure 11).

fs1

I
[ L

fsO _I I

va [ LTI

UL

oa JLTUU

i)

Figure 11. CODEC Interface Timing (8-Bit Mode)

CODEC Interface Timing

Figure 11 depicts a typical 8-bit serial data transfer using
both of the CODEC Interface Channels. The transmitting
data is clocked out on the rising edge of the SCLK signal.
An external CODEC clocks data in on the falling edge of
the SCLK signal. Once the serial data is transmitted, an
interrupt is given. The CODEC interface signals are not
initiated if the CODEC interface is not enabled.

The following modes are available for FSYNC and SCLK
signals:

SCLK FSYNC
Internal Internal
External External
External Internal
Internal External

The CODEC interface timing is independent of the
processor clock when external mode is chosen. This
feature provides the capability for an external device to
control the transfer of data to the Z89321. The Frame Sync
signal envelopes the transmitted data, therefore care must
be taken to ensure proper sync signal timing (Figure 11).

Full Duplex Operation

The Transmit and Receive lines are used for transfer of
serial data to or from the CODEC interface. The CODEC
interface performs both data transmit and receive
simultaneously.

1-15
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PERIPHERALS (Continued)
Control Registers

The CODEC interface is double-buffered, therefore, four  The CODEC Interface Control Register (EXT7-1) is shown
registers are provided for CODEC interface data storage.  in Figure 14. Setting of the CODEC mode, FSYNC, and
EXT5-1 and EXT5-2 operate with the Frame Sync O while  Enable/Disable of CODEC 0 is done through this register.
EXT6-1and EXT6-2 operate with Frame Sync 1.In8-or 16-  The Wait-State Generator, SCLK, and CODEC 1 are
bit mode, the CODEC interface uses EXT5-1 and EXT6-1.  controlled from EXT7-2 (Figure 14).

For Stereo mode, all four registers are used (Figures 12

and 13).

5-1
[p15]o14]p1s]o1z]onforo] oe]os] o7 [ oe[ 05 [ D4 3| 02| D1 Do]

L Data Bits 15-0

52
[o15]o14] D13]o12|D11[D10] pe |pe[p7[os|05] 04| 3] D2 [ 1| Do]

L Data Bits 15-0

Figure 12. CODEC Interface Data Registers (Channetl 0)

61
[o15]pr14]p13]o12]o11[ot0] pe[pe[ o7 ] o8] 05 ps] b3 [ D2 | 1] DO}

L Data Bits 15-0

82
[o15]o14] D15]p12onifo10] Do o8 [ o7 | pef o5 | 04| 03 D2 | o1] pof

L Data Bits 15-0

Figure 13. CODEC Interface Data Registers (Channel 1)
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Registers

EXT7-1

ID15ID14|D13|D12ID11ID10|DQlDBID7I D6|DSID4|DGIDZID1 | DO'

T

—

Note: The timer is an up-counter.

Example: EXT7-1 = #%x00D
EXT7-1 = #%x80F
EXT7-1= #%xFFx
EXT7-1 = #%x000

EXT7-2

OSC = 12.288 MHz, SCLK = 2.048 MHz, FSYNC = 8 kMHz
OSC = 12.288 MHz, SCLK = 6.144 MHz, FSYNC = 48 kMz
No interrupt

Max interrupt period (667 us for OSC = 12.288 MHz)

SCLK Prescaler (up-counter)

SCLK/FSYNC Ratio Prescaler (up-counter)

CODEC Mode

00 8-bit with hardware p-law
01 8-bit without hardware p-law
10 16-bit linear

11 Crystal CS4215/C84216

FSYNC

0 Extemal Source*
1 intemal Source

CODEC 0 Disable/Enable

0 = Disable”
1 = Enable

* Default

Figure 14, CODEC Interface Control Register

|D15|D14|D13ID12ID11|D10|D9IDBID?l DG|05|D4|03|02|01 I DOI

—— ——

-L Wait State EXTO

1

Walt State EXT1 | s _ o wait states
WS - one wait states
00 no walt states (nws)
Walt State EXT2 01 read (nws), write (ws)
10 read (ws), write (nws)
Walt State £XT3 | 11 read (ws), write (ws)
Wait State EXT4
Wait State EXTS
Walt State EXT6 |
SCLK

0  Extemal Source*
1 Internal Source
CODEC 1 Disable/Enable

0 = Disable”*
1 = Enable

*Default

Figure 15. WSG, SCLK and CODEC Interface Control Register
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PERIPHERALS (Continued)
A/D Accommodation
The CODEC interface can be used for serial A/D or serial ~ The low-pass and smoothing filters are necessary for

D/A transmission. The interface provides the necessary  systems with converters.
control signals to adapt to many standard serial converters.

Z89321/371/391
Serial A/D
SCLK CLKIN A
FSO »| Communicate "°,“=”i]{:?55 [— Innalog
a
Serial
FSi Data Out
RXD f
™D Serial A/D
_ o Smoothing Anal
»| CLKIN Filter — out °
o] Serial
Data In
51 Communicate
"} Data

Figure 16. A/D, D/A Implementation Block Diagram

High-Speed Serial Port

The Z89321 CODEC interface can be used as a high- Table 7. Tabulated Transmission Rates*
speed serial port. The necessary control signals are -
provided for adaptation to standard processors or external Transmission Rate
peripherals. Byte, word, or 84-bit _d‘ata can betransmitted  ppovimum SCLK 10 Mbps
at speeds up to 10 Mbps. (Condition includes a 20 MHz Maximum Frame Sync
oscillator. Data can be transferred with single-cycle 8-bit 769.2 kHz
instructions to an internal register file.) 16-bit 476.2 kHz
Stereo (64-bit) 263.2 kHz
Notes:
* Calculations consider the interrupt access time (typically four cycles),
transfer of data, loading of new data, and latency periods betwaen
CODEC transfers. During the interrupt cycle, developers often execute
additional software, affecting the maximum transfer rate. Calculations
are for single-channel transfers only.
1-18
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8-Bit CODEC Interface

The Z839321 provides an option for a standard 8-bit CODEC
interface. Hardware p-law compression is available

The timing for this type of arrangement is presented in
Figure 18. The flexible design provides adaptation for

(expansion performed by software lookup table). The
CODEC interface transmits data consisting of 8-bit or
compounded 8-bit information. Figure 17 shows a typical
schematic arrangement.

16-bit linear CODEC.

289321
1371
1391
vee
0 I_ MC145505p ., Analg
| vop 16 o1 [ vac — Out
RXD RDD [ 15 2 =) Rx0
—— RCE [} 14 3 +Tx —4 10k 5k
SCLK —» DC [ 13 43 Ta —w f;"amg
ccl 12 s -x —
™0 11 6 I3 MuwA :I—— vce
FS1 - TDE ] 10 7 =3 PDI
—— VLS g 8 [ vss —I
GND -5V

Figure 17. 8-Bit CODEC Schematic

int1_

LI_
fs1 I I_
st__I I
txd,J LIUL IUUUI—
s JLTU Ui

Figure 18. 8-Bit Mode Timing Diagram

1-19
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PERIPHERALS (Continued)
16-Bit Linear CODEC Interface

For higher precision transmissions, a 16-bit linear CODEC acquisition systems, designers may opt for a 16-bit serial
is used, however, data is not compressed in this mode of ~ A/D. A block diagram of the Z89321 with the AD1876
transmission. The Z89321 provides accommodation for  16-bit 100 Kbps sampling ADC is shown in Figure 20.
two channels of 16-bit transmission (Figure 19). For data

int1_

fs1

I
L

fs0 _J |
wa JUU LTI - MU U
rxd __] | [ 1 J ]
Figure 19. 16-Bit Mode Timing Diagram
Z89321/371/391
AD 1876
uoo »] Sample Anti-Alias
Filtered
SCLK CLK Analo
Signal
RxD Dout Vin e————
FS1 [« Busy
16-BitA/D
Figure 20. 16-Bit Serial A/D

1-20
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Stereo CODEC Interface

The Z893XX DSP product family CODEC interface provides
direct connection to other CODECSs for master or slave
modes, supporting 64 bits of transmission data (16 bits
right channel, 16 bits left channel, and 32 bits of
configuration information). This configuration information

consists of input gain, input MUX, output attenuation, ADC
clipping, and mute and error functions of the CODECs. A
key feature of the Z893XX DSP product family is that it
adapts easily to other stereo CODECS, including Crystal
Semiconductor's CS4215 and CS4216 devices (Figure
21).

u & <

Ferrite Bead

Audio  21.0uF VO I oa7uF 150
uaio N
out i TE3 15 Rout ANz |28 Channol 2
(Right) 40k 600 P
T e’
0.0022yF
NPG <7 0.47uF
i - 150
Audio 21.04F
Out il | L3 181 our unz f22 Channel 2
{Left) 40k 600
; 0.01d.lF
289321 0.0022uF CS4216 e
13711381 oG
. REFBYP oanaF
10pF == 0.1uF == . 150
22 | reFeND RIN1 il“_l_%_< ﬁmnen
Av g
0.01uF
281 sc1k 3 NPO
42 1 ssyne
44 3 SpiN
1 0.47yF
SCLK SDouT 150
FSO unt 24 Icf:\r;%rt\nen
T*D 321 smopE2
RxD Made 37 srs z Q01
Seting 01 sese
297 smopEt

Figure 21. Z893XX and CS4216 CODEC Interface
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PERIPHERALS (Continued)

The 64 bits of data transferred from the CODEC are placed
in four registers, EXT5-1, 5-2, 6-1, and 6-2 (Figure 22 ).

int1_

o I N
1s0 ﬂ
% 64 bits transferred 4.

Figure 22. CODEC Stereo Mode Timing Diagram

13-Bit General-Purpose Timer

The 13-bit counterftimer is available for general-purpose  The counter is defaulted to the enable state, but if it is not
use. When the counter counts down fo the zero state, an  needed, it can be disabled. However, once disabled, the
interrupt is received on INT2. If the counter is disabled, counter cannot be enabled unless areset of the processor
EXT4 can be used as a general-purpose address. The  is performed.

counting operation of the counter can be disabled by

resetting bit 14. Selection of the clock source allows the ~ Example:

ability to extend the counter value past the 13 bits available

in the control register. Use of the CODEC counter output LD EXT, #%C008 ;1 100 0000 0000 1000

can extend the counter to 26 bits (see Figure 23). : Enable Counter

; Enable Counting
Notes: ; Clock Source = OSC/2
Placing zeroes into the count value register does not ; Count Value = 1000 = 8
generate an interrupt. Therefore, it is possible to have a ; Interrupt will occur every
single-pass option by loading the counter with zeroes after 16 clock cycles

the start of count.

EXT4
F)‘5|014ID13|D12|D11|D10|D9 | DS|D7 | D6|D5|D4ID3 | DEID1 |D0|

Count Value (Down-Counter)

Ciock Source

0 Oscillator/2*
1 CODEC Counter Output

Count Operation
0 = Disable*
1 = Enable

Counter

* Defautt State 0 = Disable
1 = Enable*

Figure 23. CODEC Timer Register

1-22
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R 2iLas
ADDRESSING MODES

This section discusses the syntax of the addressingmodes
supported by the DSP assembler.

Table 8. Addressing Modes

Symbolic Name Syntax Description

<pregs> Pn:b Pointer Register

<dregs> Dn:b Data Register

(Points to RAM)

<hwregs> X,Y,PC,SR,P Hardware Registers
EXTn,A,BUS

<accind> @A Accumulator Memory Indirect

(Points to Program Memory)

<direct> <expression> Direct Address Expression

<limm> #<const exp> Long (16-bit) Immediate Value

<simm> #<const exp> Short {8-bit) Immediate Value

<regind> @Pn:b Pointer Register Indirect

(Points to RAM) @Pn:b+ Pointer Register Indirect with Increment
@Pn:b—L.OOP Pointer Register Indirect with Loop Decrement
@Pn:b+LOOP Pointer register Indirect with Loop Increment

<memind> @@Pn:b Painter Register Memory Indirect

(Points to Program Memory) @Dn:b Data Register Memory Indirect
@@Pn:b-LOOP Pointer Register Memory Indirect with Loop Decrement
@@Pn:b+LOOP Pointer Register Memory Indirect with Loop Increment
@@Pn:b+ Pointer Register Memory Indirect with Increment

M 9984043 0027472 7L ma
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ADDRESSING MODES (Continued)
There are sight distinct addressing modes for data transfer.

<pregs>, <hwregs> These two modes are used for simple
loads to and from registers within the chip, such as loading
to the Accumulator, or loading from a pointer register. The
names of the registers need only be specified in the
operand field (destination first, then source).

<regind> This mode is used for indirect accesses to the
data RAM. The address of the RAM location is stored in the
pointer. The “@" symbol indicates “indirect” and precedes
the pointer, therefore @P1:1 instructs the processor to
read or write to a location in RAM1, which is specified by
the value in the pointer.

<dregs> This mode is also used for accesses to the data
RAM, but only the lower 16 addresses in either bank. The
4-bit address comes from the status register and the
operand field of the data pointer. Note that data registers
are typically used not for addressing RAM, but loading
data from program memory space.

<memind> This mode is used for indirect accesses to the
program memory. The address of the memory is located
in a RAM location, which is specified by the value in a
pointer. Therefore, @@P1:1 instructs the processor to
read (write is not possible) from a location in memory,
which is specified by a value in RAM, and the location of

the RAM is in turn specified by the value in the pointer.
Note that the data pointer can also be used for a memory
access in this manner, but only one “@" precedes the
pointer. In both cases, the memory address stored in RAM
is incremented by one, each time the addressing mode is
used, to allow easy transfer of sequential data from
program memory.

<accindy> Similar to the previous mode, the address for the
program memory read is stored in the Accumulator. @A in
the second operand field loads the number in memory
specified by the address in A.

<direct> The direct mode allows read or write to data RAM
from the Accumulator by specifying the absolute address
of the RAM in the operand of the instruction. A number
between 0 and 255 indicates a location in RAMO, and a
number between 256 and 511 indicates a location in
RAM1.

<limm> This address mode indicates a long immediate
load. A 16-bit word can be copied directly from the
operand into the specified register or memory.

<simm> This address mode canonly be used forimmediate
transfer of 8-bit data in the operand to the specified RAM
pointer.

CONDITION CODES

The following Instruction Description defines the condition
codes supported by the DSP assembler. If the instruction
description refers to the <cc> (condition code) symbol in

one of its addressing modes, the instruction will only
execute if the condition is true.

Code Description Code Description
C Carry NUA Not User One
EQ Equal (same as Z) NZ Not zero
F False oV Overflow
IE Interrupts Enabled PL Plus (Positive)
Ml Minus uo User Zero
NC No Carry U1 User One
NE Not Equal (same as NZ) UGE Unsigned Greater Than or
NIE Not Interrupts Enabled Equal (Same as NC)
NOV Not Overflow ULT Unsigned Less Than (Same as C)
NUO Not User Zero z Zero
1-24
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INSTRUCTION DESCRIPTIONS

Inst. Description Synopsis Operands Words  Cycles Examples

ABS Absolute Value ABS[<ce>, J<sres <cc>A 1 1 ABSNC.A
A 1 ABS A

ADD Addition ADD<dest>,<src> A.<pregs> 1 1 ADD A,PO:0
A<dregs> 1 1 ADD A,DO:0
A<limm> 2 2 ADD A#%1234
A<memind> 1 3 ADD A,@@P0:0
A<direct> 1 1 ADD A,%F2
A<regind> 1 1 ADD A,@P1:1
A.<hwregs> 1 1 ADD AX
A, <simms> ADD A, #%12

AND Bitwise AND AND<dest>,<src> A<pregs> 1 1 AND A,P2:0
A<dregs> 1 1 AND A,DO:1
A<limm> 2 2 AND A #%1234
A<memind> 1 3 AND A@@P1.0
Axdirect> 1 1 AND A,%2C
A<regind> 1 1 AND A,@P1:2+L00OP
A<hwregs> 1 1 AND AEXT3
A, <simm> AND A, #%12

CALL Subroutine call CALL [<ce>, J<address> <ce>«direct> 2 2 CALL Z,5ub2
<direct> 2 2 CALL subl

CCF Clear carry flag CCF None 1 1 CCF

CIEF Clear Carry Flag CIEF None 1 1 CIEF

COPF Clear OP flag COPF None 1 1 COPF

cP Comparison CP<srel> <sre2> A,<pregs> 1 1 CPAPO:0
A,<dregs> 1 1 CPA,D3:1
A.<memind> 1 3 CP A@@P0:1
A<direct> 1 1 CP A, %FF
A<regind> 1 1 CP A@P2:1+
A<hwregs> 1 1 CP ASTACK
A<limms 2 2 CP A#%FFCF
A, <simm> CPA, #%12

DEC Decrement DEC [<ce>,J«dest> <CCA, 1 1 DEC NZA
A 1 1 DECA

INC Increment INC [<cc>,) <dest> <cc> A 1 1 INC PLA
A 1 1 INC A

JP Jump JP [<ce>, J<address> <Ce> <direct> 2 2 JP NIE,Label
<direct> 2 2 JP Label

M 9944043 0027474 53L MW
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INSTRUCTION DESCRIPTIONS (Continued)

Inst.  Description Synopsis Operands Words Cycles Examples

LD Load destination  LD<dest>,<sre> A<hwregs> 1 1 LDAX

with saurce A<dregs> 1 1 LD ADO:O

A<pregs> 1 1 LD A,PO:1

A <regind> 1 1 LD A@P1:1

A<memind> 1 3 LD A,@D0:0

A «direct> 1 1 LD A124

<direct>,A 1 1 LD 124A

<dregs>,<hwregs> 1 1 LD DO:0,EXT7

<pregs>,<simm> 1 1 LD P1:1.#%FA
<pregs>,<hwregs> 1 1 LD P1:1,EXTH

<regind> <limms> 1 1 LD@P1:1 #1234

<regind>,<hwregs> 1 1 LD @P1:1+X

<hwregs>,<pregs> 1 1 LD Y,P0:0
<hwregs>,<dregs> 1 1 LD SR,D0:0
<hwregs>,<limm> 2 2 LD PC #%1234

<hwregs>,<accind> 1 3 LD X, @A

<hwregs>,<memind> 1 3 LD Y,@D0:0

<hwregs>,<regind> 1 1 LD A@P0:0-LOOP
<hwregs>,<hwregs> 1 1 LD X,EXT6

Note: When <dest> is <hwregs>, <dest> cannot be P.

Note: When<dest>is <hwregs>and <src> is <hwregss>, <dest>cannot be EXTn
if <src> is EXTn, <dest> cannot be X if <src> is X, <dest> cannot be SR
if <src> is SR.

Note: When <sic> is <accind> <dest> cannot be A.

MLD Multiply MLD<srel>,<srel>[,<bank switch>) <hwregs> <regind> 1 1 MLD A, @P0:0+L0O0P
<hwregs>,<reginds>,<bank switch> 1 1 MLD A@P1:0,0FF
<regind>,<regind> 1 1 MLD @P1:1,@P2:0
<«regind>,<regind> <bank switch> 1 1 MLD @P0:1,@P1:0,0N

Note: If src1 is <regind> it must be a bank 1 register. Src2's <regind must be
a bank 0 register.

Note: <hwregs> for src1 cannot be X.

Note: Fortheoperands <hwregs>, <regind>the <band switch> defaults to OFF.
For the operands <regind>, the <bank switch> defaults to ON.

MPYA  Multiplyandadd  MPYA <srch>,<src2>[ <bank switch>]  <hwregs>,<regind> 1 1 MPYA A, @PC:0
<hwregs>,<reginds>,<bank switch> 1 1 MPYA A, @P1:0,0FF
<regind>,<regind> 1 1 MPYA @P1:1,@P2:0
<regind>,<regind> <bank switch> 1 1 MPYA@P0:1,@P1:0,0N

Note: Ifsrci is <regind> it must be a bank 1 register. Src2's <regind> must be
a bank 0 register.

Note: <hwregs> for src1 cannot be X.

Note: Forthe operands <hwregs>, <regind> the <bank switch> defaults to OFF.
For the operands <regind>, the <bank switch> defaults to ON.
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Inst.  Description Synopsis Operands Words Cycles Examples
MPYS  Multiply and MPYS<srcl> <sic2>[ <bank switchs]  <hwregs>,<regind> 1 1 MPYSAQPO:0
subtract <hwregs>,<regind> <bank switch> 1 1 MPYS A@P1:.0,0FF
<regind> <regind> 1 1 MPYS@P1:1,@P2:0
<regind>,<regind>,<bank switch> 1 1 MPYS@P(0:1,@P1:0,0N
Note: If srct is <regind> it must be a bank 1 register. Src2’s <regind> must be
a bank 0 register.
Note: <hwregs> for srct cannot be X.
Note: Forthe operands <hwregs>, <regind>the <bank switch> defaults to OFF.
For the operands <regind>, <regind> the <bank switch> defaults to ON.
NEG  Negate NEG <cc>,A <CC>, A 1 1 NEGMIA
A 1 1 NEGA
NOP  No operation NOP None 1 1 NOP
OR Bitwise OR OR <dest>,<src> A, <pregs> 1 1 ORAPO1
A, <dregs> 1 1 ORA, DO:1
A, <limm> 2 2 ORA#%2C21
A, <memind> 1 3 ORA@@P2:1+
A, «direct> 1 1 ORA %2C
A, <regind> 1 1 ORA@P1.0-LOOP
A, <hwregs> 1 1 ORAEXT6
A, <simm> ORA#%12
POP  Pop value POP <dest> <pregs> 1 1 POPPO:0
from stack <dregs> 1 1 POP DO
<regind> 1 1 POP@P0:0
<hwregs> 1 1 POPA
PUSH  Push value PUSH <src> <pregs> 1 1 PUSHPO:0
onto stack <dregs> 1 1 PUSH DO
<regind> 1 1 PUSH@PO:0
<hwregs> 1 1 PUSHBUS
<limm> 2 2 PUSH#12345
<accind> 1 3 PUSH@A
<memind> 1 3 PUSH@@PO:0
RET  Return from subroutine  RET None 2 RET
RL Rotate Left RL <cc>,A <CC>A 1 1 RLNZA
A 1 1 RLA
RR Rotate Right RR <cc>,A <CC>A 1 1 RBRRCA
A 1 1 RRA

M 99a3u0u3 0027476 309 WA
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INSTRUCTION DESCRIPTIONS (Continued)

Inst. Description Synopsis Operands Words Cycles  Examples

SCF SetCflag SCF None 1 1 SCF

SIEF  SetlE flag SIEF None 1 1 SIEF

SLL  Shift left SLL [<ce>,]A 1 1 SLL NZA

logical A 1 1 SLL A
SOPF  Set OP flag SOPF None 1 1 SOPF
SRA  Shift right SRA<ce> A <Ce>,A 1 1 SRA NZA
arithmetic A 1 1 SRA A

SUB  Subtract SUB<dest> <src> A<pregs> 1 1 SUB A,P1:1
A<dregs> 1 1 SUB A,DO:1
A<limms 2 2 SUB A#%2C2C
A, <memind> 1 3 SUB A@D0:1
A, <direct> 1 1 SUB A, %15
A, <regind> 1 1 SUB A,@P2:0-LO0P
A, <hwregs> 1 1 SUB A,STACK
A, <simm> SUB A, #%12

XOR  Bitwise exclusive OR XOR <dest> <sre> A, <pregs> 1 1 XOR A,P2:0
A, <dregs> 1 1 XOR A,DO:1
A, <limm> 2 2 XOR A,#13933
A, <memind> 1 3 XORA@@P2:1+
A, <direct> 1 1 XOR A, %2F
A, <regind> 1 1 XORA@P2:0
A, <hwregs> 1 1 XOR ABUS
A, <simm> XOR A, #%12

Bank Switch Enumerations. The third (optional)operand  the direction of the switch. These keywords are referenced
of the MLD, MPYA and MPYS instructions represents  in the instruction descriptions through the <bank switch>
whether a bank switch is set ON or OFF. To more clearly  symbol. The most notable capability this provides is thata
representthis, the keywords ONand OFF areusedtostate  source operand can be multiplied by itself (squared).
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N 2La5

ABSOLUTE MAXIMUM RATINGS

Symbol Description Min. Max. Units

Vee Supply Voltage (*) -03 +7.0 \
TG Storage Temp -65° +150 °C

T, Oper Ambient Temp t °C

Notes:

* Voltage on all pins with respect to GND.
1 See Ordering Information.

Stresses greater than those listed under Absolute Maximum
Ratings may cause permanent damage to the device. This
is a stress rating only; operation of the device at any
condition above those indicated in the operational sections
of these specifications is notimplied. Exposure to absolute
maximum rating conditions for extended period may affect
device reliability.

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test
conditions as noted. Allvoltages arereferenced to Ground.
Positive current flows into the referenced pin (Figure 24).

+5V

21KQ

From Output
Under Test

=

30 pF 9.1KQ

lll—)l__.

Figure 24. Test Load Diagram

DC ELECTRICAL CHARACTERISTICS

(Vpo= 5V £10%, T, = 0°C to +70°C, unless otherwise noted.)

fclock = 20 MHz?

fclock = 16 MHz?

felock = 10 MHz

Sym. Parameter Condition Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units
l,,  Supply Current Vpp=5.5V 70 55 35 mA
l, ~ DC Power Consumption 5 5 5 mA
V,,  InputHigh Level 27 2.7 27 v
A input Low Level 8 8 8 v
L input Leakage 10 10 10 VA
Veu  Output High Voltage low=—100 pA V02 V02 V02 v
Vo Input Low Voltage lo,=2.0 mA 5 5 5 v
I Output Floating

Leakage Current 10 10 10 1A
Notes:
[1] 289321 and 289391 only.
[2] Z89371 only (V,p = 5V £5%)
[3] Vg, =5V, £5% for 16 MHz 289371
{4] Vg, =5V, £10% for 10 MHz 289371
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Q205
AC ELECTRICAL CHARACTERISTICS

(Voo =5V 10%, T, = 0°C to +70°C, unless otherwise specified)

felock = 20 MHz2? felock = 16 MHz? felock = 10 MHz
Symbol Parameter Min. Max. Min. Max. Min. Max. Units
Clock
TCcY Clock Cycle Time 50 625 100 ns
Tr Clock Rise Time 2 2 2 ns
Tt Clock Fall Time 2 2 2 ns
CPW Clock Pulse Width 23 29 48 ns
110
DSVALID /DS Valid Time from CLOCK Fall 0 15 0 18 0 25 ns
DSHOLD /DS Hold Time from CLOCK Rise 4 15 5 18 5 25 ns
EASET EA Setup Time to /DS Fall 12 15 18 ns
EAHOLD EA Hold Time from /DS Rise 4 5 6 ns
RDSET Data Read Setup Time to /DS Rise 14 17 21 ns
RDHOLD Data Read Hold Time from /DS Rise 6 6 6 ns
WRVALID Data Write Valid Time from /DS Fall 18 22 30 ns
WRHOLD Data Write Hold Time from /DS Rise 5 5 5 ns
Interrupt
INTSET Interrupt Setup Time to CLOCK Fait 7 9 1 ns
INTWIDTH Interrupt Low Pulse Width 1TCY 1TCY 1TCY ns
Codec Interface
SSET SCLK Setup Time from Clock Rise 15 18 22 ns
FSSET FSYNC Setup Time from SCLK Rise 6 7 ] ns
TXSET TXD Setup Time from SCLK Rise 7 9 1 ns
RXSET RXD Setup Time to SCLK Fall 7 9 1 ns
RXHOLD RXD Hold Time from SCLK Fall 0 0 0
Reset
RRISE Reset Rise Time 1000 1200 1500 ns
RSET Reset Setup Time to CLOCK Rise 15 18 22 ns
RWIDTH Reset Low Pulse Width 2TCY 2TCY 2TCY ns
External Program Memory
PAVALID PA Valid Time from CLOCK Rise 20 25 35 ns
PDSET PD Setup Time to CLOCK Rise 10 12 15 ns
PDHOLD PD Hold Time from CLOCK Rise 10 10 10 ns
Wait State
WSET WAIT Setup Time to CLOCK Rise 23 29 35 ns
WHOLD WAIT Hold Time from CLOCK Rise 1 1 2 ns
Halt
HSET Halt Setup Time to CLOCK Rise 3 4 5 ns
HHOLD Halt Hold Time from CLOCK Rise 10 12 15 ns
Notes:

[1]1 289321 and 289321 only.
[2] 289371 only (V,, = 5Y £5%)

M 9984043 0027479 0L mm
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TIMING DIAGRAMS

! = . mh

m“W
he— CPW
sHoLD) koW — n

L EAHOLD
_.‘ EASET — |4_

EA(2:0) X Valid Address Qut X

—J DSVALID I-

/DS

RD/WR RDHOL!

—
—»IRDSET e—
EXT(15:0) X Data In X

Figure 25. Read Timing

|l TCY |
I 1
NN N

—{ WHOLD

—DI WSET  |[e—o

08 AN /
EA(2:0) X valid Address Out X

RD/WR

EXT(15:0) X Data In

Figure 26. External (EXT) Bus
Read Timing Using WAIT Pin
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TIMING DIAGRAMS (Continued)

TCY
| C N

o N T N
DSHOLD[e—
DSVALID |e—

EASET |e— —»{EAHOLD
.._.l l¢_

EA(2:0) X Valld Address Out X

/DS

EASET je— e EAHOLD|4—

RD/WR \_.I e

= WRHOL
——I WRVALID L— D|<—
EXT(15:0) X Data In X

Figure 27. Write Timing
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|.__ Tov 4{

—pt WHOLD

—] wser f—o
AT —/_\
/s N\ /
EA2:0) X Valld Address Out X

RD/WR
EXT(15:0) X Data In X

Figure 28. Write Timing Using WAIT Pin
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TIMING DIAGRAMS (Continued)

—

CcLOCK l

—-ISSErI-—

- 1

FSO, FS1 \

TXSEI‘I*—

[¢—RXHOLD
RXSET [e—

Figure 29. CODEC Interface Timing
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|-—— TCY _.l

H
7 o

—] INTWidh fe—

PROGRAM -
OGRAY X Fatch N-1 X Fetch N X Fetch N +1 XFetch Int_AddX Fetch | X Fetch | +1
EXECUTE X XExecute N —X Execute N ><JALL Int RouﬁneXxecme Int Rouﬁ%

Figure 30. Interrupt Timing

fe—toY—4]

CLOCK
HHOLD

s
HALT_/_\

Figure 31. HALT Timing
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@ <iLds 16-BIT DIGITAL SIGNAL PROCESSORS
TIMING DIAGRAMS (Continued)
e~ TCY
CLOCK
—-l RSET ->l |«—RRISE
JRESET \\ L/
| RWIDTH >

E TN\ /
EXECUTE >( Cycla 0 M Cycle 1 3¢ Cycle 2 M Cycle 3 I Cycle 4 X Cycle 5 I¢Code Execy

RD//WR / \<
/DS / \<
U00-1 / \<
EA0-2 PN ) 4
EXT0-15 X Tri-Stated X
PA0-15 3( Tri-Stated XAccess Reset Vector)(
RAM/ "
REGISTERS X Intact X
* The RAM and hardware registers are left intact
during a warm reset. A cold reset will produce
random data in these locations. The status
register is set to zeross in both cases.
Figure 32. RESET Timing
TCY
CLOCK

PAVALID I-—
PROGRAM : "
PROGRAM X Valid K valid X valid

PDSET
I-—PDHOLD
PROCRAM X X Valid X X Valid X X Valid

Figure 33. External Program Memory Port Timing
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PACKAGE INFORMATION

20 1
o T8 e O s 8 s 3 s 8 I e e e 0 e Y e 38 e Y s s B s 88 v O e 8 e e 0 o

] SYMBOL MILUMETER INCH

MIN MAX MIN MAX
Al 0.51 081 | .020 032
E A2 3.18 394 125 155

B 0.38 053 | .05 021
Bl 1.02 152 | .040 060
| S5 ) SR B SN R NN R S Ry U N SO G WU J W R SN R NEN R SEE QN NEN B SR B SR B SN N SN B NN g SN g | ¢ 0.23 0.58 009 015

21 o D 5207 | 5258 [2.080 [2070
3 1524 | 1575 600 620
o E1 1359 | 14.22 535 560

a 254 TP 100 TYP
5 < A 1548 | 1678 810 660
i | L 3.05 381 .120 150

T Q1 1.52 1.91 .060 075

OO T T OO AR s [ s ] 22 |ow | ow

AR RARRRAAAR LI

CONTROLLING DIMENSIONS : INCH

c
oA
40-Pin DIP Package Diagram
I0P VIEW A
b Al
0267.020
=8 — -
has x£" «8
1l 121971087 =H]
h 0487042 - T Eb
1] Q
A € € _L 3% B2 §§
28
Vd
g z
pas R r
e r Ll4/064
0457.025
SympaL | MILLIMETER INCH
NOTES MIN MAX MIN MAX
1. CONTROLLING DIMENSIONS @ INCH s, 57 | ae8 180
2. LEADS ARE COPLANAR WITHIN .004 IN. A 87 1| 45 L
3. DIMENSION @ _MM Al 24| | 292 | .095| us
INCH D/E 17.40 | 1765 [ e85 | 695
DIVEL | 1651 | 1666 | 650 656
D2 15.24 | 16.00 | .600 630
] 127 TYP 050 TYP

44-Pin PLCC Package Diagram
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16-BIT DIGITAL SIGNAL PROCESSORS
PACKAGE INFORMATION (Continued)
HD —- = A2
r— Al
D [
a <] ' SYMBOL MILLIMETER INCH
HHHHHQQHHHH MIN MAX | MIN MAX
Al 005 025 | .002 010
3 i par— 22 Az 2.00| aes 07¢ 089
[ i a— b 025 | o4s | .ow 018
g i e < 013 0.20 .005 008
! ——] HD 13.70 14.30 539 563
P | SHUN O Cr— E  HE D 990 | 1040 | 390 | 398
— : Fr— HE 1370 | 1430 | 539 | 53
] i rr— 3 5.90 1010 | 390 | 398
— i Hr— | ® 080 TYP 031 TYP
. — ° i :':'w L 060 | 120 024 | 047
I ﬁﬁh ﬂ )
NOTES:
1. CONTROLLING DIMENSIONS 1 MILLIMETER
2. LEAD COPLANARITY 1 MAX 10
‘004"
44-Pin QFP Package Diagram
IoP ViEW e A
I+ [
— bo— At
I~ ]
- 7
11 75 l
Aaoanooon Ananno
e
12 T ' -1
=
g o e E:—[
;
n:u;%x -]
£t L 020/.014 b2 g
J ;
i
; £ 7
32 ps5¢
% wr oo N L
R
045/.025
— MILLIMETER INCH
M MAX MA WAX
A 432 4.57 170 180 NOTES:
A 243 282 095 115 1. CONTROLLING DIMENSIONS : INCH
D/E 3010 | 3035 | 1985 | 1185 §Z mﬂ“i Em: M ¥ W 004 W RANGE.
D1fEt | 2921 | 2041 | 1150 | 1138
02 2784 | 2858 | 1100 | 1125
L@ 127 WP 050 TYP
84-Pin PLCC Package Diagram
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ORDERING INFORMATION

289321

20 MHz
44-Pin PLCC
Z8932120VSC

20 MHz
40-Pin DIP
Z8932120PSC

20 MHz
44-Pin QFP
Z8932120FSC

10 MHz
40-Pin PLCC
Z8932110VSC

10 MHz
40-Pin DIP
Z8932110PSC

10 MHz
44-Pin QFP
Z8932110FSC

289371

16 MHz
44-pin PLCC
Z8937116VSC

16 MHz
40-pin DIP
Z8937116PSC

16 MHz
44-pin QFP
Z8937116FSC

10 MHz
40-pin PLCC
Z8937110VSC

10 MHz
40-pin DIP
Z8937110PSC

10 MHz
44-pin QFP
Z8937110FSC

Z89391

20 MHz
84-Pin PLCC
Z8939120VSC

10 MHz
84-Pin PLCC
Z8939110VSC

For fast results, contact your local Zilog sales office for assistance in ordering the part desired.

Package
P= Plastic DIP

V = Plastic PLCC

F = Plastic QFP

Temperature

S =0°Cto +70°C

Speed
20 = 20 MHz
16 = 16 MHz

Environmental

C = Plastic Standard

Example:

Z 89321 20 V S C is a 289321, 20 MHz, PLCC, 0°C to +70°C, Plastic Standard Flow

I— Environmental Flow
Temperature

Package

Speed

Product Number
Zilog Prefix
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