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DSP56309

Advance Information
24-BIT GENERAL PURPOSE DIGITAL SIGNAL PROCESSOR

The DSP56309 is a member of the DSP56300 core family of programmable CMOS digital signal
processors (DSPs). This family uses a high performance, single-clock-cycle-per-instruction
engine providing a two-fold performance increase over Motorola’s popular DSP56000 core,
while retaining code compatibility. Significant architectural enhancements in the DSP56300
family include a barrel shifter, 24-bit addressing, an instruction cache, and direct memory access
(DMA). The DSP56309 offers 80/100 MIPS at 3.0-3.6 V using an internal 80/100 MHz clock. The
large on-chip memory is ideal for wireless infrastructure and wireless local-loop applications.
The DSP56300 core family offers a new level of performance in speed and power provided by its
rich instruction set and low-power dissipation, thus enabling a new generation of wireless,
multimedia, and telecommunications products.
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Figure 1 DSP56309 Block Diagram
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Telephone: 1-800-521-6274
Email: dsphelp@dsp.sps.mot.com
Internet: http://www.motorola-dsp.com

Data Sheet Conventions

OVERBAR Used to indicate a signal that is active when pulled low (For example, the RESET
pin is active when low.)

“asserted” Means that a high true (active high) signal is high or that a low true (active low)
signal is low

“deasserted”  Means that a high true (active high) signal is low or that a low true (active low)

signal is high
Examples: Signal/Symbol Logic State Signal State Voltage?
PIN True Asserted ViL/VoL
PIN False Deasserted Viu/Vou
PIN True Asserted Viu/Von
PIN False Deasserted ViL/VoL

Note:  Values for V., VoL, V|n, and Vg are defined by individual product specifications.
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Features

FEATURES

High Performance DSP56300 Core

e 80- and 100-million instructions per second (MIPS) with an 80- and 100-MHz clock at
3.0-3.6V

= Object-code compatible with the DSP56000 core
< Highly parallel instruction set
= Data arithmetic logic unit (ALU)
— Fully pipelined 24 x 24-bit parallel multiplier-accumulator (MAC)

— 56-bit parallel barrel shifter (fast shift and normalization; bit stream generation and
parsing)

— Conditional ALU instructions
— 24-bit or 16-bit arithmetic support under software control
= Program control unit (PCU)
— Position independent code (PIC) support
— Addressing modes optimized for DSP applications (including immediate offsets)
— On-chip instruction cache controller
— On-chip memory-expandable hardware stack
— Nested hardware DO loops
— Fast auto-return interrupts
= Direct memory access (DMA)
— Six DMA channels supporting internal and external accesses
— One-, two-, and three-dimensional transfers (including circular buffering)
— End-of-block-transfer interrupts
— Triggering from interrupt lines, all peripherals, and DMA channels
= Phase-locked loop (PLL)
— Allows change of low-power divide factor (DF) without loss of lock
— Output clock with skew elimination
= Hardware debugging support
— On-Chip Emulation (OnCE[) module
— Joint Test Action Group (JTAG) test access port (TAP)

— Address trace mode reflects internal program RAM accesses at the external port

Preliminary
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Features

On-Chip Memory

< Program RAM, Instruction Cache, X data RAM, and Y data RAM size are programmable.

Instruction  Switch Program Instruction X Data RAM Y Data RAM
Cache Mode RAM Size Cache Size Size Size
disabled disabled 20480 x 24-bit 0 7168 x 24-bit 7168 x 24-bit
enabled disabled 19456 x 24-bit 1024 x 24-bit 7168 x 24-bit 7168 x 24-bit
disabled enabled 24576 x 24-bit 0 5120 x 24-bit 5120 x 24-bit
enabled enabled 23552 x 24-bit 1024 x 24-bit 5120 x 24-bit 5120 x 24-bit

e 192 x 24-bit bootstrap ROM

Off-Chip Memory Expansion

On-Chip Peripherals

= External memory expansion port

= Data memory expansion to two 256K x 24-bit word memory spaces (or up to two
4 M x 24-bit word memory spaces by using the address attribute AA0-AAS3 signals)

< Program memory expansion to one 256K x 24-bit words memory space (or up to one
4 M x 24-bit word memory space by using the address attribute AA0-AA3 signals)

= Simultaneous glueless interface to four blocks of either SRAM or DRAM through chip

select logic

= Supports interleaved, non-interfering access to both types of memory without losing
in-page DRAM access, including DMA-driven access

= Enhanced DSP56000-like 8-bit parallel host interface (HI108) supports a variety of buses
(e.g., industry standard architecture) and provides glueless connection to a number of
industry standard microcomputers, microprocessors, and DSPs

< Two enhanced synchronous serial interfaces (ESSI0 and ESSI1), each with one receiver
and three transmitters (allows six-channel home theater)

= Serial communications interface (SCI) with baud rate generator

Triple timer module

Up to 34 programmable general purpose input/output (GPIO) pins, depending on which
peripherals are enabled
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Target Applications

Reduced Power Dissipation

= Very low-power CMOS design
= Fully-static logic, operation frequency down to 0 Hz (dc)
« Wait and stop low-power standby modes

= Optimized, cycle-by-cycle power management circuitry (instruction-dependent,
peripheral-dependent, and mode-dependent)

TARGET APPLICATIONS

The DSP56309 is intended for applications benefiting from a large amount of on-chip memory,
such as wireless infrastructure applications.

PRODUCT DOCUMENTATION

The three documents listed in the following table are required for a complete description of the
DSP56309 and are necessary to design properly with the part. Chip errata—if any exist—are
available at the Motorola website. Documentation is available from the following locations:

< A local Motorola distributor

= A Motorola semiconductor sales office

< A Motorola Literature Distribution Center

< The World Wide Web (WWW)
See the back cover for specific addresses and phone numbers.

See your Motorola distributor for detailed information about the multiple support options
available to you.

Table 1 DSP56309 Documentation

Name Description Order Number

DSP56300 Family | Detailed description of the DSP56300 family processor DSP56300FM/AD
Manual core and instruction set

DSP56309 User’s | Detailed functional description of the DSP56309 memory | DSP56309UM/D
Manual configuration, operation, and register programming

DSP56309 DSP56309 features list and physical, electrical, timing, and | DSP56309/D
Technical Data package specifications
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Product Documentation
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SECTION 1
PINOUT DIAGRAM

SIGNAL GROUPINGS

The input and output signals of the DSP56309 are organized into functional groups, as shown in
Table 1-1 and as illustrated in Figure 1-1. For a complete description of these signals, see the
DSP56309 User’s Manual, especially Section 2, Signal/Connection Descriptions.

Table 1-1 Functional Signal Groupings in the DSP56309

Functional Group Ngirggzlrsof
Power (Vcc) 20
Ground (GND) 19
Clock 2
PLL 3
Address bus 18
Data bus Port A* 24
Bus control 13
Interrupt and mode control 5
Host interface (HI08) Port B? 16
Enhanced synchronous serial interface (ESSI) Ports C and D°® 12
Serial communication interface (SCI) Port E* 3
Timer 3
ONnCE/JTAG port 6
Note: 1. Port A signals define the external memory interface port, including the external
address bus, data bus, and control signals.

2. Port B signals are the HI08 port signals multiplexed with the GPIO signals.

3. Port C and D signals are the two ESSI port signals multiplexed with the GPIO

4. SF"Ic?lvtaléséignals are the SCI port signals multiplexed with the GPIO signals.

Figure 1-1 is a diagram of DSP56309 signals by functional group.

Preliminary
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Pinout Diagram

Signal Groupings

During Reset After Reset
DSP56309 l«—— MODA IROA
l«—— MODB TIRQB
«—— MODC IRQC
PLL Vech —
Core Logic v 4 o <—— MODD IRQD
o Veoon 2| € l«— RESET RESET
v 3 @ Host Interface (H108)!
Address Bus ceA =1 = Non- Multiplexed ~ Port B
Data Bus Veeo —{| 5 .
2 Multiplexed Bus Bus GPIO
Bus Control Vece —=3{ | © 8
HIoS Veen =1 = HO-H7 HADO-HAD7 PBO-PB7
ESSI/SCI/Timer Vees 2 w l«—— HAO HAS/HAS PB8
€t—— HAl HA8 PB9
—— HA2 HA9 PB10
PLL GNDp — | o |[*— HCSIHCs HALO PB13
PLL GNDp; —» + Single DS Double DS
Internal Logic GNDQA o S |[«— HRW HRD/HRD PB11
Address Bus GNDp —23| | S ~—— HDS/HDS HWR/HWR PB12
Data Bus GNDp ——3 = Single HR Double HR
Bus Control GNDCA o —» HREQ/HREQ HTRQ/HTRQ PB14
HI08 GNDy —{ | < HACK/HACK HRRQ/HRRQ PB15
ESSI/SCI/Timer GNDg = Enhanced Synchronous Serial Interface (ESSIO)2
3 Port C GPIO
o O g SC00-SC02 PCO-PC2
EXTAL — 3! | & Z || scko PC3
XTAL < ] S || SRDO PC4
O || STDO PC5
CLKOUT ~— Enhanced Synchronous Serial Interface (ESSI1)?
PCAP —>| Port D GPIO
During After e A €» SC10-SC12  PDO-PD2
Reset Reset [ — |[<*» SCK1 PD3
PINIT NM| —| ’5 €«—>» SRD1 PD4
O || STD1 PD5
EXTERNAL MEMORY INTERFACE Serial Communications Interface (SCI)?
AO-AL7 <o Port E GPIO
" W ((«—— RXD PEO
D0-D23 g3 ‘g » TXD PE1
a 3 SCLK PE2
AAO-AA3
RAS0O-RAS3 -—| 4 Timers® GPIO
RD «—{| © €« TIO0 TIOO
WR -—| —~ g—» TIO1 TIO1
TA—|| > Q | [ Ti02 TIO2
BR -— [
BG—>» D |je—— TCK
BE <« w |le«e—— TDI
E Q —» TDO
CAS =-— c
BCLK <—] O |[*«— T™S
BCLK ~— <€ TRST
<> DE

Notes: 1. The HIO8 port supports a non-multiplexed or a multiplexed bus, single or double data strobe (DS), and single or
double host request (HR) configurations. Because each of these modes is configured independently, any
combination of these modes is possible. These HI08 signals can also be configured alternately as GPIO signals
(PB0-PB15). Signals with dual designations (e.g., HAS/HAS) have configurable polarity.

2. The ESSIO, ESSI1, and SCI signals are multiplexed with the port C GPIO signals (PC0-PC5), port D GPIO signals

(PD0O-PD5), and port E GPIO signals (PEO-PE?2), respectively.

3.  TIOO-TIO2 can be configured as GPIO signals. AALG16
Figure 1-1 Signals Identified by Functional Group
Preliminary
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Pinout Diagram

Signal Groupings

In the DSP56309, certain pins have a weak keeper. Accordingly, a tri-stateable signal on such a
pin is not electrically disconnected during a reset; rather, such a signal is driven by the weak
keeper, as documented in the DSP56309 User’s Manual, Section 2, Signal/Connection
Descriptions. Consequently, the value of pull-up or pull-down resistors on such pins should be
taken into account for those signals. The value of such resistors appears in the DSP56309 User’s
Manual, Section 2, Signal/Connection Descriptions in the description of those signals. Table 1-2
lists the pins that have a weak keeper.

Table 1-2 Pins with Weak Keepers on the DSP56309

Block Pins

Host HP[0:4]
HP[5:15]

Data HD[0:6]
HD[7:23]

Enhanced synchronous serial interface (ESSI) | SC12

SC11

SRD1

STD1

SC10

SCK1

SRDO

STDO

SC00

SCKO

SCO02

SC01

Timer TIO[0:2]

Synchronous communication interface (SCI) RXD

TXD

SCLK

Preliminary
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Pinout Diagram

Signal Groupings
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SECTION 2
SPECIFICATIONS

INTRODUCTION

The DSP56309 is fabricated in high density CMOS with transistor-transistor logic (TTL)
compatible inputs and outputs. The DSP56309 specifications are preliminary, based on design
simulations, and may not be fully tested or guaranteed at this early stage of the product life
cycle. In particular, certain speeds may not yet be available at certain power ranges. Finalized
specifications will be published after full characterization and device qualifications are complete.

MAXIMUM RATINGS

CAUTION

This device contains circuitry protecting
against damage due to high static voltage or
electrical fields; however, normal precautions
should be taken to avoid exceeding maximum
voltage ratings. Reliability is enhanced if
unused inputs are tied to an appropriate logic
voltage level (e.g., either GND or Vcy).

Note: In the calculation of timing requirements, adding a maximum value of one
specification to a minimum value of another specification does not yield a
reasonable sum. A maximum specification is calculated using a worst case
variation of process parameter values in one direction. The minimum
specification is calculated using the worst case for the same parameters in the
opposite direction. Therefore, a “maximum” value for a specification will
never occur in the same device that has a “minimum” value for another
specification; adding a maximum to a minimum represents a condition that
can never exist.

Preliminary
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Specifications

Thermal Characteristics

Table 2-1 Maximum Ratings

Rating® Symbol Valuel 2 Unit
Supply Voltage Veex \Y
=PLL (Vccp) and core (Vecgl) —0.3to +3.3
«Other (1/70) —0.3t0 +4.0
All input voltages ViN GND —0.3t0 Ve +0.3 \%
Current drain per pin excluding Vcc and GND | 10 mA
Operating temperature range® T, —40 to +100 °Cc
Storage temperature Tsto —55to +150 °c
Note: 1. GND=0V, V=33V 03V, T;=-40°C to +100°C, CL =50 pF
2. Absolute maximum ratings are stress ratings only, and functional operation at the maximum is not
guaranteed. Stress beyond the maximum rating may affect device reliability or cause permanent
damage to the device.
3. See Thermal Design Considerations on page 4-1 for an equation relating ambient and junction
temperature.

THERMAL CHARACTERISTICS

Table 2-2 Thermal Characteristics

Characteristic Symbol ;F/SIEZ F;/B;ifél F;/B;if; Unit
Junction-to-ambient thermal resistance® Rg;a OF 635 49.3 49.4 28.5 ‘c/W
Junction-to-case thermal resistance® Rg;c or 65 8.2 12.0 — ‘c/W
Thermal characterization parameter Wi 5.5 2.0 — ‘c/W

Note: 1.
2.

3.

These are simulated values; testing is not complete. See Note 3 for test board conditions.

These are simulated values; testing is not complete. The test board has two, 2-ounce signal layers and
two 1-ounce solid ground planes internal to the test board.

Junction-to-ambient thermal resistance is based on measurements on a horizontal single-sided
printed circuit board per SEMI G38-87 in natural convection. (SEMI is Semiconductor Equipment and
Materials International, 805 East Middlefield Rd., Mountain View, CA 94043, (415) 964-5111.)
Measurements were done with parts mounted on thermal test boards conforming to specification
EIA/ZJESD51-3.

Junction-to-case thermal resistance is based on measurements using a cold plate per SEMI G30-88,
with the exception that the cold plate temperature is used for the case temperature.

Preliminary
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Specifications

DC ELECTRICAL CHARACTERISTICS

DC Electrical Characteristics

Table 2-3 DC Electrical Characteristics!

Characteristics Symbol Min Typ Max Unit
Supply VOltage (VCCQL' VCCP' VCCQH’ VCCA’ VCCX 3.0 3.3 3.6 Vv
Veep: Veee: Vech: Vees)
Input high voltage
-D0-D23, BG, BB, TA v 2.0 — VeeoH v
«MOD?/IRQ? RESET, PINIT/NMland all | V4p 2.0 — Vecon+ 03|V
JTAG/ESSI/SCI/Timer/HI08 pins
’EXTAL3 VlHX 0.8 x VCCQH — VCCQH Vv
Input low voltage
<D0-D23, BG, BB, TA, MODZIIRQZ, RESET, VL -0.3 — 0.8 \Y
PINIT
«All JTAG/ESSI/SCI/Timer/HI08 pins ViLp -0.3 — 0.8 \Y
<EXTALS VLx 0.3 — 02%Veegr | V
Input leakage current N -10 — 10 HA
High impedance (off-state) input current (@ Its) -10 — 10 HA
24V /04V)
Output high voltage Vou
*TTL (Igy = 0.4 mA)*® Ve - 0.4 — — v
«CMOS (Ioy =10 pA)* Veegr - 0.01 — — v
Output low voltage VoL
<TTL (port A lg, = 1.6 mA, — — 0.4 v
non-port A lg, = 3.2 mA,
open-drain pins I, = 6.7 mA)*°
«CMOS (lg, = 10 uA)* — — 0.01 V
Internal supply current®:
=In normal mode lce — 80 MHz: 128 — mA
100 MHz: 160 — mA
«In wait mode’ lccw — 5 — mA
«In stop mode® lecs — 100 — WA
PLL supply current in stop mode* — 1 2.5 mA
Input capacitance® Cin — — 10 pF
Preliminary
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Specifications

AC Electrical Characteristics

Table 2-3 DC Electrical Characteristics}(Continued)

Characteristics Symbol Min Typ Max Unit
Note: 1. Vgex=33V*03V;T,;=-40°Cto+100°C, C, =50 pF
2. Refersto MODA/IRQA, MODB/IRQB, MODC/IRQC, and MODD/IRQD pins

3. Driving EXTAL to the low V,yx or the high V, _x value may cause additional power consumption
(dc current). To minimize power consumption, the minimum V,x should be no lower than
0.9 x Vcy and the maximum V| x should be no higher than 0.1 x V¢y.

4. Periodically sampled and not 100% tested

This characteristic does not apply to XTAL and PCAP.

6. Power Consumption Considerations on page 4-4 provides a formula to compute the estimated current
requirements in normal mode. In order to obtain these results, all inputs must be terminated (i.e., not
allowed to float). Measurements are based on synthetic intensive DSP benchmarks such as those in the
DSP56309 User’s Manual. The power consumption numbers in this specification are 90% of the
measured results of this benchmark. This reflects typical DSP applications. Typical internal supply
current is measured with Ve, = 3.3 V at T; = 100°C. Maximum internal supply current may vary widely
and is application dependent.

7. In order to obtain these results, all inputs must be terminated (i.e., not allowed to float). PLL and XTAL
signals are disabled during stop state.

8. In order to obtain these results, all inputs, which are not disconnected at stop mode, must be terminated
(i.e., not allowed to float).

o

AC ELECTRICAL CHARACTERISTICS

The timing waveforms shown in the ac electrical characteristics section are tested with a V_
maximum of 0.3 V and a V,;y minimum of 2.4 V for all pins except EXTAL, which is tested using
the input levels shown in Note 6 of the previous table. AC timing specifications, which are
referenced to a device input signal, are measured in production with respect to the 50% point of
the respective input signal’s transition. DSP56309 output levels are measured with the
production test machine Vo and Vg reference levels set at 0.8 V and 2.0 V, respectively.

Preliminary
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Specifications

INTERNAL CLOCKS

Table 2-4 Internal Clocks, CLKOUT

Internal Clocks

Expression’' 2
Characteristics Symbol
Min Typ Max
Internal operation frequency f — (Ef x MF)/ —
and CLKOUT with PLL enabled (PDF x DF)
Internal operation frequency f — Ef/2 —
and CLKOUT with PLL disabled
Internal clock and CLKOUT
high period
=With PLL disabled Ty — ETc —
=With PLL enabled and MF < 4 0.49 x ET¢ x — 0.51 X ET¢ %
PDF x DF/MF PDF x DF/MF
=With PLL enabled and MF > 4 0.47 x ET¢ x — 0.53 X ET¢ %
PDF x DF/MF PDF x DF/MF
Internal clock and CLKOUT low
period
=With PLL disabled T — ETc —
=With PLL enabled and MF < 4 0.49 x ET¢ x — 0.51 x ET¢ %
PDF x DF/MF PDF x DF/MF
=With PLL enabled and MF > 4 0.47 x ET¢ x — 0.53 x ET¢ %
PDF x DF/MF PDF x DF/MF
Internal clock and CLKOUT Tc — ETc x PDF x —
cycle time with PLL enabled DF/MF
Internal clock and CLKOUT Tc — 2 x ET¢ —
cycle time with PLL disabled
Instruction cycle time leve — Tc —

Note: 1.

DF
Ef
ETc
MF
PDF
Tc

See PLL and Clock Generation in the DSP56300 Family Manual for a detailed discussion of the PLL.

Division factor
External frequency
External clock cycle
Multiplication factor
Predivision factor
Internal clock cycle

Preliminary
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Specifications

External Clock Operation

EXTERNAL CLOCK OPERATION

The DSP56309 system clock may be derived from the on—chip crystal oscillator, as shown in
Figure 1 on the cover page, or it may be externally supplied. An externally supplied square wave
voltage source should be connected to EXTAL, as in Figure 2-2, leaving XTAL physically

disconnected from the board or socket.

EX'I("AL XTAL

R1 R2
——VN—¢

0—||:||—<

C— —-—=C

:I: XTAL1L ]

Fundamental Frequency
Fork Crystal Oscillator

Suggested Component Values:

fosc =32.768 kHz
R1=3.9 MQ * 10%
C =22 pF = 20%
R2 =200 kQ + 10%

Calculations were done for a 32.768 kHz crystal with
the following parameters:

a load capacitance (C,) of 12.5 pF,

a shunt capacitance (Cg) of 1.8 pF,

a series resistance of 40 kQ, and

a drive level of 1 pW.

EXTAL XTAL
° °

R
r—NN—9

+——

C>= XTAL1 =+ C

Fundamental Frequency
Crystal Oscillator

Suggested Component Values:

fosc =4 MHz fosc = 20 MHz
R = 680 kQ + 10% R =680 kQ + 10%
C =56 pF + 20% C =22 pF + 20%

Calculations were done for a 4/20 MHz crystal with the
following parameters:

a Cof 30/20 pF,

a Cqy of 7/6 pF,

a series resistance of 100/20 Q, and

a drive level of 2 mW.

AA1071
Figure 2-1 Crystal Oscillator Circuits
Preliminary
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Specifications

Midpoint

External Clock Operation

Vinc

i;@ /

Y

EXTAL -_-/! ------- - ------ 7
ViLc ETh : ET_ :
4
C: ETc
@—» —
CLKOUT With /
PLL Disabled /
CLKOUT With
PLL Enabled
(o)

N\

Note: The midpointis 0.5 (V|yc + V| c)-
p Mk + Vie) AAO4SS
Figure 2-2 External Clock Timing
Table 2-5 Clock Operation
80 MHz 100 MHz
No. Characteristics Symbol
Min Max Min Max
1 |Frequency of EXTAL Ef 0 80.0 0 100.0
(EXTAL Pin Frequency)
The rise and fall time of this
external clock should be
3 ns maximum.
2 |EXTAL input high®?
«With PLL disabled ETh 5.84 ns 00 4.67 ns 00
(46.7%-53.3% duty cycle®)
=With PLL enabled
(42.5%-57.5% duty cycle3) 531ns | 157.0pus | 4.25ns | 157.0 us
3 |EXTAL input low?! 2
«With PLL disabled ET_ 5.84 ns 00 4.67 ns 00
(46.7%-53.3% duty cycle®)
=With PLL enabled
(42.5%-57.5% duty cycle3) 531ns | 157.0pus | 4.25ns | 157.0 us
4 |EXTAL cycle time?
<With PLL disabled ETc | 1250 ns 00 10.00 ns 0
<With PLL enabled 1250 ns | 273.1 ps | 10.00 ns | 273.1 ps
Preliminary
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Specifications

External Clock Operation

Table 2-5 Clock Operation(Continued)

80 MHz 100 MHz
No. Characteristics Symbol
Min Max Min Max
5 |CLKOUT change from — 43ns | 110ns | 43ns | 11.0ns
EXTAL fall with PLL
disabled
6 | CLKOUT rising edge from — 0.0 ns 1.8ns 0.0 ns 1.8 ns
EXTAL rising edge with
PLL enabled (MF =1,
PDF =1, Ef > 15 MHz)* ®
CLKOUT falling edge from — 0.0 ns 1.8ns 0.0 ns 1.8 ns
EXTAL rising edge with
PLL enabled (MF =2 or 4,
PDF =1, Ef > 15 MHz)* ®
CLKOUT falling edge from — 0.0 ns 1.8ns 0.0 ns 1.8 ns
EXTAL falling edge with
PLL enabled (MF <4,
PDF #1,
Ef/PDF > 15 MHz)*®
7 |Instruction cycle leve
time = ICYC = TC6
asin Table 2-4
(46.7%-53.3% duty cycle)
<With PLL disabled 25.0 ns 00 20.0 ns 00
<With PLL enabled 1250 ns | 853 us | 10.00ns | 8.53 us
Note: 1. Measured at 50% of the input transition

2. The maximum value for PLL enabled is given for minimum Vg and maximum
MF.

3. Theindicated duty cycle is for the specified maximum frequency for which a
part is rated. The minimum clock high or low time required for correction
operation, however, remains the same at lower operating frequencies; therefore,
when a lower clock frequency is used, the signal symmetry may vary from the
specified duty cycle as long as the minimum high time and low time
requirements are met.

4. Periodically sampled and not 100% tested.

5. The skew is not guaranteed for any other MF value.

6. The maximum value for PLL enabled is given for minimum Vg and maximum

DF.

Preliminary
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Specifications

Phase-Locked Loop (PLL) Characteristics

PHASE-LOCKED LOOP (PLL) CHARACTERISTICS

Table 2-6 PLL Characteristics

Characteristics

80 MHz

100 MHz

Min

Max

Min

Max

Unit

Vo frequency
when PLL enabled
(MF x E¢ x 2/PDF)

30

160

30

200

MHz

PLL external
capacitor (PCAP
pin to Vcp)

1

(Cpcar
~@MF<4
-@ MF >4

(MF x 580) — 100
MF x 830

(MF x780) — 140
MF x 1470

(MF x 580) — 100
MF x 830

(MF x 780) — 140
MF x 1470

pF
pF

Note:

Cpcap is the value of the PLL capacitor (connected between the PCAP pin and Vcp). The

recommended value in pF for Cpcap can be computed from one of the following equations:
(680 x MF) — 120, for MF <4, or
1100 x MF, for MF = 4.

RESET, STOP, MODE SELECT, AND INTERRUPT TIMING

Table 2-7 Reset, Stop, Mode Select, and Interrupt Timing1

80 MHz 100 MHz
No. Characteristics Expression Unit
Min | Max | Min | Max
8 | Delay from RESET assertion to — — 26.0 — 260 | ns
all pins at reset value?
9 |Required RESET duration®
<Power on, external clock
generator, PLL disabled 50 x ET¢ 6250 — |5000 | — ns
<Power on, external clock
generator, PLL enabled 1000 x ET¢ 125 — 10.0 — Hs
=Power on, internal oscillator | 75000 x ET¢ 1.0 — 0.75 — ms
«During STOP, XTAL
disabled (PCTL Bit 16 =0) 75000 x ET¢ 1.0 — 0.75 — ms
«During STOP, XTAL enabled
(PCTLBIit16=1) 25%xTce 31.3 — 25.0 — ns
«During normal operation 25xT¢e 31.3 — 25.0 — ns
Preliminary
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Table 2-7 Reset, Stop, Mode Select, and Interrupt Timing(Continued)

80 MHz 100 MHz
No. Characteristics Expression Unit
Min | Max | Min | Max
10 |Delay from asynchronous
RESET deassertion to first
external address output
(internal reset deass.ertion)4
*Minimum 80 MHz:
325xTc+2.0 42.6 — — — ns
100 MHz:
325xTc+2.0 — — 34.5 — ns
*Maximum 80 MHz:
20.25 T +9.95 — 2631 — — ns
100 MHz:
20.25 T +7.50 — — — | 2115| ns
11 |Synchronous reset setup time
from RESET deassertion to Te
CLKOUT transition 1
*Minimum 7.4 — 5.9 — ns
*Maximum — 12.5 — 100 | ns
12 |Synchronous reset deasserted,
delay time from the CLKOUT
transition 1 to the first external
address output
eMinimum 325x T +1.0 41.6 — 335 — ns
*Maximum 20.25T¢ +5.0 — | 2581 — |2075| ns
13 | Mode select setup time — 30.0 — 30.0 — ns
14 | Mode select hold time — 0.0 — 0.0 — ns
15 | Minimum edge-triggered — 8.25 — 6.6 — ns
interrupt request assertion
width
16 | Minimum edge-triggered — 8.25 — 6.6 — ns
interrupt request deassertion
width
17 |Delay from IRQA, IRQB,
IRQC, IRQD, NMI assertion to
external memory access
address out valid
=Caused by first interrupt 425 xTec +20 55.1 — 44.5 — ns
instruction fetch
=Caused by first interrupt
instruction execution 7.25 xTc +2.0 92.6 — 74.5 — ns
Preliminary
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Reset, Stop, Mode Select, and Interrupt Timing

Table 2-7 Reset, Stop, Mode Select, and Interrupt Timing(Continued)

80 MHz 100 MHz
No. Characteristics Expression Unit
Min | Max | Min | Max

18 | Delay from IRQA, IRQB, 10xTe +5.0 1300 | — | 1050 | — ns
IRQC, IRQD, NMI assertion to
general-purpose transfer
output valid caused by first
interrupt instruction execution

19 |Delay from address output 80 MHz>: Note 5 Note §
valid caused by first interrupt |3.75x Tc + WS x T - 12.4 — ns
instruction execute to interrupt | 100 MHz>:
request deassertion for level 3.75x Tec + WS x T —10.94 — ns
sensitive fast interrupts® ’

20 |Delay from RD assertionto |80 MHz>: Note 5 Note 5
interrupt request deassertion |3.25x Tc+ WS x T —-12.4 — ns
for level sensitive fast 100 MHz>:
interrupts® ’ 3.25 x Tc + WS x T — 10.94 — ns

21 | Delay from WR assertion to Note 5 Note 5
interrupt request deassertion
for level sensitive fast
interrupts® ’

=DRAM for all WS 80 MHz":

(WS+35)xTc-124 — ns

100 MHz":

(WS +3.5) xTc-10.94 — ns
=SRAM WS =1 80 MHz":

(WS+35)xTc-124 — ns

100 MHz":

(WS +3.5) xTc-10.94 — ns
=SRAM WS =2, 3 80 MHz":

(WS+3)xTc-124 — ns

100 MHz":

(WS +3) x T —10.94 — ns
=SRAM WS >4 80 MHz>:

(WS+25)xTc-124 — ns

100 MHz":

(WS +25) xTc-10.94 — ns

22 | Synchronous interrupt setup — 7.4 Tc 5.9 Tc ns
time from IRQA, IRQB, IRQC,

IRQD, NMI assertion to the
CLKOUT transition 2
Preliminary
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Reset, Stop, Mode Select, and Interrupt Timing

Table 2-7 Reset, Stop, Mode Select, and Interrupt Timing(Continued)

No.

Characteristics

Expression

80 MHz

100 MHz

Min

Max

Min

Max

Unit

23

Synchronous interrupt delay
time from the CLKOUT
transition 2 to the first external
address output valid caused by
the first instruction fetch after
coming out of wait processing
state

eMinimum

eMaximum

9.25 x Te + 1.0
2475 x Te +5.0

116.6

314.4

935

252.5

ns
ns

24

Duration for IRQA assertion to
recover from Stop state

7.4

59

ns

25

Delay from IRQA assertion to
fetch of first instruction (when
exiting stop)® 8
<PLL is not active during stop
(PCTL bit 17 = 0) and stop
delay is enabled
(OMR bit 6 =0)
<PLL is not active during stop
(PCTL bit 17 = 0) and stop
delay is not enabled
(OMR bit6=1)
<PLL is active during stop
(PCTL bit 17 = 1) (implies no
Stop delay)

PLC x ETc x PDF +
(128K - PLC/2) x T

PLC x ETc x PDF +
(23.75+0.5) x T

(8.25+0.5) x T

1.6

290.6
ns

96.9

17.0

15.4
ms

109.4

13

232.5
ns

77.5

13.6

12.3
ms

87.5

ms

ns

26

Duration of level sensitive
IRQA assertion to ensure
interrupt service (when exiting
stop)> 8
<PLL is not active during stop
(PCTL bit 17 = 0) and stop
delay is enabled
(OMR bit 6 =0)
<PLL is not active during stop
(PCTL bit 17 = 0) and stop
delay is not enabled
(OMR bit6=1)
<PLL is active during stop
(PCTL bit 17 = 1) (implies no
stop delay)

PLC x ETc x PDF +
(128K -~ PLC/2) x T

PLC x ETc x PDF +
(20.5 +0.5) x T

55xT¢

17.0

15.4

68.8

13.6

12.3

55.0

ms

ms

ns
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Reset, Stop, Mode Select, and Interrupt Timing

Table 2-7 Reset, Stop, Mode Select, and Interrupt Timing(Continued)

80 MHz 100 MHz
No. Characteristics Expression Unit
Min | Max | Min | Max
27 | Interrupt requests rate
«HI108, ESSI, SCI, Timer 12T¢ — | 1500 | — |120.0| ns
-DMA 8T¢ — | 1000 | — 80.0 | ns
«IRQ, NMI (edge trigger) 8T¢ — [ 1000| — 80.0 | ns
=IRQ, NMI (level trigger) 12T¢ — | 1500 | — |120.0| ns
28 | DMA requests rate
=Data read from HI08, ESSI, 6T¢c — 75.0 — 60.0 | ns
SCI
<Data write to HI08, ESSI, SCI T¢c — 87.5 — 700 | ns
=Timer 2T¢ — 25.0 — 20.0 | ns
«IRQ, NMI (edge trigger) 3T¢c — 375 — 30.0 | ns
29 |Delay from IRQA, IRQB, 425xTe +2.0 55.1 — 44.0 — ns

IRQC, IRQD, NMI assertion to
external memory (DMA
source) access address out

valid
Note: 1. VccqL =33V 203V, T;=-40°Cto+100°C, C| =50 pF

2. Periodically sampled and not 100% tested.

3. For an external clock generator, RESET duration is measured during the time in which RESET is
asserted, Vcy is valid, and the EXTAL input is active and valid.
For internal oscillator, RESET duration is measured during the time in which RESET is asserted and
Vcx is valid. The specified timing reflects the crystal oscillator stabilization time after power-up.
This number is affected both by the specifications of the crystal and other components connected to
the oscillator and reflects worst case conditions.
When the V¢ is valid, but the other “required RESET duration” conditions (as specified above)
have not been yet met, the device circuitry will be in an uninitialized state that can result in
significant power consumption and heat-up. Designs should minimize this state to the shortest
possible duration.

4. If PLL does not lose lock, then these values are valid.

5. Use expression to compute maximum value.

6. When using fast interrupts and IRQA, IRQB, IRQC, and IRQD are defined as level-sensitive, timings
19 through 21 apply to prevent multiple interrupt service. To avoid these timing restrictions, the
deasserted edge-triggered mode is recommended when using fast interrupts. Long interrupts are
recommended when using level-sensitive mode.

7. WS = number of wait states (measured in clock cycles, number of T¢)

8.  When there is an expression with both a minimum and maximum value, use the expression to
compute worst case.

Preliminary
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Specifications

External Memory Interface (Port A)

EXTERNAL MEMORY INTERFACE (PORT A)

SRAM Timing

Table 2-8 SRAM Read and Write Accesses!

No.

Characteristics

80 MHz

100 MHz

Symbol Expression?
Min | Max

Min | Max

Unit

100

Address valid
and AA assertion
pulse width

tRC' tWC (WS + 1) X TC -40 21.0 —
[1<WS<3]
(WS +2) x T — 4.0 710 | —
[4<WS<7]
(WS +3) x T - 4.0 1335| —
[WS > 8]

160 | —

560 | —

106.0| —

ns

ns

ns

101

Address and AA
valid to WR
assertion

tAS 80 MHz:
0.25xTc-3.0 01 | —
[WS=1]
100 MHz:
025xTc-2.4 — —
[WS=1]

All frequencies:
0.75xTc-4.0 54 | —
[2=WS<3]
1.25xT-—-4.0 116 | —
[WS = 4]

0.1 —

3.5 —

ns

ns

ns

ns

102

WR assertion
pulse width

tWP 15 x TC -45 14.3 —
[WS = 1]
WS x T — 4.0 210 | —
[2<WS<3]
(WS-05)xTe-40 |398| —
[WS > 4]

105 | —

160 | —

310 | —

ns

ns

ns

103

WR deassertion
to address not
valid

tWR 80 MHz:
0.25xTc-3.0 01 | —
[L<WS<3]
100 MHz:
025xTc-2.4 — —
[L<WS<3]

All frequencies:
1.25xT-—-4.0 116 | —
[A<WS<T7]
225xTc-4.0 241 | —
[WS = 8]

185 | —

ns

ns

ns

ns
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External Memory Interface (Port A)

Table 2-8 SRAM Read and Write Accesses(Continued)

80 MHz 100 MHz
No.| Characteristics | Symbol Expressionz Unit
Min | Max | Min | Max
104 |Address and AA tAA’ tAC 80 MHz:
valid to input (WS+0.75) xTc—9.5 — (124 | — — ns
data valid [WS = 1]
100 MHz:
(WS +0.75) x T —8.0 — — — | 95 | ns
[WS=1]
105 |RD assertion to tog |80 MHz:
input data valid (WS+0.25) xTc—-9.5 — 6.1 — — ns
[WS=1]
100 MHz:
(WS +0.25) xTc—8.0 — — — | 45 | ns
[WS=1]
106 |RD deassertionto | tonz — 00 | — | 00| — | ns
data not valid
(data hold time)
107 | Address valid to taw  [(WS+0.75) xTc—4.0 179 | — | 185 — | ns
WR deassertion [WS>1]
108 | Data valid to W tDS (tDW) 80 MHz:
deassertion (data (WS -0.25)xTc—-3.3 6.1 — — — ns
setup time) [WS = 1]
100 MHz:
(WS -0.25) x Tc - 2.75 — — | 48 | — | ns
[WS=1]
109 | Data hold time toy |80 MHz:
from WR 0.25xTc—-3.0 01| — | — | — | ns
deassertion [L<WS<3]
100 MHz:
0.25xTc-2.4 — — | 01| — | ns
[L<WS<3]
All frequencies:
1.25xT--3.8 118 — | 87 | — | ns
[A<WS<T]
225xT--38 243 | — | 187 | — | ns
[WS = 8]
110|WR assertion to — 0.75xTc—-3.7 5.7 — 3.8 — ns
data active [WS =1]
0.25xTc-3.7 06| — |-12| — | ns
[2<WS<3]
-0.25xTc—-3.7 68| — | 62| — | ns
[WS = 4]
Preliminary
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External Memory Interface (Port A)

Table 2-8 SRAM Read and Write Accesses(Continued)

80 MHz 100 MHz
No.| Characteristics | Symbol Expressionz Unit
Min | Max | Min | Max
111 |WR deassertion — 0.25xTc+0.2 — | 33 | — | 27 | ns
to data high [L<WS<3]
impedance 1.25xTc+0.2 — | 158 | — | 127 | ns
[4<WS<T]
2.25xTc+0.2 — | 283 | — | 227 | ns
[WS = 8]
112|Previous RD — 1.25xTc—-4.0 116 | — | 85 | — | ns
deassertion to [L<WS<3]
data active 2.25xTc-4.0 241 | — | 185 | — | ns
(write) [4<WS<T]
3.25xTc-4.0 366 | — | 285| — | ns
[WS = 8]
113 |RD deassertion — 0.75xTc-4.0 54 | — | 35 | — | ns
time [L<WS<3]
1.75xTc—-4.0 79| — | 135| — | ns
[4<WS<T]
275xTc—-4.0 304 — | 235| — | ns
[WS = 8]
114 |WR deassertion —  |05xTc-35 28 | — | 15 | — | ns
time [WS =1]
Tc-35 90 | — | 65 | — | ns
[2<WS<3]
25xT-—-35 278 | — | 215| — | ns
[4<WS<T]
35xTc—-35 403 | — |315| — | ns
[WS = 8]
115|Address valid to — 05xTc—-4 23 | — | 10| — | ns
RD assertion
116 |RD assertion — (WS +0.25) xT-—-3.8 118 | — 8.7 — ns
pulse width
117 |RD deassertion to — 0.25xTc-3.0 01 | — | 00| — | ns
address not valid [L<WS<3]
1.25xTc-3.0 126 | — | 95 | — | ns
[4<WS<T]
2.25xTc—-3.0 251 — | 195| — | ns
[WS = 8]
Note: 1. VccoL=33V*03V;T;=-40°C to +100 °C, C_ =50 pF
2. WSis the number of wait states specified in the bus control register (BCR).
Preliminary
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DRAM Timing

The selection guides provided in Figure 2-14 and Figure 2-17 on page 2-33 should be used for
primary selection only. Final selection should be based on the timing provided in the following
tables. As an example, the selection guide suggests that four wait states must be used for 100
MHz operation when using page mode DRAM. However, by using the information in the
appropriate table, a designer may choose to evaluate whether fewer wait states might be used by
determining which timing prevents operation at 100 MHz, running the chip at a slightly lower
frequency (e.g., 95 MHz), using faster DRAM (if it becomes available), and control factors such

as capacitive and resistive load to im

prove overall system performance.

DRAM Type Note: This figure should be used for primary

(trac Ns)

selection. For exact and detailed timings see

the following tables.

100

| I | | >Chlp Frequency

1 | 1
40 66 80 100 120 (MH2)
. 1 Wait States 3 Wait States
2 Wait States 4 Wait States AA04T2
Figure 2-14 DRAM Page Mode Wait States Selection Guide
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Table 2-9 DRAM Page Mode Timings, One Wait State (Low-Power Applications)® 2 3 (Cont.)

20 MHZz* 30 MHZz*
No. Characteristics Symbol Expression Unit
Min | Max | Min | Max
131 |Page mode cycle time tpc 1.25xT¢ 62.5 — 41.7 — ns
132 | CAS assertion to data valid tcac  [Tc-75 — 425 — 25.8 ns
(read)
133 |[Column address valid to tan 15xTc—-75 — 67.5 — 42.5 ns
data valid (read)
134 | CAS deassertion to data not torr — 0.0 — 0.0 — ns
valid (read hold time)
135 |Last CAS assertion to RAS trsH 0.75xTc—-4.0 | 335 — 21.0 — ns
deassertion
136 |Previous CASdeassertionto | tgycp 2% Tc—4.0 96.0 — 62.7 — ns
RAS deassertion
137 | CAS assertion pulse width tcas 0.75xTc—-4.0 | 335 — 21.0 — ns
138 | Last CAS deassertion to tcrp
RAS deassertion®
«BRWI[1:0] = 00 1.75xTc-60 | 815 | — | 523 | — ns
«BRWI[1:0] =01 325xTc-6.0 | 1565 | — | 1022 | — ns
<BRWI[1:0] =10 425xT-—-6.0 | 2065 | — 1355 | — ns
<BRWI[1:0] =11 6.25xT--6.0 | 3065 | — | 2021 — ns
139 | CAS deassertion pulse tep 05xTc—-4.0 21.0 — 12.7 — ns
width
140 |Column address valid to tasc 05xTc—-4.0 21.0 — 12.7 — ns
CAS assertion
141 | CAS assertion to column tcan  |0.75xTc-4.0 | 335 — 21.0 — ns
address not valid
142 | Last column address valid trAL 2xTc-4.0 96.0 — 62.7 — ns
to RAS deassertion
143 |WR deassertion to CAS tres [0.75xTo-38 | 337 | — | 212 | — ns
assertion
144 | CAS deassertion to WR trey  |0.25xTc-37 | 8.8 — 4.6 — ns
assertion
145 | CAS assertion to WR twen |05 xTc—4.2 208 | — | 125 | — ns
deassertion
146 |WR assertion pulse width twp 15xTc—45 70.5 — 455 — ns
147 |Last WR assertion to RAS trwL  |1.75xTc-43 | 832 | — | 540 | — ns
deassertion
Preliminary
MOTOROLA DSP56309 Technical Data 2-23




Specifications

External Memory Interface (Port A)

Table 2-9 DRAM Page Mode Timings, One Wait State (Low-Power Applications)® 2 3 (Cont.)

20 MHz* 30 MHz*
No. Characteristics Symbol Expression Unit
Min | Max | Min | Max

148 |WR assertion to CAS tewe [175xTc-43 | 832 | — | 540 | — ns
deassertion

149 | Data valid to CAS assertion tos 0.25xTc—-4.0 8.5 — 4.3 — ns
(Write)

150 |CAS assertion to data not toH 0.75xTc-4.0 | 335 — 21.0 — ns
valid (write)

151 |WR assertion to CAS twes  |[Tc—4.3 457 | — | 290 | — ns
assertion

152 |Last RD assertion to RAS tron |1.5xTc-4.0 710 | — | 460 | — ns
deassertion

153 |RD assertion to data valid tca |Tc-75 — | 425 | — | 258 ns

154 | RD deassertion to data not tez — 0.0 — 0.0 — ns
valid

155 | WR assertion to data active — 075xTc-03 | 372 | — | 247 | — ns

156 | WR deassertion to data high — 0.25xT¢ — | 125 | — 8.3 ns
impedance

Note: 1. The number of wait states for page mode access is specified in the data control register.

2. The refresh period is specified in the data control register.

3. All the timings are calculated for the worst case. Some of the timings are better for specific cases
(e.g., tpc equals 2 x T for read-after-read or write-after-write sequences).

4. Reduced DSP clock speed allows use of page mode DRAM with one wait state as in Figure 2-14.

5. BRWI1:0] (DRAM control register bits) defines the number of wait states that should be inserted in
each DRAM out-of-page access.

6. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is topg and not

tez
Table 2-10 DRAM Page Mode Timings, Two Wait States®: 2 3 4
80 MHz
No. Characteristics Symbol Expression Unit
Min | Max
131 |Page mode cycle time tpc 275 xT¢c 344 | — ns
132 |CAS assertion to data valid tcac [15%xTc—-6.5 — | 123 ns
(read)
133 |Column address valid to tan  [25xTc—-6.5 — | 248 ns
data valid (read)
134 |CAS deassertion to data not torr — 0.0 — ns
valid (read hold time)
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Table 2-10 DRAM Page Mode Timings, Two Wait States® 2 3 4(Continued)

80 MHz
No. Characteristics Symbol Expression Unit
Min | Max
135 |Last CAS assertion to RAS thsy |1.75%xTc-4.0 17.9 — ns
deassertion
136 |Previous CAS deassertion tRHep 325 %xTc—-4.0 36.6 — ns
to RAS deassertion
137 |CAS assertion pulse width tcas |1.5xTc-4.0 14.8 — ns
138 |Last CAS deassertion to tcrp
RAS deassertion®
<BRWI[1:0] =00 20xT--6.0 19.0 — ns
<BRW[1:0] =01 35xT--6.0 37.8 — ns
<BRWI[1:0] = 10 45xT--6.0 50.3 — ns
*BRW[1:.0] =11 6.5xT--6.0 75.3 — ns
139 |CAS deassertion pulse tcp  [1.25xTc-4.0 116 | — ns
width
140 |Column address valid to tase |Tc—4.0 8.5 — ns
CAS assertion
141 |CAS assertion to column tcan  |1.75xTc-4.0 17.9 — ns
address not valid
142 |Last column address valid tral  [3%xXTc—-40 335 — ns
to RAS deassertion
143 |WR deassertion to CAS tres  [1.25xTc-3.8 118 | — ns
assertion
144 |CAS deassertion to WR trey |05xTo-3.7 2.6 — ns
assertion
145 |CAS assertion to WR twen  |15xTc-4.2 146 | — ns
deassertion
146 |WR assertion pulse width twp [25xTc-45 268 | — ns
147 |Last WR assertion to RAS trwl  |275xTc—-4.3 301 | — ns
deassertion
148 |WR assertion to CAS tewL [25xTc-43 270 | — ns
deassertion
149 |Data valid to CAS assertion tps 0.25xTc—-3.0 0.1 — ns
(write)
150 |CAS assertion to data not toH 1.75xTc—-4.0 17.9 — ns
valid (write)
151 |WR assertion to CAS twes | Tc—43 82 | — ns
assertion
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Table 2-10 DRAM Page Mode Timings, Two Wait States® 2 3 4(Continued)

80 MHz
No. Characteristics Symbol Expression Unit
Min | Max

152 |Last RD assertion to RAS tron |25xTc-4.0 273 | — ns
deassertion

153 |RD assertion to data valid tga |L75xTc-6.5 — | 154 | ns

154 |RD deassertion to data not tez — 00 | — ns
valid®

155 |WR assertion to data active — 0.75xTc-0.3 9.1 | — ns

156 |WR deassertion to data — 0.25x T¢ — | 31 ns
high impedance

Note: 1. The number of wait states for page mode access is specified in the data control register.
The refresh period is also specified in the data control register.
2. The asynchronous delays specified in the expressions are valid for DSP56309.
3. There are no DRAMs fast enough to meet the specifications for two wait state page
mode @ 100MHz, as indicated in Figure 2-14 on page 2-22.
4.  All the timings are calculated for the worst case. Some of the timings are better for
specific cases (e.g., tpc equals 3 x T for read-after-read or write-after-write sequences).
5. BRWI[1:0] (DRAM control register bits) defines the number of wait states that should
be inserted in each DRAM out-of-page access.
6. RD deassertion will always occur after CAS deassertion; therefore, the restricted
timing is topr and not tgz.
Table 2-11 DRAM Page Mode Timings, Three Wait States' % 3
80 MHz | 100 MHz
No. Characteristics Symbol | Expression Unit
Min | Max | Min | Max
131 |Page mode cycle time tpc? [35xT¢ 438 | — |350| — | ns
132 |CAS assertion to data valid tcac |80 MHz:
(read) 2xTc-6.5 — | 185 — | — | ns
100 MHz:
2xTec—-57 — | — | — [143] ns
133 |Column address valid to data tan |80 MHz:
valid (read) 3xTc-6.5 — |310| — | — | ns
100 MHz:
3xTe—-57 — | — | — |243] ns
134 |CAS deassertion to data not torr — 00| — | 00| — | ns
valid (read hold time)
135 |Last CAS assertion to RAS trsy |25 xTc—-40 [27.3| — [210| — | ns
deassertion
Preliminary
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Table 2-11 DRAM Page Mode Timings, Three Wait States® 2 3(Continued)

External Memory Interface (Port A)

80 MHz | 100 MHz
No. Characteristics Symbol | Expression Unit
Min | Max | Min | Max
136 |Previous CAS deassertion to tRHcp [45%Tc—-40 |[523| — |410| — | ns
RAS deassertion
137 |CAS assertion pulse width tcas [2XTc—-4.0 210| — (160 — | ns
138 |Last CAS deassertion to RAS tcrp
deassertion®
<BRW][1:0] =00 225xTc—-60 |222| — |165| — | ns
<BRW[1:0] =01 375xT--6.0 [409| — |315| — | ns
<BRW[1:0] = 10 475xT--6.0 |[534| — |415| — | ns
*BRW[1:0] =11 6.75xTc—-60 |784| — |615| — | ns
139 |CAS deassertion pulse width tcp [15%xTc-40 |[148| — |110| — | ns
140 |Column address valid to CAS | tasc |Tc—4.0 85| — | 60| — | ns
assertion
141 |CAS assertion to column tcan [25%Tc—-40 |[273| — |210| — | ns
address not valid
142 |Last column address valid to tral [4%Tc-4.0 460| — |360| — | ns
RAS deassertion
143 |WR deassertion to CAS tres |1.25xTc-38 |118| — | 87 | — | ns
assertion
144 |CAS deassertion to WR trey |0.75xTc-37 |57 | — | 38| — | ns
assertion
145 |CAS assertion to WR twen [225xTe-42 [239| — |183| — | ns
deassertion
146 |WR assertion pulse width twp [35xTc-45 [393| — [305| — | ns
147 |Last WR assertion to RAS trwl [3.75xTc-43 426 — 332 — | ns
deassertion
148 |WR assertion to CAS tewL [325xTc-43 [363| — |282| — | ns
deassertion
149 | Data valid to CAS assertion tps  [05xTc-4.0 23| — | 10| — | ns
(write)
150 | CAS assertion to data not tog  [25xTc-40 |273| — [21.0| — | ns
valid (write)
151 |WR assertion to CAS assertion| tycs |1.25xTc-43 [113| — | 82 | — | ns
152 |Last RD assertion to RAS tron [35%xTc-40 |[398| — [310| — | ns
deassertion
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Table 2-11 DRAM Page Mode Timings, Three Wait States’ 2 3(Continued)

80 MHz | 100 MHz
No. Characteristics Symbol | Expression Unit
Min | Max | Min | Max
153 |RD assertion to data valid tga |80 MHz:
25xTc—-65 — | 248 — | — | ns
100 MHz:
25xTc—-57 — | — | — [193]| ns
154 |RD deassertion to data not tez — 00| — | 00| — | ns
valid®
155 |WR assertion to data active — [075xTc-03 | 91| — |72 | — | ns
156 | WR deassertion to data high —  [0.25xT¢ — | 31| — |25 ns
impedance
Note: The number of wait states for Page mode access is specified in the data control register.

1

2. The refresh period is specified in the data control register.

3. The asynchronous delays specified in the expressions are valid for DSP56309.

4. All the timings are calculated for the worst case. Some of the timings are better for specific
cases (e.g., tpc equals 4 x T for read-after-read or write-after-write sequences).

5. BRWI1:0] (DRAM control register bits) defines the number of wait states that should be
inserted in each DRAM out-of page-access.

6. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is
tOFF and not th.

Table 2-12 DRAM Page Mode Timings, Four Wait States®: 2 3

80 MHz | 100 MHz
No. Characteristics Symbol Expression Unit
Min | Max | Min | Max
131 |Page mode cycle time tpc |45 % Tc 56.3| — |450| — | ns
132 |CAS assertion to data valid | tcac |80 MHz:
(read) 275xTc-6.5 — |279| — | — | ns
100 MHz:
275 xTc-5.7 — | — | — | 218 ns
133 |Column address valid to taa |80 MHz:
data valid (read) 3.75xTc-6.5 — | 404 | — | — | ns
100 MHz:
375 xTc-57 — | — | — | 318 ns
134 |CASdeassertiontodatanot| topr — 00| — | 00| — | ns
valid (read hold time)
135 |Last CAS assertion to RAS | tggy [3.5xTc-4.0 398 — |31.0| — | ns
deassertion
136 |Previous CAS deassertion tRHcp (6% Tc—4.0 710| — |56.0| — | ns
to RAS deassertion
137 |CAS assertion pulse width | tcas |25%xTe-4.0 27.3| — |210| — | ns
Preliminary
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Table 2-12 DRAM Page Mode Timings, Four Wait States® 2 3(Continued)

80 MHz | 100 MHz
No. Characteristics Symbol Expression Unit
Min | Max | Min | Max
138 |Last CAS deassertion to tcrp
RAS deassertion®
<BRWIJ1:0] =00 275xTc-6.0 |284| — |215| — | ns
<BRWIJ1:0] =01 425xTc-6.0 |472| — |365| — | ns
<BRWIJ1:0] =10 525xT-.-6.0 |59.7| — |465| — | ns
<BRWIJ1:0] =11 6.25xTc-6.0 |722| — |565| — | ns
139 |CAS deassertion pulse tcp [2xTc—-4.0 210| — |16.0| — | ns
width
140 |Column address valid to tasc [Tc—4.0 85| — | 60| — | ns
CAS assertion
141 |CAS assertion to column tcan [35%xTc—-4.0 398| — |310| — | ns
address not valid
142 |Last column address valid tral [5%Tc-4.0 585| — |46.0| — | ns
to RAS deassertion
143 |WR deassertion to CAS tres [1.25xT--38 |[11.8| — [ 87| — | ns
assertion
144 |CAS deassertion to WR trey [1.25xTe-37 [119| — [ 88 | — | ns
assertion
145 |CAS assertion to WR twen 325 xTc-42 [364| — |283| — | ns
deassertion
146 |WR assertion pulse width twp [45xTc—-45 51.8| — |405| — | ns
147 |Last WR assertion to RAS trwL [475%xTc-43 [551| — [432| — | ns
deassertion
148 |WR assertion to CAS tewL [375xTc-43 |426| — [332| — | ns
deassertion
149 |Datavalidto CASassertion | tpg [0.5xTc—-4.0 23| — | 10| — | ns
(write)
150 |CAS assertion to data not toy |35 xTc—-4.0 398| — |31.0| — | ns
valid (write)
151 |WR assertion to CAS twes [1.25xTec-43 |113| — | 82 | — | ns
assertion
152 |Last RD assertion to RAS tron [45xTc-4.0 523| — 410 — | ns
deassertion
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Table 2-12 DRAM Page Mode Timings, Four Wait States® 2 3(Continued)

80 MHz | 100 MHz
No. Characteristics Symbol Expression Unit
Min | Max | Min | Max
153 |RD assertion to data valid tca |80 MHz:
3.25xTc-6.5 — (341 — | — ns
100 MHz:
3.25xTc—-5.7 — | — | — | 268]| ns
154 |RD deassertion to datanot | tgz — 00| — |00 | — | ns
valid®
155 |WR assertion to data active — |0.75%xTc-0.3 91| — |72 | — | ns
156 |WR deassertion to data —  [0.25%xT¢ — | 31| — | 25| ns
high impedance
Note: 1. The number of wait states for Page mode access is specified in the data control register.
2. The refresh period is specified in the data control register.
3. The asynchronous delays specified in the expressions are valid for DSP56309.
4. All the timings are calculated for the worst case. Some of the timings are better for specific
cases (e.g., tpc equals 3 x T for read-after-read or write-after-write sequences).
5. BRWI1:0] (DRAM control register bits) defines the number of wait states that should be
inserted in each DRAM out-of-page access.
6. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is

tOFF and not th.
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DRAM Type
(trac NS) Note: This figure should be used for primary selection. For
exact and detailed timings see the following tables.
100

80

70

60

__ Chip Frequency

40 66 80 100 120 (MHz)
. 4 Wait States 11 Wait States
8 Wait States 15 Wait States AA04T5
Figure 2-17 DRAM Out-of-Page Wait States Selection Guide
Table 2-13 DRAM Out-of-Page and Refresh Timings, Four Wait States® 2
_ 20 MHZ® 30 MHZ® _
No. Characteristics Symbol Expression Unit
Min | Max | Min | Max
157 |Random read or write tre 5xTc 250.0 — 166.7 — ns
cycle time
158 | RAS assertion to data tRaC 275xTc—75 — 130.0 — 84.2 ns
valid (read)
159 | CAS assertion to data tcac 1.25xTc-75 — 55.0 — 34.2 ns
valid (read)
160 |Column addressvalid to tan 15xTc-75 — 67.5 — 42.5 ns
data valid (read)
161 | CAS deassertion to data tore — 0.0 — 0.0 — ns
not valid (read hold
time)*
Preliminary
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Table 2-13 DRAM Out-of-Page and Refresh Timings, Four Wait States®: 2(Continued)

) 20 MHZ® 30 MHZ® )
No. Characteristics Symbol Expression Unit
Min Max | Min | Max

162 |RAS deassertion to RAS trp 1.75xTc—-40 | 835 — 54.3 — ns
assertion

163 |RAS assertion pulse trAs 3.25xT--4.0 | 1585 — 104.3 — ns
width

164 | CAS assertion to RAS tRsH 1.75xTc-4.0 83.5 — 54.3 — ns
deassertion

165 |RAS assertion to CAS tesH 275xTc—-4.0 | 1335 — 87.7 — ns
deassertion

166 | CAS assertion pulse tcas 1.25xTc—-40 | 585 — 3r.7 — ns
width

167 |RAS assertion to CAS treD 15xTex2 73.0 77.0 48.0 52.0 ns
assertion

168 |RAS assertion to column tRAD 1.25x T +2 60.5 64.5 39.7 43.7 ns
address valid

169 | CAS deassertion to RAS tcrp 225xTc—4.0 | 1085 — 71.0 — ns
assertion

170 | CAS deassertion pulse tcp 1.75xT-—-40 | 835 — 54.3 — ns
width

171 |Row address valid to tasr 1.75xT-—-40 | 835 — 54.3 — ns
RAS assertion

172 |RAS assertion to row tRAH 1.25xT--4.0 58.5 — 37.7 — ns
address not valid

173 |Column address valid to tasc 0.25xT--4.0 8.5 — 4.3 — ns
CAS assertion

174 | CASassertion to column tcAH 1.75xTc—-40 | 835 — 54.3 — ns
address not valid

175 |RAS assertion to column taR 3.25xT--4.0 | 1585 — 104.3 — ns
address not valid

176 | Column addressvalid to traL 2xTe-4.0 96.0 — 62.7 — ns
RAS deassertion

177 | WR deassertion to CAS tres 15xTc-38 | 71.2 — 46.2 — ns
assertion

178 | CAS deassertion to WR treH 0.75xTc-3.7 | 338 — 21.3 — ns
assertion

179 |RAS deassertion to WR tRRH 0.25xTc—-3.7 8.8 — 4.6 — ns
assertion

Preliminary
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Table 2-13 DRAM Out-of-Page and Refresh Timings, Four Wait States®: 2(Continued)

) 20 MHZ® 30 MHZ® )
No. Characteristics Symbol Expression Unit
Min Max | Min Max
180 |CAS assertion to WR twen 15xTe—4.2 70.8 — 45.8 — ns
deassertion
181 |RAS assertion to WR twer 3xTc-42 1458 | — 95.8 — ns
deassertion
182 |WR assertion pulse twp 45xTe-45 | 2205 | — | 1455 | — ns
width
183 | WR assertion to RAS tRwL 475xTc-43 | 2332 | — | 1540 | — ns
deassertion
184 |WR assertion to CAS towL 425xTc-43 | 2082 | — | 1374 | — ns
deassertion
185 |Data valid to CAS tps 225xTc—-4.0 | 1085 — 71.0 — ns
assertion (write)
186 | CAS assertion to data tbH 1.75xT.—-40 | 835 — 54.3 — ns
not valid (write)
187 | RAS assertion to data tbHR 3.25xTc—-4.0 | 1585 — 104.3 — ns
not valid (write)
188 |WR assertion to CAS twes 3xTc-43 1457 | — 95.7 — ns
assertion
189 | CAS assertion to RAS tcsr 0.5xTc-4.0 21.0 — 12.7 — ns
assertion (refresh)
190 |RAS deassertion to CAS trpc 1.25xT-—-40 | 585 — 31.7 — ns
assertion (refresh)
191 |RD assertion to RAS troH 45xTc—-40 | 2210 | — | 1460 | — ns
deassertion
192 |RD assertion to data tga 4xTe-75 — 1925 | — | 1258 | ns
valid
193 |RD deassertion to data tez — 0.0 — 0.0 — ns
not valid*
194 | WR assertion to data — 0.75xTc-0.3 | 37.2 — 24.7 — ns
active
195 |WR deassertion to data — 0.25x T¢ — 125 — 8.3 ns
high impedance
Note: 1. The number of wait states for out-of-page access is specified in the data control register.
2. The refresh period is specified in the data control register.
3. Reduced DSP clock speed allows use of DRAM out-of-page access with four wait states, as in
Figure 2-17 on page 2-33.
4. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is toge and not
tez
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Table 2-14 DRAM Out-of-Page and Refresh Timings, Eight Wait States''

80 MHz 100 MHz
No. Characteristics Symbol | Expression® Unit
Min | Max | Min | Max
157 |[Random read or writecycle | tge [9%X T¢ 1125) — | 900 | — | ns
time
158 |RAS assertion to data valid | tgac |80 MHz:
(read) 475xT--6.5 — | 529 | — | — | ns
100 MHz:
475xTe=57 | — | — | — | 418 ns
159 |CAS assertion to data valid | tcac |80 MHz:
(read) 225xTc—6.5 — |216| — | — | ns
100 MHz:
225xTc—=57 — | — | — | 168 | ns
160 | Column address valid to tan |80 MHz:
data valid (read) 3xTc-6.5 — |310| — | — | ns
100 MHz:
3xTc—57 — — | — | 243 | ns
161 |CAS deassertion to datanot |  topg — 00| — | 00| — | ns
valid (read hold time)*
162 |RAS deassertion to RAS tgp  [325xTc—4.0 366| — [ 285 — | ns
assertion
163 |RAS assertion pulse width tras [5.75%xTc—4.0 679 | — |[535| — | ns
164 |CAS assertion to RAS trsy [325xTc-40 [366| — |285| — | ns
deassertion
165 |RAS assertion to CAS tcsy |4.75%xTc—-4.0 554 | — |435| — | ns
deassertion
166 |CAS assertion pulse width | tcas [225xTc-40 [241| — |185| — | ns
167 |RAS assertion to CAS trep |25 xTgx2 29.3 1333|230 (270 | ns
assertion
168 |RAS assertion to column trap 175 %X T2 19.9 [ 239 | 155|195 | ns
address valid
169 | CAS deassertion to RAS tcrp [425%xTc—4.0 491 — |385| — | ns
assertion
170 |CAS deassertion pulse tcp |275xTc-4.0 304 — | 235 — | ns
width
171 |Row address valid to RAS tasr (325 xTc—4.0 366| — [ 285 — | ns
assertion
172 |RAS assertion to row trany |175%xTc-40 [179| — [135| — | ns
address not valid
Preliminary
2-36 DSP56309 Technical Data MOTOROLA



Specifications

External Memory Interface (Port A)

Table 2-14 DRAM Out-of-Page and Refresh Timings, Eight Wait States' 2(Continued)

80 MHz | 100 MHz
No. Characteristics Symbol | Expression® Unit
Min | Max | Min | Max

173 |Column address valid to tasc |0.75x T —-4.0 54 | — | 35| — | ns
CAS assertion

174 |CAS assertion to column tcan [325xTc-40 |366| — |285| — | ns
address not valid

175 [RAS assertion to column taor  [5.75xTc—-4.0 679 | — |535| — | ns
address not valid

176 |Column address valid to traL 4% Tc-4.0 460| — |360| — | ns
RAS deassertion

177 |WR deassertion to CAS tres [2XTc-3.8 212 | — | 162 | — | ns
assertion

178 |CAS deassertion to WR® trey [|125%xTc-37 |[119| — | 88 | — | ns
assertion

179 |RAS deassertion to WR® tery |80 MHZ:
assertion 0.25xTc-3.0 01| — | — | — | ns

100 MHz:
0.25xTc-2.4 — | — |01 | — | ns

180 | CAS assertion to WR twen 3% Tc—4.2 333 — | 258 | — | ns
deassertion

181 |RAS assertion to WR twer [5:5x Te—4.2 646 | — | 508 | — | ns
deassertion

182 |WR assertion pulse width twp [85%xTc-45 1018 — |805| — | ns

183 |WR assertion to RAS trwl [8.75xTc-43 [1051| — [832| — | ns
deassertion

184 |WR assertion to CAS tewL |775xTc-43 | 926 — |732| — | ns
deassertion

185 | Data valid to CAS assertion tps |4.75xTc-4.0 554 | — |435| — | ns
(write)

186 |CAS assertion to data not toy |3.25xTc-4.0 366 | — | 285| — | ns
valid (write)

187 |RAS assertion to data not topr  |5.75%xTc-40 |[679| — [535| — | ns
valid (write)

188 |WR assertion to CAS twes |5:5xTc-4.3 645 — |50.7| — | ns
assertion

189 | CAS assertion to RAS tcsg |1.5xTc-4.0 148 | — [110| — | ns
assertion (refresh)
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Table 2-14 DRAM Out-of-Page and Refresh Timings, Eight Wait States' 2(Continued)

80 MHz 100 MHz
No. Characteristics Symbol | Expression® Unit
Min | Max | Min | Max
190 |RAS deassertion to CAS trpe [1.75%Tc—4.0 179 | — |[185| — | ns
assertion (refresh)
191 |RD assertion to RAS tron [85xTc-4.0 1023| — |81.0| — | ns
deassertion
192 |RD assertion to data valid tga |80 MHz:
75xT:z-6.5 — | 873 | — — ns
100 MHz:
7.5xTc—-57 — — | — | 693]| ns
193 |RD deassertion to data not tgz (0.0 00| — | 00| — | ns
valid*
194 |WR assertion to data active —  0.75xTc-0.3 91 | — | 72| — | ns
195 |WR deassertion to data —  |025xT¢ — | 31| — | 25| ns
high impedance
Note: 1. The number of wait states for out-of-page access is specified in the data control register.
2. The refresh period is specified in the data control register.
3. The asynchronous delays specified in the expressions are valid for DSP56309.
4. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is
tOFF and not tez.
5. Either tgcy or trry Must be satisfied for read cycles.

Table 2-15 DRAM Out-of-Page and Refresh Timings, Eleven Wait States® 2

80 MHz | 100 MHz
No. Characteristics Symbol | Expression® Unit
Min | Max | Min | Max
157 |[Random read or writecycle | tge |12 x T¢ 150.0 — |120.0f — | ns
time
158 |[RAS assertion to data valid | tgac |80 MHz:
(read) 6.25xTc-6.5 — | 716 | — | — ns
100 MHz:
6.25 x Tc—-5.7 — | — | — |568]| ns
159 |CAS assertion to data valid | tcac |80 MHz:
(read) 3.75xTc-6.5 — | 404 | — | — ns
100 MHz:
375 xTc-57 — | — | — | 318 ns
Preliminary
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Table 2-15 DRAM Out-of-Page and Refresh Timings, Eleven Wait States™ ?(Continued)

80 MHz | 100 MHz
No. Characteristics Symbol | Expression® Unit
Min | Max | Min | Max

160 |Column address valid to taa |80 MHz:

data valid (read) 45xTc-6.5 — (498 | — | — ns
100 MHz:
45%xT--57 — | — | — [393]| ns

161 |CAS deassertion to datanot | topg — 00| — | 00| — | ns
valid (read hold time)*

162 |RAS deassertion to RAS tgp [425%XTc—-40 |491| — |385| — | ns
assertion

163 [RAS assertion pulse width | tgas [7.75%xTc—-40 |929| — |735| — | ns

164 |CAS assertion to RAS trsy |525%Tc—-40 |616| — |485| — | ns
deassertion

165 |RAS assertion to CAS tcsy |625%xTc—-40 |741| — |[585| — | ns
deassertion

166 |[CAS assertion pulse width | tcas [3.75xTc-40 |429| — 335 — | ns

167 |RAS assertion to CAS trep [25x T2 29.3(333(23.0|270| ns
assertion

168 |RAS assertion to column trap [L.75X T2 199|239 (155|195 | ns
address valid

169 |CAS deassertion to RAS tcrp |5.75%xTc-40 |[679| — [535| — | ns
assertion

170 |CAS deassertion pulse tcp |425xTe-40 |491| — |385| — | ns
width

171 |Row address valid to RAS tasg [425%XTc—-40 [491| — |385| — | ns
assertion

172 |RAS assertion to row tran |1L75%xTc-40 [179| — |[135| — | ns
address not valid

173 |Column address valid to tasc [0.75xTc—4.0 54 | — | 35| — | ns
CAS assertion

174 |CAS assertion to column tcan |525xTc-40 |616| — |[485| — | ns
address not valid

175 |RAS assertion to column tar  |7.75%xTc-40 [929| — [735| — | ns
address not valid

176 |Column address valid to traL |6 xTc—-4.0 710 — |56.0| — | ns
RAS deassertion

177 |WR deassertion to CAS tres [3.0xTc-3.8 337 — | 262 — | ns
assertion
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Table 2-15 DRAM Out-of-Page and Refresh Timings, Eleven Wait States™ ?(Continued)

80 MHz | 100 MHz
No. Characteristics Symbol | Expression® Unit
Min | Max | Min | Max
178 |CAS deassertion to WR® tren [175%xTe-37 |[182| — [138| — | ns
assertion
179 |[RAS deassertion to WR® tery |80 MHZ:
assertion 0.25xTc-3.0 01 | — | — | — | ns
100 MHz:
0.25xTc-2.4 — | — 01| — | ns
180 [CAS assertion to WR twen |5 XTe—4.2 583 | — |458| — | ns
deassertion
181 [RAS assertion to WR twer |75 xTc—-4.2 896 | — |708| — | ns
deassertion
182 |WR assertion pulse width twp [115xTc-45 [1393| — 1105 — | ns
183 |WR assertion to RAS trwr [11.75%xTc—-43 |142.7| — |1132] — | ns
deassertion
184 |WR assertion to CAS tewr [1025xT--43 |130.1| — |103.2] — | ns
deassertion
185 | Data valid to CAS assertion tps [5.75%xTc—-40 |679| — |535| — | ns
(write)
186 |CAS assertion to data not toy |525xTc-40 |616| — |[485| — | ns
valid (write)
187 |RAS assertion to data not tppr |7.75%xTc-40 |929| — |735| — | ns
valid (write)
188 |WR assertion to CAS twes |65 xTe—4.3 770 — | 607 — | ns
assertion
189 |CAS assertion to RAS tcsg |1.5xTc-4.0 148 | — [110| — | ns
assertion (refresh)
190 |RAS deassertion to CAS trpe [275%XTc—-40 |304| — |235| — | ns
assertion (refresh)
191 [RD assertion to RAS tron |11.5xTc-40 [139.8] — [111.0/ — | ns
deassertion
192 [RD assertion to data valid tca |80 MHz:
10xTc-6.5 — |1185| — | — | ns
100 MHz:
10xTc-5.7 — | — | — |93 ns
193 [RD deassertion to datanot | tgz — 00| — | 00| — | ns
valid*
194 |WR assertion to data active | — [0.75xTc-03 | 91 | — | 72 | — | ns
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Table 2-15 DRAM Out-of-Page and Refresh Timings, Eleven Wait States™ ?(Continued)

External Memory Interface (Port A)

80 MHz 100 MHz
No. Characteristics Symbol | Expression® Unit
Min | Max | Min | Max
195 |WR deassertion to data —  1025xT¢ — | 31| — | 25| ns
high impedance

Note: 1.

2. The refresh period is specified in the data control register.
3. The asynchronous delays specified in the expressions are valid for DSP56309.
4. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is

tOFF and not tgz.

5. Either tgcy Or trry Must be satisfied for read cycles.

The number of wait states for out-of-page access is specified in the data control register.

Table 2-16 DRAM Out-of-Page and Refresh Timings, Fifteen Wait States™ 2

80 MHz | 100 MHz
No. Characteristics Symbol | Expression Unit
Min | Max | Min | Max
157 |Random read or write cycle tRe |16 xTc 200.0| — |160.0] — | ns
time
158 [RAS assertion to data valid trac |80 MHz:
(read) 8.25xTc—-6.5 — | 9%66| — | — | ns
100 MHz:
825xT-57 | — | — | — |76.8]| ns
159 |CAS assertion to data valid tcac |80 MHz:
(read) 475xTc-6.5 — | 529| — | — | ns
100 MHz:
475xTc=-57 | — | — | — |418]| ns
160 [Column address validtodata | taa |80 MHz:
valid (read) 55%xTc--6.5 — | 623| — | — | ns
100 MHz:
55xTc-57 — | — | — |493]| ns
161 |CAS deassertion to data not tope  |0.0 00| — |00 | — | ns
valid (read hold time)?
162 [RAS deassertion to RAS tgp [6.25XT-—-40 |741| — |585| — | ns
assertion
163 |RAS assertion pulse width tras (975 %xTc—-4.0 |1179| — |935| — | ns
164 |CAS assertion to RAS trsy [6.25xTc-40 |741| — |585| — | ns
deassertion
165 |RAS assertion to CAS tcgy [825xT—-40 [991| — |785| — | ns
deassertion
166 |CAS assertion pulse width tcas [4.75%XTc—-40 |554| — |435| — | ns
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Specifications

External Memory Interface (Port A)

Table 2-16 DRAM Out-of-Page and Refresh Timings, Fifteen Wait States® 2(Continued)

80 MHz | 100 MHz
No. Characteristics Symbol | Expression Unit
Min | Max | Min | Max

167 |RAS assertion to CAS trep [35x T2 418 | 458 |33.0 | 37.0| ns
assertion

168 [RAS assertion to column trap [275 % T %2 3241364 |255(295| ns
address valid

169 |CAS deassertion to RAS tcrp [7.75%XTc—-40 |929| — |735| — | ns
assertion

170 |CAS deassertion pulse width tcp [|6.25xTc-40 |741| — |585| — | ns

171 |Row address valid to RAS tasg [6.25%XTc—-4.0 |741| — |585| — | ns
assertion

172 |RAS assertion to row address | tgay [2.75%Tc—-4.0 |304| — |235| — | ns
not valid

173 |Column address validto CAS | tasc [0.75%Tc—-40 | 54 | — | 35 | — | ns
assertion

174 |CAS assertion to column tcay |6.25xTc-40 |741| — |585| — | ns
address not valid

175 [RAS assertion to column tar  [9.75%xTc—-4.0 |1179| — | 935| — | ns
address not valid

176 |Column address validto RAS | tga, |7 X Tc—-4.0 835| — | 66.0| — | ns
deassertion

177 |WR deassertion to CAS tres [5xTc-3.8 58.7| — |462| — | ns
assertion

178 |CAS deassertion to WR* tren [1.75%xTc-37 |182| — |138| — | ns
assertion

179 |RAS deassertion to WR* tery |80 MHZ:
assertion 025xTc=-30 |01 | — | — | — | ns

100 MHz:
025xTc-24 | — | — | 01 | — | ns

180 |CAS assertion to WR twen |6 xTe—4.2 708 | — |558| — | ns
deassertion

181 |RAS assertion to WR twer [95xTc-42 [1146] — [908| — | ns
deassertion

182 |WR assertion pulse width twp |155xTc-45 [189.3] — [1505| — | ns

183 |WR assertion to RAS trwe 1575 %xTc-4.3(1926| — [153.2| — | ns
deassertion
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Specifications

External Memory Interface (Port A)

Table 2-16 DRAM Out-of-Page and Refresh Timings, Fifteen Wait States® 2(Continued)

80 MHz | 100 MHz
No. Characteristics Symbol | Expression Unit
Min | Max | Min | Max
184 |WR assertion to CAS tewL |80 MHz:
deassertion 1425xT--43|1801 — | — | — | ns
100 MHz:
1475xTc-43| — | — |1432| — | ns
185 |Data valid to CAS assertion tps |8.75xTc-4.0 [1054| — [835| — | ns
(write)
186 [CAS assertion to data not toy |6.25xTc-40 |741| — |585| — | ns
valid (write)
187 [RAS assertion to data not topr |975%Tc-4.0 (1179 — |935| — | ns
valid (write)
188 |WR assertion to CAS twes |95xTc-43 |1145] — | 90.7| — | ns
assertion
189 |CAS assertion to RAS tcsg [15%xTc-40 |148| — |[110| — | ns
assertion (refresh)
190 |RAS deassertion to CAS trpc [4.75%XTc—-4.0 |554| — |435| — | ns
assertion (refresh)
191 |RD assertion to RAS tron |155xTc-4.0 |189.8)] — |151.0| — | ns
deassertion
192 |RD assertion to data valid tga |80 MHz:
14xTc—-6.5 — |1685| — | — | ns
100 MHz:
14 xTc—-5.7 — | — | — |134.3| ns
193 |RD deassertion to data not tez — 00| — | 00| — | ns
valid®
194 |WR assertion to data active — |075xT¢-03 |91 | — |72 | — | ns
195 |WR deassertion to data high —  |025xT¢ — | 31| — | 25| ns
impedance
Note: 1. The number of wait states for out-of-page access is specified in the data control register.
2. The refresh period is specified in the data control register.
3. RD deassertion will always occur after CAS deassertion; therefore, the restricted timing is
tOFF and not tez.
4. Either tycp Or trry Must be satisfied for read cycles.
Preliminary
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External Memory Interface (Port A)
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Specifications

External Memory Interface (Port A)
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External Memory Interface (Port A)
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Specifications

Synchronous Timings (SRAM)

Table 2-17 External Bus Synchronous Timings (SRAM Access)?

External Memory Interface (Port A)

80 MHz 100 MHz
No. Characteristics Expression® 2 Unit
Min | Max | Min | Max
198 |CLKOUT high to address, and AA |80 MHz:
valid* 025xTc+45 | — |76 | — | — | ns
100 MHz:
0.25xTc+4.0 — | — | — | 65| ns
199 |[CLKOUT high to address, and AA  |0.25 x T¢ 31| — | 25| — | ns
invalid®
200 | TA valid to CLKOUT high (setup — 50 | — | 40 | — | ns
time)
201 |CLKOUT high to TA invalid (hold — 00| — | 00| — | ns
time)
202 |CLKOUT high to data out active 0.25xT¢ 31 | — | 25 | — ns
203 |[CLKOUT high to data out valid 80 MHz>:
0.25xTc+45 41176 | — | — | ns
100 MHZz®:
0.25xTc+4.0 — | — | 33 | 65 | ns
204 |CLKOUT high to data out invalid 0.25xT¢ 31 | — | 25 | — ns
205 |CLKOUT high to data out high 80 MHz:
impedance 0.25xTc+05 — | 36| — | — | ns
100 MHz:
0.25 x T — | — | — | 25| ns
206 |Data in valid to CLKOUT high — 50 | — | 40 | — ns
(setup)
207 |CLKOUT high to data in invalid — 00| — | 00 | — ns
(hold)
208 |CLKOUT high to RD assertion 80 MHz>:
0.75xTc+45 104|139 — | — | ns
100 MHZz®:
0.75xTc+4.0 — | — | 82 |115] ns
209 |CLKOUT high to RD deassertion — 00| 45 | 00 | 40 | ns
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Specifications

External Memory Interface (Port A)

Table 2-17 External Bus Synchronous Timings (SRAM Access)}(Continued)

80 MHz 100 MHz
No. Characteristics Expression? 3 Unit
Min | Max | Min | Max
210 |CLKOUT high to WR assertion® 80 MHz>:
05xTc-+438 76 | 111 | — — ns
[WS=1or
WS > 4]
100 MHZz":
0.5xTc+4.3 — — | 63| 93 | ns
[WS=1or
WS > 4]
All frequencies:
[2<WS<3] 13 | 48 | 13 | 43 | ns
211 |CLKOUT high to WR deassertion — 00| 43 | 00 | 38 | ns

Note:

1.

w N

External bus synchronous timings should be used only for reference to the clock and not

for relative timings.

WS is the number of wait states specified in the bus control register (BCR).

The asynchronous delays specified in the expressions are valid for DSP56309.

T198 and T199 are valid for address trace mode if the ATE bit in the OMR is set. Use the
status of BR (See T212) to determine whether the access referenced by A0-A23 is internal

or external, when this mode is enabled.

When both a minimum and maximum value are shown, use the expression to calculate

the worst case.

If WS > 1, WR assertion refers to the next rising edge of CLKOUT.
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Specifications

External Memory Interface (Port A)
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Specifications

External Memory Interface (Port A)
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Specifications

Arbitration Timings

Table 2-18 Arbitration Bus Timings?

External Memory Interface (Port A)

80 MHz 100 MHz
No. Characteristics Expression Unit
Min | Max | Min | Max
212 |CLKOUT high to BR assertion/ — 10 | 45 | 1.0 | 40 | ns
deassertion®
213 |BG asserted/deasserted to CLKOUT — 50 | — | 40| — | ns
high (setup)
214 |CLKOUT high to BG deasserted/ — 00| — | 00| — | ns
asserted (hold)
215 |BB deassertion to CLKOUT high — 50| — |40 | — | ns
(input setup)
216 |CLKOUT high to BB assertion (input — 00| — | 00| — | ns
hold)
217 |CLKOUT high to BB assertion (output) — 10 | 45 | 10 | 40 | ns
218 [CLKOUT high to BB deassertion — 10 | 45 | 1.0 | 40 | ns
(output)
219 [BB high to BB high impedance — — | 56| — | 45 | ns
(output)
220 |[CLKOUT high to address and controls |0.25 x T 31| — | 25| — | ns
active
221 |CLKOUT high to address and controls {80 MHz:
high impedance 0.25xTc+05 — | 36| — | — | ns
100 MHz:
0.25xT¢ — | — | — | 25| ns
222 |CLKOUT high to AA active 0.25 x T 31| — | 25| — | ns
223 |CLKOUT high to AA deassertion 80 MHZz3:
025xT-+45 | 41 | 76 | — | — | ns
100 MHZ5;
0.25xTc+4.0 — | — | 32| 65| ns
224 |CLKOUT high to AA high impedance {80 MHz:
0.75xTc+05 — 199 | — | — | ns
100 MHz:
0.75x T — | — | — | 75| ns
Note: 1. The asynchronous delays specified in the expressions are valid for DSP56309.
2. T212is valid for address trace mode when the ATE bit in the OMR is set. BR is deasserted
for internal accesses and asserted for external accesses.
3. When both a minimum and maximum value are shown, use the expression to calculate
the worst case.
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External Memory Interface (Port A)
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External Memory Interface (Port A)
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External Memory Interface (Port A)

~@

: (C
i )J
BR /-

A
/

B RN
(C
pRJ
(C
)
—
(C
AO0-A17 e
RD, WR e
. 29

(C
2)

~

AAO-AA3

AA0483
Figure 2-25 Bus Release Timings Case 2 (BRT Bit in OMR Set)

Preliminary
2-54 DSP56309 Technical Data MOTOROLA




Specifications

HOST INTERFACE TIMING

Host Interface Timing

Table 2-19 Host Interface Timing® 2 3

80 MHz | 100 MHz
No. Characteristic Expression Unit
Min | Max | Min | Max
317 |Read data strobe assertion width* HACK 80 MHz:
assertion width Tc+12.4 29| — | — | — | ns
100 MHz:
Tc+90 — | — [199| — | ns
318 |Read data strobe deassertion width* HACK — 124 — | 99| — | ns
deassertion width
319 |Read data strobe deassertion width? after “last |80 MHz:
data register” reads,” © or between two 25xTc+83 [395| — | — | — | ns
consecutive CVR, ICR, or ISR reads’ 100 MHz:
HACK deassertion width after “last data 25xTc+6.6 — | — |336| — | ns
register” reads® °
320 | Write data strobe assertion width® — 165| — |132| — | ns
321 |Write data strobe deassertion width® 80 MHz:
25xT-+83 95| — | — | — | ns
100 MHz:
25xT-+6.6 — | — |336| — | ns
322 |HAS assertion width — 124 — | 99| — | ns
323 |HAS deassertion to data strobe assertion® — 00| — | 00| — | ns
324 |Host data input setup time before write data — 124 — |99 | — | ns
strobe deassertion®
325 |Host data input hold time after write data — 41| — | 33| — | ns
strobe deassertion®
326 |Read data strobe assertion to output data active — 41| — | 33| — | ns
from high impedance4 HACK assertion to
output data active from high impedance
327 |Read data strobe assertion to output data valid® — — 126.68| — |23.54| ns
HACK assertion to output data valid
328 |Read data strobe deassertion to output data — — (124 | — | 99 | ns
high impedance®
HACK deassertion to output data high
impedance
329 | Output data hold time after read data strobe — 41| — | 41| — | ns
deassertion®
Output data hold time after HACK deassertion
Preliminary
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Host Interface Timing

Table 2-19 Host Interface Timing® % 3 (Continued)

80 MHz | 100 MHz
No. Characteristic Expression Unit
Min | Max | Min | Max

330 |HCS assertion to read data strobe deassertion* (80 MHz:

Tc+12.4 29| — | — | — | ns
100 MHz:
Tc+9.9 — | — |199| — | ns
331 |HCS assertion to write data strobe deassertion® — 124 — | 99| — | ns
332 |HCS assertion to output data valid — — | 206 | — | 165 | ns
333 |HCS hold time after data strobe deassertion® — 00| — | 00| — | ns
334 | Address (AD7-ADO) setup time before HAS — 58| — | 47| — | ns
deassertion (HMUX=1)
335|Address (AD7-ADOQ) hold time after HAS — 41| — | 33| — | ns
deassertion (HMUX=1)
336 |A10-A8 (HMUX=1), A2-A0 (HMUX=0), HR/W —
setup time before data strobe assertion®
<Read
=\Write 0 — 0 — | ns
58 | — | 47| — | ns
337 |A10-A8 (HMUX=1), A2-A0 (HMUX=0), HR/W — 41| — | 33| — | ns

hold time after data strobe deassertion®

338 |Delay from read data strobe deassertion to host {80 MHz:

request assertion for “last data register” 2xTc+20.6 456 — | — | — | ns
read* 5 10 100 MHz:
2xTc+20.6 — | — |365| — | ns
339 | Delay from write data strobe deassertion to host |80 MHz:
request assertion for “last data register” 15xTc+206 |394| — | — | — | ns
write> 8 10 100 MHz:
15xTc+165 | — | — |315| — | ns
340 | Delay from data strobe assertion to host request — — 2255 — |20.24| ns

deassertion for “last data register” read or write
(HROD=0)* 910

341 |Delay from data strobe assertion to host request — — 1300.0f — |300.0 ns
deassertion for “last data register” read or write
(HROD=1, open drain host request)®  10- 11
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Specifications

Host Interface Timing

Table 2-19 Host Interface Timing® % 3 (Continued)

80 MHz | 100 MHz
No. Characteristic Expression Unit
Min | Max | Min | Max

=

Note: See Host Port Usage in the DSP56309 User’s Manual, Section 2, Signal/Connection Descriptions.
2. In the timing diagrams below, the controls pins are drawn as active low. The pin polarity is
programmable.

VCCQL =33V+03V; TJ =-40°C to +100 QC, CL =50 pF

The read data strobe is HRD in the dual data strobe mode and HDS in the single data strobe mode.

5. The “last data register” is the register at address $7, which is the last location to be read or written
in data transfers. This is RXL/TXL in the little endian mode (HBE = 0), or RXH/TXH in the big
endian mode (HBE =1).

6. Thistiming is applicable only if a read from the “last data register” is followed by a read from the
RXL, RXM, or RXH registers without first polling RXDF or HREQ bits, or waiting for the assertion
of the HREQ signal.

7. This timing is applicable only if two consecutive reads from one of these registers are executed.

8. The write data strobe is HWR in the dual data strobe mode and HDS in the single data strobe
mode.

9. The data strobe is host read (HRD) or host write (HWR) in the dual data strobe mode and host
data strobe (HDS) in the single data strobe mode.

10. The host request is HREQ in the single host request mode and HRRQ and HTRQ in the double
host request mode.

11. In this calculation, the host request signal is pulled up by a 4.7 kQ resistor in the open-drain mode.
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Host Interface Timing
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Host Interface Timing

HAO-HA7 :>< _><
@)

336 H=e> <> 337
331

333

A

;
p
h

AN
~

T
5
3
n
S

<)~
=)

HDO-HD7 —_<< >7

@9

< 340

341 =

HREQ, HRRQ, HTRQ /
AA1755

Figure 2-28 Write Timing Diagram, Non-Multiplexed Bus

Y

Preliminary
MOTOROLA DSP56309 Technical Data 2-59




Specifications

Host Interface Timing
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Host Interface Timing

HA8-HA10

HAS

é\

JHid) (|

(=5~ ~
HADO-HAD7 ‘}

HREQ, HRRQ, HTRQ

AA1757
Figure 2-30 Write Timing Diagram, Multiplexed Bus

Preliminary
MOTOROLA DSP56309 Technical Data 2-61




Specifications

SCI Timing
SCI TIMING
Table 2-20 SCI Timing?!
80 MHz | 100 MHz
No.| Characteristics | Symbol Expression Unit
Min | Max | Min | Max
400 |Synchronous clock tscc® 8% Tc 100.0f — | 80.0| — | ns
cycle
401 |Clock low period —  |tscc/2-10.0 400 | — |300| — | ns
402 |Clock high period —  |tscc/2-10.0 400 — |300| — | ns
403 |Output data setup — |tscc/4+05xTc-170 | 143 | — | 80 | — | ns
to clock falling edge
(internal clock)
404 |Output data hold —  |tscc/4-05xT¢ 188 | — [150| — | ns
after clock rising
edge (internal clock)
405 |Input data setup — |tscc/4+05xTc+25.0(563| — [500| — | ns
time before clock
rising edge (internal
clock)
406 |Input data not valid — tscc/4+05%xTc—55 — | 258 | — |195]| ns
before clock rising
edge (internal clock)
407 |Clock falling edge to — — — 320 — [320]| ns
output data valid
(external clock)
408 |Output data hold — Tc+80 205 — | 180| — | ns
after clock rising
edge (external clock)
409 |Input data setup — — 00| — | 00| — | ns
time before clock
rising edge (external
clock)
410 |Input data hold time — — 90 | — | 90 | — | ns
after clock rising
edge (external clock)
411 |Asynchronousclock | tacc® (64 x Te 800.0| — |640.0] — | ns
cycle
412 |Clock low period —  |tacc/2-10.0 390.0] — |3100f — | ns
413 |Clock high period —  |tacc/2-10.0 390.0] — |3100f — | ns
Preliminary
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SCI Timing
Table 2-20 SCI Timing?!
80 MHz | 100 MHz
No. Characteristics Symbol Expression Unit
Min | Max | Min | Max
414 |Output data setup — tacc/2 —30.0 370.0] — |290.0| — | ns
to clock rising edge
(internal clock)
415 |Output data hold — tacc/2 —30.0 370.0] — |290.0| — | ns
after clock rising
edge (internal clock)

Note:

1 VceoL=33V*03V;T;= -40°C to +100 °C, C| =50 pF

2. tgcc = synchronous clock cycle time (For internal clock, tgcc is determined by the SCI
clock control register and T¢.)
3. tacc = asynchronous clock cycle time; value given for 1X clock mode (For internal clock,
tacc is determined by the SCI clock control register and T¢.)
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SCI Timing
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Figure 2-32 SCI Asynchronous Mode Timing
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Specifications

ESSIO/ESSI1 TIMING

Table 2-21 ESSI Timings?

ESSIO/ESSIL1 Timing

80 MHz | 100 MHz
No.|  Characteristics>3 | Symbol | Expression Condition*| Unit
Min | Max | Min | Max
430 |Clock cycle® tssice (3% Te 375 — [300] — x ck ns
4xTe 500 — |400| — ick
431 |Clock high period — —
=For internal clock 2xTc—-10.0 150 — 100 — ns
=For external clock 15xTe 188 — [15.0| — ns
432 |Clock low period — —
=For internal clock 2xTc—-10.0 150 — [10.0| — ns
=For external clock 15xTe 188 — [15.0| — ns
433 |RXC rising edge to FSR — — — | 370 — [37.0 X ck ns
out (bl) high — |220| — | 220 icka
434 |RXC rising edge to FSR — — — [37.0| — |37.0 x ck ns
out (bl) low — 220 — [ 220 icka
435 |RXC rising edge to FSR — — — [39.0| — [39.0 X ck ns
out (wr) high6 — |240| — | 240 icka
436 |RXC rising edge to FSR — — — [39.0| — [39.0 X ck ns
out (wr) low® — |240| — | 240 icka
437 |RXC rising edge to FSR — — — | 36.0| — [36.0 X ck ns
out (wl) high — 210 — |21.0 icka
438 |RXC rising edge to FSR — — — | 370 — [37.0 X ck ns
out (wl) low — 220 — | 220 icka
439 |Data in setup time — — 00| — | 00| — X ck ns
before RXC (SCK in 190 — (190 — ick
synchronous mode)
falling edge
440 |Data in hold time after — — 50| — | 50| — x ck ns
RXC falling edge 30| — 30| — ick
441 |FSR input (bl, wr) high — — 230| — |230| — x ck ns
before RXC falling edge6 10| — | 10| — icka
442 |FSR input (wl) high — — 230| — |230| — x ck ns
before RXC falling edge 10| — | 10| — icka
443 |FSR input hold time — — 30| — |30 | — x ck ns
after RXC falling edge 00| — | 00| — icka
444 |Flags input setup before — — 00| — 00| — x ck ns
RXC falling edge 190 — [190| — icks
Preliminary
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ESSIO/ESSI1 Timing

Table 2-21 ESSI Timings?

80 MHz | 100 MHz
No. Characteristics® 3 Symbol | Expression Condition*| Unit
Min | Max | Min | Max

445 |Flags input hold time — — 60| — | 60| — X ck ns
after RXC falling edge 00| — | 00| — icks

446 | TXC rising edge to FST — — — [29.0| — [29.0 X ck ns
out (bl) high — |15.0| — |15.0 ick

447 | TXC rising edge to FST — — — 310 — [31.0 X ck ns
out (bl) low — | 170 — |17.0 ick

448 | TXC rising edge to FST — — — 310 — [31.0 X ck ns
out (wr) high® — 170 — |17.0 i ck

449 | TXC rising edge to FST — — — 330 — [33.0 X ck ns
out (wr) low® — [19.0| — |19.0 i ck

450 | TXC rising edge to FST — — — [30.0] — [30.0 X ck ns
out (wl) high — |16.0| — |16.0 ick

451 | TXC rising edge to FST — — — 310 — [31.0 X ck ns
out (wl) low — |170| — |17.0 ick

452 | TXC rising edge to data — — — 310 — [31.0 X ck ns
out enable from high — [17.0| — [17.0 ick
impedance

453 | TXC rising edge to — — — | 340 — [ 34.0 X ck ns
transmitter #0 drive — [20.0| — [20.0 ick
enable assertion

454 | TXC rising edge to data — 35+05xTs | — [413| — |40.0 X ck ns
out valid 21.0 — |21.0| — |21.0 ick

455 | TXC rising edge to data — — — | 310 — [31.0 X ck ns
out high impedance’ — [16.0| — |16.0 i ck

456 | TXC rising edge to — — — 340 — [34.0 X ck ns
transmitter #0 drive — [20.0| — [20.0 ick
enable deassertion’

457 |FST input (bl, wr) setup — — 20| — | 20 | — X ck ns
time before TXC falling 210 — |21.0| — ick
edge®

458 |FST input (wl) to data — — — | 270 — | 27.0 — ns
out enable from high
impedance

459 |FST input (wl) to — — — | 31.0| — |31.0 — ns
transmitter #0 drive
enable assertion

Preliminary
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ESSIO/ESSI1 Timing

Table 2-21 ESSI Timings?

80 MHz | 100 MHz
No.|  Characteristics>®  |Symbol | Expression Condition?| Unit
Min | Max | Min | Max
460 |FST input (wl) setup — — 20| — | 20 | — X ck ns
time before TXC falling 210 — |21.0| — ick
edge
461 |FST input hold time — — 40| — | 40 | — X ck ns
after TXC falling edge 00| — | 00| — ick
462 |Flag output valid after — — — 320 — [ 320 X ck ns
TXC rising edge — |180| — |18.0 ick

Note: 1. VceoL =33V 03V, T;=-40"Cto+100°C, C| =50 pF
2. bl =bitlength
wl =word length
wr = word length relative
3. TXC (SCK pin) = transmit clock
RXC (SCO0 or SCK pin) = receive clock
FST (SC2 Pin) = transmit frame sync
FSR (SC1 or SC2 pin) receive frame sync
4. ick=internal clock
x ck = external clock
i ck a = internal clock, asynchronous mode
(Asynchronous implies that TXC and RXC are two different clocks)
i ck s = internal clock, synchronous mode
(Synchronous implies that TXC and RXC are the same clock)
For the internal clock, the external clock cycle is defined by Icyc and the ESSI control register.
6. The word-relative frame sync signal waveform relative to the clock operates in the same
manner as the bit-length frame sync signal waveform, but spreads from one serial clock before
first bit clock (same as bit length frame sync signal), until the one before last bit clock of the first
word in frame.
7. Periodically sampled and not 100% tested

o
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Note: In network mode, output flag transitions can occur at the start of each time slot

within the frame. In normal mode, the output flag state is asserted for the entire
frame period. AA0490

Figure 2-33 ESSI Transmitter Timing
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ESSIO/ESSIL1 Timing
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Figure 2-34 ESSI Receiver Timing
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Timer Timing

TIMER TIMING
Table 2-22 Timer Timing
80 MHz 100 MHz
No. Characteristics Expression Unit
Min | Max | Min | Max
480 (TIO Low 2xTc+20 270| — | 220| — | ns
481 |TIO High 2xTc+20 270| — | 220| — | ns
482 | Timer setup time from TIO (Input) — 90 | 125| 9.0 |10.0 | ns
assertion to CLKOUT rising edge
483 |Synchronous timer delay time from |10.25x To+ 1.0 [129.1| — [1035| — ns
CLKOUT rising edge to the external
memory access address out valid
caused by first interrupt instruction
execution
484 |CLKOUT rising edge to TIO
(Output) assertion
«Minimum 05%xTc+35 98 | — | 85 | — | ns
«Maximum 05xT-+19.8 — | 261 | — | 248 | ns
485 |CLKOUT rising edge to TIO
(Output) deassertion
05xTc+35 98 | — | 85 | — | ns
*Minimum 80 MHz:
eMaximum 0.5xTc-+19.38 — 261 | — — ns
100 MHz:
05xTc+19.0 — | — | — | 248 | ns
Note:  VceqL =33V £0.3V; Ty=-40"C to +100 °C, C_ =50 pF
480 (as)
AAD492

Figure 2-35 TIO Timer Event Input Restrictions
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Timer Timing
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Figure 2-36 Timer Interrupt Generation
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Figure 2-37 External Pulse Generation
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GPIO Timing
GPIO TIMING
Table 2-23 GPIO Timing
80 MHz 100 MHz
No. Characteristics Expression Unit
Min | Max | Min | Max
490 |CLKOUT edge to GPIO out valid — — 310 — |310]| ns
(GPIO out delay time)
491 |CLKOUT edge to GPIO out not valid — 30| — [ 30| — | ns
(GPIO out hold time)
492 |GPIO In valid to CLKOUT edge — 120 — |120| — | ns
(GPIO in set-up time)
493 |CLKOUT edge to GPIO in not valid — 00| — | 00| — | ns
(GPIO in hold time)
494 |Fetch to CLKOUT edge before GP1O 6.75 x T 844 | — |675| — | ns
change
Note:  VceqL =33V +0.3V;Ty=-40"C to +100 °C, C| =50 pF

CLKOUT \ /‘ 5 \
(Output) 5

(C

GPIO
(Output)

2)

(C

Y

)

-
-t

gy XX Vel

-
AO0-Al7 X ><
.

- \\ () _

Fetch the instruction MOVE XO0,X:(R0); X0 contains the new value of GPIO

and RO contains the address of GPIO data register. AA0495
Figure 2-38 GPIO Timing
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JTAG Timing
JTAG TIMING
Table 2-24 JTAG Timingh 2
All frequencies
No. Characteristics Unit
Min Max
500 |TCK frequency of operation (1/(Tc x 3); maximum 22 MHz) 0.0 22.0 MHz
501 |TCK cycle time in Crystal mode 45.0 — ns
502 |TCK clock pulse width measured at 1.5 V 20.0 — ns
503 |TCK rise and fall times 0.0 3.0 ns
504 |Boundary scan input data setup time 5.0 — ns
505 |Boundary scan input data hold time 24.0 — ns
506 |TCK low to output data valid 0.0 40.0 ns
507 |TCK low to output high impedance 0.0 40.0 ns
508 |TMS, TDI data setup time 5.0 — ns
509 |TMS, TDI data hold time 25.0 — ns
510 |TCK low to TDO data valid 0.0 44.0 ns
511 |TCK low to TDO high impedance 0.0 44.0 ns
512 |TRST assert time 100.0 — ns
513 |TRST setup time to TCK low 40.0 — ns
Note: 1. VgcoL=33V+03V;T;=-40"Cto+100°C, Cp =50 pF
2. All timings apply to OnCE module data transfers because it uses the JTAG port as an interface.
TCK -
(Input) N~
AA0496
Figure 2-39 Test Clock Input Timing Diagram
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TCK v Vin
(lnpUt) IL Sg
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Figure 2-40 Boundary Scan (JTAG) Timing Diagram
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Figure 2-41 Test Access Port Timing Diagram
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TCK
(Input) / -m

TRST 1
(Input) R -

: : AA0499

Figure 2-42 TRST Timing Diagram

OnCE MODULE TIMING

Table 2-25 OnCE Module Timing

80 MHz | 100 MHz
No. Characteristics Expression Unit
Min | Max | Min | Max

500 TCK frequency of Operation 1/(TC X 3), 0.0 {22.0] 0.0 | 22.0 | MHz
max 22.0 MHz
514 |DE assertion time in order to enter [1.5 x T + 10.0 288 — [25.0| — | ns
debug mode
515 |Response time when DSP56309 is 5.5 x T+ 30.0 — |988| — |850]| ns

executing NOP instructions from
internal memory

516 |Debug acknowledge assertion time |3 x T+ 10.0 475 — |400| — ns

Note: VCCQL =33Vx03V; TJ =-40°C to +100 c'C, CL =50 pF

e f
- @ > 516

AA0500

Figure 2-43 OnCE—Debug Request
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SECTION 3
PACKAGING

PIN-OUT AND PACKAGE INFORMATION

This sections provides information about the available packages for this product, including
diagrams of the package pinouts and tables describing how the signals described in DSP56309
User’s Manual, Section 2, Signal/Connection Descriptions are allocated for each package.

The DSP56309 is available in two package types:

e 144-pin thin quad flat pack (TQFP)
= 196-pin plastic ball grid array (PBGA)

Preliminary
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Packaging

Pin-out and Package Information

TQFP Package Description

Top and bottom views of the TQFP package are shown in Figure 3-1 and Figure 3-2 with their

pin-outs.

o < £ e < < <
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Figure 3-1 DSP56309 Thin Quad Flat Pack (TQFP), Top View
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Pin-out and Package Information
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Figure 3-2 DSP56309 Thin Quad Flat Pack (TQFP), Bottom View
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Pin-out and Package Information

Table 3-1 DSP56309 TQFP Signal Identification by Pin Number

::i:_ Signal Name ::Ion Signal Name ::Ion Signal Name

1 SRD1 or PD4 26 |GNDg 51 |AA2/RAS2

2 STD1 or PD5 27 | TIO2 52 |CAS

3 SC02 or PC2 28 |TIO1 53 |XTAL

4 SC01 or PC1 29 |TIOO 54 |GNDg

5 DE 30 |HCS/HCS, HA10, or PB13 |[55 |EXTAL

6 PINIT/NMI 31 |HA2, HAO9, or PB10 56 |VceoL

7 SRDO or PC4 32 |HA1L, HAS8, or PB9 57 |Vcece

8 Vees 33 |HAO0, HAS/HAS, or PB8 58 |GND¢

9 GNDg 34 |H7,HAD7, or PB7 59 |CLKOUT

10 |STDO or PC5 35 |H6, HADS, or PB6 60 |[BCLK

11 |SC10o0r PDO 36 |H5, HADS, or PB5 61 |BCLK

12 |SCO00 or PCO 37 |H4,HAD4, or PB4 62 |TA

13 |RXD or PEO 38 |Vceh 63 |BR

14 | TXD or PE1 39 |GNDy 64 |BB

15 |SCLK or PE2 40 |H3, HADS, or PB3 65 |Vecc

16 |SCK1orPD3 41 H2, HAD?2, or PB2 66 |GND¢

17 |SCKO or PC3 42 |H1,HADL1, or PB1 67 |WR

18 |VceoL 43 |HO, HADO, or PBO 68 |RD

19 |GNDg 44 |RESET 69 |AAL/RASL

20 |Veeon 45 |Vcep 70 |AA0/RASO

21 |HDS/HDS,HWR/HWR,or ||46 |PCAP 71 |BG
PB12

22 HRW, HRD/HRD, or PB11 |47 GNDp 72 |AQ

23 @/HACK, 48 |GNDp; 73 |Al
HRRQ/HRRQ, or PB15

24 @/ HREQ, 49 | VeeoH 74 |Veea
HTRQ/HTRQ, or PB14

25 |Vces 50 |AA3/RAS3 75 |GNDy

Preliminary
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Pin-out and Package Information

Table 3-1 DSP56309 TQFP Signal Identification by Pin Number (Continued)

::i:_ Signal Name ::Ion Signal Name ::Ion Signal Name
76 |A2 99 |Al7 122 |D16

77 |A3 100 |DO 123 | D17

78 |A4 101 |D1 124 | D18

79 |A5 102 |D2 125 | D19

80 |Vcca 103 |Vceep 126 |VceoL

81 |GNDju 104 |GNDp 127 |GNDq

82 |Ab6 105 |D3 128 | D20

83 |AT7 106 |D4 129 |Veep

84 |A8 107 |D5 130 |GNDp

85 [A9 108 | D6 131 |D21

86 |Vcca 109 |D7 132 | D22

87 |GND4y 110 |D8 133 |D23

88 |A10 111 |Vcep 134 |MODD/IRQD
89 |All 112 |GNDp 135 |MODC/IRQC
90 |GNDq 113 |D9 136 |MODB/IRQB
91 |Vceal 114 |D10 137 | MODA/IRQA
92 |Al12 115 |D11 138 |TRST

93 |Al13 116 |D12 139 |TDO

94 |Al4 117 | D13 140 |TDI

95 |Vecow 118 |D14 141 |TCK

96 |GNDj 119 |Veep 142 | TMS

97 |Al5 120 |GNDp 143 |SC12 or PD2
98 |Al6 121 |D15 144 |SC11or PD1
Note: Signal names are based on configured functionality. Most pins supply a single signal. Some pins

provide a signal with dual functionality, such as the MODx/IRQx pins that select an operating
mode after RESET is deasserted, but act as interrupt lines during operation. Some signals have
configurable polarity; these names are shown with and without overbars, such as HAS/HAS.
Some pins have two or more configurable functions; names assigned to these pins indicate the
function for a specific configuration. For example, pin 34 is data line H7 in non-multiplexed bus
mode, data/address line HAD7 in multiplexed bus mode, or GPIO line PB7 when the GPIO

function is enabled for this pin.

Preliminary

MOTOROLA

DSP56309 Technical Data

3-5



Packaging

Pin-out and Package Information

Table 3-2 DSP56309 TQFP Signal Identification by Name

Signal Name IZiCT. Signal Name IZiCT. Signal Name IZiCT.
A0 72 BG 71 D7 109
Al 73 BR 63 D8 110

A10 88 CAS 52 D9 113
All 89 CLKOUT 59 DE 5
Al12 92 DO 100 EXTAL 55
Al13 93 D1 101 GNDp4 75
Al4 94 D10 114 GNDp 81
Al5 97 D11 115 GNDp 87
Al6 98 D12 116 GNDp 96
Al7 99 D13 117 GND¢ 58
A2 76 D14 118 GND¢ 66
A3 77 D15 121 GNDp 104
A4 78 D16 122 GNDp 112
A5 79 D17 123 GNDp 120
A6 82 D18 124 GNDp 130
AT 83 D19 125 GNDy 39
A8 84 D2 102 GNDp 47
A9 85 D20 128 GNDp, 48
AA0 70 D21 131 GNDq 19
AAl 69 D22 132 GNDq 54
AA2 51 D23 133 GNDq 90
AA3 50 D3 105 GNDq 127
BB 64 D4 106 GNDg 9
BCLK 60 D5 107 GNDg 26
BCLK 61 D6 108 HO 43
Preliminary
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Table 3-2 DSP56309 TQFP Signal Identification by Name (Continued)

Pin-out and Package Information

Signal Name Ilili:. Signal Name Ilili:. Signal Name Ilili:.
H1 42 HRD/HRD 22 PB4 37

H2 41 HREQ/HREQ 24 PB5 36

H3 40 HRRQ/HRRQ 23 PB6 35

H4 37 HRW 22 PB7 34

H5 36 HTRQ/HTRQ 24 PB8 33

H6 35 HWR/HWR 21 PB9 32

H7 34 IRQA 137 PCO 12
HAO 33 IRQB 136 PC1 4
HAl 32 IRQC 135 PC2 3
HA10 30 IRQD 134 PC3 17
HA2 31 MODA 137 PC4 7
HAS8 32 MODB 136 PC5 10
HA9 31 MODC 135 PCAP 46
HACK/HACK 23 MODD 134 PDO 11

HADO 43 NMI 6 PD1 144

HAD1 42 PBO 43 PD2 143
HAD?2 41 PB1 42 PD3 16
HAD3 40 PB10 31 PD4 1
HAD4 37 PB11 22 PD5 2
HAD5 36 PB12 21 PEO 13
HADG6 35 PB13 30 PE1 14
HAD7 34 PB14 24 PE2 15
HAS 33 PB15 23 PINIT 6
HCS/HCS 30 PB2 41 RASO 70
HDS/HDS 21 PB3 40 RAS1 69
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Pin-out and Package Information

Table 3-2 DSP56309 TQFP Signal Identification by Name (Continued)

Signal Name Ilili:. Signal Name Ilili:. Signal Name Ilili:.
RAS2 51 STD1 2 Veen 111
RAS3 50 TA 62 Veeb 119

RD 68 TCK 141 Veen 129
RESET 44 TDI 140 VeeH 38
RXD 13 TDO 139 Veep 45
SCO00 12 TIOO 29 VeeoH 20
SC01 4 TIO1 28 VeeoH 49
SC02 3 TIO2 27 VeeoH 95
SC10 11 TMS 142 VeeoL 18
sci1 144 TRST 138 Vecol 56
SC12 143 TXD 14 Vecol 91
SCKO0 17 Veea 74 Vecol 126
SCK1 16 Veea 80 Vees 8
SCLK 15 Veea 86 Vees 25
SRDO 7 Veee 57 WR 67
SRD1 1 Veee 65 XTAL 53

STDO 10 Veen 103
Preliminary
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TQFP Package Mechanical Drawing
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NOTES:
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SEATING PLANE, DATUMT.
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61 0° 7°
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Figure 3-3 DSP56309 Mechanical Information, 144-pin TQFP Package
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Pin-out and Package Information

PBGA Package Description

Top and bottom views of the PBGA package are shown in Figure 3-4 and Figure 3-5 with their
pin-outs.

(DI EIEEIEIDEE)
19900 T000000000
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109.000000000000
10 OP00000000000,
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1ICOO0000COO0CO0,
ICO000000000000
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10 0000000000L00
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100005000000,
100000 O0DC 00000

AA1528

Figure 3-4 DSP56309 Plastic Ball Grid Array (PBGA), Top View
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Pin-out and Package Information

Bottom View
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Figure 3-5 DSP56309 Plastic Ball Grid Array (PBGA), Bottom View
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Pin-out and Package Information

Table 3-3 DSP56309 PBGA Signal Identification by Pin Number

Pin Signal Name Pin Signal Name Pin Signal Name
No. No. No.
Al | Not Connected (NC), B12 |D8 D9 |GND
reserved
A2 SC1lor PD1 B13 |D5 D10 |GND
A3 |TMS B14 |[NC D11 |[GND
A4 | TDO C1 SCO02 or PC2 D12 |D1
A5 MODB/IRQB C2 STD1 or PD5 D13 |D2
A6 D23 C3 TCK D14 |Veep
A7 |Vcep C4 |MODA/IRQA E1 [STDO or PC5
A8 |D19 C5 |MODC/IRQC E2 |Vces
A9 |D16 Cé6 |D22 E3 |SRDO or PC4
Al0 |D14 C7 |VecoL E4 |GND
All |D11 C8 D18 E5 GND
A12 D9 C9 |Veep E6 |GND
Al3 | D7 C10 (D12 E7 GND
Al4 |NC C1l |Veep E8 |GND
Bl SRD1 or PD4 Ci12 |D6 E9 GND
B2 [SC12orPD2 C13 |D3 E10 |[GND
B3 TDI Cl4 |D4 E1l |GND
B4 TRST D1 PINIT/NMI E12 |Al7
B5 MODD/IRQD D2 |SCO0lorPC1 E13 |Al6
B6 |D21 D3 |DE El4 |DO
B7 D20 D4 |GND F1 RXD or PEO
B8 D17 D5 |[GND F2 SC10 or PDO
B9 D15 D6 |GND F3 SCO00 or PCO
B10 |D13 D7 |GND F4 GND
B11 |D10 D8 |GND F5 GND
Preliminary
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Pin-out and Package Information

Table 3-3 DSP56309 PBGA Signal Identification by Pin Number (Continued)

Ei(: Signal Name Elon Signal Name Elon Signal Name
F6 |GND H3 |SCKO or PC3 J14 | A9
F7 |GND H4 |GND K1 |Vces
F8 |GND H5 |GND K2 @/HREQ,
HTRQ/HTRQ, or PB14
F9 GND H6 |GND K3 TIO2
F10 |GND H7 |GND K4 |GND
F11 |GND H8 |GND K5 |GND
F12 | Vceon H9 |GND Ké |GND
F13 |Al4 H10 |GND K7 |GND
F14 |Al5 H11l |GND K8 |GND
Gl |SCK1orPD3 H12 |Vcea K9 |GND
G2 |SCLKor PE2 H13 |Al0 K10 |GND
G3 |TXDor PE1l H14 |All K11 |GND
G4 |GND J1 @/HACK, K12 |Vcca
HRRQ/HRRQ, or PB15
G5 |GND J2 HRW, HRD/HRD, or PB11||K13 |A5
G6 |GND J3 HDS/HDS, HWR/HWR, |K14 |A6
or PB12
G7 GND J4 GND L1 HCS/HCS, HA10, or PB13
G8 |GND J5 GND L2 |TIO1
G9 |GND J6 GND L3 |TIOO
G10 |GND J7 GND L4 |GND
G11 |GND J8 GND L5 |GND
Gl12 |A13 J9 GND L6 |GND
G13 |VecolL J10 |GND L7 |GND
Gl14 |A12 J11 |GND L8 |GND
H1 | Vceon J12  |A8 L9 |GND
H2 | Vceol J13  |A7 L10 |GND
Preliminary
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Pin-out and Package Information

Table 3-3 DSP56309 PBGA Signal Identification by Pin Number (Continued)

Elon. Signal Name Elon Signal Name Elon Signal Name
L11 |GND M13 |Al P1 NC

L12 |Vcea M14 (A2 P2 | H5, HADS, or PB5
L13 |A3 N1 |H6, HADG, or PB6 P3 H3, HAD3, or PB3
L14 |A4 N2 H7, HAD7, or PB7 P4 H1, HAD1, or PB1
M1 |HA1, HAS, or PB9 N3 |H4, HADA4, or PB4 P5 PCAP

M2 |HA2, HA9, or PB10 N4 |H2, HAD2, or PB2 P6 GNDp,

M3 |HAO0, HAS/HAS, or PB8 N5 |RESET P7 AA2/RAS2

M4 | Vcen N6 |[GNDp P8 [XTAL

M5 |HO, HADO, or PBO N7 |AA3/RAS3 P9 [Veee

M6 |Vceep N8 |CAS P10 |TA

M7 | Vccow N9 |VceoL P11 |BB

M8 |EXTAL N10 |BCLK P12 |AA1/RAS1

M9 | CLKOUT N1l [BR P13 |BG

M10 |BCLK N12 |Vcee P14 |NC

M1l |WR N13 |AA0/RASO

M12 |RD N14 [A0

Note: Signal names are based on configured functionality. Most connections supply a single signal.

Some connections provide a signal with dual functionality, such as the MODx/IRQx pins that
select an operating mode after RESET is deasserted, but act as interrupt lines during operation.
Some signals have configurable polarity; these names are shown with and without overbars,
such as HAS/HAS. Some connections have two or more configurable functions; names assigned
to these connections indicate the function for a specific configuration. For example, connection
N2 is data line H7 in non-multiplexed bus mode, data/address line HAD7 in multiplexed bus
mode, or GPIO line PB7 when the GPIO function is enabled for this pin. Unlike the TQFP
package, most of the GND pins are connected internally in the center of the connection array and
act as heat sink for the chip. Therefore, except for GNDp and GNDp4 that support the PLL, other
GND signals do not support individual subsystems in the chip.

Preliminary
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Pin-out and Package Information

Table 3-4 DSP56309 PBGA Signal Identification by Name

Signal Name Zi:_ Signal Name Zig Signal Name Zig
A0 N14 BG P13 D7 Al3
Al M13 BR N11 D8 B12
Al0 H13 CAS N8 D9 Al2
All H14 CLKOUT M9 DE D3
Al2 Gl4 DO El4 EXTAL M8
Al13 G12 D1 D12 GND D4
Al4 F13 D10 B11l GND D5
Al5 F14 D11 All GND D6
Al6 E13 D12 C10 GND D7
Al7 E12 D13 B10 GND D8
A2 M14 D14 A10 GND D9
A3 L13 D15 B9 GND D10
A4 L14 D16 A9 GND D11
A5 K13 D17 B8 GND E4
A6 K14 D18 C8 GND E5
AT J13 D19 A8 GND E6
A8 J12 D2 D13 GND E7
A9 J14 D20 B7 GND ES8
AA0 N13 D21 B6 GND E9
AAl P12 D22 C6 GND E10
AA2 P7 D23 Ab GND E1l
AA3 N7 D3 C13 GND F4
BB P11 D4 Ci4 GND F5

BCLK M10 D5 B13 GND F6
BCLK N10 D6 C12 GND F7
Preliminary
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Table 3-4 DSP56309 PBGA Signal Identification by Name (Continued)

Signal Name Ei:. Signal Name Ilili(?. Signal Name Zig
GND F8 GND J9 H4 N3
GND F9 GND J10 H5 P2
GND F10 GND J11 H6 N1
GND F11 GND K4 H7 N2
GND G4 GND K5 HAO M3
GND G5 GND K6 HA1l M1
GND G6 GND K7 HA10 L1
GND G7 GND K8 HA2 M2
GND G8 GND K9 HAS8 M1
GND G9 GND K10 HA9 M2
GND G10 GND K11 HACK/HACK J1
GND Gl1 GND L4 HADO M5
GND H4 GND L5 HAD1 P4
GND H5 GND L6 HAD2 N4
GND H6 GND L7 HAD3 P3
GND H7 GND L8 HAD4 N3
GND H8 GND L9 HAD5 P2
GND H9 GND L10 HADG6 N1
GND H10 GND L11 HAD7 N2
GND H11 GNDp N6 HAS/HAS M3
GND 4 GNDp; P6 HCS/HCS L1
GND J5 HO M5 HDS/HDS J3
GND J6 H1 P4 HRD/HRD J2
GND 7 H2 N4 HREQ/HREQ K2
GND 38 H3 P3 HRRQ/HRRQ i1

Preliminary
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Table 3-4 DSP56309 PBGA Signal Identification by Name (Continued)

Pin-out and Package Information

Signal Name Ei:. Signal Name Ei(: Signal Name Zig
HRW J2 PB2 N4 RASO N13
HTRQ/HTRQ K2 PB3 P3 RASL P12
HWR/HWR J3 PB4 N3 RAS2 pP7
IRQA C4 PB5 P2 RAS3 N7
IRQB A5 PB6 N1 RD M12
IRQC C5 PB7 N2 RESET N5
IRQD B5 PB8 M3 RXD F1
MODA C4 PB9 M1 SC00 F3
MODB A5 PCO F3 SCo01 D2
MODC C5 PC1 D2 SC02 C1
MODD B5 PC2 C1 SC10 F2
NC Al PC3 H3 SC11 A2
NC Al4 PC4 E3 SC12 B2
NC B14 PC5 El SCKO H3
NC P1 PCAP P5 SCK1 Gl
NC P14 PDO F2 SCLK G2
NMI D1 PD1 A2 SRDO E3
PBO M5 PD2 B2 SRD1 Bl
PB1 P4 PD3 Gl STDO El
PB10 M2 PD4 Bl STD1 Cc2
PB11 J2 PD5 C2 TA P10
PB12 J3 PEO F1 TCK C3
PB13 L1 PE1 G3 TDI B3
PB14 K2 PE2 G2 TDO Ad
PB15 J1 PINIT D1 TIOO0 L3
Preliminary
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Table 3-4 DSP56309 PBGA Signal Identification by Name (Continued)

Signal Name Ilili:. Signal Name Ilili(?. Signal Name Ilili(?.
TIO1 L2 Veee P9 VecoH M7
TIO2 K3 Veen A7 VeeaL c7
TMS A3 Veen C9 Vecol G13
TRST B4 Veen ciu Vecol H2
TXD G3 Veep D14 Vecol N9
Veea H12 Veen M4 Vees E2
Veea K12 Veep M6 Vees K1
Veea L12 VecoH F12 WR M11
Veee N12 VecoH H1 XTAL P8
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PBGA Package Mechanical Drawing
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Figure 3-6 DSP56309 Mechanical Information, 196-pin PBGA Package
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Ordering Drawings

ORDERING DRAWINGS

Complete mechanical information regarding DSP56309 packaging is available by facsimile
through Motorola's Mfax system. Call the following number to obtain information by facsimile:

(602) 244-6609

The Mfax automated system requests the following information:

= The receiving facsimile telephone number including area code or country code
« The caller’s Personal Identification Number (PIN)
Note: For first time callers, the system provides instructions for setting up a PIN,
which requires entry of a name and telephone number.
= The type of information requested:
— Instructions for using the system
— Aliterature order form
— Specific part technical information or data sheets
— Other information described by the system messages
A total of three documents may be ordered per call.

The DSP56309 144-pin TQFP package mechanical drawing is referenced as 918-03. The reference
number for the 196-pin PBGA package is 1128-01.
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SECTION 4
DESIGN CONSIDERATIONS

THERMAL DESIGN CONSIDERATIONS

An estimation of the chip junction temperature, T;, in °C can be obtained from this equation:

Equation 1: T;= T, +(Pp*Rgja)

Where:
Ta = ambient temperature °C
Reia = package junction-to-ambient thermal resistance “C/W
Pp = power dissipation in package

Historically, thermal resistance has been expressed as the sum of a junction-to-case thermal
resistance and a case-to-ambient thermal resistance:

Equation 2: Ryj;y = Rgyc+ Rgca

Where:
Reia = package junction-to-ambient thermal resistance *C/W
Reic = package junction-to-case thermal resistance *C/W
Reca = package case-to-ambient thermal resistance °C/W

Rg;c is device-related and cannot be influenced by the user. The user controls the thermal
environment to change the case-to-ambient thermal resistance, Rgca. FOr example, the user can
change the air flow around the device, add a heat sink, change the mounting arrangement on the
printed circuit board (PCB), or otherwise change the thermal dissipation capability of the area
surrounding the device on a PCB. This model is most useful for ceramic packages with heat
sinks; some 90% of the heat flow is dissipated through the case to the heat sink and out to the
ambient environment. For ceramic packages, in situations where the heat flow is split between a
path to the case and an alternate path through the PCB, analysis of the device thermal
performance may need the additional modeling capability of a system level thermal simulation
tool.

The thermal performance of plastic packages is more dependent on the temperature of the PCB
to which the package is mounted. Again, if the estimations obtained from Rg; do not
satisfactorily answer whether the thermal performance is adequate, a system level model may be
appropriate.

Preliminary
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Design Considerations

Thermal Design Considerations

A complicating factor is the existence of three common ways for determining the junction-to-
case thermal resistance in plastic packages:

< To minimize temperature variation across the surface, the thermal resistance is measured
from the junction to the outside surface of the package (case) closest to the chip mounting
area when that surface has a proper heat sink.

< To define a value approximately equal to a junction-to-board thermal resistance, the
thermal resistance is measured from the junction to where the leads are attached to the
case.

= If the temperature of the package case (T) is determined by a thermocouple, the thermal
resistance is computed using the value obtained by the equation (T; - T+)/Pp.

As noted above, the junction-to-case thermal resistances quoted in this data sheet are determined
using the first definition. From a practical standpoint, that value is also suitable for determining
the junction temperature from a case thermocouple reading in forced convection environments.
In natural convection, using the junction-to-case thermal resistance to estimate junction
temperature from a thermocouple reading on the case of the package will estimate a junction
temperature slightly hotter than actual temperature. Hence, the new thermal metric, thermal
characterization parameter or W;t, has been defined to be (T; - T1)/Pp. This value gives a better
estimate of the junction temperature in natural convection when using the surface temperature
of the package. Remember that surface temperature readings of packages are subject to
significant errors caused by inadequate attachment of the sensor to the surface and to errors
caused by heat loss to the sensor. The recommended technique is to attach a 40-gauge
thermocouple wire and bead to the top center of the package with thermally conductive epoxy.

Preliminary
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Design Considerations

Electrical Design Considerations

ELECTRICAL DESIGN CONSIDERATIONS

CAUTION

This device contains protective circuitry to
guard against damage due to high static
voltage or electrical fields. However, normal
precautions are advised to avoid application
of any voltages higher than maximum rated
voltages to this high-impedance circuit.
Reliability of operation is enhanced if unused
inputs are tied to an appropriate logic voltage
level (e.g., either GND or V().

Use the following list of recommendations to assure correct DSP operation:

Provide a low-impedance path from the board power supply to each V¢ pin on the DSP
and from the board ground to each GND pin.

Use at least six 0.01-0.1 pF bypass capacitors positioned as close as possible to the four
sides of the package to connect the V¢ power source to GND.

Ensure that capacitor leads and associated printed circuit traces that connect to the chip
Vcc and GND pins are less than 0.5 in per capacitor lead.

Use at least a four-layer PCB with two inner layers for V¢ and GND.

Because the DSP output signals have fast rise and fall times, PCB trace lengths should be
minimal. This recommendation particularly applies to the address and data buses as well
as the IRQA, IRQB, IRQC, IRQD, TA, and BG pins. Maximum PCB trace lengths on the
order of 6 inches are recommended.

Consider all device loads and parasitic capacitance due to PCB traces when calculating
capacitance. This is especially critical in systems with higher capacitive loads that could
create higher transient currents in the V¢ and GND circuits.

All inputs must be terminated (i.e., not allowed to float) using CMOS levels, except for
the three pins with internal pull-up resistors (TRST, TMS, DE).

Take special care to minimize noise levels on Vccp, GNDp, and GNDp, pins.

The following pins must be asserted after power-up: RESET and TRST.

If multiple DSP56309 devices are on the same board, check for cross-talk or excessive
spikes on the supplies due to synchronous operation of the devices.

RESET must be asserted when the chip is powered up. A stable EXTAL signal should be
supplied before deassertion of RESET.

Preliminary
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Design Considerations

Power Consumption Considerations

POWER CONSUMPTION CONSIDERATIONS

Power dissipation is a key issue in portable DSP applications. Some of the factors which affect
current consumption are described in this section. Most of the current consumed by CMOS
devices is alternating current (ac), which is charging and discharging the capacitances of the pins
and internal nodes.

Current consumption is described by this equation:
Equation 3: | = CxV xf

Where: C node/pin capacitance

V = voltage swing
f = frequency of node/pin toggle

Example 1 Current Consumption

For a port A address pin loaded with 50 pF capacitance, operating at 3.3 V, and with a 66 MHz clock,
toggling at its maximum possible rate (33 MHZz), the current consumption is given by this equation:

Equation 4: | = 50x10 ?x33x33x10° = 5.48 mA

The maximum internal current (Iocymax) value reflects the typical possible switching of the
internal buses on best-case operation conditions, which is not necessarily a real application case.
The typical internal current (Iccjryp) Value reflects the average switching of the internal buses on
typical operating conditions.

For applications that require very low current consumption, do the following:

= Set the EBD bit when not accessing external memory.

= Minimize external memory accesses, and use internal memory accesses.
< Minimize the number of pins that are switching.

< Minimize the capacitive load on the pins.

= Connect the unused inputs to pull-up or pull-down resistors.

« Disable unused peripherals.

< Disable unused pin activity (e.g., CLKOUT, XTAL).

One way to evaluate power consumption is to use a current per MIPS measurement
methodology to minimize specific board effects (i.e., to compensate for measured board current
not caused by the DSP). A benchmark power consumption test algorithm is listed in

Appendix A of the DSP56309 User’s Manual. Use the test algorithm, specific test current
measurements, and the following equation to derive the current per MIPS value:

Preliminary
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Design Considerations

PLL Performance Issues

Equation 5: 1/MIPS = I/MHz = (lyyrp = lypry)/ (F2—F1)

where: lypr2 = currentat F2
lyypr1 = currentatFl
F2 = high frequency (any specified operating frequency)
F1 = low frequency (any specified operating frequency less than F2)

Note: F1 should be significantly less than F2. For example, F2 could be 66 MHz and
F1 could be 33 MHz. The degree of difference between F1 and F2 determines
the amount of precision with which the current rating can be determined for
an application.

PLL PERFORMANCE ISSUES

The following explanations should be considered as general observations on expected PLL
behavior. There is no testing that verifies these exact numbers. These observations were
measured on a limited number of parts and were not verified over the entire temperature and
voltage ranges.

Phase Skew Performance

The phase skew of the PLL is defined as the time difference between the falling edges of EXTAL
and CLKOUT for a given capacitive load on CLKOUT, over the entire process, temperature, and
voltage ranges. As defined in Figure 2-2 on page 2-7, for input frequencies greater than 15 MHz
and the MF < 4, this skew is greater than or equal to 0.0 ns and less than 1.8 ns; otherwise, this
skew is not guaranteed. However, for MF < 10 and input frequencies greater than 10 MHz, this
skew is between —1.4 ns and +3.2 ns.

Phase Jitter Performance

The phase jitter of the PLL is defined as the variations in the skew between the falling edges of
EXTAL and CLKOUT for a given device in specific temperature, voltage, input frequency, MF,
and capacitive load on CLKOUT. These variations are a result of the PLL locking mechanism.
For input frequencies greater than 15 MHz and MF < 4, this jitter is less than £0.6 ns; otherwise,
this jitter is not guaranteed. However, for MF < 10 and input frequencies greater than 10 MHz,
this jitter is less than £2 ns.
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MOTOROLA DSP56309 Technical Data 4-5




Design Considerations

PLL Performance Issues

Frequency Jitter Performance

The frequency jitter of the PLL is defined as the variation of the frequency of CLKOUT. For small
MF (MF < 10) this jitter is smaller than 0.5%. For mid-range MF (10 < MF < 500) this jitter is
between 0.5% and approximately 2%. For large MF (MF > 500), the frequency jitter is 2-3%.

Input (EXTAL) Jitter Requirements

The allowed jitter on the frequency of EXTAL is 0.5%. If the rate of change of the frequency of
EXTAL is slow (i.e., it does not jump between the minimum and maximum values in one cycle)
or the frequency of the jitter is fast (i.e., it does not stay at an extreme value for a long time), then
the allowed jitter can be 2%. The phase and frequency jitter performance results are only valid if
the input jitter is less than the prescribed values.
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ORDERING INFORMATION

SECTION 5

Consult a Motorola Semiconductor sales office or authorized distributor to determine product
availability and to place an order.

Table 5-1 Ordering Information

Supply Pin Frequency

Part Voltage Package Type Count (MH2) Order Number
DSP56309 3.3V Thin quad flat pack 144 80 XC56309PV80

(TQFP)
100 XC56309PV100
Plastic ball grid array 196 80 XC56309GC80

(PBGA)
100 XC56309GC100
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