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ADSP-21065L

structures required in digital signal processing, and are com-
monly used in digital filters and Fourier transforms. The
ADSP-21065L’s two DAGs contain sufficient registers to allow
the creation of up to 32 circular buffers (16 primary register
sets, 16 secondary). The DAGs automatically handle address
pointer wraparound, reducing overhead, increasing perfor-
mance, and simplifying implementation. Circular buffers can
start and end at any memory location.

Flexible Instruction Set

The 48-bit instruction word accommodates a variety of parallel

operations, for concise programming. For example, the ADSP-

21065L can conditionally execute a multiply, an add, a subtract
and a branch, all in a single instruction.

ADSP-21065L FEATURES

The ADSP-21065L is designed to achieve the highest system
throughput to enable maximum system performance. It can be
clocked by either a crystal or a TTL-compatible clock signal.
The ADSP-21065L uses an input clock with a frequency equal
to half the instruction rate—a 33 MHz input clock yields a

15 ns processor cycle (which is equivalent to 66 MHz). Inter-
faces on the ADSP-21065L operate as shown below. Hereafter
in this document, 1x = input clock frequency, and 2x = processor’s
instruction rate.

The following clock operation ratings are based on 1x = 33 MHz
(instruction rate/core = 66 MHz):

SDRAM 66 MHz
External SRAM 33 MHz
Serial Ports 33 MHz
Multiprocessing 33 MHz
Host (Asynchronous) 33 MHz

Augmenting the ADSP-21000 family core, the ADSP-21065L
adds the following architectural features:

Dual-Ported On-Chip Memory

The ADSP-21065L contains 544 Kbits of on-chip SRAM,
organized into two banks: Bank 0 has 288 Kbits, and Bank 1 has
256 Kbits. Bank 0 is configured with 9 columns of 2K X 16 bits,
and Bank 1 is configured with 8 columns of 2K x 16 bits. Each
memory block is dual-ported for single-cycle, independent accesses
by the core processor and I/O processor or DMA controller.
The dual-ported memory and separate on-chip buses allow two
data transfers from the core and one from I/O, all in a single
cycle (see Figure 4 for the ADSP-21065L Memory Map).

On the ADSP-21065L, the memory can be configured as a
maximum of 16K words of 32-bit data, 34K words for 16-bit
data, 10K words of 48-bit instructions (and 40-bit data) or
combinations of different word sizes up to 544 Kbits. All the
memory can be accessed as 16-bit, 32-bit or 48-bit.

While each memory block can store combinations of code and
data, accesses are most efficient when one block stores data,
using the DM bus for transfers, and the other block stores
instructions and data, using the PM bus for transfers. Using the
DM and PM busses in this way, with one dedicated to each
memory block, assures single-cycle execution with two data
transfers. In this case, the instruction must be available in the
cache. Single-cycle execution is also maintained when one of
the data operands is transferred to or from off-chip, via the
ADSP-21065L’s external port.

Off-Chip Memory and Peripherals Interface

The ADSP-21065L’s external port provides the processor’s
interface to off-chip memory and peripherals. The 64M words,
off-chip address space is included in the ADSP-21065L’s
unified address space. The separate on-chip buses—for program
memory, data memory and I/O—are multiplexed at the external
port to create an external system bus with a single 24-bit
address bus, four memory selects, and a single 32-bit data bus.
The on-chip Super Harvard Architecture provides three bus
performance, while the off-chip unified address space gives
flexibility to the designer.

SDRAM Interface

The SDRAM interface enables the ADSP-21065L to transfer
data to and from synchronous DRAM (SDRAM) at 2x clock
frequency. The synchronous approach coupled with 2x clock
frequency supports data transfer at a high throughput—up to
220 Mbytes/sec.

The SDRAM interface provides a glueless interface with stan-
dard SDRAMs—16 Mb, 64 Mb, and 128 Mb—and includes
options to support additional buffers between the ADSP-21065L
and SDRAM. The SDRAM interface is extremely flexible and
provides capability for connecting SDRAMs to any one of the
ADSP-21065L’s four external memory banks.

Systems with several SDRAM devices connected in parallel may
require buffering to meet overall system timing requirements.
The ADSP-21065L supports pipelining of the address and
control signals to enable such buffering between itself and
multiple SDRAM devices.

Host Processor Interface

The ADSP-21065L"s host interface provides easy connection to
standard microprocessor buses—8-, 16-, and 32-bit—requiring
little additional hardware. Supporting asynchronous transfers at
speeds up to 1x clock frequency, the host interface is accessed
through the ADSP-21065L’s external port. Two channels of
DMA are available for the host interface; code and data trans-
fers are accomplished with low software overhead.

The host processor requests the ADSP-21065Ls external bus
with the host bus request (HBR), host bus grant (HBG), and
ready (REDY) signals. The host can directly read and write the
IOP registers of the ADSP-21065L and can access the DMA
channel setup and mailbox registers. Vector interrupt support
enables efficient execution of host commands.

DMA Controller

The ADSP-21065L’s on-chip DMA controller allows zero-
overhead, nonintrusive data transfers without processor inter-
vention. The DMA controller operates independently and
invisibly to the processor core, allowing DMA operations to
occur while the core is simultaneously executing its program
instructions.

DMA transfers can occur between the ADSP-21065Ls internal
memory and either external memory, external peripherals, or a
host processor. DMA transfers can also occur between the
ADSP-21065L’s internal memory and its serial ports. DMA
transfers between external memory and external peripheral
devices are another option. External bus packing to 16-, 32-, or
48-bit internal words is performed during DMA transfers.

Ten channels of DMA are available on the ADSP-21065L—
eight via the serial ports, and two via the processor’s external
port (for either host processor, other ADSP-21065L, memory or
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ADSP-21065L

PIN DESCRIPTIONS
ADSP-21065L pin definitions are listed below. Inputs identified as synchronous (S) must meet timing requirements with respect to
CLKIN (or with respect to TCK for TMS, TDI). Inputs identified as asynchronous (A) can be asserted asynchronously to CLKIN
(or to TCK for TRST).

Unused inputs should be tied or pulled to VDD or GND, except for ADDRy3 o DATA3; o, FLAGq ., SW, and inputs that have
internal pull-up or pull-down resistors (CPA, ACK, DTxX, DRxX, TCLKx, RCLKx, TMS, and TDI)—these pins can be left float-
ing. These pins have a logic-level hold circuit that prevents the input from floating internally.

I = Input S = Synchronous P = Power Supply (O/D) = Open Drain

O = Output A = Asynchronous G = Ground (A/D) = Active Drive

T = Three-state (when SBTS is asserted, or when the ADSP-2106x is a bus slave)

Pin Type Function

ADDR;;, I/O/T External Bus Address. The ADSP-21065L outputs addresses for external memory and

peripherals on these pins. In a multiprocessor system the bus master outputs addresses for read/
writes of the IOP registers of the other ADSP-21065L. The ADSP-21065L inputs addresses
when a host processor or multiprocessing bus master is reading or writing its IOP registers.

DATA;,, I/O/T External Bus Data. The ADSP-21065L inputs and outputs data and instructions on these
pins. The external data bus transfers 32-bit single-precision floating-point data and 32-bit fixed-
point data over bits 31-0. 16-bit short word data is transferred over bits 15-0 of the bus. Pull-up
resistors on unused DATA pins are not necessary.

MS;, I/0/T Memory Select Lines. These lines are asserted as chip selects for the corresponding banks of
external memory. Internal ADDRys_,4 are decoded into MS;. The MS;_, lines are decoded
memory address lines that change at the same time as the other address lines. When no external
memory access is occurring the MSs_, lines are inactive; they are active, however, when a condi-
tional memory access instruction is executed, whether or not the condition is true. Additionally,
an MS;_g line which is mapped to SDRAM may be asserted even when no SDRAM access is
active. In a multiprocessor system, the MS5_, lines are output by the bus master.

RD I/O/T Memory Read Strobe. This pin is asserted when the ADSP-21065L reads from external memory
devices or from the IOP register of another ADSP-21065L. External devices (including another
ADSP-21065L) must assert RD to read from the ADSP-21065L’s IOP registers. In a multipro-
cessor system, RD is output by the bus master and is input by another ADSP-21065L.

WR I/O/T Memory Write Strobe. This pin is asserted when the ADSP-21065L writes to external memory
devices or to the IOP register of another ADSP-21065L. External devices must assert WR to
write to the ADSP-21065L’s IOP registers. In a multiprocessor system, WR is output by the bus
master and is input by the other ADSP-21065L.

SW I/O/T Synchronous Write Select. This signal interfaces the ADSP-21065L to synchronous memory
devices (including another ADSP-21065L). The ADSP-21065L asserts SW to provide an early
indication of an impending write cycle, which can be aborted if WR is not later asserted (e.g., in
a conditional write instruction). In a multiprocessor system, SW is output by the bus master and
is input by the other ADSP-21065L to determine if the multiprocessor access is a read or write.
SW is asserted at the same time as the address output.

ACK I/0/8 Memory Acknowledge. External devices can deassert ACK to add wait states to an external
memory access. ACK is used by I/O devices, memory controllers, or other peripherals to hold
off completion of an external memory access. The ADSP-21065L deasserts ACK as an output
to add wait states to a synchronous access of its IOP registers. In a multiprocessor system, a
slave ADSP-21065L deasserts the bus master’s ACK input to add wait state(s) to an access of
its IOP registers. The bus master has a keeper latch on its ACK pin that maintains the input at
the level to which it was last driven.

SBTS /S Suspend Bus Three-State. External devices can assert SBTS to place the external bus address,
data, selects, and strobes—but not SDRAM control pins—in a high impedance state for the
following cycle. If the ADSP-21065L attempts to access external memory while SBTS is as-
serted, the processor will halt and the memory access will not finish until SBTS is deasserted.
SBTS should only be used to recover from host processor/ADSP-21065L deadlock.

IRQ,. /A Interrupt Request Lines. May be either edge-triggered or level-sensitive.

FLAG I/O/A Flag Pins. Each is configured via control bits as either an input or an output. As an input, it can
be tested as a condition. As an output, it can be used to signal external peripherals.
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ADSP-21065L—SPECIFICATIONS
RECOMMENDED OPERATING CONDITIONS

Test C Grade K Grade
Parameter Conditions Min Max Min Max Unit
Vop Supply Voltage 3.13 3.60 3.13 3.60 A%
Tcase Case Operating Temperature -40 +100 0 +85 °C
Vi High Level Input Voltage @ Vpp = max 2.0 Vpp + 0.5 2.0 Vpp+ 05| V
Vi Low Level Input Voltage! @ Vpp = min -0.5 0.8 -0.5 0.8 \Y
Viia Low Level Input Voltage? @ Vpp = min -0.5 0.7 -0.5 0.7 \Y
NOTE
See Environmental Conditions for information on thermal specifications.

C and K Grades

Parameter Test Conditions Min Max Unit
Vou High Level Output Voltage® @ Vpp = min, Ioy = 2.0 mA* 2.4 \%
VoL Low Level Output Voltage® @ Vpp = min, Iy, = 4.0 mA* 0.4 \Y
Iy High Level Input Current’® @ Vpp = max, Vy = Vpp max 10 UA
1 Low Level Input Current’ @ Vpp = max, Viy =0V 10 uA
Tp Low Level Input Current® @ Vpp =max, Vy =0V 150 UA
Tozu Three-State Leakage Current” 3 %10 @ Vpp = max, Viy = Vpp max 10 UA
TozL Three-State Leakage Current’ @ Vpp =max, V=0V 8 UA
Iozzs  Three-State Leakage Current® @ Vpp =max, Viy =0V 150 UA
Iozza  Three-State Leakage Current'! @ Vpp = max, Viy=1.5V 350 pA
Iozzar  Three-State Leakage Current'? @ Vpp = max, Viy =0V 4 mA
Iozic  Three-State Leakage Current’ @ Vpp =max, Vy =0V 1.5 mA
Cin Input Capacitance!® fix = 1 MHz, Tcasg = 25°C, Vin=2.5V 8 pF
NOTES

! Applies to input and bidirectional pins: DATA3;.9, ADDR,;., BSEL, RD, WR, SW, ACK, SBTS, IRQ,.,, FLAG,.(, HBG, CS, DMARI, DMAR2, BR,,, ID,.,,
RPBA, CPA, TFS0, TFS1, RFS0, RFS1, BMS, TMS, TDI, TCK, HBR, DR0A, DR1A, DR0OB, DR1B, TCLK0, TCLK1, RCLK0, RCLK1, RESET, TRST,
PWM_EVENTO, PWM_EVENT]1, RAS, CAS, SDWE, SDCKE.

2 Applies to input pin CLKIN.

3 Applies to output and bidirectional pins: DATA 3,9, ADDR,; 4, MS;., RD, WR, SW, ACK, FLAG,,.,, HBG, REDY, DMAGI, DMAG2, BR,.;, CPA, TCLKO,
TCLK1, RCLKO0, RCLK1, TFS0, TFS1, RFS0, RFS1, DT0A, DT1A, DT0B, DT1B, XTAL, BMS, TDO, EMU, BMSTR, PWM_EVENTO0, PWM_EVENT],
RAS, CAS, DQM, SDWE, SDCLKO0, SDCLK1, SDCKE, SDA10.

4See Output Drive Currents for typical drive current capabilities.

> Applies to input pins: ACK, SBTS, TRQ,.,, HBR, CS, DMARI, DMAR2, ID,_,, BSEL, CLKIN, RESET, TCK (Note that ACK is pulled up internally with 2 kQ
during reset in a multiprocessor system, when ID |y = 01 and another ADSP-21065L is not requesting bus mastership.)

®Applies to input pins with internal pull-ups: DROA, DR1A, DROB, DR1B, TRST, TMS, TDI.

"Applies to three-statable pins: DATA 3.0, ADDRy; 9, MS;.4, RD, WR, SW, ACK, FLAG, .o, REDY, HBG, DMAG,, DMAG,, BMS, TDO, RAS, CAS, DQM,
SDWE, SDCLKO0, SDCLK1, SDCKE, SDA10, and EMU (Note that ACK is pulled up internally with 2 kQ during reset in a multiprocessor system, when ID |, =
01 and another ADSP-21065L is not requesting bus mastership).

8 Applies to three-statable pins with internal pull-ups: DT0A, DT1A, DT0B, DT1B, TCLK0, TCLK1, RCLK0, RCLK1.

°Applies to CPA pin.

19Applies to ACK pin when pulled up.

" Applies to ACK pin when keeper latch enabled.
12 Guaranteed but not tested.

13 Applies to all signal pins.

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS* Storage Temperature Range ............. —65°C to +150°C
Supply Voltage .. ....... ... ... L. 0.3V to+4.6 V Lead Temperature (5 seconds) ................... 280°C
Input Voltage . .. T 0.5Vt Vpp+ 0.5V *Stresses greater than those listed above may cause permanent damage to the device.
Output Voltage Swing . ............. -05VtoVpp+0.5V These are stress ratings only; functional operation of the device at these or any other
Load Capacitance ..............cciiiiieeennnn. 200 pF conditions greater than those indicated in the operational sections of this specifica-
Junction Temperature Under Bias . .. ..o, 130°C tion is not implied. Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.

ESD SENSITIVITY
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V readily
accumulate on the human body and test equipment and can discharge without detection. Although WARNING! @
the ADSP-21065L features proprietary ESD protection circuitry, permanent damage may occur on W “
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are

recommended to avoid performance degradation or loss of functionality.

ESD SENSITIVE DEVICE
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ADSP-21065L
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Figure 9. Interrupts

Parameter Min Max Unit
Timer

Timing Requirements:

tSTI Timer Setup Before SDCLK High 0.0 ns
tHTI Timer Hold After SDCLK High 6.0 ns
Switching Characteristics:

tDTEX Timer Delay After SDCLK High 1.0 ns
tHTEX Timer Hold After SDCLK High -5.0 ns
Parameter Min Max Unit
Flags

Timing Requirements:

tSET FLAG;,IN Setup Before SDCLK High' -2.0 ns
tHFI FLAG;,.,IN Hold After SDCLK High! 6.0 ns
Switching Characteristics:

tpro FLAG;,(OUT Delay After SDCLK High 1.0 ns
tHFO FLAG;;,OUT Hold After SDCLK High -4.0 ns
tDFOE SDCLK High to FLAG;,.,OUT Enable -4.0 ns
tprOD SDCLK High to FLAG,;.(,OUT Disable -1.75 ns
NOTE

'Flag inputs meeting these setup and hold times will affect conditional instructions in the following instruction cycle.

SDCLK
toroe
la——t —
toro —» thro bFo torop —»|

o ——— (O, T

FLAG OUTPUT

SDCLK

thr
— tsp —»

Figure 10. Flags
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ADSP-21065L

Memory Write—Bus Master

Use these specifications for asynchronous interfacing to memories (and memory-mapped peripherals) without reference to CLKIN.
These specifications apply when the ADSP-21065L is the bus master when accessing external memory space. These switching
characteristics also apply for bus master synchronous read/write timing (see Synchronous Read/Write—Bus Master below). If these
timing requirements are met, the synchronous read/write timing can be ignored (and vice versa). An exception to this is the ACK pin

timing requirements as described in the note below.

Parameter

Min

Max Unit

Timing Requirements:
ACK Delay from Address" >
ACK Delay from WR Low!

tpAAK
Ipsak

Switching Characteristics: L
Address, Selects to WR Deasserted?

24.0+30 DT +W | ns
195+24 DT +W | ns

tpawH 20.0+31DT+W ns
tDAWL Address, Selects to WR Low? 35+ 6DT ns
tww WR Pulsewidth 245+25DT+W ns
tpDWH Data Setup Before WR High 155+ 19DT+W ns
tDWHA Address Hold After WR Deasserted 00+1DT+H ns
tDATRWH Data Disable After WR Deasserted’ 1.0+1DT+H 40+1DT+H ns
twwR WR High to WR, RD Low 45+7DT+H ns
tWRDGL WR High to DMAGx Low 11.0+ 13 DT+ H ns
tDDWR Data Disable Before WR or RD Low 35+6DT+1 ns
twDE WR Low to Data Enabled 45+ 6 DT ns

W = (number of wait states specified in WAIT register) X tck.

H = tck (if an address hold cycle occurs, as specified in WAIT register; otherwise H = 0).
I = tck (if a bus idle cycle occurs, as specified in WAIT register; otherwise I = 0).

NOTES

'ACK is not sampled on external memory accesses that use the Inzernal wait state mode. For the first CLKIN cycle of a new external memory access, ACK must be
valid by tpaak Or tpsak Or synchronous specification tsyckc for wait state modes Exzernal, Either, or Both (Both, if the internal wait state is zero). For the second and
subsequent cycles of a wait stated external memory access, synchronous specifications tgacgc and tyackc must be met for wait state modes External, Either, or Both

(Both, after internal ﬂit states have completed).
’The falling edge of MSx, SW, and BMS is referenced.

3See System Hold Time Calculation under Test Conditions for calculation of hold times given capacitive and dc loads.
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Figure 12. Memory Write—Bus Master
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ADSP-21065L

Synchronous Read/Write—Bus Master

Use these specifications for interfacing to external memory systems that require CLKIN-relative timing or for accessing a slave
ADSP-21065L (in multiprocessor memory space). These synchronous switching characteristics are also valid during asynchronous

memory reads and writes (see Memory Read—Bus Master and Memory Write—Bus Master).

When accessing a slave ADSP-21065L, these switching characteristics must meet the slave’s timing requirements for synchronous
read/writes (see Synchronous Read/Write—Bus Slave). The slave ADSP-21065L must also meet these (bus master) timing require-

ments for data and acknowledge setup and hold times.

Parameter Min Max Unit
Timing Requirements:

tSSDATI Data Setup Before CLKIN 0.25+2DT ns
tHSDATI Data Hold After CLKIN 4.0-2DT ns
tDAAK ACK Delay After Address, MSx, SW, BMS" 2 24.0+30DT+W | ns
tSACKC ACK Setup Before CLKIN! 2.75+ 4 DT ns
tHACK ACK Hold After CLKIN 2.0-4DT ns
Switching Characteristics:

tDADRO Address, MSx, BMS, SW Delay After CLKIN! 7.0-2DT ns
tHADRO Address, MSx, BMS, SW Hold After CLKIN 05-2DT ns
tDRDO RD High Delay After CLKIN 05-2DT 6.0-2DT ns
tDWRO WR High Delay After CLKIN 0.0-3DT 6.0-3DT ns
tDRWL RD/WR Low Delay After CLKIN 75+ 4DT 11.75+4 DT ns
tDDATO Data Delay After CLKIN 22.0+10DT ns
tDATTR Data Disable After CLKIN? 1.0-2DT 7.0-2DT ns
tDBM BMSTR Delay After CLKIN 3.0 ns
taBM BMSTR Hold After CLKIN -4.0 ns

W = (number of wait states specified in WAIT register) X tck.
NOTES

'Data Hold: User must meet typa or typry Of synchronous specification typarr. See system hold time calculation under test conditions for the calculation of hold

times given capacitive and dc loads.

2ACK is not sampled on external memory accesses that use the Internal wait state mode. For the first CLKIN cycle of a new external memory access, ACK must be
valid by tpaaxk Or tpsak Or synchronous specification tgyckc for wait state modes External, Either, or Both (Both, if the internal wait state is zero). For the second and
subsequent cycles of a wait stated external memory access, synchronous specifications tsacgc and tgacxc must be met for wait state modes External, Either, or Both

(Both, after internal wait states have completed).

3See System Hold Time Calculation under Test Conditions for calculation of hold times given capacitive and dc loads.
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Three-State Timing—Bus Master, Bus Slave, HBR, SBTS
These specifications show how the memory interface is disabled (stops driving) or enabled (resumes driving) relative to CLKIN and
the SBTS pin. This timing is applicable to bus master transition cycles (BTC) and host transition cycles (HTC) as well as the SBTS pin.

Parameter Min Max Unit
Timing Requirements:
tsTSCK SBTS Setup Before CLKIN 7.0+ 8DT ns
tHTSCK SBTS Hold Before CLKIN 1.0+ 8 DT ns
Switching Characteristics:
TVIENA Address/Select Enable After CLKIN 1.0-2DT ns
tMIENS Strobes Enable After CLKIN! -0.5-2DT ns
tMIENHG HBG Enable After CLKIN 2.0-2DT ns
tMITRA Address/Select Disable After CLKIN 3.0-4DT ns
TMITRS Strobes Disable After CLKIN! 4.0-4DT ns
tMITRHG HBG Disable After CLKIN 55-4DT ns
tDATEN Data Enable After CLKIN? 10.0+5 DT ns
tDATTR Data Disable After CLKIN? 1.0-2DT 7.0-2DT ns
tACKEN ACK Enable After CLKIN? 7.5+ 4DT ns
tACKTR ACK Disable After CLKIN? 1.0-2DT 6.0-2DT ns
tMTRHBG Memory Interface Disable Before HBG Low’ 20+2DT ns
tMENHBG Memory Interface Enable After HBG High® 15.75 + DT ns
NOTES
IStrobes = RD, WR, SW, DMAG.
In addition to bus master transition cycles, these specs also apply to bus master and bus slave synchronous read/write.
3Memory Interface = Address, RD, WR, MSx, SW, DMAGx, BMS (in EPROM boot mode).
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DMA Handshake
These specifications describe the three DMA handshake modes. In all three modes DMAR is used to initiate transfers. For hand-
shake mode, DMAG controls the latching or enabling of data externally. For external handshake mode, the data transfer is controlled

by the ADDR,;_ 3, RD, WR, SW, MS;_,, ACK, and DMAG signals. External mode cannot be used for transfers with SDRAM. For
Paced Master mode, the data transfer is controlled by ADDRy; o, RD, WR, MS;, and ACK (not DMAG). For Paced Master mode,
the Memory Read-Bus Master, Memory Write-Bus Master, and Synchronous Read/Write-Bus Master timing specifications for
ADDR23_0, E, W, m3_0, SW, DATA;],O, and ACK also apply

Parameter Min Max Unit
Timing Requirements:

tSDRLC DMARx Low Setup Before CLKIN! 5.0 ns
tSDRHC DMARx High Setup Before CLKIN! 5.0 ns
twDR DMARx Width Low (Nonsynchronous) 6.0 ns
tSDATDGL Data Setup After DMAGx Low? 15.0+20 DT ns
tHDATIDG Data Hold After DMAGx High 0.0 ns
tDATDRH Data Valid After DMARx High? 25.0+ 14 DT ns
{DMARLL DMARx Low Edge to Low Edge 18.0 + 14 DT ns
tDMARH DMARx Wldth ngh 6.0 ns
Switching Characteristics:

tDDGL DMAGzx Low Delay After CLKIN 14.0 + 10 DT 20.0+10DT ns
twDGH DMAGzx High Width 10.0 + 12 DT + HI ns
twDGL DMAGx Low Width 16.0 + 20 DT ns
tHDGC DMAGsx High Delay After CLKIN 0.0-2DT 6.0-2DT ns
tDADGH Address Select Valid to DMAGx High 28.0+ 16 DT ns
tDDGHA Address Select Hold After DMAGx High -1.0 ns
tYDATDGH Data Valid Before DMAGx High® 16.0 + 20 DT ns
tDATRDGH Data Disable After DMAGx High* 0.0 4.0 ns
tDGWRL WR Low Before DMAGx Low 50+ 6 DT 8.0+ 6 DT ns
tDGWRH DMAGx Low Before WR High 18.0+19DT+W ns
tDGWRR WR High Before DMAGx High 0.75+ 1 DT 3.0+ 1DT ns
tDGRDL RD Low Before DMAGx Low 5.0 8.0 ns
tDRDGH RD Low Before DMAGx High 24.0+26 DT+W ns
tDGRDR RD High Before DMAGx High 0.0 2.0 ns
tDGWR DMAGgx High to WR, RD Low 5.0+ 6 DT + HI ns

W = (number of wait states specified in WAIT register) X tck.
HI = tck (if an address hold cycle or bus idle cycle occurs, as specified in WAIT register; otherwise HI = 0).

NOTES

!Only required for recognition in the current cycle.
2tspatpar is the data setup requirement if DMARX is not being used to hold off completion of a write. Otherwise, if DMARx low holds off completion of the write, the
data can be driven tpyrpry after DMARKX is brought high.
3typatpan is valid if DMARX is not being used to hold off completion of a read. If DMARKX is used to prolong the read, then typatpgu = 8 + 9 DT + (n X tcg) where n
equals the number of extra cycles that the access is prolonged.
4See System Hold Time Calculation under Test Conditions for calculation of hold times given capacitive and dc loads.

—28-

REV.C



ADSP-21065L

SDRAM Interface—Bus Master

Use these specifications for ADSP-21065L bus master accesses of SDRAM.

Parameter Min Max Unit
Timing Requirements:

tSDSDK Data Setup Before SDCLK 2.0 ns
tHDSDK Data Hold After SDCLK 1.25 ns
Switching Characteristics:

tDSDK1 First SDCLK Rise Delay After CLKIN 9.0+ 6 DT 12.75+ 6 DT ns
tpsDK2 Second SDCLK Rise Delay After CLKIN 25.5+22DT 29.25 + 22 DT ns
tspDK SDCLK Period 16.67 ter/2 ns
TSDKH SDCLK Width ngh 75+ 8 DT ns
tSDKL SDCLK Width Low 6.5+ 8 DT ns
tDCADSDK Command, Address, Data, Delay After SDCLK! 10.0 +5 DT ns
tHCADSDK Command, Address, Data, Hold After SDCLK! 45+5DT ns
tSDTRSDK Data Three-State After SDCLK 9.5+5DT ns
tSDENSDK Data Enable After SDCLK? 6.0+5DT ns
tSDCTR SDCLK, Command Three-State After CLKIN! 5.0+3DT 9.75 +3 DT ns
tSDCEN SDCLK, Command Enable After CLKIN! 50+2DT 10.0 +2 DT ns
tSDATR Address Three-State After CLKIN -1.0-4DT 3.0-4DT ns
tSDAEN Address Enable After CLKIN 1.0-2DT 7.0-2DT ns
NOTES

!Command = SDCKE, MSx, RAS, CAS, SDWE, DQM, and SDA10.

2SDRAM controller adds one SDRAM CLK three-stated cycle delay (tcx/2) on a Read followed by a Write.

SDRAM Interface—Bus Slave

These timing requirements allow a bus slave to sample the bus master’s SDRAM command and detect when a refresh occurs.

Parameter Min Max Unit
Timing Requirements:
tsSDKC!1 First SDCLK Rise After CLKIN 6.50 + 16 DT 175+ 16 DT ns
tsSDKC2 Second SDCLK Rise After CLKIN 23.25 34.25 ns
tSCSDK Command Setup Before SDCLK* 0.0 ns
tHCSDK Command Hold After SDCLK* 2.0 ns
NOTE
*Command = SDCKE, RAS, CAS, and SDWE.
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Figure 19. SDRAM Interface
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Serial Ports

Parameter Min Max Unit

External Clock
Timing Requirements:

tSFSE TFS/RFS Setup Before TCLK/RCLK! 4.0 ns
THFSE TFS/RFS Hold After TCLK/RCLK! 4.0 ns
tSDRE Receive Data Setup Before RCLK! 1.5 ns
tHDRE Receive Data Hold After RCLK! 4.0 ns
tSCLKW TCLK/RCLK Width 9.0 ns
tSCLK TCLK/RCLK Period tck ns

Internal Clock
Timing Requirements:

tsEsI TFS Setup Before TCLK?; RFS Setup Before RCLK! 8.0 ns
tHFSI TFS/RFS Hold After TCLK/RCLK! 1.0 ns
tSDRI Receive Data Setup Before RCLK! 3.0 ns
tHDRI Receive Data Hold After RCLK! 3.0 ns

External or Internal Clock
Switching Characteristics:

tDFSE RFS Delay After RCLK (Internally Generated RFS)? 13.0 ns
tHOFSE RFS Hold After RCLK (Internally Generated RFS)? 3.0 ns

External Clock
Switching Characteristics:

tDFSE TFS Delay After TCLK (Internally Generated TES)? 13.0 ns
tHOFSE TFS Hold After TCLK (Internally Generated TFS)? 3.0 ns
tDDTE Transmit Data Delay After TCLK? 12.5 ns
tHDTE Transmit Data Hold After TCLK? 4.0 ns

Internal Clock
Switching Characteristics:

tDFSI TFS Delay After TCLK (Internally Generated TES)? 4.5 ns
tHOFSI TFS Hold After TCLK (Internally Generated TES)? -1.5 ns
tDDTI Transmit Data Delay After TCLK? 7.5 ns
tuDTI Transmit Data Hold After TCLK? 0.0 ns
TSCLKIW TCLK/RCLK Width (tscrx/2) — 2.5 (tscrx/2) + 2.5 ns

Enable and Three-State
Switching Characteristics:

tDTENE Data Enable from External TCLK? 5.0 ns
tDDTTE Data Disable from External RCLK? 10.0 ns
tDTENI Data Enable from Internal TCLK? 0.0 ns
tDDTTI Data Disable from Internal TCLK? 3.0 ns
tpcLk TCLK/RCLK Delay from CLKIN 18.0+ 6 DT ns
tDPTR SPORT Disable After CLKIN 14.0 ns
External Late Frame Sync
tDDTLESE Data Delay from Late External TFES or External RFS

with MCE = 1, MFD = 0>* 10.5 ns
{DTENLESE Data Enable from late FS or MCE = 1, MFD = 0> 3.5 ns
tDDTLSCK Data Delay from TCLK/RCLK for Late External

TFS or External RFS with MCE = 1, MFD = 0>* 12.0 ns
tDTENLSCK Data Enable from RCLK/TCLK for Late External FS or

MCE = 1, MFD = 0** 4.5 ns
NOTES

To determine whether communication is possible between two devices at clock speed n, the following specifications must be confirmed: 1) frame sync delay and frame
sync setup-and-hold, 2) data delay and data setup-and-hold, and 3) SCLK width.

Referenced to sample edge.

2Referenced to drive edge.

3MCE = 1, TFS enable and TFS valid follow tpprexes and tpprirs.

*If external RES/TFS setup to RCLK/TCLK > tgcr/2 then tpprrsck and tpTeNLsCK apply; otherwise tpprrrse and tpTENLES apply

*Word selected timing for I°S mode is the same as TFS/RFS timing (normal framing only).
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Figure 24. Typical Drive Currents
TEST CONDITIONS

Output Disable Time

Output pins are considered to be disabled when they stop driv-
ing, go into a high impedance state, and start to decay from
their output high or low voltage. The time for the voltage on the
bus to decay by AV is dependent on the capacitive load, C; and
the load current, I;. This decay time can be approximated by
the following equation:

Crp XAV
I

IpECAY =

The output disable time tpyg is the difference between tymasurep
and tpgcay as shown in Figure 26. The time typasurep 18 the
interval from when the reference signal switches to when the
output voltage decays AV from the measured output high or
output low voltage. tpgcay is calculated with test loads C; and
I;, and with AV equal to 0.5 V.

Output Enable Time

Output pins are considered to be enabled when they have made
a transition from a high impedance state to when they start
driving. The output enable time tgya is the interval from when a
reference signal reaches a high or low voltage level to when the
output has reached a specified high or low trip point, as shown
in the Output Enable/Disable diagram. If multiple pins (such as
the data bus) are enabled, the measurement value is that of the
first pin to start driving.
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Example System Hold Time Calculation

To determine the data output hold time in a particular system,
first calculate tpgcay using the equation given above. Choose AV
to be the difference between the ADSP-21065L"s output voltage
and the input threshold for the device requiring the hold time. A
typical AV will be 0.4 V. C_ is the total bus capacitance (per
data line), and I is the total leakage or three-state current (per
data line). The hold time will be tpgcay plus the minimum
disable time (i.e., tpaTrwy for the write cycle).
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Capacitive Loading

Output delays and holds are based on standard capacitive loads:

50 pF on all pins. The delay and hold specifications given
should be derated by a factor of 1.8 ns/50 pF for loads other
than the nominal value of 50 pF. Figure 28 and Figure 29 show
how output rise time varies with capacitance. Figure 30 shows
graphically how output delays and hold vary with load capaci-

tance. (Note that this graph or derating does not apply to output

disable delays; see the previous section Output Disable time
under Test Conditions.) The graphs of Figure 28, Figure 29,
and Figure 30 may not be linear outside the ranges shown.
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Figure 28. Typical Rise and Fall Time (10%-90% Vpp)
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208-LEAD MQFP PIN CONFIGURATION

Pin Pin Pin Pin Pin Pin Pin Pin Pin Pin

No. Name No. Name No. Name No. Name No. Name

1 VDD 43 CAS 85 VDD 127 DATA28 169 ADDRI17
2 RFSO 44 SDWE 86 DATA3 128 DATA29 170 ADDRI16
3 GND 45 VDD 87 DATA4 129 GND 171 ADDRI15
4 RCLKO 46 DQM 88 DATA5 130 VDD 172 VDD

5 DROA 47 SDCKE 89 GND 131 VDD 173 ADDRI14
6 DROB 48 SDA10 90 DATAG6 132 DATA30 174 ADDRI13
7 TFSO 49 GND 91 DATA7 133 DATA31 175 ADDRI2
8 TCLKO 50 DMAG1 92 DATAS 134 FLAG7 176 VDD

9 VDD 51 DMAG?2 93 VDD 135 GND 177 GND

10 GND 52 HBG 94 GND 136 FLAG6 178 ADDRI1
11 DTO0A 53 BMSTR 95 VDD 137 FLAG5 179 ADDRI10
12 DTOB 54 VDD 96 DATA9 138 FLAG4 180 ADDR9
13 RFS1 55 CS 97 DATA10 139 GND 181 GND

14 GND 56 SBTS 98 DATAL1 140 VDD 182 VDD

15 RCLK1 57 GND 99 GND 141 VDD 183 ADDRS
16 DRI1A 58 WR 100 DATA12 142 NC 184 ADDR?
17 DR1B 59 RD 101 DATAI13 143 ID1 185 ADDRG6
18 TFS1 60 GND 102 NC 144 IDO 186 GND

19 TCLK1 61 VDD 103 NC 145 EMU 187 GND

20 VDD 62 GND 104 DATA14 146 TDO 188 ADDR5
21 VDD 63 REDY 105 VDD 147 TRST 189 ADDR4
22 DTIA 64 SwW 106 GND 148 TDI 190 ADDR3
23 DTIB 65 CPA 107 DATAI15 149 TMS 191 VDD

24 PWM_EVENT!1 66 VDD 108 DATA16 150 GND 192 VDD

25 GND 67 VDD 109 DATA17 151 TCK 193 ADDR2
26 PWM_EVENTO 68 GND 110 VDD 152 BSEL 194 ADDRI
27 BRI 69 ACK 111 DATA18 153 BMS 195 ADDRO
28 BR2 70 MSo 112 DATA19 154 GND 196 GND

29 VDD 71 MS1 113 DATA20 155 GND 197 FLAGO
30 CLKIN 72 GND 114 GND 156 VDD 198 FLAG1
31 XTAL 73 GND 115 NC 157 RESET 199 FLAG?2
32 VDD 74 MS2 116 DATA21 158 VDD 200 VDD

33 GND 75 MS3 117 DATA22 159 GND 201 FLAG3
34 SDCLKI1 76 FLAGI11 118 DATA23 160 ADDR23 202 NC

35 GND 77 VDD 119 GND 161 ADDR22 203 NC

36 VDD 78 FLAG10 120 VDD 162 ADDR21 204 GND

37 SDCLKO0 79 FLAGY9 121 DATA24 163 VDD 205 IRQO

38 DMARI1 80 FLAGS 122 DATA25 164 ADDR20 206 IRQ!1

39 DMAR?2 81 GND 123 DATA26 165 ADDRI19 207 IRQ2

40 HBR 82 DATAO 124 VDD 166 ADDRIS8 208 NC

41 GND 83 DATAL1 125 GND 167 GND

42 RAS 84 DATA2 126 DATA27 168 GND
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