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Understanding Embedded - DSP (Digital
Signal Processors)

Embedded - DSP (Digital Signal Processors) are specialized
microprocessors designed to perform complex
mathematical computations on digital signals in real-time.
Unlike general-purpose processors, DSPs are optimized for
high-speed numeric processing tasks, making them ideal
for applications that require efficient and precise
manipulation of digital data. These processors are
fundamental in converting and processing signals in
various forms, including audio, video, and communication
signals, ensuring that data is accurately interpreted and
utilized in embedded systems.

Applications of Embedded - DSP (Digital
Signal Processors)

The applications of Embedded - DSP (Digital Signal
Processors) are vast and diverse, reflecting their critical
role in modern technology. In telecommunications, DSPs
are essential for signal modulation and demodulation, error
detection and correction, and data compression. In the
consumer electronics sector, DSPs enhance audio and
video processing, providing high-quality sound and image
rendering in devices like smartphones, televisions, and
home theater systems. Automotive systems utilize DSPs
for advanced driver-assistance systems (ADAS),
infotainment, and engine management. Additionally,
industrial automation relies on DSPs for real-time control of
machinery and processes, while medical devices use them
for imaging and diagnostics, ensuring accurate and
efficient healthcare solutions.

Common Subcategories of Embedded - DSP
(Digital Signal Processors)

Embedded - DSP (Digital Signal Processors) can be
categorized into several common subcategories based on
their specific applications and performance characteristics.
General-purpose DSPs offer a versatile solution for a wide
range of signal processing tasks, providing balanced
performance and flexibility. High-performance DSPs are
designed for applications requiring significant
computational power and speed, such as real-time video
processing and advanced communication systems. Low-
power DSPs cater to battery-operated and portable
devices, ensuring energy-efficient operation without
compromising performance. Additionally, application-
specific DSPs are tailored for particular functions, such as
audio processing or motor control, offering optimized
performance for specific tasks.

Types of Embedded - DSP (Digital Signal
Processors)

There are various types of Embedded - DSP (Digital Signal
Processors), each suited to different needs and
applications. Fixed-point DSPs are designed for
applications where precision is critical but the range of
values is limited, such as audio processing. Floating-point
DSPs provide a broader range of values and greater
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Using the DM bus and PM buses, with one bus dedicated to a 
memory block, assures single-cycle execution with two data 
transfers. In this case, the instruction must be available in the 
cache. 
The memory map in Table 3 displays the internal memory 
address space of the processors. The 48-bit space section 
describes what this address range looks like to an instruction 
that retrieves 48-bit memory. The 32-bit section describes what 
this address range looks like to an instruction that retrieves 32-
bit memory. 

On-Chip Memory Bandwidth

The internal memory architecture allows programs to have four 
accesses at the same time to any of the four blocks (assuming 
there are no block conflicts). The total bandwidth is realized 
using the DMD and PMD buses (2 × 64-bits, CCLK speed) and 
the IOD0/1 buses (2 × 32-bit, PCLK speed).

Nonsecured ROM

For nonsecured ROM, booting modes are selected using the 
BOOTCFG pins as shown in Table 8 on Page 10. In this mode, 
emulation is always enabled, and the IVT is placed on the inter-
nal RAM except for the case where BOOTCFGx = 011.

ROM-Based Security

The ROM security feature provides hardware support for secur-
ing user software code by preventing unauthorized reading 
from the internal code when enabled. When using this feature, 
the processors do not boot-load any external code, executing 
exclusively from internal ROM. Additionally, the processors are 
not freely accessible via the JTAG port. Instead, a unique 64-bit 
key, which must be scanned in through the JTAG or Test Access 
Port will be assigned to each customer. 

Digital Transmission Content Protection

The DTCP specification defines a cryptographic protocol for 
protecting audio entertainment content from illegal copying, 
intercepting, and tampering as it traverses high performance 
digital buses, such as the IEEE 1394 standard. Only legitimate 
entertainment content delivered to a source device via another 
approved copy protection system (such as the DVD content 
scrambling system) is protected by this copy protection system. 

Table 3. Internal Memory Space1

IOP Registers    0x0000 0000–0x0003 FFFF

Long Word (64 Bits)
Extended Precision Normal or 
Instruction Word (48 Bits) Normal Word (32 Bits) Short Word (16 Bits)

Block 0 ROM (Reserved)
0x0004 0000–0x0004 7FFF 

Block 0 ROM (Reserved)
0x0008 0000–0x0008 AAA9

Block 0 ROM (Reserved)
0x0008 0000–0x0008 FFFF

Block 0 ROM (Reserved)
0x0010 0000–0x0011 FFFF

Reserved
0x0004 8000–0x0004 8FFF 

Reserved 
0x0008 AAAA–0x0008 BFFF

Reserved
0x0009 0000–0x0009 1FFF

Reserved
0x0012 0000–0x0012 3FFF

Block 0 SRAM
0x0004 9000–0x0004 EFFF 

Block 0 SRAM
0x0008 C000–0x0009 3FFF

Block 0 SRAM
0x0009 2000–0x0009 DFFF

Block 0 SRAM
0x0012 4000–0x0013 BFFF

Reserved
0x0004 F000–0x0004 FFFF 

Reserved 
0x0009 4000–0x0009 FFFF

Reserved
0x0009 E000–0x0009 FFFF

Reserved
0x0013 C000–0x0013 FFFF

Block 1 ROM (Reserved)
0x0005 0000–0x0005 7FFF

Block 1 ROM (Reserved)
0x000A 0000–0x000A AAA9

Block 1 ROM (Reserved)
0x000A 0000–0x000A FFFF

Block 1 ROM (Reserved)
0x0014 0000–0x0015 FFFF

Reserved
0x0005 8000–0x0005 8FFF

Reserved
0x000A AAAA–0x000A BFFF

Reserved
0x000B 0000–0x000B 1FFF

Reserved
0x0016 0000–0x0016 3FFF

Block 1 SRAM
0x0005 9000–0x0005 EFFF 

Block 1 SRAM
0x000A C000–0x000B 3FFF

Block 1 SRAM
0x000B 2000–0x000B DFFF

Block 1 SRAM
0x0016 4000–0x0017 BFFF

Reserved
0x0005 F000–0x0005 FFFF

Reserved
 0x000B 4000–0x000B FFFF

Reserved
0x000B E000–0x000B FFFF

Reserved
0x0017 C000–0x0017 FFFF

Block 2 SRAM
0x0006 0000–0x0006 3FFF

Block 2 SRAM
0x000C 0000–0x000C 5554

Block 2 SRAM
0x000C 0000–0x000C 7FFF

Block 2 SRAM
0x0018 0000–0x0018 FFFF

Reserved
0x0006 4000– 0x0006 FFFF 

Reserved
0x000C 5555–0x000D FFFF

Reserved
0x000C 8000–0x000D FFFF

Reserved
0x0019 0000–0x001B FFFF

Block 3 SRAM
0x0007 0000–0x0007 3FFF

Block 3 SRAM
0x000E 0000–0x000E 5554

Block 3 SRAM
0x000E 0000–0x000E 7FFF

Block 3 SRAM
0x001C 0000–0x001C FFFF

Reserved
0x0007 4000–0x0007 FFFF

Reserved 
0x000E 5555–0x0000F FFFF

Reserved
0x000E 8000–0x000F FFFF

Reserved
0x001D 0000–0x001F FFFF

1 Some processors include a customer-definable ROM block. ROM addresses on these models are not reserved as shown in this table. Please contact your Analog Devices sales 
representative for additional details.
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DDR2_ADDR15–0 O/T High-Z/
driven low

DDR2 Address. DDR2 address pins. 

DDR2_BA2-0 O/T High-Z/
driven low

DDR2 Bank Address Input. Defines which internal bank an ACTIVATE, READ, WRITE, 
or PRECHARGE command is being applied to. BA2–0define which mode registers, 
including MR, EMR, EMR(2), and EMR(3) are loaded during the LOAD MODE REGISTER 
command. 

DDR2_CAS O/T High-Z/
driven high

DDR2 Column Address Strobe. Connect to DDR2_CAS pin; in conjunction with other 
DDR2 command pins, defines the operation for the DDR2 to perform. 

DDR2_CKE O/T High-Z/
driven low

DDR2 Clock Enable Output to DDR2. Active high signal. Connect to DDR2 CKE signal. 

DDR2_CS3-0 O/T High-Z/
driven high

DDR2 Chip Select. All commands are masked when DDR2_CS3-0 is driven high. 
DDR2_CS3-0 are decoded memory address lines. Each DDR2_CS3-0 line selects the 
corresponding external bank. 

DDR2_DATA15-0 I/O/T High-Z DDR2 Data In/Out. Connect to corresponding DDR2_DATA pins. 

DDR2_DM1-0 O/T High-Z/
driven high

DDR2 Input Data Mask. Mask for the DDR2 write data if driven high. Sampled on both 
edges of DDR2_DQS at DDR2 side. DM0 corresponds to DDR2_DATA 7–0 and DM1 
corresponds to DDR2_DATA15–8. 

DDR2_DQS1-0 
DDR2_DQS1-0

I/O/T 
(Differential)

High-Z Data Strobe. Output with Write Data. Input with Read Data. DQS0 corresponds to 
DDR2_DATA 7–0 and DQS1 corresponds to DDR2_DATA 15–8. Based on software 
control via the DDR2CTL3 register, this pin can be single-ended or differential.

DDR2_RAS O/T High-Z/
driven high

DDR2 Row Address Strobe. Connect to DDR2_RAS pin; in conjunction with other 
DDR2 command pins, defines the operation for the DDR2 to perform. 

DDR2_WE O/T High-Z/
driven high

DDR2 Write Enable. Connect to DDR2_WE pin; in conjunction with other DDR2 
command pins, defines the operation for the DDR2 to perform. 

DDR2_CLK0, 
DDR2_CLK0, 
DDR2_CLK1,
DDR2_CLK1

O/T 
(Differential)

High-Z/
driven low

DDR2 Memory Clocks. Two differential outputs available via software control 
(DDR2CTL0 register). Free running, minimum frequency not guaranteed during reset. 

DDR2_ODT O/T High-Z/
driven low

DDR2 On Die Termination. ODT pin when driven high (along with other require-
ments) enables the DDR2 termination resistances. ODT is enabled/disabled regardless 
of read or write commands. 

Table 10. Pin Descriptions  (Continued)

Name Type
State During/ After 
Reset Description

The following symbols appear in the Type column of Table 10: A = asynchronous, I = input, O = output, S = synchronous, A/D = active drive, 
O/D = open-drain, and T = three-state, ipd = internal pull-down resistor, ipu = internal pull-up resistor.
The internal pull-up (ipu) and internal pull-down (ipd) resistors are designed to hold the internal path from the pins at the expected logic levels. 
To pull-up or pull-down the external pads to the expected logic levels, use external resistors. Internal pull-up/pull-down resistors cannot be 
enabled/disabled and the value of these resistors cannot be programmed. The range of an ipu resistor can be between 26 k–
63 k. The range of an ipd resistor can be between 31 k–85 k. The three-state voltage of ipu pads will not reach to full the VDD_EXT level; at 
typical conditions the voltage is in the range of 2.3 V to 2.7 V. 
In this table, the DDR2 pins are SSTL18 compliant. All other pins are LVTTL compliant.

http://www.analog.com/ADSP-21467?src=ADSP-21467.pdf
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RESET I Processor Reset. Resets the processor to a known state. Upon deassertion, there is a 
4096 CLKIN cycle latency for the PLL to lock. After this time, the core begins program 
execution from the hardware reset vector address. The RESET input must be asserted 
(low) at power-up.

RESETOUT/
RUNRSTIN

I/O (ipu) Reset Out/Running Reset In. The default setting on this pin is reset out. This pin also 
has a second function as RUNRSTIN which is enabled by setting bit 0 of the RUNRSTCTL 
register. For more information, see the ADSP-214xx SHARC Processor Hardware 
Reference.

BOOT_CFG2–0 I Boot Configuration Select. These pins select the boot mode for the processor. The 
BOOT_CFG pins must be valid before RESET (hardware and software) is de-asserted.

Table 11. Pin List, Power and Ground 

Name Type Description

VDD_INT P Internal Power

VDD_EXT P External Power

VDD_A P Analog Power for PLL

VDD_THD P Thermal Diode Power; if thermal diode is not used then this pin can be 
left floating

VDD_DDR2
1 P DDR2 Interface Power

VREF P DDR2 Input Voltage Reference

GND G Ground 

AGND G Analog Ground
1 Applies to DDR2 signals.

Table 10. Pin Descriptions  (Continued)

Name Type
State During/ After 
Reset Description

The following symbols appear in the Type column of Table 10: A = asynchronous, I = input, O = output, S = synchronous, A/D = active drive, 
O/D = open-drain, and T = three-state, ipd = internal pull-down resistor, ipu = internal pull-up resistor.
The internal pull-up (ipu) and internal pull-down (ipd) resistors are designed to hold the internal path from the pins at the expected logic levels. 
To pull-up or pull-down the external pads to the expected logic levels, use external resistors. Internal pull-up/pull-down resistors cannot be 
enabled/disabled and the value of these resistors cannot be programmed. The range of an ipu resistor can be between 26 k–
63 k. The range of an ipd resistor can be between 31 k–85 k. The three-state voltage of ipu pads will not reach to full the VDD_EXT level; at 
typical conditions the voltage is in the range of 2.3 V to 2.7 V. 
In this table, the DDR2 pins are SSTL18 compliant. All other pins are LVTTL compliant.
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ELECTRICAL CHARACTERISTICS

450 MHz 400 MHz

UnitParameter1 Description Test Conditions Min Max Min Max

VOH
2 High Level Output 

Voltage 
@ VDD_EXT = Min, IOH = –1.0 mA3 2.4 2.4 V

VOL
2 Low Level Output 

Voltage
@ VDD_EXT = Min, IOL = 1.0 mA3 0.4 0.4 V

VOH_DDR2 High Level Output 
Voltage for DDR2

@ VDD_DDR = Min, IOH = –13.4 mA 1.4 1.4 V

VOL_DDR2 Low Level Output 
Voltage for DDR2

@ VDD_DDR = Min, IOL = 13.4 mA 0.29 0.29 V

IIH4, 5 High Level Input 
Current

@ VDD_EXT = Max, 
VIN = VDD_EXT Max

10 10 μA

IIL4, 6 Low Level Input 
Current

@ VDD_EXT = Max, VIN = 0 V 10 10 μA

IILPU
5 Low Level Input 

Current Pull-up
@ VDD_EXT = Max, VIN = 0 V 200 200 μA

IIHPD
6 High Level Input 

Current Pull-down
@ VDD_EXT = Max, 
VIN = VDD_EXT Max

200 200 μA

IOZH
7, 8 Three-State Leakage 

Current
@ VDD_EXT/VDD_DDR = Max, 
VIN = VDD_EXT/VDD_DDR Max

10 10 μA

IOZL
7, 9 Three-State Leakage 

Current
@ VDD_EXT/VDD_DDR = Max, 
VIN = 0 V

10 10 μA

IOZLPU
8 Three-State Leakage 

Current Pull-up
@ VDD_EXT = Max, VIN = 0 V 200 200 μA

IOZHPD
9 Three-State Leakage 

Current Pull-down
@ VDD_EXT = Max, 
VIN = VDD_EXT Max

200 200 μA

IDD_INT
10 Supply Current 

(Internal)
fCCLK > 0 MHz Table 13 + 

Table 14 × ASF
Table 13 + 
Table 14 × ASF

mA

IDD_A
11 Supply Current 

(Analog)
VDD_A = Max 10 10 mA

CIN
12, 13 Input Capacitance TCASE = 25°C 5 5 pF

1 Specifications subject to change without notice.
2 Applies to output and bidirectional pins: AMI_ADDR23-0, AMI_DATA7-0, AMI_RD, AMI_WR, FLAG3–0, DAI_Px, DPI_Px, EMU, TDO.
3 See Output Drive Currents on Page 62 for typical drive current capabilities.
4 Applies to input pins: BOOTCFGx, CLKCFGx, TCK, RESET, CLKIN.
5 Applies to input pins with internal pull-ups: TRST, TMS, TDI.
6 Applies to input pins with internal pull-downs: MLBCLK
7 Applies to three-statable pins: all DDR2 pins.
8 Applies to three-statable pins with pull-ups: DAI_Px, DPI_Px, EMU.
9 Applies to three-statable pins with pull-downs: MLBDAT, MLBSIG, MLBDO, MLBSO, LDAT07-0, LDAT17-0, LCLK0, LCLK1, LACK0, LACK1.
10See Engineer-to-Engineer Note EE-348 “Estimating Power Dissipation for ADSP-214xx SHARC Processors” for further information.
11Characterized but not tested.
12Applies to all signal pins.
13Guaranteed, but not tested.

http://www.analog.com/ADSP-21467?src=ADSP-21467.pdf
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ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed in Table 15 may cause perma-
nent damage to the device. These are stress ratings only; 
functional operation of the device at these or any other condi-
tions greater than those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

PACKAGE INFORMATION

The information presented in Figure 4 and Table 16 provides 
details about the package branding for the processor. For a com-
plete listing of product availability, see Ordering Guide on 
Page 74. 

Table 14. Dynamic Current in CCLK Domain—IDD_INT_DYNAMIC (mA, with ASF = 1.0)1

fCCLK

(MHz)2
VDD_INT(V)2

0.95 V 1.0 V 1.05 V 1.10 V 1.15 V

100 78 82 86 91 98

150 115 121 130 136 142

200 150 159 169 177 188

250 186 197 208 219 231

300 222 236 249 261 276

350 259 275 288 304 319

400 293 309 328 344 361

450 N/A N/A 366 385 406
1 The values are not guaranteed as standalone maximum specifications. They must be combined with static current per the equations of Electrical Characteristics on Page 20.
2 Valid frequency and voltage ranges are model-specific. See Operating Conditions on Page 19.

Table 15. Absolute Maximum Ratings

Parameter Rating

Internal (Core) Supply Voltage (VDD_INT) –0.3 V to +1.32 V

Analog (PLL) Supply Voltage (VDD_A) –0.3 V to +1.15 V

External (I/O) Supply Voltage (VDD_EXT) –0.3 V to +3.6 V

Thermal Diode Supply Voltage 
(VDD_THD)

–0.3 V to +3.6 V

DDR2 Controller Supply Voltage 
(VDD_DDR2)

–0.3 V to +1.9 V

DDR2 Input Voltage –0.3 V to +1.9 V

Input Voltage –0.3 V to +3.6 V

Output Voltage Swing –0.3 V to VDD_EXT +0.5 V

Storage Temperature Range –65C to +150C
Junction Temperature While Biased 125C

Figure 4. Typical Package Brand

Table 16. Package Brand Information1

1 Non-automotive only. For branding information specific to automotive 
products, contact Analog Devices, Inc.

Brand Key Field Description

t Temperature Range

pp Package Type

Z RoHS Compliant Option 

cc See Ordering Guide

vvvvvv.x Assembly Lot Code

n.n Silicon Revision

# RoHS Compliant Designation

yyww Date Code

vvvvvv.x n.n

tppZ-cc

S

ADSP-2146x

a

yyww country_of_origin

http://www.analog.com/ADSP-21467?src=ADSP-21467.pdf
http://www.analog.com/ADSP-21469?src=ADSP-21469.pdf
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Clock Input

Clock Signals

The processor can use an external clock or a crystal. See the 
CLKIN pin description in Table 10. Programs can configure the 
processor to use its internal clock generator by connecting the 
necessary components to CLKIN and XTAL. Figure 8 shows the 
component connections used for a crystal operating in funda-
mental mode. Note that the clock rate is achieved using a 
25 MHz crystal and a PLL multiplier ratio 16:1 (CCLK:CLKIN 
achieves a clock speed of 400 MHz). 
To achieve the full core clock rate, programs need to configure 
the multiplier bits in the PMCTL register.

Table 19. Clock Input

Parameter

400 MHz1

1 Applies to all 400 MHz models. See Ordering Guide on Page 74.

450 MHz2

2 Applies to all 450 MHz models. See Ordering Guide on Page 74.

UnitMin Max Min Max

Timing Requirements

tCK CLKIN Period 153

3 Applies only for CLK_CFG1–0 = 00 and default values for PLL control bits in PMCTL.

100 13.26 100 ns

tCKL CLKIN Width Low 7.5 45 6.63 45 ns

tCKH CLKIN Width High 7.5 45 6.63 45 ns

tCKRF CLKIN Rise/Fall (0.4 V to 2.0 V)  34

4 Guaranteed by simulation but not tested on silicon.

 34 ns

tCCLK
5

5 Any changes to PLL control bits in the PMCTL register must meet core clock timing specification tCCLK.

CCLK Period 2.5 10 2.22 10 ns

fVCO
6

6 See Figure 5 on Page 24 for VCO diagram.

VCO Frequency 200 900 200 900 MHz

tCKJ
7, 8

7 Actual input jitter should be combined with ac specifications for accurate timing analysis.
8 Jitter specification is maximum peak-to-peak time interval error (TIE) jitter.

CLKIN Jitter Tolerance –250 +250 –250 +250 ps

Figure 7. Clock Input

CLKIN

tCK

tCKLtCKH

tCKJ

Figure 8. Recommended Circuit for 
Fundamental Mode Crystal Operation

C1
22pF Y1

R1
1M *

XTALCLKIN

C2
22pF

25.000 MHz

R2
47 *

CHOOSE C1 AND C2 BASED ON THE CRYSTAL Y1.
CHOOSE R2 TO LIMIT CRYSTAL DRIVE POWER. 
REFER TO CRYSTAL MANUFACTURER'S 
SPECIFICATIONS.

*TYPICAL VALUES

ADSP-2146x
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Precision Clock Generator (Direct Pin Routing)

This timing is only valid when the SRU is configured such that 
the precision clock generator (PCG) takes its inputs directly 
from the DAI pins (via pin buffers) and sends its outputs 
directly to the DAI pins. For the other cases, where the PCG’s 

inputs and outputs are not directly routed to/from DAI pins (via 
pin buffers) there is no timing data available. All timing param-
eters and switching characteristics apply to external DAI pins 
(DAI_P01 – DAI_P20). 

Table 27. Precision Clock Generator (Direct Pin Routing)

Parameter Min Max Unit

Timing Requirements

tPCGIW Input Clock Period tPCLK × 4 ns

tSTRIG PCG Trigger Setup Before Falling Edge of PCG Input 
Clock

4.5 ns

tHTRIG PCG Trigger Hold After Falling Edge of PCG Input 
Clock

3 ns

Switching Characteristics

tDPCGIO PCG Output Clock and Frame Sync Active Edge Delay 
After PCG Input Clock

2.5 10
ns

tDTRIGCLK PCG Output Clock Delay After PCG Trigger 2.5 + (2.5 × tPCGIP) 10 + (2.5 × tPCGIP) ns

tDTRIGFS PCG Frame Sync Delay After PCG Trigger 2.5 + ((2.5 + D – PH) × tPCGIP) 10 + ((2.5 + D – PH) × tPCGIP) ns

tPCGOW
1 Output Clock Period 2 × tPCGIP – 1 ns

D = FSxDIV, PH = FSxPHASE. For more information, see the ADSP-214xx SHARC Processor Hardware Reference, “Precision Clock Generators” 
chapter.

1 Normal mode of operation.

Figure 16. Precision Clock Generator (Direct Pin Routing)

DAI_Pn
DPI_Pn

PCG_TRIGx_I

DAI_Pm
DPI_Pm

PCG_EXTx_I
(CLKIN)

DAI_Py
DPI_Py

PCG_CLKx_O

DAI_Pz
DPI_Pz

PCG_FSx_O

tDTRIGFS

tDTRIGCLK

tDPCGIO

tSTRIG tHTRIG

tPCGOWtDPCGIO

tPCGIP
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DDR2 SDRAM Read Cycle Timing

Table 29. DDR2 SDRAM Read Cycle Timing, VDD_DDR2 Nominal 1.8 V 

200 MHz1 

1 In order to ensure proper operation of the DDR2, all the DDR2 guidelines have to be strictly followed (see Engineer-to-Engineer Note EE-349).

225 MHz1

Parameter Min Max Min Max Unit

Timing Requirements

tAC Access Window of DDR2_DATA to 
DDR2_CLKx/DDR2_CLKx

–1.0 1.5 –1.0 1.5 ns 

tDQSCK Access Window of DDR2_DQSx/DDR2_DQSx to 
DDR2_CLKx/DDR2_CLKx

–1.0 1.5 –1.0 1.5 ns 

tDQSQ DQS-DATA skew for DDR2_DQSx and Associated 
DDR2_DATA signals

0.450 0.450 ns 

tQH DDR2_DATA Hold Time From 
DDR2_DQSx/DDR2_DQSx

1.9 1.71 ns

tRPRE Read Preamble 0.6 0.6 tCK 

tRPST Read Postamble 0.25 0.25 tCK 

Switching Characteristics

tCK DDR2_CLKx/DDR2_CLKx Period 4.8 4.22 ns 

tCH DDR2_CLKx High Pulse Width 2.35 2.75 2.05 2.45 ns

tCL DDR2_CLKx Low Pulse Width 2.35 2.75 2.05 2.45 ns

tAS DDR2_ADDR and Control Setup Time Relative to 
DDR2_CLKx Rising

1.85 1.65 ns

tAH DDR2_ADDR and Control Hold Time Relative to 
DDR2_CLKx Rising

1.0 0.9 ns

Figure 18. DDR2 SDRAM Controller Input AC Timing
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AMI Write 

Use these specifications for asynchronous interfacing to memo-
ries. Note that timing for AMI_ACK, AMI_DATA, AMI_RD, 
AMI_WR, and strobe timing parameters only apply to asyn-
chronous access mode. 

Table 32. Memory Write

Parameter Min Max Unit

Timing Requirements

tDAAK AMI_ACK Delay from Address, Selects1, 2 tDDR2_CLK – 9.7 + W ns 

tDSAK AMI_ACK Delay from AMI_WR Low 1, 3 W – 6 ns 

Switching Characteristics

tDAWH Address, Selects to AMI_WR Deasserted2 tDDR2_CLK – 3.1+ W ns 

tDAWL Address, Selects to AMI_WR Low2 tDDR2_CLK – 3 ns 

tWW AMI_WR Pulse Width W – 1.3 ns 

tDDWH Data Setup Before AMI_WR High tDDR2_CLK – 3.0+ W ns 

tDWHA Address Hold After AMI_WR Deasserted H + 0.15 ns 

tDWHD Data Hold After AMI_WR Deasserted H ns 

tDATRWH Data Disable After AMI_WR Deasserted4 tDDR2_CLK  – 1.37 + H tDDR2_CLK  + 4.9 + H ns 

tWWR AMI_WR High to AMI_WR Low5 tDDR2_CLK – 1.5+ H ns 

tDDWR Data Disable Before AMI_RD Low 2tDDR2_CLK – 6 ns

tWDE AMI_WR Low to Data Enabled tDDR2_CLK – 3.5 ns

W = (number of wait states specified in AMICTLx register) × tDDR2_CLK, H = (number of hold cycles specified in AMICTLx register) × tDDR2_CLK

1 AMI_ACK delay/setup: System must meet tDAAK, or tDSAK, for deassertion of AMI_ACK (low).
2 The falling edge of AMI_MSx is referenced.
3 Note that timing for AMI_ACK, AMI_DATA, AMI_RD, AMI_WR, and strobe timing parameters only applies to asynchronous access mode.
4 See Test Conditions on Page 62 for calculation of hold times given capacitive and dc loads.
5 For Write to Write: tDDR2_CLK + H, for both same bank and different bank. For Write to Read: (3 × tDDR2_CLK) + H, for the same bank and different banks.

Figure 21. AMI Write
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Shared Memory Bus Request

Use these specifications for passing bus mastership between 
processors (BRx).

Table 33. Shared Memory Bus Request

Parameter Min Max Unit

Timing Requirements

tSBRI BRx, Setup Before CLKIN High 2 × tPCLK + 4 ns 

tHBRI BRx, Hold After CLKIN High 5 ns 

Switching Characteristics

tDBRO BRx Delay After CLKIN High 20 ns 

tHBRO BRx Hold After CLKIN High 1 – tPCLK ns 

Figure 22. Shared Memory Bus Request 
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Link Ports

Calculation of link receiver data setup and hold relative to link 
clock is required to determine the maximum allowable skew 
that can be introduced in the transmission path length differ-
ence between LDATA and LCLK. Setup skew is the maximum 

delay that can be introduced in LDATA relative to LCLK:
(setup skew = tLCLKTWH min – tDLDCH – tSLDCL). Hold skew is 
the maximum delay that can be introduced in LCLK relative to 
LDATA: (hold skew = tLCLKTWL min – tHLDCH – tHLDCL). 

The data in Table 35 and timing information in Figure 24 apply 
when the LSYNC_EN bit (bit 6 in the LCTLx register) is cleared.

Table 34. Link Ports—Receive 

Parameter Min Max Unit

Timing Requirements

tSLDCL Data Setup Before LCLK Low 0.5 ns 

tHLDCL Data Hold After LCLK Low 1.5 ns 

tLCLKIW LCLK Period tLCLK (6 ns) ns

tLCLKRWL LCLK Width Low 2.6 ns 

tLCLKRWH LCLK Width High 2.6 ns 

Switching Characteristics

tDLALC LACK Low Delay After LCLK Low1 5 12 ns 
1 LACK goes low with tDLALC relative to the fall of LCLK after first byte, but does not go low if the receiver's link buffer is not about to fill.

Figure 23. Link Ports—Receive 

LDAT7–0

LCLK

LACK (OUT)

tHLDCL
tSLDCL
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tLCLKRWH tLCLKRWL

tLCLKIW

tDLALC

Table 35. Link Ports—Transmit (Bit 6 Cleared)

Parameter Min Max Unit

Timing Requirements

tSLACH LACK Setup Before LCLK Low 8.5 ns 

tHLACH LACK Hold After LCLK Low 0 ns 

Switching Characteristics

tDLDCH Data Delay After LCLK High 1 ns 

tHLDCH Data Hold After LCLK High –1 ns 

tLCLKTWL LCLK Width Low 0.5 × tLCLK – 0.4 0.6 × tLCLK + 0.41 ns 

tLCLKTWH LCLK Width High 0.4 × tLCLK – 0.41 0.5 × tLCLK + 0.4 ns 

tDLACLK LCLK Low Delay After LACK High 4 tLCLK + 8 ns 
1 For 1:2.5 ratio. For other ratios this specification is 0.5 × tLCLK – 1.
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The data in Table 36 and timing information in Figure 25 apply 
when the LSYNC_EN bit (bit 6 in the LCTLx register) is set.

Figure 24. Link Ports—Transmit (Bit 6 Cleared) 
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TRANSMITTED
FIRST BYTE

TRANSMITTED1

NOTES
The tSLACH and tHLACH  specifications apply only to the LACK falling edge.  If these specifications are met, LCLK would extend 
and the dotted LCLK falling edge would not occur as shown.  The position of the dotted falling edge can be calculated using 
the tLCLKTWH specification.  tLCLKTWH Min should be used for t SLACH and tLCLKTWH Max for tHLACH. The tSLACH and tHLACH requirement 
apply to the falling edge of LCLK only for the first byte transmitted.

Table 36. Link Ports—Transmit (Bit 6 Set) 

Parameter Min Max Unit

Timing Requirements

tSLACH LACK Setup Before LCLK High 8.5 ns 

tHLACH LACK Hold After LCLK High 0 ns 

Switching Characteristics

tDLDCH Data Delay After LCLK High 1 ns 

tHLDCH Data Hold After LCLK High –1 ns 

tLCLKTWL LCLK Width Low 0.5 × tLCLK – 0.4 0.6 × tLCLK + 0.41 ns 

tLCLKTWH LCLK Width High 0.4 × tLCLK – 0.41 0.5 × tLCLK + 0.4 ns 

tDLACLK LCLK Low Delay After LACK High 0.5 × tLCLK + 4 1.5 × tLCLK + 4 ns 
1 For 1:2.5 ratio. For other ratios this specification is 0.5 × tLCLK – 1.
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Table 39. Serial Ports—Enable and Three-State

Parameter Min Max Unit

Switching Characteristics

tDDTEN
1 Data Enable from External Transmit SCLK 2 ns 

tDDTTE
1 Data Disable from External Transmit SCLK 11.5 ns 

tDDTIN
1 Data Enable from Internal Transmit SCLK –1 ns 

1 Referenced to drive edge.

Figure 27. Serial Ports—Enable and Three-State 
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Parallel Data Acquisition Port (PDAP)

The timing requirements for the PDAP are provided in 
Table 43. PDAP is the parallel mode operation of channel 0 of 
the IDP. For details on the operation of the PDAP, see the 
PDAP chapter of the ADSP-214xx SHARC Processor Hardware 
Reference.

Table 43. Parallel Data Acquisition Port (PDAP)

Parameter Min Max Unit

Timing Requirements

tSPHOLD
1 PDAP_HOLD Setup Before PDAP_CLK Sample Edge 2.5 ns

tHPHOLD
1 PDAP_HOLD Hold After PDAP_CLK Sample Edge 2.5 ns 

tPDSD
1 PDAP_DAT Setup Before Serial Clock PDAP_CLK Sample Edge 3.85 ns 

tPDHD
1 PDAP_DAT Hold After Serial Clock PDAP_CLK Sample Edge 2.5 ns 

tPDCLKW Clock Width (tPCLK × 4) ÷ 2 – 3 ns 

tPDCLK Clock Period tPCLK × 4 ns 

Switching Characteristics

tPDHLDD Delay of PDAP Strobe After Last PDAP_CLK Capture Edge for a Word 2 × tPCLK + 3 ns 

tPDSTRB PDAP Strobe Pulse Width 2 × tPCLK – 1 ns 
1  The 20 bits of external PDAP data can be provided through the AMI_ADDR23–4 or DAI pins. Source pins for serial clock and frame sync are 1) AMI_ADDR3–2 pins, 2) 

DAI pins.

Figure 31. PDAP Timing
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JTAG Test Access Port and Emulation

Table 57. JTAG Test Access Port and Emulation

Parameter Min Max Unit

Timing Requirements

tTCK TCK Period 20 ns

tSTAP TDI, TMS Setup Before TCK High 5 ns

tHTAP TDI, TMS Hold After TCK High 6 ns

tSSYS
1

1 System Inputs = AMI_DATA, DDR2_DATA, CLKCFG1–0, BOOTCFG2–0 RESET, DAI, DPI, FLAG3–0.

System Inputs Setup Before TCK High 7 ns

tHSYS
1 System Inputs Hold After TCK High 18 ns

tTRSTW TRST Pulse Width 4 × tCK ns

Switching Characteristics

tDTDO TDO Delay from TCK Low 10 ns

tDSYS
2

2 System Outputs = AMI_ADDR/DATA, DDR2_ADDR/DATA, AMI_CTRL, DDR2_CTRL, DAI, DPI, FLAG3–0, EMU.

System Outputs Delay After TCK Low tCK ÷ 2 + 7 ns

Figure 45. IEEE 1149.1 JTAG Test Access Port
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TEST CONDITIONS

The ac signal specifications (timing parameters) appear in 
Table 20 on Page 27 through Table 57 on Page 61. These include 
output disable time, output enable time, and capacitive loading. 
The timing specifications for the SHARC apply for the voltage 
reference levels in Figure 46. 
Timing is measured on signals when they cross the VMEAS level 
as described in Figure 47. All delays (in nanoseconds) are mea-
sured between the point that the first signal reaches VMEAS and 
the point that the second signal reaches VMEAS. The value of 
VMEAS is 1.5 V for non-DDR pins and 0.9 V for DDR pins.

OUTPUT DRIVE CURRENTS

Figure 48 and Figure 49 shows typical I-V characteristics for the 
output drivers of the processor, and Table 58 shows the pins 
associated with each driver. The curves represent the current 
drive capability of the output drivers as a function of output 
voltage.

Figure 46. Equivalent Device Loading for AC Measurements
 (Includes All Fixtures)

Figure 47. Voltage Reference Levels for AC Measurements 
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Table 58. Driver Types

Driver Type Associated Pins

A LACK1–0, LDAT0[7:0], LDAT1[7:0], MLBCLK, MLBDAT, 
MLBDO, MLBSIG, MLBSO, AMI_ACK, 
AMI_ADDR23–0, AMI_DATA7–0, AMI_MS1–0, 
AMI_RD, AMI_WR, DAI_P, DPI_P, EMU, FLAG3–0, 
RESETOUT, TDO 

B LCLK1–0

C DDR2_ADDR15–0, DDR2_BA2–0, DDR2_CAS, 
DDR2_CKE, DDR2_CS3–0, DDR2_DATA15–0, 
DDR2_DM1–0, DDR2_ODT, DDR2_RAS, DDR2_WE

D (TRUE) DDR2_CLK1–0, DDR2_DQS1–0

D (COMP) DDR2_CLK1–0, DDR2_DQS1–0

Figure 48. Output Buffer Characteristics (Worst-Case Non-DDR2)
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GND G09 GND N17 TMS K16 VDD_INT E08 

GND G10 GND P05 TRST N15 VDD_INT E09 

GND G11 GND P07 VDD_A H01 VDD_INT E14 

GND G12 GND P09 VDD_DDR2 C05 VDD_INT E15 

GND G15 GND P11 VDD_DDR2 C12 VDD_INT F06 

GND H04 GND P13 VDD_DDR2 D03 VDD_INT F07 

GND H07 GND V01 VDD_DDR2 D06 VDD_INT F08 

GND H08 GND V18 VDD_DDR2 D08 VDD_INT F09 

GND H09 GND R09 VDD_DDR2 D18 VDD_INT F10 

GND H10 GND/ID01 G03 VDD_DDR2 E02 VDD_INT F11 

GND H11 GND/ID11 G04 VDD_DDR2 E04 VDD_INT F12 

GND H12 LACK_0 K17 VDD_DDR2 E07 VDD_INT F13

GND J01 LACK_1 P17 VDD_DDR2 E10 VDD_INT G06

GND J07 LCLK_0 J18 VDD_DDR2 E11 VDD_INT G13

GND J08 LCLK_1 N18 VDD_DDR2 E17 VDD_INT H05 

GND J09 LDAT0_0 E18 VDD_DDR2 F03 VDD_INT H06 

GND J10 LDAT0_1 F17 VDD_DDR2 F05 VDD_INT H13 

GND J11 LDAT0_2 F18 VDD_DDR2 F15 VDD_INT H14

GND J12 LDAT0_3 G17 VDD_DDR2 G14 VDD_INT J06

GND J14 LDAT0_4 G18 VDD_DDR2 G16 VDD_INT J13

GND J17 LDAT0_5 H16 VDD_EXT H15 VDD_INT K06

GND K05 LDAT0_6 H17 VDD_EXT H18 VDD_INT K13

GND K07 LDAT0_7 J16 VDD_EXT J05 VDD_INT L06

GND K08 LDAT1_0 K18 VDD_EXT J15 VDD_INT L13

GND K09 LDAT1_1 L16 VDD_EXT K14 VDD_INT M06

GND K10 LDAT1_2 L17 VDD_EXT L05 VDD_INT M13

GND K11 LDAT1_3 L18 VDD_EXT M14 VDD_INT N06

GND K12 LDAT1_4 M16 VDD_EXT M18 VDD_INT N07

GND L07 LDAT1_5 M17 VDD_EXT N05 VDD_INT N08

GND L08 LDAT1_6 N16 VDD_EXT P06 VDD_INT N09 

GND L09 LDAT1_7 P16 VDD_EXT P08 VDD_INT N13 

GND L10 MLBCLK K03 VDD_EXT P10 VDD_THD N10

GND L11 MLBDAT K04 VDD_EXT P12 VREF D04

GND L12 MLBDO L04 VDD_EXT P14 VREF D11

GND L14 MLBSIG L02 VDD_EXT P15 XTAL K01

GND M05 MLBSO L03 VDD_EXT T08 

GND M07 RESET M01 VDD_EXT T09 

GND M08 RESETOUT/RUNRSTIN M02 VDD_EXT U09 

GND M09 TCK K15 VDD_EXT V09 

GND M10 TDI L15 VDD_EXT/BR11 V08 

GND M11 TDO M15 VDD_EXT/BR21 U08 

GND M12 THD_M N12 VDD_INT D12

GND N14 THD_P N11 VDD_INT E06 
1 This pin can be used for shared DDR2 memory between two processors. If shared memory functionality is not used then BRx pins should be tied to VDD_EXT and IDx pins should 

be tied to GND. Table 10 on Page 14 for appropriate connections.

Table 61. CSP_BGA Ball Assignment (Alphabetical by Signal) (Continued)

Signal Ball No. Signal Ball No. Signal Ball No. Signal Ball No.
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Figure 60. Ball Configuration, Automotive Model
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CSP_BGA BALL ASSIGNMENT—STANDARD MODELS
Table 62 lists the standard model CSP_BGA ball assignments by 
signal. 

Table 62. CSP_BGA Ball Assignment (Alphabetical by Signal)

Signal Ball No. Signal Ball No. Signal Ball No. Signal Ball No.

AGND H02 BOOT_CFG2 H03 DDR2_BA0 C18 DPI_P03 T01 

AMI_ACK R10 CLK_CFG0 G01 DDR2_BA1 C17 DPI_P04 R01 

AMI_ADDR0 V16 CLK_CFG1 G02 DDR2_BA2 B18 DPI_P05 P01 

AMI_ADDR01 U16 CLKIN L01 DDR2_CAS C07 DPI_P06 P02 

AMI_ADDR02 T16 DAI_P01 R06 DDR2_CKE E01 DPI_P07 P03 

AMI_ADDR03 R16 DAI_P02 V05 DDR2_CLK0 A07 DPI_P08 P04 

AMI_ADDR04 V15 DAI_P03 R07 DDR2_CLK0 B07 DPI_P09 N01 

AMI_ADDR05 U15 DAI_P04 R03 DDR2_CLK1 A13 DPI_P10 N02 

AMI_ADDR06 T15 DAI_P05 U05 DDR2_CLK1 B13 DPI_P11 N03 

AMI_ADDR07 R15 DAI_P06 T05 DDR2_CS0 C01 DPI_P12 N04 

AMI_ADDR08 V14 DAI_P07 V06 DDR2_CS1 D01 DPI_P13 M03 

AMI_ADDR09 U14 DAI_P08 V02 DDR2_CS2 C02 DPI_P14 M04 

AMI_ADDR10 T14 DAI_P09 R05 DDR2_CS3 D02 EMU K02 

AMI_ADDR11 R14 DAI_P10 V04 DDR2_DATA0 B02 FLAG0 R08 

AMI_ADDR12 V13 DAI_P11 U04 DDR2_DATA01 A02 FLAG1 V07 

AMI_ADDR13 U13 DAI_P12 T04 DDR2_DATA02 B03 FLAG2 U07 

AMI_ADDR14 T13 DAI_P13 U06 DDR2_DATA03 A03 FLAG3 T07 

AMI_ADDR15 R13 DAI_P14 U02 DDR2_DATA04 B05 GND A01

AMI_ADDR16 V12 DAI_P15 R04 DDR2_DATA05 A05 GND A18

AMI_ADDR17 U12 DAI_P16 V03 DDR2_DATA06 B06 GND C04

AMI_ADDR18 T12 DAI_P17 U03 DDR2_DATA07 A06 GND C06

AMI_ADDR19 R12 DAI_P18 T03 DDR2_DATA08 B08 GND C08

AMI_ADDR20 V11 DAI_P19 T06 DDR2_DATA09 A08 GND D05

AMI_ADDR21 U11 DAI_P20 T02 DDR2_DATA10 B09 GND D07

AMI_ADDR22 T11 DDR2_ADDR0 D13 DDR2_DATA11 A09 GND D09

AMI_ADDR23 R11 DDR2_ADDR01 C13 DDR2_DATA12 A11 GND D10

AMI_DATA0 U18 DDR2_ADDR02 D14 DDR2_DATA13 B11 GND D17

AMI_DATA1 T18 DDR2_ADDR03 C14 DDR2_DATA14 A12 GND E03

AMI_DATA2 R18 DDR2_ADDR04 B14 DDR2_DATA15 B12 GND E05

AMI_DATA3 P18 DDR2_ADDR05 A14 DDR2_DM0 C03 GND E12

AMI_DATA4 V17 DDR2_ADDR06 D15 DDR2_DM1 C11 GND E13

AMI_DATA5 U17 DDR2_ADDR07 C15 DDR2_DQS0 A04 GND E16

AMI_DATA6 T17 DDR2_ADDR08 B15 DDR2_DQS0 B04 GND F01

AMI_DATA7 R17 DDR2_ADDR09 A15 DDR2_DQS1 A10 GND F02

AMI_MS0 T10 DDR2_ADDR10 D16 DDR2_DQS1 B10 GND F04

AMI_MS1 U10 DDR2_ADDR11 C16 DDR2_ODT B01 GND F14

AMI_RD J04 DDR2_ADDR12 B16 DDR2_RAS C09 GND F16

AMI_WR V10 DDR2_ADDR13 A16 DDR2_WE C10 GND G05 

BOOT_CFG0 J02 DDR2_ADDR14 B17 DPI_P01 R02 GND G07

BOOT_CFG1 J03 DDR2_ADDR15 A17 DPI_P02 U01 GND G08
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OUTLINE DIMENSIONS
The processors are available in a 19 mm by 19 mm CSP_BGA 
lead-free package.

SURFACE-MOUNT DESIGN

The following table is provided as an aid to PCB design. For 
industry-standard design recommendations, refer to IPC-7351, 
Generic Requirements for Surface-Mount Design and Land Pat-
tern Standard.

Figure 62. 324-Ball Chip Scale Package, Ball Grid Array [CSP_BGA]
(BC-324-1)

Dimensions shown in millimeters

*COMPLIANT TO JEDEC STANDARDS MO-192-AAG-1 WITH 
THE EXCEPTION TO PACKAGE HEIGHT.
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Package Package Ball Attach Type
Package Solder Mask 
Opening Package Ball Pad Size

324-Ball CSP_BGA (BC-324-1) Solder Mask Defined 0.43 mm diameter 0.6 mm diameter 

http://www.analog.com/ADSP-21467?src=ADSP-21467.pdf
http://www.analog.com/ADSP-21469?src=ADSP-21469.pdf

