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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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Signal Groupings  

Figure 1-1.   Signals Identified by Functional Group

Notes: 1. The HI08 port supports a non-multiplexed or a multiplexed bus, single or double Data Strobe (DS), and single or 
double Host Request (HR) configurations. Since each of these modes is configured independently, any combination 
of these modes is possible. These HI08 signals can also be configured alternatively as GPIO signals (PB[0–15]). 
Signals with dual designations (for example, HAS/HAS) have configurable polarity.

2. The ESSI0, ESSI1, and SCI signals are multiplexed with the Port C GPIO signals (PC[0–5]), Port D GPIO signals 
(PD[0–5]), and Port E GPIO signals (PE[0–2]), respectively.

3. TIO[0–2] can be configured as GPIO signals.
4. Ground connections shown in this figure are for the TQFP package. In the MAP-BGA package, in addition to the 

GNDP and GNDP1 connections, there are 64 GND connections to a common internal package ground plane.
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Interrupt and Mode Control  

1.7   Interrupt and Mode Control
The interrupt and mode control signals select the chip operating mode as it comes out of hardware reset. 
After RESET is deasserted, these inputs are hardware interrupt request lines.

Table 1-9.   Interrupt and Mode Control

Signal Name Type
State During 

Reset
Signal Description

RESET Input Schmitt-trigger 
Input

Reset—Places the chip in the Reset state and resets the internal 
phase generator. The Schmitt-trigger input allows a slowly rising 
input (such as a capacitor charging) to reset the chip reliably. 
When the RESET signal is deasserted, the initial chip operating 
mode is latched from the MODA, MODB, MODC, and MODD 
inputs. The RESET signal must be asserted after powerup.

MODA

IRQA

Input

Input

Schmitt-trigger 
Input

Mode Select A—MODA, MODB, MODC, and MODD select one 
of 16 initial chip operating modes, latched into the Operating 
Mode Register when the RESET signal is deasserted.

External Interrupt Request A—After reset, this input becomes a 
level-sensitive or negative-edge-triggered, maskable interrupt 
request input during normal instruction processing. If the 
processor is in the STOP or WAIT standby state and IRQA is 
asserted, the processor exits the STOP or WAIT state. 

MODB

IRQB

Input

Input

Schmitt-trigger 
Input

Mode Select B—MODA, MODB, MODC, and MODD select one 
of 16 initial chip operating modes, latched into the Operating 
Mode Register when the RESET signal is deasserted.

External Interrupt Request B—After reset, this input becomes a 
level-sensitive or negative-edge-triggered, maskable interrupt 
request input during normal instruction processing. If the 
processor is in the WAIT standby state and IRQB is asserted, the 
processor exits the WAIT state.

MODC

IRQC

Input

Input

Schmitt-trigger 
Input

Mode Select C—MODA, MODB, MODC, and MODD select one 
of 16 initial chip operating modes, latched into the Operating 
Mode Register when the RESET signal is deasserted.

External Interrupt Request C—After reset, this input becomes a 
level-sensitive or negative-edge-triggered, maskable interrupt 
request input during normal instruction processing. If the 
processor is in the WAIT standby state and IRQC is asserted, the 
processor exits the WAIT state. 

MODD

IRQD

Input

Input

Schmitt-trigger 
Input

Mode Select D—MODA, MODB, MODC, and MODD select one 
of 16 initial chip operating modes, latched into the Operating 
Mode Register when the RESET signal is deasserted.

External Interrupt Request D—After reset, this input becomes a 
level-sensitive or negative-edge-triggered, maskable interrupt 
request input during normal instruction processing. If the 
processor is in the WAIT standby state and IRQD is asserted, the 
processor exits the WAIT state. 

Note: These signals are all 5 V tolerant.









AC Electrical Characteristics  
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2.6.5.2  DRAM Timing
The selection guides in Figure 2-14 and Figure 2-17 are for primary selection only. Final selection 
should be based on the timing in the following tables. For example, the selection guide suggests th
wait states must be used for 100 MHz operation with Page Mode DRAM. However, consulting the
appropriate table, a designer can evaluate whether fewer wait states might suffice by determining
timing prevents operation at 100 MHz, running the chip at a slightly lower frequency (for example,
MHz), using faster DRAM (if it becomes available), and manipulating control factors such as capa
and resistive load to improve overall system performance.

Figure 2-14. DRAM Page Mode Wait State Selection Guide

Chip frequency

(MHz)

DRAM type

(tRAC ns)
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Note: This figure should be used for primary selection. For exact 
and detailed timings, see the following tables.
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AC Electrical Characteristics  
Table 2-12.   DRAM Out-of-Page and Refresh Timings, Fifteen Wait States1,2 

No. Characteristics Symbol Expression3
100 MHz

Unit 
Min Max

157 Random read or write cycle time tRC 16 ·  TC 160.0 — ns

158 RAS assertion to data valid (read) tRAC 8.25 ·  TC - 5.7 — 76.8 ns

159 CAS assertion to data valid (read) tCAC 4.75 ·  TC - 5.7 — 41.8 ns

160 Column address valid to data valid (read) tAA 5.5 ·  TC - 5.7 — 49.3 ns

161 CAS deassertion to data not valid (read hold time) tOFF 0.0 0.0 — ns

162 RAS deassertion to RAS assertion tRP 6.25 ·  TC - 4.0 58.5 — ns

163 RAS assertion pulse width tRAS 9.75 ·  TC - 4.0 93.5 — ns

164 CAS assertion to RAS deassertion tRSH 6.25 ·  TC - 4.0 58.5 — ns

165 RAS assertion to CAS deassertion tCSH 8.25 ·  TC - 4.0 78.5 — ns

166 CAS assertion pulse width tCAS 4.75 ·  TC - 4.0 43.5 — ns

167 RAS assertion to CAS assertion tRCD 3.5 ·  TC – 2 33.0 37.0 ns

168 RAS assertion to column address valid tRAD 2.75 ·  TC – 2 25.5 29.5 ns

169 CAS deassertion to RAS assertion tCRP 7.75 ·  TC - 4.0 73.5 — ns

170 CAS deassertion pulse width tCP 6.25 · TC – 6.0 56.5 — ns

171 Row address valid to RAS assertion tASR 6.25 ·  TC - 4.0 58.5 — ns

172 RAS assertion to row address not valid tRAH 2.75 ·  TC - 4.0 23.5 — ns

173 Column address valid to CAS assertion tASC 0.75 ·  TC - 4.0 3.5 — ns

174 CAS assertion to column address not valid tCAH 6.25 ·  TC - 4.0 58.5 — ns

175 RAS assertion to column address not valid tAR 9.75 ·  TC - 4.0 93.5 — ns

176 Column address valid to RAS deassertion tRAL 7 ·  TC - 4.0 66.0 — ns

177 WR deassertion to CAS assertion tRCS 5 ·  TC - 3.8 46.2 — ns

178 CAS deassertion to WR4 assertion tRCH 1.75 ·  TC – 3.7 13.8 — ns

179 RAS deassertion to WR4 assertion tRRH 0.25 ·  TC - 2.0 0.5 — ns

180 CAS assertion to WR deassertion tWCH 6 ·  TC - 4.2 55.8 — ns

181 RAS assertion to WR deassertion tWCR 9.5 ·  TC - 4.2 90.8 — ns

182 WR assertion pulse width tWP 15.5 ·  TC - 4.5 150.5 — ns

183 WR assertion to RAS deassertion tRWL 15.75 ·  TC - 4.3 153.2 — ns

184 WR assertion to CAS deassertion tCWL 14.25 ·  TC - 4.3 138.2 — ns

185 Data valid to CAS assertion (write) tDS 8.75 ·  TC - 4.0 83.5 — ns

186 CAS assertion to data not valid (write) tDH 6.25 ·  TC - 4.0 58.5 — ns

187 RAS assertion to data not valid (write) tDHR 9.75 ·  TC - 4.0 93.5 — ns

188 WR assertion to CAS assertion tWCS 9.5 ·  TC - 4.3 90.7 — ns

189 CAS assertion to RAS assertion (refresh) tCSR 1.5 ·  TC - 4.0 11.0 — ns

190 RAS deassertion to CAS assertion (refresh) tRPC 4.75 ·  TC - 4.0 43.5 — ns

191 RD assertion to RAS deassertion tROH 15.5 ·  TC - 4.0 151.0 — ns

192 RD assertion to data valid tGA 14 ·  TC - 5.7 — 134.3 ns

193 RD deassertion to data not valid5 tGZ 0.0 — ns

194 WR assertion to data active 0.75 ·  TC – 1.5 6.0 — ns

195 WR deassertion to data high impedance  0.25 ·  TC — 2.5 ns
-22  







TQFP Package Description  
RAS0 70 SRD1 1 VCCC 57

RAS1 69 STD0 10 VCCC 65

RAS2 51 STD1 2 VCCD 103

RAS3 50 TA 62 VCCD 111

RD 68 TCK 141 VCCD 119

RESET 44 TDI 140 VCCD 129

RXD 13 TDO 139 VCCH 38

SC00 12 TIO0 29 VCCP 45

SC01 4 TIO1 28 VCCQ 18

SC02 3 TIO2 27 VCCQ 56

SC10 11 TMS 142 VCCQ 91

SC11 144 TRST 138 VCCQ 126

SC12 143 TXD 14 VCCS 8

SCK0 17 VCCA 74 VCCS 25

SCK1 16 VCCA 80 WR 67

SCLK 15 VCCA 86 XTAL 53

SRD0 7 VCCA 95

Table 3-2.   DSP56303 TQFP Signal Identification by Name  (Continued)

Signal Name
Pin 
No.

Signal Name
Pin 
No.

Signal Name
Pin 
No.
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MAP-BGA Package Description  
L14 A4 N2 H7, HAD7, or PB7 P4 H1, HAD1, or PB1

M1 HA1, HA8, or PB9 N3 H4, HAD4, or PB4 P5 PCAP

M2 HA2, HA9, or PB10 N4 H2, HAD2, or PB2 P6 GNDP1

M3 HA0, HAS/HAS, or PB8 N5 RESET P7 AA2/RAS2

M4 VCCH N6 GNDP P8 XTAL

M5 H0, HAD0, or PB0 N7 AA3/RAS3 P9 VCCC

M6 VCCP N8 CAS P10 TA

M7 NC N9 VCCQ P11 BB

M8 EXTAL N10 BCLK P12 AA1/RAS1

M9 CLKOUT N11 BR P13 BG

M10 BCLK N12 VCCC P14 NC

M11 WR N13 AA0/RAS0

M12 RD N14 A0

Notes: 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 
in 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 GNDP1 that 
support the PLL, other GND signals do not support individual subsystems in the chip.

Table 3-3.   DSP56303 MAP-BGA Signal Identification by Pin Number  (Continued)

Pin 
No.

Signal Name
Pin 
No.

Signal Name
Pin 
No.

Signal Name
3-14  



MAP-BGA Package Description  
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 HA0 M3

GND G5 GND K6 HA1 M1

GND G6 GND K7 HA10 L1

GND G7 GND K8 HA2 M2

GND G8 GND K9 HA8 M1

GND G9 GND K10 HA9 M2

GND G10 GND K11 HACK/HACK J1

GND G11 GND L4 HAD0 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 HAD6 N1

GND H10 GND L11 HAD7 N2

GND H11 GNDP N6 HAS/HAS M3

GND J4 GNDP1 P6 HCS/HCS L1

GND J5 H0 M5 HDS/HDS J3

GND J6 H1 P4 HRD/HRD J2

GND J7 H2 N4 HREQ/HREQ K2

GND J8 H3 P3 HRRQ/HRRQ J1

Table 3-4.   DSP56303 MAP-BGA Signal Identification by Name  (Continued)

Signal Name
Pin 
No.

Signal Name
Pin 
No.

Signal Name
Pin 
No.
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MAP-BGA Package Description  
TDO A4 VCCA K12 VCCP M6

TIO0 L3 VCCA L12 VCCQ C7

TIO1 L2 VCCC N12 VCCQ G13

TIO2 K3 VCCC P9 VCCQ H2

TMS A3 VCCD A7 VCCQ N9

TRST B4 VCCD C9 VCCS E2

TXD G3 VCCD C11 VCCS K1

VCCA F12 VCCD D14 WR M11

VCCA H12 VCCH M4 XTAL P8

Table 3-4.   DSP56303 MAP-BGA Signal Identification by Name  (Continued)

Signal Name
Pin 
No.

Signal Name
Pin 
No.

Signal Name
Pin 
No.
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Electrical Design Considerations  
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A complicating factor is the existence of three common ways to determine the junction-to-case the
resistance in plastic packages.

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

� To define a value approximately equal to a junction-to-board thermal resistance, the thermal resi
is measured from the junction to the point at which the leads attach to the case. 

� If the temperature of the package case (TT) is determined by a thermocouple, thermal resistance is 
computed from the value obtained by the equation (TJ � T T)/PD. 

As noted earlier, the junction-to-case thermal resistances quoted in this data sheet are determined
the first definition. From a practical standpoint, that value is also suitable to determine the junction
temperature from a case thermocouple reading in forced convection environments. In natural conv
the use of the junction-to-case thermal resistance to estimate junction temperature from a thermo
reading on the case of the package will yield an estimate of a junction temperature slightly higher 
actual temperature. Hence, the new thermal metric, thermal characterization parameter or Y JT, has been 
defined to be (TJ � T T)/PD. This value gives a better estimate of the junction temperature in natural 
convection when the surface temperature of the package is used. Remember that surface temper
readings of packages are subject to significant errors caused by inadequate attachment of the sens
surface and to errors caused by heat loss to the sensor. The recommended technique is to attach
40-gauge thermocouple wire and bead to the top center of the package with thermally conductive 

4.2   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 (for example, either GND or VCC).
4-2  



PLL Performance Issues
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4.4   PLL Performance Issues
The following explanations should be considered as general observations on expected PLL behav
There is no test that replicates these exact numbers. These observations were measured on a lim
number of parts and were not verified over the entire temperature and voltage ranges. 

4.4.1   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, External Clock Timing, on page 2-5 for input frequencies greater tha
15 MHz and the MF£ 4, this skew is greater than or equal to 0.0 ns and less than 1.8 ns; otherwise
skew is not guaranteed. However, for MF < 10 and input frequencies greater than 10 MHz, this sk
between - 1.4 ns and +3.2 ns.

4.4.2   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 capacitiv
load on CLKOUT. These variations are a result of the PLL locking mechanism. For input frequencie
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.

4.4.3   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 percent. For mid-range MF (10 < MF < 500) this jitter is betw
0.5 percent and approximately 2 percent. For large MF (MF > 500), the frequency jitter is 2�3 perc

4.5   Input (EXTAL) Jitter Requirements
The allowed jitter on the frequency of EXTAL is 0.5 percent. If the rate of change of the frequency of 
EXTAL is slow (that is, it does not jump between the minimum and maximum values in one cycle) 
frequency of the jitter is fast (that is, it does not stay at an extreme value for a long time), then the a
jitter can be 2 percent. The phase and frequency jitter performance results are valid only if the inpu
is less than the prescribed values.
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A

Power Consumption Benchmark
M_TLR0 EQU  $FFFF8E ; TIMER0 Load Reg   
M_TCPR0 EQU $FFFF8D         ; TIMER0 Compare Register
M_TCR0 EQU  $FFFF8C  ; TIMER0 Count Register

;       Register Addresses Of TIMER1

M_TCSR1 EQU $FFFF8B ; TIMER1 Control/Status Register            
M_TLR1 EQU  $FFFF8A ; TIMER1 Load Reg   
M_TCPR1 EQU $FFFF89         ; TIMER1 Compare Register
M_TCR1 EQU  $FFFF88 ; TIMER1 Count Register

;       Register Addresses Of TIMER2

M_TCSR2 EQU $FFFF87        ; TIMER2 Control/Status Register            
M_TLR2 EQU  $FFFF86 ; TIMER2 Load Reg   
M_TCPR2 EQU $FFFF85 ; TIMER2 Compare Register
M_TCR2 EQU  $FFFF84 ; TIMER2 Count Register
M_TPLR EQU  $FFFF83 ; TIMER Prescaler Load Register
M_TPCR EQU  $FFFF82 ; TIMER Prescalar Count Register

;       Timer Control/Status Register Bit Flags                                        

M_TE EQU 0 ; Timer Enable 
M_TOIE EQU 1 ; Timer Overflow Interrupt Enable
M_TCIE EQU 2 ; Timer Compare Interrupt Enable
M_TC EQU $F0 ; Timer Control Mask (TC0-TC3)
M_INV EQU 8 ; Inverter Bit
M_TRM EQU 9 ; Timer Restart Mode 
M_DIR EQU 11 ; Direction Bit
-8  








