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TMS320C5x Clock Modes
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Design Problem Please explain the �C5x clock modes and how they relate to the internal phase lock

loop (PLL).

Solution The clock options and the fully-static design of the �C5x give the user a lot of flexi-

bility. As can be seen in Appendix A-10 of the �C5x User�s Guide, two pins

CLKMD1 and CLKMD2 select which clock mode in which the part is operating.

These modes should not be changed unless the part is in reset (RS=0). A common

mode is to run the CPU at a rate that is a divide-by-two of the input clock. The di-

vide-by-two option and the associated CPU speeds for each �C5x device are shown

below. Note that the CPU speed is given in nanoseconds. Due to the various ratios

between the clock mode input frequency to instruction cycle frequency, it makes the

most sense to refer to the instruction cycle time or MIP rate rather than frequency.

Divide-by-Two Mode:

Part Name* Oscillator CPU Speed

TMS320C5x 40 MHz (25 ns) 50 ns (20 MIPS)

TMS320C5x-57 57 MHz (17.5 ns) 35 ns (28.5 MIPS)

TMS320C5x-80 80 MHz (12.5 ns) 25 ns (40 MIPS)

*Refer to the electrical specifications for the detailed numbers.

There are two ways of achieving the divide-by-two clock mode: external crystal

or external oscillator. Option 3 (divide by two) on page A-10 in the �C5x User�s

Guide allows both inputs. If one chooses to use an external crystal, then set

CLKMD1=1, CLKMD2=1, and place the crystal across X2/CLKIN1 and X1 pins

(see page 2-6 for location and function of these pins). This is the only CLKMD op-

tion that allows the use of the crystal in a divide-by-two manner. The internal oscil-

lator generates a clock based on the crystal overtone. Option 3 also has the ability to

accept an external square wave from a crystal oscillator. In this particular case, the

CLKMD pins remain set to 1 and 1, but the X2/CLKIN1 pin is used as an input and

X1 is left unconnected. As a result, the internal oscillator is running needlessly and

consuming power. Unless you plan on switching between a crystal and a crystal oscil-

lator (which is pretty remote), it makes more sense to use the CLKMD option 4

with an external crystal oscillator (i.e., CLKMD1=0, CLKMD2=0). In this case, the

internal oscillator is shut off and the CPU runs off the input on X2/CLKIN1 divided
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by two. Note in both cases that the CPU clock may be varied within the speci-

fied range all the way down to 0 MHz, if the clock remains clean. In other words,

if the clock is shut off (cleanly), the device will retain its state.

As �C5xs get faster, the external oscillators required for operation are very fast.

High-frequency oscillators are not only expensive, but may also generate unwanted

noise and increase power dissipation. The internal phase locked loop (PLL) helps

arrest this problem. When CLKMD1=1 and CLKMD2=0 (PLL enabled), the

internal PLL takes the input from the CLKIN2 pin to generate the CPU clock.

On all devices except the �C52, the PLL is a x1 multiply. On a �C52, the PLL is a

frequency doubler (x2 multiply).

PLL Mode (Multiply-by-one):

Part Name* Oscillator CPU Speed

TMS320C5x 20 MHz (50 ns) 50 ns (20 MIPS)

TMS320C5x-57 28.5 MHz (35 ns) 35 ns (28.5 MIPS)

TMS320C5x-80 40 MHz (25 ns) 25 ns (40 MIPS)

*AII Parts except TMS320C52

PLL Mode (Multiply-by-two):

Part Name Oscillator CPU Speed

TMS320C52 10 MHz (100 ns) 50 ns (20 MIPS)

TMS320C52-57 14.25 MHz (70 ns) 35 ns (28.5 MIPS)

TMS320C52-80 20 MHz (50 ns) 25 ns (40 MIPS)

One disadvantage of using the PLL mode is, like any PLL, it has a lock range.

The lock range is listed on Appendix A-13 of the �C5x User�s Guide. As you can

see, minimum frequency is not 0 MHz. Thus if clocks need to be shut off, the de-

vice must be put into IDLE2 mode.

By examining all three tables, we can see the CPU speeds of a particular de-

vice are identical, only the oscillator frequencies changed. In fact, the �C5x�s

clock generation circuitry should be thought of as an external module to the

CPU which sets the instruction cycle time/frequency based on the input clock

and modes. The desired instruction cycle time (CPU speed) i.e., MIP require-

ment, is determined and the appropriate clock mode selected.
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Figure 1. Optimal TMS320C5x 25-ns device design
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Figure 1 shows a flexible design for a 25-ns device that uses all features of the

�C5x clock modes.

Figure 1 shows a 25-ns �C51 device that uses a 40-MHz oscillator. The CLKMD

pins may be changed only while RESET is low. If placed in Option 4, then a 50-ns

CPU speed is available with optional clock speed reduction supplied by the external

logic. In PLL divide-by-one mode, the �C5x operates as a 25-ns device, but must be

in IDLE2 mode in order to shut off the clocks. Clock speed reduction must be within

the PLL lock range.


