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Revision HistoryRevision History
June 8, 2001: Initial publication.

July 2, 2001: Revised Figure 2, Clock Buffer Connections.

BackgroundBackground
Revision ZB of The RC32355 does not meet the hold time required by PC100 and PC133 SDRAMs,

SoDIMMs, and DIMMs, as listed in the RC32355 Device Errata sheet (item #8), when SYSCLKP (output
clock from the RC32355) is used to drive the SDRAMs. This application note describes how to best connect
SDRAMs to the RC32355 revision ZB to avoid the hold time issue. This solution also enables an easy
migration to future revisions of the part that will have the hold time issue fixed. Finally, this application note
also gives recommendations on how to terminate the SDRAM clock line (SYSCLKP) and where to best
place the bypass capacitors around the supply pins for the SYSCLKP driver.

Programmable Skew Clock DriverProgrammable Skew Clock Driver

Figure 1  System Block Diagram with Programmable Skew Driver

For all systems based on the RC32355 revision ZB, it is recommended not to use the SDRAM output
clock (SYSCLKP) from the RC32355, rather an externally generated clock must be used to drive the
SDRAM system. This clock can be generated in two ways:

1. Use a programmable clock skew buffer to send a delayed version of the RC32355 masterclock,
CLKP, to the SDRAMs.

2. Use an EPLD to generate a new clock for the SDRAM. In this case, the designer would most likely
have to invert the clock normally available in the EPLD and then hardcode delays into the EPLD to
fine-tune the SDRAM hold times.

This document focuses on the first solution.   

IDT recommends the use of a programmable clock skew driver as shown in Figure 1. If the system input
clock to the RC32355, CLKP, is considered to have zero skew, the buffer will induce some amount of skew
to the clock for the SDRAM beyond that of the RC32355’s system clock, CLKP. This newly derived SDRAM
clock will be ahead of the RC32355’s SDRAM output clock, SYSCLKP, yet behind the zero skew system
clock, CLKP driven to the RC32355. 

All of the recommendations below assume that the SDRAM clock line length as determined by the
distance from the clock buffer to the SDRAM is approximately equal to the distance from the buffer to the
RC32355 + the distance from the RC32355 to the SDRAM. For example, if there is four inches of trace from
the buffer to the SDRAM, then we would expect 1” of trace from the buffer to the RC32355 plus another 3”
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Notes of trace from the RC32355 to the SDRAM. Or alternatively, 2” of trace from the buffer to the RC32355, plus
another 2” of trace from the RC32355 to the SDRAM. Any additional trace length beyond this will add skew
at approximately 185ps per inch of extra trace.

The return clock (SYSCLKINP) trace length from the SDRAM clock back to the RC32355 input clock is
not critical. The skew from the buffer alone is sufficient to guarantee functionality. The further skew added
by tapping the return clock off at the SDRAM and routing it back has no effect on the SDRAM hold time, and
only adds further to the already generous margins for the RC32355 hold time and internal clock domain
buffering (discussed below).

One of the many available buffers which will work well in this application is the IDT5V993A-2 program-
mable skew clock driver. It comes in a 28 pin QSOP. The recommended wiring for this part in this applica-
tion is shown in figure 2. The clock driver output for the SDRAM is set for one time unit of skew, while the
system clock for the CPU is programmed with no skew. At 50MHz, this single time unit of skew is 1.25ns. At
75 MHz, the skew drops to 0.83ns. At 1.25 ns, there will be 1.1 ns of hold time at the SDRAM. At 0.83ns,
the hold time will go up to 1.57ns.

The optimal skew value is 1.0ns. This skew value was derived by carefully balancing three constraints:
the hold time at the SDRAM, the hold time back to the CPU, and the margin between the input clock,
SYSCLKP and the system clock, CLKP, clock domains.

This fix will work with both ZB and future revisions of silicon, as it in no way depends on the timing of the
output clock (SYSCLKP). However, with the routing suggested at the end of this note, it will be possible to
depopulate the clock buffer on the board using future revisions of silicon that have this issue resolved, and
replace it with two zero ohm resistors, thereby saving the cost of the buffer on these production boards.

Figure 2  Clock Buffer Connections

The routing method depicted in Figure 3 features two sets of resistor pads. There is one optional resistor
located under the body of the 993A clock buffer. There is a second resistor, which is not optional, that can
be stuffed such that the SDRAM either derives its clock from the 993A buffer, or is driven off of the
RC32355 SDRAM output clock SYSCLKP. Once a new revision of silicon with this issue resolved is avail-
able, it will be possible to depopulate the 993A, stuff the resistor under it, and move the other resistor to its
alternate location.
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Figure 3  Suggested Routing

SDRAM Clock Recommendation for TerminationSDRAM Clock Recommendation for Termination
The proper termination for this clock consists of a series resistor located near the SYSCLKP driver pin

(or at the output of the 993A buffer for boards that use clock buffers), as well as a parallel termination
located at or near the point where SYSCKLINP enters the RC32355.   The recommended value for the
series resistor is 33 ohms.   This value is selected assuming a board trace resistance of 50 ohms. If this
value is larger, then the correct resistor value will be the actual trace resistance - 50 ohms + 33 ohms.

The recommended value for the parallel termination is 20pF in series with 50 ohms. The parallel termi-
nation resistor value should match the board trace resistance, typically between 50 and 65 ohms. 

These are only general recommendations. The correct values for both the capacitor and resistor are
board-specific. The actual capacitive values for the parallel termination may need to be tuned on the final
board to produce the best possible clock waveform at the SDRAM chips. 

Bypass CapacitorsBypass Capacitors
The RC32355 requires adequate bypass capacitance to compensate for localized power fluctuations.

The exact capacitor values will depend on the frequency content of the power supply noise on the board.
But in general, values of 0.1uF work well. A good rule of thumb is to place four capacitors on each side of
the chip. One at each corner, and one each a third of the way along the chip. 

It is also recommended to add capacitive bypassing specifically for the clock driver (SYSCLKP). This
bypassing consists of one 0.1uF capacitor which is intended to bridge the Vcc IO and Vss pin combination
that feeds the SYSCLKP driver. In the PQFP package, SYSCLKP is pin 183. In this case, the intent is to
bridge between pin 184, Vss, and pin 180, Vcc IO. This will maximize the drive strength of the output clock
by ensuring there is adequate current to supply the driver. (For ZB silicon, this issue is irrelevant because
the SYSCLKP should not be used. However, to ease the migration to future revisions of silicon, it is advis-
able to follow the recommendation.)
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