
In Part 1 (FIGURE 5a), the driver
was modeled as a pulse source in
series with a resistor (representing dri-
ver output impedance), and the receiv-
er was modeled as a capacitor.  

Figure 7 reveals that to produce
more accurate simulations, the actual
buffer models should be utilized for
driver and receiver devices and the
package parasitic elements need to be
accounted for.  Furthermore, simula-
tion of Figure 5 considered only a typ-
ical corner.  

More complete data can be pro-
duced by also analyzing the fast and
slow corners (best and worst cases) in
order to verify the design under a full
range of manufacturing processes.
This necessitates varying the various
PCB and buffer modeling parameters
such as trace impedances, signal veloc-
ity, buffer strengths, etc., within toler-
ances dictated by fabrication process-
ing variations.   

In static timing analysis11, signal
paths are ascertained by tracing the
design connections and summing the
worst (or best) case delays. This
approach can account for delay rela-
tions between clock and data signals,
and detect several types of timing vio-
lations including setup and hold, peri-
od and duty cycle, race conditions and
skew checks. However, static timing
analysis differs from functional debug
and does not consider functional
behavior of the circuit.   

FIGURE 8 illustrates that for com-
mon clock scheme, skew can influence
both setup (Ts) and hold (Th) margins
but jitter affects only the setup. The
CLK@Receiver and CLK@Driver are
clock signals probed at data driver
and receiver pins. The clock edges (the
upper left side) utilized for skew
(Tskw) measurements are regarded as

reference. The DQ@Driver and
DQ@Receiver are data signals at dri-
ver and receiver ICs.

As further example of jitter and
skew effects, consider a common clock
bus operating at 133 MHz (minimum
clock period = 7.5 ns).

Allow maximum skew of 225 ps
and edge-to-edge jitter 175 ps.

The minimum effective period (=
minimum period – maximum jitter –
maximum skew) is

(7.5 ns – 0.175 ns – 0.225 ns) =
7.1 ns.

Subsequently, the maximum
allowed delay for inner chip (silicon)
and interconnect is 7.1 ns.

Based on timing relations between
a data and clock signals, one way to
enhance setup margin is to shorten
the data trace (or lengthen clock
trace) at the price of lowering the
hold margin. Conversely, hold margin
can be improved by lengthening the
data line or shortening the clock line
(but at the expense of the setup mar-
gin). An alternative way to increase
setup margin is by increasing the
clock period (lowering operation fre-
quency); this will not affect the hold
margin12, which is independent of
clock frequency. 

Common clock timing techniques
have certain limitations. The minimum
cycle time (which defines the highest
frequency) is limited by the maximum
delays. Consequently, there is a depen-
dence on absolute delays. The com-
mon clock timing techniques are limit-

ed to medium speed (i.e., frequencies
below ~ 200 to 300 MHz) buses.6

Therefore, an alternative approach
such as source synchronous signaling
is required to achieve higher opera-
tional frequencies.  PCD&M
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FIGURE 8. Effects of clock skew and jit-
ter on timing margins.

EQUATION 1

Tsu_mrg = [Tcyc - Tco_dq,max – (Tpcb_skw,max + Tclk_skw,max + Tjtr) – Tsu,min – Tflt_dq,max]    

EQUATION 2

Thld_mrg = [Tco_dq,min + (Tclk_skw,max + Tpcb_skw,max) – Thld,min + Tflt_dq,min]

With timing parameters as defined below:

Tsu_mrg = Steup timing margin. Thld_mrg = Hold timing margin.
Tcyc = Clock cycle time (period). Tjtr = Time variation in adjacent clock periods (jitter).

Tclk_skw,max = Output clock buffer skew (maximum).
Tpcb_skw,max = PCB flight time skew for clock traces (maximum).

Tco_dq,max = Driver’s data output valid delay (maximum).
Tco_dq,min = Driver’s data output valid delay (minimum).

Tsu,min = Receiver’s input setup requirement (minimum). 
Thld,min = Receiver’s input hold requirement (minimum). 

Tflt_dq,max = Signal flight time (maximum).
Tflt_dq, min = Signal flight time (minimum).

TABLE 1.Timing formulas and parameters for a common-clock bus.


