
model, the largest C_pkg (provides
highest loading) is applied in slow cor-
ner simulations. When utilizing a dis-
tributed package model, the smallest
Z0 and longest TD are employed for
slow corner runs. The opposite applies
to fast corner simulations. Also, S-
parameter package models can be gen-
erated based on the longest, nominal
or shortest IC’s package traces; and
thereby designed optimal for slow,
typical or fast corner analyses.

Note that for fast corner the
smallest Rs and largest Rp (as dictated
by each resistors’ nominal value and
tolerance) are utilized. The opposite is
valid for slow corner. Furthermore, for
fast and slow corners, the rising and
falling flight time measurements are
conducted at receiver’s Vinh and Vinl
(input logic “high” and “low” DC
voltages) rather than at mid-point of
the rising/falling edges, shown in typi-
cal analysis of FIGURE 5b (Part 1).

One reason that source synchro-
nous is advantageous over common-
clock bus is that its performance
depends on relative, rather than
absolute delays (however, the receivers’
setup and hold timing requirements
must still be fulfilled). In practical sys-
tems, smaller delay differences between
signals can be achieved as compared to
absolute delays. Subsequently, source
synchronous signaling permits longer
traces and superior performance. 

At very fast edge rates, effects due
to reflection (overshoot, ringback,
etc.) and crosstalk can adversely affect
timing; hence, special measures may
be needed for margin improvement.
DDR-2 can operate faster than DDR-
1 (reaching 800 Mb/s) and includes
ODT (on die termination) feature.

ODT is a dynamic termination incor-
porated into the SDRAM and memory
controller, and can be enabled or dis-
abled depending on write/read modes
and addressing conditions16. DDR-2
designs can also demand slew rate der-
ating16 (an advanced concept for tim-
ing enhancement). 

At GHz frequencies, multi-drop
buses become prohibitive and topology
of choice is point-to-point (as in PCI
Express serial links) avoiding stubs.

Eye diagrams provide a preferred
means for timing analysis of high-
speed differential serial links (with
embedded clocks). Eye diagrams can
be also applied6 for setup/hold deter-
mination of source synchronous sig-
nals, centering the clock transitions in
the middle of the data eye13 and for
deriving timing equations.   PCD&M
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TSu_mrg = [(Tco_dqs,min – Tco_dq,max) + (Tflt_dqs,min – Tflt_dq,max) + Tdly – Tsu,min] EQ. 3

Thld_mrg = [(Tco_dq,min – Tco_dqs,max) + (Tflt_dq,min – Tflt_dqs,max) + Tdly – Thld,min] EQ. 4

With timing parameters as defined below: 

Tsu_mrg = Setup timing margin. Thld_mrg = Hold timing margin.

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

Tco_dqs,max = Clock-to-output delay of strobe flip-flop (max). 

Tco_dqs,min = Clock-to-output delay of strobe flip-flop (min).

Tsu,min = Receiver’s input setup requirement (min).
Thld,min = Receiver’s input hold requirement (min).
Tdly = Delay between data and strobe clocking.

Tflt_dq,max = Data signal flight time (max). Tflt_dqs,max = Strobe signal flight time (max).

Tflt_dq,min = Data signal flight time (min). Tflt_dqs, min = Strobe signal flight time (min). 

TABLE 2. Timing formulas and parameters for a source synchronous bus.


