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Discussion 7



● Homework 3 released, due Friday 3/22

● Midterm report assignment will be officially released soon (also due Friday 3/22)

○ Start doing literature review on your block, decide on topology/implementation details

● Design review after break

Announcements



151 Review: Inverter Chain Design



151 Review: Inverter Chain Design

● Strategy can be generalized to any logic gate

● Derivative approach is universal

○ N√F situational, but often applicable



● Clock skew improves one margin at the cost of another

151 Review: Setup and Hold Time



Flip Flop vs. Latch

Flip Flop Latch

Edge-triggered Level-triggered

Data launch set by clock edge Data launch set by input data timing (and 
clock edge)

Timing analysis limited to consecutive pair 
of FFs

Timing analysis not limited to consecutive 
pair of latches



● tC-Q = 50 ps, tD-Q = 50 ps, tsu = 60 ps

● ts1,max = 200 ps, ts2,max = 240 ps

● Assume data input to R0 always arrives while R0 is non-transparent

● Compute the minimum clock period Tclk

Latch Timing Exercise



Latch Timing Exercise: Latch Phases

clk



Latch Timing Exercise: R0 → R1

clk



Latch Timing Exercise: R1 → R2

clk



Latch Timing Exercise: R0 → R1 → R2

clk



A more complex example



A more complex example



A more complex example



● Gaussian (Normal) distribution often used to model

random variation

● Common numbers:

○ 68% within +/-1 sigma

○ 95% within +/-1 sigma

○ 99.7% within +/-3 sigma

● For value x belonging to a Gaussian distribution of mean μ and standard deviation σ,

compute z score as

Z-Scores and Yield



● Can compute yield using z-score tables

● Example:

Systematic variation of datapath delay of σ = 10 ps, 

nominal setup timing met with slack = 15 ps.

What’s the yield?

Z-Scores and Yield



Correlated variation

● Same example, but two paths:
Systematic variation of datapath delay of σ = 10 ps, nominal setup timing met with slack = 15 ps.
What’s the yield if there are two of these datapaths that must both meet timing?

● Need to know if they are correlated or not (solve both fully correlated and fully uncorrelated case).


