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Complex timing constraints across process, 
voltage, temperature and operating scenarios

On-chip variation →more design margin 

Clock tree consumes up to 40% power
→ aggressive power reduction 
→ complex clock tree with clock logic cells 
(CLCs) such as, clock gating, divider, MUXes

Clock Tree Synthesis Is Challenging!



• How many clock buffer levels?
• What kind of clock buffers?
• At the bottom level, how many FFs can 

be driven by one clock buffer?
• For higher level, buffers will drive buffers. 

How many of them can form a group?
• How do we group those FFs?

1) Usually after placement
2) What buffers to be used?

• Where to place those buffers?
1) Usually after placement
2) Now need to place the newly 

inserted clock buffers
• How to route them?
• …





Constraints To Follow In CTS
Clocks tree constraints:

1) Target Skew

2) Target Maximum Transition

3) Target Maximum Capacitance

4) Min/Max Insertion Delay (Latency)

5) Clock tree cell list

6) Maximum Fanout

7) Preferred clock tree routing layers and Non-Default Rules (NDR)

8) Cell Density

9) Cell Halo

❑ Need to provide a halo around the clock tree instance to avoid a denser placement which may 
cause IR / Crosstalk issue. So provide halo constraints in the x and y direction over the cells.

https://teamvlsi.com/2021/06/clock-tree-constraints-in-vlsi-ccopt-file-in-physical-
design-cts-constraints.html
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- Need timing library for cells
- Given a clock buffer, assuming its input 

transition delay, see how much total cap it 
can drive and meets output max transition 
delay. 

- Then, check the input cap of FFs, and 
estimated wire length and its RC 

→ This buffer can drive how many FF clk pins







After Trees Are Built → Routing

Clock tree routing usually is 
being done before regular 
signal nets, since they are 
more critical

Please think about how to 
synthesize a clock tree





https://www.programmersought.com/article/86877197473/

https://www.programmersought.com/article/86877197473/




For Long Interconnect – Why Adding Buffer





https://vlsibegin.blogspot.com/p/cts-clock-tree-synthesis.html (CTS – worthwhile) 

https://vlsibegin.blogspot.com/p/cts-clock-tree-synthesis.html


Many spice simulations needed



https://lmr.fi/int/high-fanout-
net-synthesis-hfns/

HFNS can be also done in 
synthesis. 
Make sure an appropriate 
fanout limit is set

https://lmr.fi/int/high-fanout-net-synthesis-hfns/




















Concurrent Clock and Data Optimization (CCD)

https://www.youtube.com/watch?v=pP25JOAxYYA

PD Lec 47 - concurrent clock and data optimization| CCD| Timing | placement | 
VLSI | Physical Design

https://www.youtube.com/watch?v=pP25JOAxYYA


https://www.programmersought.com/article/86877197473/#google_vignette

Nowadays clock tree and data path are considered together

https://www.programmersought.com/article/86877197473/#google_vignette




Timing Fixes in placement

https://www.youtube.com/watch?v=hzJZuBGC418

PD Lec 43 - Timing Fixes in placement | Part-1 | VLSI | Physical Design

https://www.youtube.com/watch?v=hzJZuBGC418


Recap

• Starting from algorithm, complexity analysis
• Several graph search methods – travelling salesman problem, breadth first, depth first, 

branch-and-bound, longest path, shortest path, …
• Dynamic programming, bin packing, topological sort

• Partitioning, floorplan, placement
• Min-cut with terminal propagation, Gordian (quadratic programming), force-directed, 

clustering, simulated annealing
• Slicing (polish expression), non-slicing (B*)

• Routing
• Maze routing, line search, global route, track assignment, channel route, detailed route, 

design rules

• Clock tree routing, synthesis

• P/G routing, and co-optimization

• Logic optimization, BDD, tech mapping, 

• Delay, timing

• Don’t forget taking courses about ML

Welcome suggestions
Please fill out eval form 


