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Power consumption is known to be a crucial issue in
current nanometer-based chip designs. To tackle this
problem, multiple dynamic supply voltage (MDSV)
designs are proposed as an efficient solution in
modern chip designs. However, the increasing
variability of clock skew during the switching of
power modes leads to an increase in the complication
of clock skew reduction in MDSV designs. In this
project, we propose a tunable clock tree structure
with considering loading balance by adopting the
adjustable delay buffers (ADBs). The ADBs can be used
to produce additional delays, hence the clock
latencies and skew become tunable in a clock tree.
Importing a buffered clock tree, the ADBs with delay
value assignments are inserted to reduce clock skew
in MDSV designs. An efficient algorithm of ADB
insertion for the minimization of clock skew, area,
and runtime in MDSV designs has been presented.
Comparing with the state-of-the-art algorithm,
experimental results show maximum 42% area overhead
improvement and 117x runtime speedup.
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Clock Tree Synthesis Associated with Adjustable Delay Buffers for Load Balancing and
Skew Minimization in Multiple Dynamic Supply Voltages (1)
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Abstract--- Power consumption is known to be a crucial issue in current nanometer-based chip designs. To tackle
this problem, multiple dynamic supply voltage (MDSV) designs are proposed as an efficient solution in modern
chip designs. However, the increasing variability of clock skew during the switching of power modes leads to an
increase in the complication of clock skew reduction in MDSV designs. In this project, we propose a tunable clock
tree structure with considering loading balance by adopting the adjustable delay buffers (ADBs). The ADBs can be
used to produce additional delays, hence the clock latencies and skew become tunable in a clock tree. Importing a
buffered clock tree, the ADBs with delay value assignments are inserted to reduce clock skew in MDSV designs.
An efficient algorithm of ADB insertion for the minimization of clock skew, area, and runtime in MDSV designs
has been presented. Comparing with the state-of-the-art algorithm, experimental results show maximum 42% area
overhead improvement and 117% runtime speedup.

Keywords: power consumption, clock tree synthesis, clock skew, multiple dynamic supply voltage, adjustable
delay buffer.
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Algorithm: Top-Down ADB Insertion and Delay Value Assignments
Input: A buffered clock tree
Output: The buffered clock tree with ADB insertion

14

2 for each clock tree node (top-down order) do

3 { if(Lg>Ly)then

4 { Insert ADB;

5 ADBd = Lg1 — Ln;

6 i

7 if (Ly = L) then

8 {  Keep original buffer;

9 b

10}

11}
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Algorithm: Bottom-Up ADB Elimination and Delay Value Extensions
Input: A clock tree with ADB insertion
Output: The refined clock tree with ADB insertion

1{

2 for each clock tree node (bottom-up order) do

3 { if (ABDgq <= Skew,) then

4 { Delete ADB;

5 ¥

6 else

7 { Keep ADB;

8 ADB¢4 = ADBy— Skew,;

9 ¥

10}

11}
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Algorithm: ADB Insertion and Delay Value Assignments in Multiple Power Modes
Input: The refined clock tree with ADB insertion
Output: The final clock tree with ADB insertion

1{

2 for each clock tree node do

3 {  if (DVcount= 0) then

4 { Keep original buffer;

5 }

6 if (DVount > 0 and DV eount < PMyum) then

7 { Insert ADB;

8 ADB\,ounl DVcounl + 1

9 }

10 1f (DVeount = PMpum) then

11 { Insert ADB;

12 ADBcoum = PMnum;

13 }

14 3
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Power modes Power modes 6.5 9.5 11.5
A A
PMO (] PMO [
PMI u PMI -
PM2 o PM2 [
PM3 ] PM3 | EIIjeS
PM4 o PM4
PMS5 S ] PMS5 ] i
6 7 8 9 10 11 12 13 6 7 8 9 10 11 12 13
Delay time (ns) Delay time (ns)
(a) (b)
Power modes PMO PM1 PM2 PM3 PM4 PMS5
Original 10 11 8 7 13 10 |:| : Original value
delay (ns) % . Extended range
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(ns)
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Circuits #Flip-flops #Voltage Islands #Power Modes
design 1 384 10 10
design 2 992 29 15
design 3 1536 39 25
design 4 3360 46 30
design 5 6144 38 40
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Skew Worst Clock Skew (ps) Average Clock Skew (ps) Worst Clock Latency (ps)
Cireuits COIEIS)tSr)alnt LB clustering [1 2] Ours LB clustering [ 1 2] Ours LB clustering [1 2] Ours
designl 200 476 200 200 383 184 200 1316 1316 1316
300 476 293 300 383 262 277 1316 1316 1316
design? 200 463 200 200 388 197 198 1560 1560 1560
300 463 300 300 388 272 292 1560 1560 1560
design3 200 630 200 200 506 195 200 1667 1667 1667
300 630 298 300 506 290 300 1667 1667 1667
designd 200 1018 199 200 785 196 200 2888 2888 2888
300 1018 299 300 785 292 300 2888 2888 2888
designs 200 1167 198 200 796 196 200 3069 3069 3069
300 1167 297 300 796 294 300 3069 3069 3069
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Skew #ADBs #Transistors Runtime(s)
Circuits #Buffers Constraint Improvement Improvement
©5) [12] Ours P % [12] Ours P % [12] Ours
designl 3 200 19 19 0.00% 336 260 22.62% 0.01 0.01
300 8 7 12.50% 216 168 22.22% <0.01 | <0.01
. 200 61 61 0.00% 896 828 7.59% 0.17 0.01
design2 7 300 13 17 5.55% 644 516 19.88% 0.09 0.01
design3 127 200 100 100 0.00% 2192 1724 21.35% 1.05 0.04
300 37 32 13.51% 1764 1016 42.40% 0.55 0.03
designd 137 200 199 196 1.51% 5172 4156 19.64% 12.84 0.13
300 113 99 12.38% 4688 2980 36.43% 10.03 0.14
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300 1080 299 300 753 291 300 2792 2792 2792
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Topic : DFM Fundamentals and new Challenges at
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Topic : Design, Fabrication and Reliability of Through Silicon
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the Efficiency of Automatic Design Optimization for CMOS OP-Amps, Ya-Fang Cheng, Li-Yu
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Electrical and Computer Engineering, B % i@ ~ #, ’Information and Communications Research
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Chia-Chun Tsai and Trong-Yen Lee, “Power Awareness for Multi-voltage Island X-Clock Tree
Construction with Double-via Insertion,” The 4th Asia Symposium on Quality Electronic Design, pp.

187-192 , July 10-11, 2012, Penang, Malaysia.
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Intelligent Sensing for Ambient Assisted Prof. Pau-Choo National _Chen_g
Living for Ageing (Julia) Chung Kung University,
Taiwan
. . . Prof. Leszek Technical University
Rough-Neuro-Fu_zzy-Ge_netl_c Hybrid Intelligent Rutkowski of Czestochowa,
Systems and Their Applications Poland

Director, National
Lab. Of Intelligent
Social Computing: From Social Informatics to Prof. Fei-Yue Wang | Control and

Social Intelligence Management for
Complex Systems,
Mainland
Robust Model Predictive Control Based on Dalian University of
Neural Computation and Its Application for Prof. Jun Wang Technology,
Tracking of Marine Vessels Mainland
AAF - R 0 TERBFE T;i%@j%z RS B B

sessions » B ¢ G — B G ARSI B2 KR RREITER D 2 o

Chia-Chun Tsai, Tsung-Ming Liu, and Trong-Yen Lee, “Micro Fuel Cell Power Management
Circuit Design for Portable Devices,” International Conference on Fussy Systems and
Knowledge Discovery, pp. 2506-2509, May 29-31, 2012, Chongging, Mainland China.
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1. Chia-Chun Tsai and Trong-Yen Lee, ’ Power Awareness for Multi-voltage Island
X-Clock Tree Construction with Double-via Insertion,” The 4th Asia Symposium on
Quality Electronic Design, July 10-11, 2012.
2.Chia-Chun  Tsali, Chung-Chieh  Kuo, Feng-Tzu  Hsu, and Trong-Yen
Lee, ’ Discharge-Path-Based Antenna Effect Detection and Fixing for
X-Architecture Clock Tree,” Integration, the VLSI Journal, Vol. 45, No. 1, pp.
76-90, Jan. 2012.
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