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Multi-Voltage Low Power Design Technique with Built
in Voltage Measurement Mechanism for 3D-CHIP

B EE TR

$a 8 Apple

B

FE ERAREETIEMEAN
B8

BEXE - R - BRE
BRRAREBETIRER

—-— . -
o AL S LA I T LY

B— =R BRR 2 EEE

2011 R eRRFERERTHERAAE
11th Golden Silicon Awards

WiEE ERABETIRER

* EXNPIERBENTIRAELIL - BRIEBNERAEST IREAEEIZK -
o MEMBINDREERAENXER <R AFHEE
REDAFEEATE R A EF LHMERBHEEFMNER | WHESKK MRS - BREM
BN ERRSINCES  LILEAERBoOCERTENERSERBNPEFEF - £

BEHBIVTAAFEL  HESHEERNENKR -
o BRI VLS| Design/Test/CAD e

ABSTRACT

Due to the increase in integration densities required from
system application demand, a chip contains devices. Moreover,
continuing shrinking device sizes leads to longer wire-lengths
which causes interconnect delays to critically impact chip
performance. Three-dimensional integrated circuit (3D-IC) is one

promising technique for resolving this problem.

In 3D-IC, the multiple supply voltage (Vdd), ground (Vss) and
body bias (Vth) turning techniques are applied to the core and
IO interface circuits. This will lead to complicated power source
track distribution design within the package. 3D-IC power
integrity research topics can be divided into several categories.
In design issues for 3D-IC -- especially for multi voltage domain
design within each layer --includes: 1.How to make suitable
circuit partition based on power consumption and to equalize
the power distribution of each layer for minimizing the heat. 2.
Voltage-drop measurement IP circuit design and implementation.
3. Power track physical design techniques. 4. Power supply plan-
-partition/distribution techniques. 5. Efficient multiple layer
power connection techniques. 6. Different power distribution

techniques for different stacking styles.

Multiple voltage (multi-Vdd) technique is an effective low power
design technique to reduce power consumption. For multi-vVdd
designs, most chip failures are due to power supply problems
of voltage drop and noisy voltage. Several low power design
techniques are proposed in this report, such as power switch
control circuit, retention Flip-Flop. A Built-In Voltage Meter (BIVM)
is proposed for chip internal voltage level observation. This
measurement mechanism can accurately identify the voltage
level variances for debugging chip popular failures such as

performance degradations.
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A feasible low-cost 3D stacking design method is proposed.
Multiple voltage design technique is applied to reduce power
consumption. A low-power built-in digitalized power-aware
management mechanism for multiple voltage domain design
is adopted. A power switch control circuit is used to support
multiple operation modes for multiple voltage designs. A BIVM is
used for internal voltage level observation. A powerless retention
flip flop is applied for temporary data storage. These efficient
power-aware adjusting mechanisms are successfully validated by
a low-power, noisy-voltage tolerant 64bit multiplier using a low-

cost 3D stacking technique.

These topics are physically implemented and silicon proven
using advanced TSMC process from Chip Implementation Center.
The 3D stacking design includes multi-vdd low power design

technigue and BIVM are successfully evaluated.
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