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Abstract—This paper describes an Itanium processor imple-
mented in 65 nm process with 8 layers of Cu interconnect. The
21.5 mm by 32.5 mm die has 2.05B transistors. The processor has
four dual-threaded cores, 30 MB of cache, and a system interface
that operates at 2.4 GHz at 105 C. High speed serial interconnects
allow for peak processor-to-processor bandwidth of 96 GB/s and
peak memory bandwidth of 34 GB/s.

Index Terms—65-nm process technology, circuit design, clock
distribution, computer architecture, microprocessor, on-die cache,
voltage domains.

I. OVERVIEW

HE next generation in the Intel Itanium processor family
T code named Tukwila is described. The 21.5 mm by
32.5 mm die contains 2.05 billion transistors, making it the first
two billion transistor microprocessor ever reported. Tukwila
combines four ported Itanium cores with a new system interface
and high speed serial interconnects to deliver greater than 2X
performance relative to the Montecito and Montvale family of
processors [1], [2]. Tukwila is manufactured in a 65 nm process
with 8 layers of copper interconnect as shown in the die photo
in Fig. 1. The Tukwila die is enclosed in a 66 mm 66 mm
FR4 laminate package with 1248 total landed pins as shown in
Fig. 2.

A block diagram of the Tukwila processor is shown in Fig. 3.
The die contains four multi-threaded high performance 64 bit
cores. Associated with each core is 6 MB of level three cache
implementing the Intel Cache Safe Technology [3]. A system
interface is designed around a 12 port crossbar router that al-
lows communication between the four cores, two home agents,
and six 10 channels. Associated with each home agentisal MB
directory cache in support of a directory-based cache coherence
protocol. Dual integrated memory controllers allow communi-
cation to system memory through four full duplex FBD2 chan-
nels with a peak bandwidth of 34 GB/s. Four full width and
two half width Intel QuickPath Interconnects (QPI) [4] allow
processor to 10 and processor-to-processor communication at a
peak bandwidth of 96 GB/s. To connect the system interface to
the core and 10 physical layer, Tukwila implements a synchro-
nizer and routing architecture that is distributed across the die.
Finally, the charge rationing (QR) controller monitors chip ac-
tivity factor, and together with the Tukwila clock system, allows
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Fig. 1. Die photo.

Fig. 2. Package photo.

dynamic modulation of the core voltage and frequency within a
fixed power envelope.

Tukwila circuitry is partitioned as depicted in the table in
Fig. 4. The cache, QR, and 10 circuits are operated at high
fixed voltages to ensure reliable circuit operation, while the core
and system interface circuits are run at lower voltages to max-
imize power efficiency. The circuit design specific to each of
these portions of the die will be covered in further detail in the
remainder of this paper. Key emphasis areas will include low
voltage circuit operation and circuit design in the presence of
process variability.

Il. CORrRE

This processor integrates 4 high speed dual-threaded cores
onto a single die. Together with the Intel QPI links, FBD2
memory interfaces and system interface logic, Tukwila con-
tains more than three times the logic circuits of its predecessor.
To maximize performance in a given power envelope, the
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