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Design and Evaluation of a Heterogeneous Multicore SoC
with 9 CPUs and 2 Matrix Processors
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Abstract A multicore SoC has been developed for various applications (recognition, inference, measurement, control and
security) that require high-performance processing and low power consumption. This SoC integrates three types of
synthesizable processors: eight CPUs (M32R), two multi-bank matrix processors (MBMX), and a controller (M32C). These
processors operate at 1GHz, S00MHz and 500MHz, respectively. These three types of processors are interconnected on this
chip with a high-bandwidth multi-layer system bus. The eight CPUs are connected to a common pipelined bus using a cache
coherence mechanism. Additionally, a 512-KB L2 cache memory is shared by the eight CPUs to reduce internal bus traffic. A
multi-bank matrix processor with 2-read/1-write calculation and background I/O operation has been adopted. The 1-GHz CPU
is realized using a delay management network which consists of delay monitors that can be applied for any kind of application
or process technology. Our configurable heterogeneous architecture with 9 CPUs and 2 matrix processors reduces power
consumption by 45%.

Keyword Heterogeneous multicore processor, Configurable processor, Matrix processor, Delay monitor, Clock delay
adjuster
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Fig. 1. Block diagram of the chip, SSRAMROMRANIO

Processor | M32R(1GHz) x 8
1$:8kB, D$:8kB, LM:8kB, MMU, FPU
M32C(500MHz) x 1
MBMX(38GOPS@500MHz) x 2
2b-PEx768, I-SRAM:32kB, D-SRAM:96kB
Memory | 1 2-cache:512kB
Internal SRAM:32kB
DRAMI/F | DDR2 I/F x 1
SDRAM I/F x 1
Bus Multi-layer bus(4-layer:4GB/s)
Pipelined bus(8GB/s for read, 2GB/s for write)
Fly-by bus(1GB/s)
Process 90nm Generic CMOS
Chip size | 6.35mm x 6.35mm
Package | 729FCBGA
Power 5.0W

Table 1 : Spedifications of the chip.
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Fig. 2. Micrograph of the chip and the CPU.
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(b) Multiple group mode for CPU snooping.
Fig. 3. CPU grouping and snooping.

State B oD
Planning mode Action mode

Fig. 4. Configurable heterogeneous multi-core system.
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Fig. 6. Block diagram and operation flow of the MBMX.
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Fig. 9. Task hopping function.

* Delay monitor

Technique FV control Task hopping
Detect time Several nsec Several nsec
Control time Several usec lusec

(Cache copy)
Area 0.1mm? 0.025mm?
(for 1 monitor)
Design methodology | Analog hardmacro Synthesizable
(Regulator)

Table 2 : Comparison of power management techniques.
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Fig. 12. Clock skew control and reduction of peak current.
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Fig. 13. Evaluation of the clock delay adjuster.
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