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Table I. Comparisons between PCB, on-chip and on-interposer buses.

ABSTRACT
In this paper, an on-interposer bus (μ-SPI, serial peripheral
interface) is proposed for providing low power data
communication in 2.5D heterogeneous integrations. The
protocol of μ-SPI is designed based on the physical layer of
SPI. To reduce the overhead of the header, the header of a
packet is divided into two levels by the hierarchical
packetization technique. Moreover, a pseudo multi-master is
proposed to replace the arbitration circuits via master passing.
The proposed μ-SPI is utilized in a 2.5D heterogeneously
integrated bio-sensing microsystem, and the average power of
this on-interposer bus is only 23.2 µW at 1.8V and 100 KHz.

1. INTRODUCTION
System-in-package (SiP) can provide enormous advantages
in achieving heterogeneous integration, microminiaturizing
form factor, improving system speed and reducing power
consumption for future generations of ICs. Among different
SiP technologies, through-silicon-via (TSV) 3D integrations
have emerged as a solution in developing SiP integration [1].
However, stacking multiple dies would face severe challenges
of the increasing cost and thermal effect due to the low thermal
conductivity of inter-layer dielectrics and high power density
[2]. Therefore, TSV 2.5D integrations have been proposed as
an evolved solution for reducing the overall cost and avoiding
thermal effects from 3D-ICs [3, 4]. Different from TSV 3D
integrations, the tiers of a 2.5D design are bonding on the top
of a silicon interposer.
Silicon interposer consists of low-k material interconnections
and Cu TSVs in a silicon substrate and performs as a reliable
connection between chip and organic substrate cooperating
with micro-bumps and TSVs. An interposer provides inter-chip
communication between multiple chips via redistribution
layers (RDLs) enabling bandwidth improvement, power
reduction and very good heat spreading [4]. In this paper, an
on-interposer bus, μ-SPI (Serial Peripheral Interface), is
proposed for providing low power data communication in 2.5D
heterogeneous integrations.

2. μ-SPI: LOW POWER ON-INTERPOSER BUS
FOR TSV 2.5D INTEGRATION
On-interposer buses are developed for providing energyefficient data communication in TSV 2.5D integration.
Additionally, on-interposer bus protocols are designed to
transfer data between different dies mounted on the interposer.
Table I presents the comparisons between on-interposer buses,
PCB buses and on-chip buses. Both on-interposer buses and
PCB buses are developed for inter-chip communication, and
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Fig. 1. Three abstract layers of μ-SPI.

on-chip buses is utilized for intra-chip communication between
IPs.

2.1. Abstraction Layers of μ-SPI
Based on the characteristics of on-interposer buses, the
protocol of the proposed is designed using three abstraction
layers as shown in Fig. 1. The transport layer provides end-toend communication services for the overall systems.
Additionally, the transport layer provides convenient services
such as connection-oriented data stream, reliability, flow
control, and low power bus coding. In the transport layer of μSPI, the back-end interface can adopt cyclic redundancy check
(CRC) and crosstalk avoidance coding (CAC) for providing
low-power and reliable data communication.
In the data-link layer of μ-SPI, the master controls the data
bus by generating the clock signal (SCLK) and corresponding
headers for all slaves. The μ-SPI can provide point-to-point or
broadcast communication, half duplex or full duplex
transmission and received-controlled acknowledgment. Hence,
the header contains the addresses of the selected slaves and
creates the links between the corresponding devices. Moreover,
the μ-SPI can support pseudo multi-master via mater passing
technique.
The physical layer is implemented to synchronize signals
according to the standard SPI [5] but with bidirectional links
as shown in Fig. 1. The signal SS (Slave Selection in SPI) is
used to indicate the valid period of each packet. Additionally,
the data width of μ-SPI can be extended from 1-bit to 8-bit.

2.2. Hierarchical Packetization
To reduce the overhead of the header, the header of a packet
is divided into two levels by the hierarchical packetization
technique as shown in Fig. 2. The length of 1st level header is
fixed as 12-bit for indicating the functionality of this packet.
Based on the information of 1st level header, the 2nd level
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header is variable for providing wide range of the burst length,
broadcasting or point-to-point selection and variable length of
addresses.

2.3. Abstraction Layers of μ-SPI

The pseudo multi-master is proposed in μ-SPI to replace the
complex arbitration circuits via master passing. All the master
devices are implemented as master/slave modules as shown in
Fig. 3. Therefore, a master/slave device can be either a master
or a slave, and only 1 master can exist in the master/slave
modules by controlling MS_Flag. The M/S flag indicates the
direction of SS, SCLK and data. If the M/S flag is one in a
Master/Slave device, this device is the only master in μ-SPI
until passing this flag to the other master/slave device via a
specific packet. In view of this, the 1st level header contains a
pseudo multi-master mode for master passing.

2.4. Design of Master Module & Slave Module
The block diagram of a master module and a slave module
are as shown in Fig. 4 and Fig. 5, respectively. In the master
module, the back-end interface transfers the communication
mode, selected slaves, address mode, burst length and valid bit
to the header encoder for generating hierarchical packets. The
slave is constructed by the two-layer header decoder and PHY,
the white blocks in Fig. 5. The slave receives SS & SCLK
signals from the master to decode packets. The SS signal is
used to indicate the valid period of each packet and controlled
by the master.
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Fig. 5. 2.5D heterogeneously integrated bio-sensing microsystem.

by 2-layer RDL. The data width of this μ-SPI is defined as 4bit with 1 SS pin and 1 SCLK pin. The supply voltage of all
I/Os is 1.8V, and the frequency of μ-SPI is 100 kHz. The
average power consumption of the proposed μ-SPI is only 23.2
µW measured by the power of I/Os. Accordingly, the power
consumption of master/slave and slave modules is much
smaller than the power of I/Os.

4. CONCLUSION
2.5D heterogeneous integrations provide efficient chip-tochip communication via interposers. In this paper, an oninterposer bus, μ-SPI, is presented for providing low power
inter-chip data communication in 2.5D integrations. The
protocol of μ-SPI is designed by a hierarchical packetization
technique to reduce the overhead of the header. The length of
1st level header is fixed for indicating the functionality of this
packet. Based on the information of 1st level header, the 2nd
level header is variable for providing wide range of the burst
length, broadcasting selection and variable address. Moreover,
a pseudo multi-master is proposed to replace the arbitration
circuits via master passing. Only 1 master can exist by
controlling MS_Flag in master/slave modules. The proposed μSPI is implemented in a 2.5D bio-sensing microsystem, and the
average power of this on-interposer bus is only 23.2 µW at
1.8V and 100 KHz.
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