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Design of shared bus DSP board in vector network analyzer
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Abstract: Currently, the mainstream vector network analyzer employs embedded computer module with a digital intermedi-
ate frequency (IF) board to form a high performance windows platform. Under this structure, the vector network analyzer
needs a powerful encoding system to arbitrate the bus acquirement, which is usually realized by field-programmable gate ar-
ray (FPGA) chip. The paper explores the shared bus design method of the digital signal processing (DSP) board in network
analyzer. Firsty, it puts an emphasis on the system structure, and then the shared bus communication method is described in
detail; Finally, the advantages of the shared bus communication mechanism are summanzed.
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The vector network analyzer is an important in-
strument in the field of microwave measurement,
which is widely applied in aviation, aerospace and
various measurement fields. Currently, the main-
stream vector network analyzer employs embedded
computer module with windows operation system
and adopts graphical operation interface which of-
fers abundant interfaces and user friendly in-
terfaces ™. Moreover, the parameters of analyzer
like measurement speed, measurement accuracy,
measurement type, dynamic range, etc. have been
further improved. Although computer module with
windows system has refined task scheduling mecha-
nism, flexible communication system and powerful
graphical user interface (GUI), it tends to make re-
al-time response to user’s operation and finish dif-
ferent communication requests. To meet the user
demand for high efficient measurement, a single
embedded computer module is not enough to per-
form real-time control to hardware and acquire
measurement data. Therefore, a high performance
vector network analyzer needs a digital intermediate
frequency (IF) board to integrate the functions of
controlling, acquisition and real-time data han-
dling.

For the reasons mentioned above, the high per-
formance vector network analyzer adopts multiple
CPU architecture, which uses a high performance
digital signal processor (DSP) with field-program-
mable gate array (FPGA) chip to build a DSP sys-
tem that integrates controlling, acquisition and data
handling functions to assist embedded computer

* Received date: 2013-08-26 R
Corresponding author: LIU Dan(eiqgd@ei41. com)

Document code: A
doi: 10.3969/j.issn. 1674-8042.2013.04.003

with Pentium processor and to perform all the func-
tions of vector network analyzers. This paper takes
some high performance vector network analyzers as
examples and describes the shared bus communica-
tion mechanism under this architecture.

1 System architecture of high perfor-
mance vector network analyzer

The vector network analyzer uses embedded com-
puter module and DSP to construct the master and
slave CPUs, and uses Windows XP operation system
as software platform. The analyzer system software
is a standard windows installation program which
can run right after installation.

For the master CPU of analyzer system, embed-
ded technology extended (ETX) computer control
module is named as host to realize user-machine in-
terface functions including user interface, input/out-
put, programming, data formatting, display, print-
ing, storing, calibration and verification, etc. Tak-
ing floating point DSP chip of TI and high perfor-
mance FPGA of Xilinx Company as the core, the
digital IF processing board integrates the functions
of controlling, acquisition, filtering and data pro-
cessing. It communicates with the host in real-time
to control the system hardware, sample data from
IF and filter the data into needed form. Digital IF
board is plugged in the peripheral component inter-
connect (PCI) slot of the host.

The host communicates with DSP via PLX9054
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control chip. PLX9054 can work in various modes
and it is suitable for PCI terminals with different
transfer speeds. The speed of its local bus can reach
50 MHz and the data width can support 8, 16 and
32 bit"'. To meet the control and high speed data
transmission requirements of vector network analyz-

er and to increase measurement efficiency, DSP da-
ta bus on DSP board, FPGA data bus and PCI data
bus use multiple bus multiplexing shared method and
digital logic designed inside FPGA to complete bus
arbitration and read-write control. The relationship
of host and DSP is shown in Fig.1"'.
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2 Shared bus communication design

The C67x series floating point DSP chips of TI
Company have the features of high calculation speed
and large on-chip memory, and they supports vari-
ous peripheral devices and industrial standard inter-
face protocols, among which the external memory
interface (EMIF) and the host port interface (HPI)
provide convenience for designers to meet the
requirements of connecting different peripheral de-
vices and communicating with other CPUs " .

The digital IF board of the analyzer usually in-
cludes FPGA for filtering and decoding, RAMs for
storing data, EEPROM for storing local board sta-
tus, and IF conditioning circuits. They may also
have some interfaces for communicating with the
host CPU and other hardware accessing control in-
terfaces. To enhance access flexibility and data
throughput, the devices and interfaces on digital IF
board can be accessed by not only DSP but also the
host CPU directly via PCI interface. The analyzer
system connects PCI local bus, DSP bus, host port
interface bus and FPGA bus all together, thus the
host can access the whole address space of DSP via
the PCI interface. The devices in multi-bus systems
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Fig.2 Connection diagram of DSP board bus
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can acquire two address spaces at the same time and
each set of buses can access the whole digital IF
board by means of its own address space.

The connection diagram of the digital IF board
bus is shown in Fig.2.

It can be seen from Fig. 2, that digital IF board
bus can be accessed by host CPU and DSP simulta-
neously, but the two CPUs need to compete for ac-

cess right to bus. FPGA acts as the bus arbitrator of
the system. The arbitration mechanism is realized
based on PCI bus handshaking signals: LHOLD,
LHOLDA and DSP bus handshaking signals HOLD _
DSP and HOLDA _ DSP. It is stipulated here that
the host has higher access priority and the arbitra-
tion logic programmed by VHDL is described as fol-
lows:

if(LHOLD & HOLDA DSP && HOLD DSP) begin HOLD DSP=0; end
if((HOLD _DSP= =0) & (HOLDA DSP= =0)) begin LHOLDA=1; end
if(LHOLD = =0) begin LHOLDA=0; HOLD _DSP=1; end

DSP processor acts as the master of the digital IF
board, so the other devices are all seen as peripher-
als of DSP. Through setting control registers of
DSP: CEO, CEl, CE2 and CE3, different read-
write timings and access types are acquired. For ex-
ample, if CEO space is set to 0X40, the externally
connected devices will be seen as a synchronous de-
vice and DSP will synchronously read or write the
device.

After the host acquires the bus control right, it
can access each peripheral device of digital IF
board. For example, if FPGA space is accessed only
by PCI, according to PCI read-write timing, the ad-

dress will be latched when address strobe signal
(ADS) strobes and the data can be latched right af-
ter one clock of the ADS signal. If space is accessed
by both PCI and DSP, because PCI clock and DSP
clock are two independent clocks, a NAND gate or
a multi-switch circuit is needed to arbitrate the ac-
cess.

The host uses HPI to access DSP space. HPI has
independent data line, address line (16 bit), control
line, half word control line and other control lines.
HPI bus can either be separated from DSP local bus
or connected with each other. The connection dia-
gram of HPI bus and FPGA is shown in Fig.3.
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Fig.3 Connection diagram of HPI interface between FPGA and DSP

It can be seen from Fig. 3 that the local bus lines
LA2 —4 of DSP board are used as the HPI half word
address selector and HPI register addressing selec-
tor. HPI strobe signal HSTROBE is given by FPGA
logic for controlling HPI address latch and read-
write timing. HPI interrupt connects to PCI9054’ s
local interrupt for sending interrupt to the host.
HPI read-write finish signal HRDY is connected to
FPGA, which is converted into a READY signal
and then output to PCI 9054.

Fig.4 shows a typical HPI access timing initiated
by the host. When PCI prompts an access of the

shared bus, it will assert the LHOLD signal
(LHOLD=1); If DSP is idle, PCI will get the bus
and the LHOLDA signal is asserted (LHOLDA =
1); FPGA logic judges the address lines to assert
HCS signal, nameyly, this is a HPI access; After
the address strobe signal ADS (ADS=0) and the de-
fined data read/write time, the HRDY (HPI ready)
signal is asserted, thus the READY signal is asserted
(READY =0) too, which means PCI operation is
done, HOLDA signal is de-asserted (HOLDA =0)
and the LHOLDA signal becomes 0. The HPI oper-
ation is completed.
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Fig.4 HPI access timing diagram

3 Conclusion

The high performance network analyzer adopts
double CPU processing method, which fulfills the
real-time measurement requirements, but at the
same time brings difficulties to designers. Designing
reasonable bus arbitration logic and reliable bus tim-
ing are the basis for the dependable operation of an-
alyzers. The more interactions between the two
CPUs happen, the more possible the bus competi-
tion will accrue. Through this shared bus design,
the interactive effect between the host and DSP and
the effect between external systems can decrease to
the minimum owing to combined PCI bus and exter-
nal bus of DSP. The data transmission between DSP
processor and the host and between DSP internal
RAMS and external RAMS become more effective.
The various external interfaces of DSP chip can play
full role and the goal of system design is achieved in

the simplest and most effective way.
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