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FPGA Implementation of VME System Controller

Sang Hyun Bae' - Kang Hyeon Rhee'

ABSTRACT

For FA(factory automation) and ATE(automatic test equipment) in the industrial area, the standard bus needs
to increase the system performance of multiprocessor environment. VME(versa module european package for-
mat) bus is appropriated to the standard bus but has features of small package and low board density. Beside,
the density of board and semiconductor have grown to become significant issues that affect development time,
project cost and field diagnostics.

To fit this trend, in this paper, we composed Revision C.I{IEEE Std. P1014-1987) of the integrated environment
for the main function such as arbitration, interrupt and interface between VMEbus and several control modules.
Also the designed VME system controller is implemented on FPGA that can be located even into Slot 1.

The control and function modules are coded with VHDL mid-fixed description method and then those
operations are verified by simulation. As a result of experiment, we confirmed the most important that is the op-
eration of Bus timer about Bus error signal should occur within 56us, and both control and function modules
have the reciprocal operation correctly.

Thus, the constructed VHDL library will be able to apply the system based VMEbus and ASIC design.
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of Korea Science and Engineering Foundation(KOSEF) and
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1. Introduction

Improved productivity and management systematiz-
ation on the factory automation are the essential
factors in industry today. For the automation, almost
multiprocessing system is based on the bus architec-
ture because that is implemented easily and low cost.
Standard bus such as GPIB, Multibus, VMEbus and
VXIbus should be support to the implementation of
automation, whereas the choice method of bus is still
an open problem for the improvement of system per-
formance.

The basis of this goal, VM Ebus has several advant-
ages such as an extension of function and perform-
ance, a definition of accurate specification and a flex-
ible interface to 32 bit microprocessor, so VMEbus
can be used an overall industry area that necessitate
to automatize and systematize the measure equipment,
Also VMEbus has high speed of data transmission
and an excellent compatibility to each other system,
so that is widely used and stretched over from the
factory automation to military area. In a domestic in-
dustry area, the module development of measure and
control is progressed actively.- On the cost and re-
quirement technology, the development of function
module is easily implemented and has high level. But
the development of control module of the system op-
eration is relatively low level too.

Main function of system controller is an use arbi-
tration of bus and the management of interrupt, and
VME system is able to control intellectually the se-
quence of priority about the request of bus interrupt
for more efficiently use of bus and the interrupt man-
agement. Moreover, in the multiprocessing environ-
ment, each processor requires the interface module
that will able to operate the adaptable protocol of
VMEbus(1].

In this condition, VME system controller requires
the equipped several modules such as Arbiter that
arbitrates use of bus, Interruptor, Interrupt handler,

Interrupt daisy-chain driver, Bus timer that generates
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error signal at use of bus and Requester|2], [3]. And
the most of control modules are distributed through
several slots of VME system.

In this paper, according to these several particulars
requested, we designed the integrated VME system
controller. For the reciprocal operation correctly be-
tween both control and function modules, the oper-
ation of each module of VME system is coded with
VHDL mid-fixed description method and then synthe-
sized and implemented on FPGA. We also considered
the integrated environment of VME system controller
that can be located even into Slot 1.

The remainder of this paper is composed as follows.
In section 2, it is discussed the background summary
of VME systems. In Section 3, for the coding with
VHDL behavioral description, the operation of each
module of VME system is specified to fit the system
clock. In Section 4, VME control system coded with
VHDL description is synthesized and implemented on
FPGA, so investigated and analyzed the experimental
results. Conclusions are drawn and point to future re-

search directions in Section S.

2. Background of VME System

In this section, we briefly discuss the concepts of
VME system architecture[l], [3], operation and specif-
ication. With advanced semiconductor technology,
development of microprocessor should be the kernel
of electronic industry. Because the performance of
bus was not as improvable as the performance ability
of microprocessor. The performance evaluation of
system is influenced to the transmission ability than
the data processing ability.

In the later half of 70 years, the activity is began to
develop a new industrial standard bus that is to fit
the transmission ability with the advent of 32 bit mic-
roprocessor. So IEEE P896 committee was organized
then Versa bus is announced in 1979. VMEbus is ap-
plied Eurocard Package Format with Versa bus so

announced Revision A in 1981. As first announced,
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VMEbus was 32 bit bus that is the target to 32 bit
microprocessor and now, the present state of appli-
cation is Revision C.1{IEEE Std. P1014-1987).

The specification of VME system is described as

follows.

P 32 bit address/data

P Non-multiplexed address/data

P Asynchronous transmission method

P Max. transmission speed : 40 MB/sec

P data transmission unit: | —256 byte

P Interrupt : 7 stage priority order method

P Bus arbitration : 4 stage priority order/round robin

Like as above specification of VME system that is
composed of mainly two modules. One of them is
control module that controls and distributes bus, and
transmits data between each other module, the other
one is measuring and processing the installed modules
on system|4], [5].

The whole composition of VME system is shown in
(Fig. 1). System controller located on Slot 1 takes
charge of the several operation such as control, bus
distribution and data transmission of each module.
Controller has many core modules those are Arbiter

that arbitrates use of bus, Interrupter, Interrupt daisy-

Siot 01 Slot 02 Siot 03
Clock Driver Master Siave
f interrupt
' Handler lg!emory or /O
{ACK" Daisy evice
~chain Driver
Bus Tim: {Requester l 4 interrupter l

. Tt

/ﬁ ¥ ‘-ﬁ[i v *Da:Tmnsfer”Bus

INK3 A 4 Priority Intsrrupt Bus -

% Data Transfer Arbitration Bus -
' — iy oe

VMEbus
(Fig. 1) Block diagram cf VME system

chain driver, Bus timer that occurs error signal and

Requester that requests use of bus.

3. VME System Controller Design

Most recently, the structure trend of VME system
controller includes several modules such as over one
microprocessor, memory, basic I/O module and the
function of data processing by service on real-time
operation system[6}, [7].

As shown in (Fig. 1), VME interface modules are
located on Slot 2 and 3 those are added to system
controller located on Slot 1 through VMEbus. To fit
this trend, in this paper, our goal of design is dealt as
follows. Arbiter, Interrupt daisy chain driver and Bus
fimer on Slot 1, and Interrupt handler, Interrupter
and Requester on Slot 2 and 3, those are composited
to the integrated environment and will be set to the
standard Revision C.1{(IEEE Std. P1014-1987).

For the implementation of the integrated environ-
ment on FPGA located even into Slot 1. we coded
VME system by VHDL description of mid-fixed
method{8-10). Firstly, design is progressed by coding
of VHDL behavioral description about each control
and function modules. Secondly, those modules are
jointed into the block level by the structural compo-
sition. And then through the synthesis and verificat-
ion[11], the design is implemented on FPGA.

3.1 Arbiter

Arbiter that arbitrates use of bus of VME system is
composed of Single level arbiter, Priority arbiter and
Round-robin arbiter. It is described in (Table 1}
where, BR means that “bus request”. In this paper, we
consider only Priority arbiter because that is excellent
at the efficiency of bus arbitration.

According to 4 step priority order, Priority arbiter
arbitrates use of bus. In here, the condition of BCRL
signal generation should be also considered, where
BCRL means that “bus clear”. To satisfy this con-

dition, according to the present master level that waits
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for the requestion order, priority. order algorithm is
defined in (Table 2).

And the composition of Arbiter that arbitrates the
right of use of bus is shown in (Fig. 2).

{Table 1) Arbitration description

Arbitration type content Priority order
(SGL)Single Using only one bus BR3, BG3IN,
level arbitration | request level BG30UT
Allow the priority order,
.. when receive BR signal
(PRAPriority | o iher level, then BR3>BR2>
arbitration N BR1>BR0O
process the signal of
higher priority order
(RRS) Allow all request level
Round-robin to the same priority
arbitration order

{Table 2) The condition of BCRL signal generation

Pending bus request level
BCLR *STATE
3 2 1 0
3 1 1 1 1
Level of 2 0 1 1 1
Current Master 1 0 0 1 1
i} 0 0 (] 1

O=assert, 1=negate

In here, Arbiter permits use of bus(BGIN; after re-
ceived the requested bus(BR) from each master. The
blocks of BCLR_GEN generates BCLR signal that
stops use of bus when higher order is received to

compare the priority order between requested order

presently 1 e npewly. Because the operating is

dupticnis”’ i sion logic of priority order is using
_Juce the circuit size.

AL ... the logic of BCLR_GEN compares

IR .. . order presently and came newly for

the generation of BCLR signal. The remainder part is
the control logic for enabling DFF block. The pin
function of (Fig. 2) is described in (Table 3).

SYSCLK \|
SYSRESET SEL
BBSY

(Fig. 2) Block diagram of arbiter proposed

(Table 3) Pin definition and there operation specification
of (Fig. 2)

The bus request lines are used by each requester to re-
quest use of the DTB. They allow the arbiter to award
use of bus by driving a bus grant daisy-chain line low.

2‘:‘(’::) This low level propagates to down the daisy-chain,
typically passing through several boards in the process.
If a board never uses a particular request/grant leve!,
the signal is passed through that board.
Once a requester has been granted contro! of the DTB
BBSY by the way of bus grant daisy-chain, it drives BBSY
(bus busy) low. Then it has control of the DTB until it released
BBSY, the releasc of BBSY allows the arbiter to grant
the DTB to the some other requester.
The current master is not required to relinquish the bus
BCLR within any prescribed time limit. It can continue trans-

ferring data until it reaches an appropriate stopping
point, and then allow its on-board requester to release
BBSY.

(bus clear)

Where the board uses a request/grant level x, the cor-
responding signal BGxIN is gated on board. If its on-
board requester is currently requesting the DTB on
that level, it does not pass the fow level to its
BGxOUT. Otherwise, it is passed on the low level.

BGIN(bus
grant)

3.2 Requester

Requester receives the internal bus request signal
(DWD) form Interrupt handler or Master and then
sends bus request signal(BR3) to Arbiter for hand
shaking. In Revision C.I(IEEE Std. P1014-1987), it
supports 4 request level(BRx;x=1~3). In this paper,
we consider only BR3 and the composed Requester is
shown in (Fig. 3).
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pwe —»
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SYSRESET ——»

BR3
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| _» BBSY

L»DGB

r} BGxOUT

(Fig. 3) Block diagram of requester proposed

To observe the defined operation of each signal in
(Fig. 3), DGB is permitting the signal of use of bus
from Requester to Master and Interrupt handler.
Also DGB is defined by BGxIN(x=1~4) that is trans-
mitted about daisy-chain type from Arbiter. BBSY is
an acquainting signal and Requester is in use of bus.

According to negate the point of BBSY signal, it is
classified 3 algorithms such as RWD(Release-When-
Done), ROR(Release-On-Request) and FAIR Reques-
ter. By the way, we chose ROR method to negate the
BBSY signal when other Requester is drove after the
Master was negating DWB signal. And, for the flexi-
bility of this operation, we designed additionally the
logic circuit block that generates BBSY signal from
BRx signal. And VAS confirms that BERR may be high.

So it is easily operated about the abandoned use of
bus that linked the relation of all structural methods.
The timing of this operation is shown (Fig. 4).

o 1L
] S
sexm—u
assv——'———]___——
e L

(Fig. 4) Timing chart of requester

3.3 Interrupt system

In (Fig. 5), Interrupt system of VMEbus designed
is composed of the Daisy-chain driver, Handler and
Interrupter. Handler received IRQx from Interrupter
that located in function module, and then send
IPLO-2 to processor. Also Handler sends Interrupter

a related signal of interrupt such as STATUS ID and
DTACK those are generated by processor. Then
STATUS ID and DTACK arbitrate use of interrupt
to fit the priority order. After Interrupter. received
TACKIN signal that is transmitted from Daisy-chain
driver and then compares the interrupt priority order
that is sent by self.

interrupt System

ADDR—Y [iACk* Dey| [ interrupt interrupter | [ DTACK
A01-03 -} | chain handler L » A0t-03
BRx L DATA
SYSCLK [ L-DTACK
L_BERR
IACK 7y ¥ . e
IACKOUT mckin | IRax| feas
+4 - [ €~ SYSRESET
IRQ1-7 IACKOUT] 1ACK
l l I 1PLO-2 ! | Arbitrationsus
vYy

= ==

(Fig. 5) Block diagram of interrupt system proposed

Priority Interrupt Bus

If JACKIN signal and the interrupt priority order
are same then Interrupter operates the interrupt rout-
ine else, sends JACKOUT signal to next module.
Daisy-chain driver is operated by DS0 and IACK sig-
nal, and then IACKOUT signal is also negated when
AS signal is negated. IPL signal is wholly generated
by IRQ1~7 through Interrupt handler. For the gener-
ation of IPL signal, IRQ boolean equation is
presented in (Fig. 6). And STATUS ID is considered
only DSO0 signal using 8 bit.

IPL2 = “IRQ7+IRQ7- IAQ6+RQ7-(RQE-"TRQS+RG7-IRCE-RQ5RQ4
PLY = “IRQ7+IRGT- TIRQBHRQT-IRQE-IRGS-IRO4- TRQGHRQ7-IRNBARQS-IR04-IRQ3-TRA2
IPLO = “IRQ7+IRO7T-ROGIRQSHAQTRCERCSAR04- TRCB+IRO7-RQE-IRO5-RO4-IRQ3RA2TRA1

(Fig. 6) IPL signal generation

3.4 Bus timer

Bus timer generates BERR signal automatically
when the decided bus timing is over and then sends
BERR signal to the system module that uses bus for

prohibiting the occurring deadlock. That is, master



board starts VMEbus cycle, at that time, Bus timer is
drove and then it must finish VMEbus cycle. In this
paper, we designed Bus timer that is operated on
16MHz that is divided 32MHz system clock by 2.
This is shown in (Fig. 7).

8bit counter 4bit shift register

16Mhz
CLK 62.5Khz

oso_Ag 1

(Fig. 7) Block diagram of bus timer

BERR

Firstly, for BERR signal generation, we used 8 bit
counter to divide the system clock by 256 and so 62.
5KHz is generated. Again using 4 bit shift registers, if
AS signal is low continually during 56us then Bus
timer is driving BERR signal and master board must
stop VMEbus cycle. And DSO signal is used be con-
trol signal to monitor the state of use of bus. This op-
eration of condition characteristics is described in
(Fig. 8).

1. Start of Timer is that VAS is drove on time.
2. If Time out signal is oocurred, BERR is driving.
3. BERR is driving continually until VAS will be high.

(Fig. 8) Timer operation of condition characteristics

4. Design Implementation and Experimen-
tal Results

In this section, we designed VME system controller
for the integrated environment on Slot 1 to fit Re-
vision C.1(JEEE Std. P1014-1987). VME system con-
troller designed is simulated using Intergraph ECAD
tools after VHDL coding with mid-fixed description
method, and through synthesize and verification then
implemented on FPGA.

VME AJAE] HIO{710] FPGA 381 2919

VHDL bahaviorsl coding
T [ of each control module , *
[ Senstion ]
Front-end design
by Intergraph ECAD tool @
good
Schematic circult
( of sach control module
3
[ VHOL structursl coding with J
schematic circult of sech control module
L]
good
[__Generic Synthesis |
\ EDIF Net-el ganeration
A s
Backenddessn  [nechepmemm] |
by Cypress ECAD tool
b Cerere ]
VME system controller on FPGA
(Fig. 9) Design flow chart for VME system controller pro-
posed

First of all, as front-end, we partitioned each con-
trol modules into the functional blocks then simulated
after described with VHDL behavioral coding. Then
each control modules are synthesized after behavioral
verification. As next stage, all of the synthesized
modules of the schematic circuits are coded VHDL to
the relationship of structural connection again. The
structural description coding is synthesized after
structural verification, and then the schematic circuit
of the designed VME system controller is generated
with EDIF net-list. Lastly, as back-end, we implem-
ented this net-list on FPGA using Cypress library of
WARP 3 tool. This design flow chart is shown in
(Fig. 9).

Simulation is proceeding to 2 times functionally,
each other control module that is the functions of bus
arbitration and interruption. In (Fig. 10), simulation
of bus arbitration of Arbiter is represented. As a re-
sult, the correct priority order is defined as Requester
signal(BR) of the other level and BCRL signal is
drove to fit the priority order algorithm.
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(Fig. 10) Timing chart of bus arbitration

As another result, BERR signal is drove when DS
signal is not negated for 56us through the states(DSO0,
DS1) of Bus timer in (Fig. 11). And Arbiter circuit
synthesized is shown in (Fig. 12). In the operation of
interrupt duration, timing chart of Interrupt handler
is shown in (Fig. 13). And the interrupt duration is
started when Interrupter handler is receiving the re-
quest signal(IRQ) from Interrupter. Within the inter-
rupt duration, we confirmed that if the permission
signal of -interruption(DWB) is going to Requester
then processor is sending STATUS ID to Interrupter
after receiving use of bus permission(BR, BGIN).
And part of Interrupter circuit synthesized is shown
in (Fig. 14).

i '-r)aoooa-.—

(Fig. 13) Timing chart of interrupter

As a result of implemented on FPGA, it necessit-
ated the number of 412 cells and 36 FFs on Cypress

—rec_ e

= —
e *‘ g : % %

(Fig. 11) Timing chart of bus timer
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(Fig. 14) Schematic circuit of interrupter

7C382A. The compared characteristics of VME sys-
tem controller between the typicalness and implement-

ation is shown in (Table 4).

VME AIAH Xil0{7/9f FPGA 7181 2921

In (Table 4), The implementation of VME system
controller is satisfying thus the result of this paper
will be customize to ASIC afterward.

5. Conclusion

In this paper, we integrated the modules of VME
system controller which are laid on the Slot 1 or other
scattered Slots. And most modules of VME system
controller are designed and implemented on FPGA
one-chip even into Slot 1. VME system controller is
behaviorally and structurally coded with VHDL mid-
fixed description method. And through the verification
that is considered with the reality delay time of synthe-
sized circuits, we confirmed that the function of each
module has correct operation. Especially, bus error
signal is correctly occurred within 56us. The designed
system is satisfied with Revision C.1(IEEE Std P1014-
1987) for VME system controller. And this design can
be the construction of general library. Thus, on ASIC
design using a result of this paper, it can reduce the

error, cost and time of design so widely apply to the

(Table 4) Comparison between typical and the implementation of this work

Item Typical This work Remark
Arl.)lter ) . Arbiter
Dmsx chain driver Slot 1 Daisy chain driver
Bus timer Bus timer ) )
Control and Satisfaction of the
functi dul Interrupt handler Interrupt handier Siot | Integrated Environment
unction modules Interrupter Slot 2 | Interrupter(Slot 2) &
Requester Requester
Interrupter Slot 3 Interrupter(Slot 3)
System clock Above 20MHz 32MHz High speed
Single level Arbitration
Arbitration Priority Arbitration Priority Arbitration Excellent
Round robin Arbitration
Error detection BERR signal Use of BERR signal Possible
Occurred ti ¢ While DS0 and DS1 are not
ourr X ime o 56 us 56 us negate, BERR signal is drove
BERR signal
correctly.
Specification Revision A Revision C.1(IEEE Std. P1014-1987) | Newly revision




2022 SIZERDKEIEE =X Head M 1155(97.11)

system based VMEbus.
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