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ABSTRACT

A multiprocessor system based on 32 digital signal processors (DSPs) has been
designed to meet the demanding computational and control requirements of an
apparatus (for studying the mechanical and optical properties of single living muscle
cells) containing a very-high performance micro-robot and a 3-D laser scanning
microscope. A novel architecture has been developed to resolve some of the
drawbacks encountered in loosely and tightly coupled systems, as well as offering a
fast 1/0 interface. Each processor has a separate parallel path to every other
processor via dual-port memory. The fully configured system provides 1 Gflops
(theoretical maximum) of 32-bit floating-point performance and 5 Gbps 1I/0
capability.
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RESUME

Un systtme a multi-processeurs basé sur 32 processeurs pour signaux digitaux
(DSPs) fut développé pour satisfaire la demande pour exécuter les calculs et le
contréle requis pour un appareillage (pour étudier les propriétés mécaniques et
optiques de cellules d'un muscle vivant) contenant une paire de micro-robots a trés
haute performance et un microscope a balayage optique en 3 dimensions par rayon
laser. Une nouvelle architecture fut développée afin de résoudre quelques lacunes
observées dans les systemes avec couplages relachés ou serrés, tout en offrant une
interface rapide d’entrées et de sorries. Chaque processeur bénéficie d'un acces
paralléele aux autres processeurs & travers des modules de mémoire permettant des
acces simultanés par les deux cOtés du module. Le systéme entier peut offrir une
performance jusqu'a un milliard d’opérations de 32 bits a point flottant par seconde
(maximum théorique) et jusqu'a 5 milliards de bits par seconde pour les entrées et

sorties.
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GLOSSARY OF ABBREVIATIONS

a - Relative cost of memory and dual-port module respectively to the cost of DSPs
A/D - Analog-to-digital

AND - AND logic

ASIC - Application specific integrated circuit

b - Relative cost of memory and dual-port module respectively to the cost of DSPs
bps - Bits per second

CAS - Column address strobe

C, - Cost of one dual-port module
C, Jo ° Input/output capacitance

C, - Cost of memory

C, - Cost of one digital signal processor
C, - Cost of the system

D/A - Digital-to-analog

DIP - Dual-in-line package

DMA - Direct memory access

DPM - Dual-port module

DPMI - Dual-port module interface
DRAM - Dynamic RAM

DSP - Digital signal processor

EDAC - Error detection and correction
EIA - Electronic industries association
EOC - End of count

flops - Floating-point operations per second
G - Giga

Hz - Hertz

IC - Integrated circuit

IDT - Integrated Device Technology

I, . - Input high current

1,, - Input low current

1S - Interrupt identification scheme
I,, - Input load current

1/0 - Input/output

1__ - High-level output current
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GLOSSARY OF ABBREVIATIONS

1 - Low-level output current

ol
K - Kilo
M - Mega

ms - millisecond

MSB - Most significant bit

MTBF - Mean time between failures
MUX - Multiplexer

N - Number of DSPs in the system
NAND - Negative AND logic

NOR - Negative OR logic

ns - Nanosecond

OR - OR logic

PAL - Programmable array logic
PCB - Printed circuit board

pF - Picofarad

PLCC - Plastic leaded chip carrier
R - Read access time

RAM - Random access memory
RAS - Row address strobe

ROM - Read only memory

R/W - Read/write
SCD - Static column decode
SCR - Serial control register

SLM - Scanning laser microscope
SMT - Surface mounted technology
SOIC - Small outline integrated circuit
SRAM - Static RAM

T - Expected or desirable throughput

bee - Access time

t‘.lcc - New access time

T, - Processor throughput

t.a - Propagation delay

t'.a - New propagation delay

ix



( GLOSSARY OF ABBREVIATIONS

L ny - Propagation delay time. high-to-low output
t,.n - Output enable time
T, - System throughput

t, o - Set-up time
uA - Micro-Ampere
V - Volt

Vce - Supply voltage (+5 volts)
W - Number of wait states or write access time
ws - Wait state

XOR - Exclusive OR logic
/ - Indicate negation as for /AB16 used in PAL equations (AB16 = 0)

( * Signals and IC numbers have not been included in the glossary of abbreviations
and syinbols. X



CHAPTER ONE
INTRODUCTION

1.1 Environment

The development of the parallel processor was motivated by the substantial
computation and control requirements of our laboratory. The laboratory includes a
scanning laser microscope (SLM) which is capable of very high resolution, low noise,
and quantitative 3-dimensional optical measurements on single living muscle fibers
[1]. The apparatus includes two high performance 3-axis micro-robots which perform
mechanical experiments on the fibers during imaging [2]). Each micro-robot has 6
actuators each of whicli must be controlled with a bandwidth of 100 kHz using
nonlinear digital control schemes. The 10’ dynamic range of the micro-robots’
displacement requires high-speed 32-bit floating-point and computation.

1.2 System requirements

The system must be flexible and capable of high performance. Flexibility is
attained by software. thus the system must be programmable. High performance at
reasonable cost can be achieved with multiple processors. The system must be able
to deal with long and complex algorithms in real time. A solution to these
requirements is to provide a communication pattern between processors so that
multitasking and partitioning are possible. This leads to consideration of parallel
supercomputers [3]. Because our applications require high rates of memory access,
and since contention problems result in bottlenecks in shared memory systems, a
sufficiently large independent memory must be dedicated to each processor in order
to minimize processor wait-states due to the contention problem. The same problem
arises with interprocessor communication. Our solution involves a  novel
architecture [4]|5] that does not require bus arbitration logic (see Figure 1.1). New
dual-port RAMs (random access memory) offer many features necessary in
interprocessor communication. It is feasible to design communication modules which
include access arbitration logic, sufficient buffer area, as well as interrupt
facilities.Such a scheme provides a fast and efficient solution for interprocessor
communicaticn and signalling, without the drawback of 'Iong communication times
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CHAPTER ONE - INTRODUCTION

associated with loosely coupled systems, or the contention problem associated with
tightly coupled systems. The interprocessor communication must be efficient. tne
system must allow broadcast and multicast options. Also zero wait-state memory
accesses must be performed in order to maintain the high throughput of the
processor.

Dual-port Module [0,1]
Dual-port Module {1,31]

Dual-port Module [0,31]

Piggy-back 31

Interface Board

Figure 1.1 - Architecture of the parallel computer.
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CHAPTER ONE - INTRODUCTION

Being an experimental system, it must be flexible to adapt itself to a changing
environment. Finally, the 1/0 subsystem must provide a large number of high speed
input and output channels in order to swpport open and closed loop control
schemes. It must also provide flexible mechanisms to control A/D and D/A
converters without compromising the processor’s computing performance.

1.3 Existing computers

Several existing computer systems have the required peak performance of |
Gflops. Reference [35) surveys the main characteristics of these supercomputers.
The Cray 2 [36]. the Cray 3, the ETA-10 [37], the IBM GF-11 [38]. and the Cedar
[39] offer, when fully configured. peak performances of 2 Gflops, 16 Gflops, 10
Gflops, 11 Gflops. and 3.2 Gflops respectively. The NCE SX-2, the Hitachi S-810
[40]), and the IBM RP3 [43] achieve peak performance of 1.3 Gflops, 840 Mflops, and
800 Mflops respectively.

Looking at the peak performance alone is not sufficient. For our purposes a
multiprocessor system is preferable to a uniprocessor. This is mainly dve to the fact
that a system involving many processors allows more flexibility towards modular
expansion and configuration. The initial cost can also be much lower. Much of the
above mentioned computers have a low number of processors to reduce the
contention problem. Only the IBM RP3 and the Cedar computers can afford many
processors through the use of special interconnection networks, distributed memory,
and/or hierarchical schemes. Many other multiprocessor systems are available but
provide far less performance.

Unfortunately, high-speed processor operations alone are not sufficient for ihe
intensive 1/0 multiprocessing required by our real-time environment. A configurable
interface able to communicate with up to 512 external A/D and D/A converters is
of prime importance. Since our system will be aimost entirely dedicated to real-time
applications, the number of I/O channels must be sufficient to match with the high
computational performance of the computer. It seems that current systems offering
the required computational facilities, lack 1/0 throughput performance. Some 1/0
architecturss of new parallel computers indicate a clear trend in demanding higher
1/0 bandwidth. For example, 40 peripheral devices can be attached to the Cray 2.

3
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CHAPTER ONE - INTRODUCTION

Another modem supercomputer, the Convex C-1 [41][42], has five intelligent channel
control units able to support up to 80 channels. However, these computers lack the
throughput performance (input-computation-output lag) required for real-time
control.

Since existing computers with the required peak performance are unable to
support our I/0O requirements. a new architecture based on 32 high-performance
floating-point DSPs. a fast and efficient interconnection network, a distributed
memory scheme. and a powerful I/O subsystem has been developed and is presented
in this thesis.

1.4 Overview

The following chapters constitute an expanded version of a paper we submitted
to IEE Proceedings Part G: Electronic Circuits and Systems. This thesis describes
the main steps in the digital design of a parallel supercomputer based on a novel
fully connected architecture. Several parts of the design phase were omitted in
order to keep the description as clear as possible without getting too technical,
although detailed descriptions of the most important design concepts at strategic
portions of the computer are given. Detailed schematics and PAL (programmable
array logic) equations are provided in the Appendices for reference. Timing diagrams
are not included since too many of them would be required. Calculations for the
current driving capabilities (fan-in and fan-out), capacitance, and timing
characteristics have been carefully checked. The strategic parts of the circuits have
been tested experimentally except for the DRAM (dynamic RAM) interface. All PAL
equations have been verified by simulation except for the timing controller and the
bus/EDAC (error detection and correction) controller. The multiplexers described in
Section 5.4 have not been included in the schematics in order to simplify the
circuit and to avoid the possible drawbacks described in Section 5.5.1. This involved
a slight modification in the synchronization circuits of the 1/0 channels.

The bus connecting the 1/0O subsystem, the external registers, and the
interface board to the processor, is referred to as the 1/O or secondary bus. The
bus joining the connection bus and the local SRAM (static RAM) memory to the
processor, is refered to as the primary or memory bus. The bus connecting the DSP

4
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CHAPTER ONE - INTRODUCTION

(digital signal processor) board to the dual-port modules and the expansion board, is
referred to as the connection or communication bus. The dual-port module is
referred to as the connection module in reference [S5].

The main innovations of this computer are: (by order of importance)

(1) The interprocessor communication scheme

(2) The multicast system

(3) The multiplexed interrupt identification scheme
(4) The reconfigurable 1/0 subsystem

(5) The serial control block

(6) The memory re-allocation feature

(7) The initialization program preload circuitry
(8) The automatic switch for DRAM access

Chapter 2 describes briefly the choice of the processor. A short analysis of
the system cost versus the throughput is also included. This chapter ends with a
short description of the design philosophy, the different boards, as well as an
initial description of the DSP board.

Chapter 3 is divided into two parts. The first section deals with the dynamic
RAM interface which is not part of the basic computer system. A relatively
detailed description of this part of the design was mandatory to determine the
signals required by the connection bus for interfacing a memory expansion module
in the future. The second part deals with a zero wait-state local memory module
implemented with static RAMs. Emphasis is given to the memory interface which
permits zero wait-state accesses in all cases.

Chapter 4 describes the main parts of the DSP board. Chapter 5 deals with
the 1/0 subsystem. The dual-port modules are described in some detail in Chapter
6. It consists mainly of the dual-port module interface and the dual-port RAM itself.
Consideration is also given to access time requirements.

Chapter 7 describes the board which links a MicroVAX to the system. The
interface board itself only performs the handshakes with the MicroVAX for
exchange of information. and provides a temporary buffer area. A DSP is assigned
as a communication processor and brings some intelligénce to the interface.

5



CHAPTER TWO
BASIC SYSTEM

2.1 Digital signal processor

The choice of the processor is an important aspect to consider since it
represents the heart of the system. It must be flexible enough to incorporate
improvements. Many DSP techniques are still developing. and therefore their
algorithms tend to change. This implies that DSP systems need to be programmable
to accomodate revised algorithms. It must support 32-bit floating-point arithmetic
and provide high computing power. It must support direct memory access (DMA) on
the memory bus. The command library should be complete, and external interrupt
facilities must be provided. Ideally. the processor should have separate address lines
in order to avoid the complexity of multiplexed buses and the delay involved in
such schemes. Also, it should be able to address a sufficiently large amount of data
and instructions. Finally. an 1/0 bus should be provided to reduce the memory bus
traffic when 1/0 channels are accessed. A high level language with appropriate tools
such as an optimizing compiler. linker, and simulator must be available on an
appropriate operating system to lower the system software development costs.

Many alternatives are offered to the designer. The custom IC (integrated
circuit) approach yields the fastest throughput but at the expense of flexibility.
system fault tolerance. expandability, cost and design time. Array processors have
long been the accepted solution for the research laboratory. However. as integrated
circuit technology has matured. digital signal processing has migrated from the array
processor to the bit-slice processor to the single-chip processor.

Texas Instruments (TI) TMS320C30 is an example of a single-chip digital sigral
processor [6] that meets our requirements by providing 32-bit 33 Mflops (million
floating-point operations per second) performance. a 16 Mword address space. four
external interrupts. and two independent parallel buses. It is also programmable in
the high-level language C. - a factor that lowers system software costs and
shortens design time. Unlike conventional von Newmann architectures. the Harvard
architecture of the TMS320C30 uses a dual-bus design for parallel fetching of code
and data to support high-speed complex arithmetic. It is also one of the best DSP
chips in the market today according to [7].

6




. We had initially decided to use AT&T"s DSP32 (8 Mflops) in our design. Indced
we thank AT&T for a generous donation of 8 DSP32’s together with a development
system and extensive software. However the DSP32 had numerous deficiencies and
was therefore abandoned in favour of the TMS320C30. The design of our parallet
computer was facilitated considerably by a non-disclosure agreement with TI which
resulted in us receiving detailed timing data as they became available.

2.2 System cost vs throughput
The cost of the system must be taken into account prior to the design phase.

The throughput expected and the price of the main components should be
considered before choosing the structure of the parallel computer. Let us define:

C, : cost of the system

C, : cost of one digital signal processor
C, : cost of memory

C, : cost of one dual-port module

N : number of DSPs in the system

For a typical tightly coupled parallel computer:
¢, =C + NC.

In terms of processor cost:

C, =aC, and C;, = bC,, a and b being the relative cost of memory and dual-
port module respectively to the cost of a processor.

Then C, = (a + N)Cp.
For the present system:

C, = NC, + NC + [[N(N - D]2]C,
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CHAPTER TWO - BASIC SYSTEM

C, = NC,[@a + 1) + [(N - 1)/2)}b).

It should be noted that the price of the proposed system increases faster than
for a shared bus and memory computer mainly due to the cost of dual-port
memories. Now. if we define:

T, : system throughput

T, : processor throughput

T : expected or desirable throughput,
then the throughput of the present system can be defined as:

T, = NT,.

For a typical system. with a bus utilization or a main memory access rate of
0.25. C, can be determined by (a + N)Cp for0 < T < STP. A sophisticated cache
scheme can be implemented to reduce the bus utilization, thus increasing N, but
maximum performance is only obtained with perfect synchronization between all
processors in accessing the bus. which is a complex and almost impossible task to
perform. Also, the cache will not avoid all bus accesses. Past experience has
demonstrated that a relatively small number of processors can be connected to the
same bus in order to obtain reasonable performance.

The proposed architecture does not face this problem. The total number of
processors has been restricted to 32 for reasons of cost and design parameters.

With 32 DSPs. the partition of C, is as follows:

Cost ¢ processors = NCP = 32 C
Cost of local private memories = NC, = a * 32 C
Cost of dual-port memories = [N(N - 1)/2]C, = b * 496 Cp.

Figure 2.1 shows the relation between the cost per flops for the two
architectures. )
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CHAPTER TWO - BASIC SYSTEM

Cost per Flopsﬁ
' | ‘/Presem System

Typical System

Throughput >

Figure 2.1 - Cost per flops for both architectures.

2.3 Design philosophy

In designing the parallel supercomputer. we always kept in mind that speed
should be maximized. Special techniques and devices with short propagation delays
have been chosen. Although we have tried to simplify the circuits as much as
possible. the resulting PCBS$ are still complicated. To reduce this complexity.
extensive use of PALs has been adopted. There are four reasons for this: Firstly.
the input/output delay is constant. even for very complex combinatorial functions,
since the internal structure of PALs is always two-level. Any change within the
same device does not affect system timing. Secondly. at the prototype level. possible
combinatorial design faults can be often dealt with without modifications to the
PCB. provided the missed or unwanted signals are already used in the same PAL.
Thirdly. with PALs the structure of the PCB becomes very regular. And fourthly.
the use of PALs greatly reduces the number of ICs. thus reducing the PCB layout
complexity. We also selected ICs that are available in surface mount technology
(SMT) well appreciated for their small package.

Finally. the design was made flexible to adapt to different environments. Cost

9



CHAPTER TWO - BASIC SYSTEM
and power consumption were also taken into account.

2.4 Circuit boards

In order to build the basic system, five different types of boards had to be
designed: The DSP board constitutes the computing power of the system and was
also the most complex board to design: The local memory board was straighforward
to design since it consists of regular arrays of high-density static RAMs; The 1/0
interface board was relatively complex since it had to be flexible enough to
interface to a wide variety of A/D’s. D/A’s, and other 1/0 devices. The dual-port
module is the smallest board in the system and was relatively easy to design: And
finally. the interface board which provides the means of communication between the
MicroVAX and the system required a moderately complicated design.

If the whole system is populated (excluding any expansion boards), 32 DSP
boards. 32 local memory boards. 32 1/O subsystem boards, 496 dual-port modules.
and one interface board would be required.

For possible future expansion of the system memory a sixth board. called the
expansion board. containing DRAMs with an EDAC has been designed.

2.5 DSP board

| 1O Subsystem Je—»{ Plant |
[

DSP BOARD iggy Back Board

| Interrupt Circuitry |

[ Multicast System | Wait State Generator | | |

System Bus Interface |

Select lines

Connection Bus

| Dual-Port RAM Modules | | Expansion Board |

Figure 2.2 - Simplified block diagram of the DSP board.
10
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CHAPTER TWO - BASIC SYSTEM

Surrounding the TMS320C30 is the circuitry required to support the processor.,
The DSP board provides processing capability, the multicast system, external
interrupt circuitry. decoders and external registers, and connection bus interface.
The simplified block diagram is shown in Figure 2.2.



CHAPTER THREE
MEMORY

Two 1Kx32 bit blocks of single cycle access internal RAM are available to the
programmer. To expand the size of zero wait-state memory, a SRAM block can be
added on the piggy-back board adjacent to the DSP board. Up to 512Kx32 bit of
additional SRAMs can be implemented on this adjacent board. For larger amount of
local memory. DRAMs must be considered. In this case wait-states will exist. despite
the fact that special access modes are implemented to minimize the access time.
DRAMs will normally be implemented on the expansion board. This board would
contain all the DRAM interface and up to 16 Mwords of DRAMs divided in a section
of 4 Mwords and another section of 12 Mwords. Since the expansion board can be
used to extend the local memory or to add a co-processor. both alternatives must
be considered in designing the system and to provide an appropriate connection bus
interface. The next sections describe the DRAM interface which will be used as an
indicator of the required signals that must propagate through the connection bus.

3.1 Dynamic RAM interface

A refresh timer. memory timing controller. DRAM controller, memory driver.
static column detector. DRAM output latches, syndrome latch. and a fault tolerant
system implemented with an EDAC (Error Detection And Correction) constitute the
DRAM interface [8] as shown in Figure 3.1.

3.:.1 Refresh timer

The refresh timer is used to signal to the timing controller that it should
execute a refresh cycle as required by the dynamic memory. Design and operation of
the DRAM allow only one row to be refreshed at a time. Typical 1Mx1 bit DRAM
has 512 rows that must be refreshed every 8 ms. The array is actually 1024 rows by
1024 columns, but it operates electrically like two half arrays of 512 rows by 1024
columns. During refresh. every row is treated as if it runs through both halves of
the array. refreshing 2048 column locations (bit cells) per row. This design results
in fewer refresh cycles required to recharge the entire’ array.

12



CHAPTER THREE - MEMORY

Many alternatives exist to perform this task. Refresh can be performed in
either a single burst of 512 consecutive refresh cycles, or distributed over time, one
refresh cycle every 15.6 microseconds on average. Since the TMS320C30 is not able
to reach the DRAM during refresh cycles. we opt for the distributed option since
we must avoid requiring the DSP to wait too many cycles in time critical sections

of code.

7 - DRAMs
Refresh Memory DRAM Memory
Timer Timing .I Controller Driver _.l Address
Controller |, F y WL »! RAS/
I CAS
Control ontrol 4 Mwords Address
Register gic Block Selector
[
¢ T -
Static Column | | v L-r DRAM
Detector < EDAC | Output | g Output
7 Y Latches
SRAM Address
Comparator - Syndrome
< | Latch
Dual-Port RAM Q
Address Comp. | Check
${ Bits
TMS320C30 < - —» R/W

* ? ‘Memory Data Bus L
Address | lnput

Figure 3.1 - Block diagram of the DRAM interface.
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CHAPTER THREE - MEMORY

The IMxI1 bit DRAM can be refreshed in three ways: RAS (row address strobe)
only refresh. CAS (column address strobe) before RAS refresh, and hidden refresh.
The hidden refresh permits the data to be valid at the output during refresh. Since
the DRAM interface uses DRAM output latches, hidden refresh is not considered.
RAS only refresh has been adopted since it is the easiest to implement. It requires
a row counter which is included in many DRAM controllers [9]. Memory scrubbing
[10) has not been implemented because of the complexity in the design involved
compared to the improvement in the fault tolerance. The flow-through policy has
been adopted instead.

The refresh timer is based on a 22V10 PAL [l1]. The SN74ALS6300 input
selectable refresh timer from Texas Instruments [12] could have been selected but
we felt that the PAL solution offered more flexibility. The device is driven by HI. a
clock provided by the TMS320C30 that runs at 16.5 MHz. The 33 MHz system clock
has not been selected in order to simplify the program for the PAL and because the
H1 clock provides a better timing reference for the memory accesses. The device
sends a REFREQ (REFresh REQuested) signal every 160 clock cycles. The division
rate of 160 (which should be adjusted with the DRAM interface used) provides extra
time for timing arbitration in the memory timing controller. When the refresh is
complete. the memory timing controller sends a RFC (Refresh Complete) signal back

to the refresh timer.
3.1.2 Memory timing controller

A programmable logic sequencer such as the PLSI05 [l[] is configured as a
state machine. The timing controller is initialized by taking the reset input low.
From the initialization state (state 0). the timing controller can perform either an
access. a refresh cycle. or remain at state 0 depending on the signals STRB. DP.
STATIC. H1. and REFREQ. STRB is active when the processor accesses the DRAMs.
the SRAMs. the dual-port RAMs, or the expansion board. The timing controller
assumes that it is a DRAM access when STRB is active and if DP and STATIC (the
dual-port and SRAM access strobes respectively) are not active. A bit (MEM) is
provided in an external register (DRAM control register) to indicate to the timing
controller that the expansion board is used as memory. The refresh timer is
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synchronized by HI.

The timing controller performs the refresh cycle, requested by the refresh
timer through the REFREQ signal, immediately if the TMS320C30 is not doing a
DRAM access. If the controller is performing a DRAM access, the refresh cycle will
be delayed until the access cycle is complete. If the controller is asked to perform
an access cycle during a refresh. the access cycle will begin immediately after the
refresh cycle is complete.

To indicate to the DRAM controller which task to perform, the memory
timing controller sends four signals which will be explained in the next section. It
also controls the latch enable (LATCH) of the DRAM output and syndrome latches.
as well as a part of the EDAC. mainly to enable (OEDATA) the correct vnlue after
the first successive read in the DRAM address after the ERR (error) flag has been
active.

The memory timing controller can support two DRAM portions: A 4 Mword
DRAM part and a 12 Mword DRAM part situated on the expansion board at the end
of the connection bus. A 4 Mword block selector indicates to the timing controller
through SELECT that the 4 Mword block is accessed. The 4 Mword block selector
permits allocation of the extended memory to any of the four positions in the 16
Mword memory map. The optional extension of up to 12 Mwords of DRAMs
indicated by MEM can have the same or a different number of wait-states when
accessed. The DRAM control register provides two lines, namely WS0 and WSI,
which indicate to the timing controller the number of extra wait-states relative to
the 4 Mword DRAM part, that must be added when the extension DRAMs (SELECT
high) are accessed. When both lines are low, the extension memory is accessed at
the same speed as the 4 Mword part. Up to 180 ns can be added to the access time.

The memory timing controller provides the timing requirements in accessing
the DRAMs. Because a hierarchical memory structure can be adopted with a large
slow access (100 ns) DRAM and a relatively small fast access (25 ns) SRAM blocks.
fast DMA transfers must be performed between the two levels to ensure that the
instructions and data words are available soon enough to guarantee no wait-state
access cycles. Three types of DRAM access are available beside the normal access
mode, nam:ly the page. nibble. and static column decode modes. They all provide
high-speed access to the DRAMs. Depending on the mode selected, a different 1Mx|
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CHAPTER THREE - MEMORY

bit device must be chosen.

Nibble mode allows the highest rate by cycling the CAS clock while holding
the RAS clock active. Intemnal row and column address counters increment at each
CAS cycle. thus no external column addresses are required. unlike the other modes.
After cycling CAS three times in nibble mode. the address sequence repeats and the
same four bits are accessed, in serial order. upon subsequent cycles of CAS.

Normal Access
i
Access
Fast
Burst Mode or SCD/Fast Access Access
Automatic Mode

Figure 3.2 - The three selectable DRAM access modes.
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Page and static column modes allow access to any of 1024 column locations
on a specific row. In both modes, the RAS signal is held low. The CAS signal
fluctuates between high and low for each access in page mode while it is held low
in static column mode resulting in less noise.

States | MC1 | MSEL} RASI| CASI| READY | RFC { LATCH | OEDATA

STO HIGH | LOW| HIGH HIGH] HIGH | LOW| LOW | HIGH
ST1 HIGH { LOW| LOW| HIGH HIGH | LOW| LOW | HIGH
ST2 HIGH | HIGH LOW| LOW| LOW | LOW| HIGH | HIGH
ST3 HIGH | LOW mcj HIGH HIGH | LOW| LOW | HIGH

ST4-S | LOW | LOW| LOW| HIGH HIGH HIGH LOW HIGH
ST6 HIGH | LOW| HIGH HIGH HIGH LOW| LOW HIGH
ST7 HIGH | HIGH LOW LO\:'J .OW LOW| HIGH | HIGH

ST8-14 | HIGH | HIGH LOW| LOW| HIGH LOW| LOW HIGH
ST15 HIGH { LOW HIG!i HIGH LOW LOW! LOW LOwW
STl6 HIGH | HI LOW! 1LOW! LOW LOW! LOW LOW

Active LOW| LOW| LOW HIGH HIGH | LOW

TABLE 1 - Logic Levels of the Signals Generated by the Memory Timing Controller.

* Note: It might be necessary to add states to compensate for the propagation
delay through the DRAM interface.

Since the nibble mode can only access a maximum of four bits, and because of
the noise problems involved in page mode, static column decode has been adopted.
To perform static column decode ([13], the row address must be checked. A
74ALS6310 static column and page mode detector [14] compares the new with the
last DRAM row address and indicates to the timing controller throngh the HSA
signal if a fast access can be performed. While in the fast access mode (static
column). the memory timing controller assumes that the next DRAM access will be a
fast access and keeps both RAS and CAS low. Since the access cycle is reduced by
about half in the fast access mode (burst mode). a penalty of one extra wait-state
compared (o the normal access mode is imposed when leaving this SCD mode due to
the RAS precharge time. The timing controller might leave the fast access mode
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Normal Accoss Mods

(RW=1)

\C]
BDAC Resd is Normal

Access Mode

Normal Access Mode
with extrs wait states
I

Yes
bW )

J No wweend Yes Ya_ o
(L) ()
Burrt-mode with extra wait states
( Figure 3.3 - Flowchart of the different operations of the timing controller.
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when the row address is not the same as the previous DRAM access or when a
refresh must be performed. It is thus better suited to perform normal accesses only
when random accesses on DRAMs are predicted. A static column decode switch is
provided in the DRAM control register to disable high-speed accesses. To prevent
the programmer from switching from normal to fast access. by changing the SCD
switch frequently. an automatic mode (AUTO) is provided to allow the system to
switch between both modes without the user’s intervention. Figure 3.2 shows the
difference between the three DRAM access modes.

For more clarity. the flowchart in Figure 3.3 indicates the different operations
of the timing controller. Table 1 shows the logic level of outputs MC1, MSEL. RASI.
CASI. READY. RFC, LATCH. and OEDATA for the different states.

CASI for states 8 and 16 could be changed to "1” to adapt the system to page
mode. The four signals MCI., MSEL. RASI, and CASI are explained in the DRAM
controller section. The READY is connected to the processor via an AND gate.
During a DRAM access. the TMS320C30 will wait untii READY is low.

3.1.3 Dynamic RAM controller

The DRAM controller is based on the TI 74ALS6301 [15]. This device is capable
of controlling any DRAM up to IM bits. It typically operates in a read/write or a
refresh mode. During normal read/write operations. the two signals RASI and CASI
are activated by the memory timing controller to strobe the row and column
addresses which are inultiplexed by the DRAM controller and sent to the DRAM:s.
MSEL from the timing controller selects the row or column address. In this mode,
the timing controller keeps MC1 high. MCO is tied to ground making refresh with
scrubbing and clearing the refresh counters impossible to perform. Since RAS only
refresh is considered. a transition of MCI to a low level is sufficient to perform
the refresh without scrubbing. Refresh cycles are conducted using the internal row
counter in the DRAM controller to generate the addresses. In this mode all RAS
outputs are active while the four CAS outputs remain high. Since one DRAM
controller can be interfaced to four memory banks of | Mword each. address lines
AB20-21 ccnnected to SELO and SEL1 determine which RASn and CASn are
activated. and thus which bank is accessed. With the 744156301, the refresh counter
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is incremented at the rising edge of RASI. Since the TMS320C30 processor has
separate address and data buses. the input latches are left tranparent by tying the
latch enable (LE) input at Vcc.

3.1.4 Memory driver

All outputs of the DRAM controller can drive up to 12 mA (I , ). Because each
RAS and CAS lines drive a maximum of 1| Mword while the Q outputs (address
lines) drive 4 Mwords of memory. to maintain maximum performance in a 32-bit
system with parity. a driver is provided to the Q outputs to give the extra drive up
to four times I , of the RAS or CAS outputs. One good device is the BCT2828 [16]
with I, = 48 mA using the BICMOS technology which lowers power consumption
and reduces undershoot inherent in high capacitive load configuration. It also
provides ten outputs and is thus well suited for the multiplexed row and column
addresses of the IMxl bit DRAMs.

3.1.5 DRAM outputs and syndrome latches

DRAMs have separate input and output pins. To guarantee that the data
outputs are available to the TMS320C30, the data outputs are latched and remain
valid until the following DRAM read cycle.

For the syndrome latch. the strategy is the same except that the 7-bit code
used for EDAC applications is retained and is available exclusively to the EDAC.
The latch enable as for the DRAM output latches is controlled by LATCH from the
memory timing controller, while the output enable for both configurations is
controlled by the timing controller and the bus/EDAC controller.

3.1.6 DRAM access time

An important task to be performed in the design phase is to determine the
access time required for the dynamic RAMs. In general. memory contributes the
greatest cost to a computer system. The cost of the system can be significantly
reduced if the DRAMs are chosen with the most appropriate access time.
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In a high performance system. it is necessary to minimize the number of
wait-states associated with each DRAM access. Today, one of the fastest 1Mx! bit
DRAM has an access time of 85 ns [17]). Since the TMS320C30 requires an access
time of 35 ns for zero wait-state. generating wait-states must be considered in
accessing DRAMs. Each wait-state adds another 60 ns to the access time. With one
wait-state. the access time should be less than 95 ns allowing 10 ns for all delays
generated by the DRAM interface. This requirement is impossible to meet. thus more
than one wait-state must be considered. Up to five wait-states could be used in
some cases in the normal access mode, or one to two wait-states in the burst mode.
In choosing the right DRAM. all access modes implemented must be considered. The
propagation delays through the DRAM interface. as well as the clock periods
necessary for the memory timing controller to generate the appropriate signals. must
also be considered. The propagation delay in a highly capacitive environment on the
connection bus and the interfaces must also be taken into account. When the worst
case propagation delays have been considered. a different value (RESULT) can be
used for each access mode to determine the best DRAM. The following simple

equation can then be applied to determine the DRAM access time required (t __):

acge

t < 60W - (RESULT - 35) where W is the number of wait-states.

acc

3.1.7 Error detection and correction

For system memory sizes larger than 0.5 Mbits, the MTBF (Mean Time
Between Failures) is significantly reduced [8]). This is usually due to soft errors
which are random memory value changes (usually from a high to a low level). These
errors may be caused by system noise, alpha particle radiation, or power surges. For
IMx1 bit DRAMs. the density of memory chips increases their probability of errors.
Therefore. data integrity decreases in larger memory arrays. For a | Mbit chip. a
typical scft-error rate of 0.20 - 0.35 % per 1000 hours can be expected [8). Since 32
such devices are needed to form 1 Mword. the typical soft-error rate becomes 6.4
- 11.2 % per 1000 hours. For 4 Mwords of local memory. this becomes 25.6 - 44.8 %
per 1000 hcuars. This is roughly one soft-error every 3000 hours. For the whole
system with 31 local memories of 4 Mwords each. ‘the typical soft-error rate
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increases to one soft-error for each 72 - 12¢, hours of operations. With such resuits,
it becomes necessary to perform error detection. Two options are available to the
designer. The first altemative is to perform error detection only. This has the
advantage of being easily accomplished by using parity bus transceivers. The
detection time is very fast. Also fewer DRAMs are necessary to store the parity
bits. However if an error is detected. the system (or part of it) must be rebooted.
and all data in the RAMs would be lost. In order to extend the MTBF, an error-
correction scheme must be incorporated. An EDAC device such as the 74A5632 [18]
may be considered to implement this second option. The disadvantages are that it
is more difficult to implement. the detection time is greater than parity bus
transceivers. and more DRAMs are required (seven per | Mword) to hold the parity
bits or check bits necessary to form the modified Hamming code [19]. Since we
conduct experiments with a duration exceeding 72 - 126 hours. involving all
processors. it is apparent that error-correction is necessary.

To avoid waisting crucial time in DRAM read cycles (see DRAM access time)
by adding the EDAC detection and correction time. an EDAC bypass read access has
been adopted. This means that during a read access period. the data are latched and
available to the EDAC and to the DSP. The processor then assumes that the data
are valid. During the remainder of the read access cycle, the EDAC performs the
detection and correction phases. which are completed before the beginning of the
next cycle. If an error is detected, the ERR flag from the EDAC generates a high-
priority interrupt. The processor then accesses the correct value available on the
primary bus through the interrupt routine. MERR indicating multiple errors and
involving a partial or full rebooting of the system, can be checked in this routine.
Also the software option to error detection and correction adds flexibility. For
example. the programmer can choose to write back the correct value to the DRAMs.
thus minimizing the risk of obtaining muliiple errors. For a "write”. the write cycle
being 60 ns longer than the read cycle. sufficient time is allowed to the EDAC to
generate the syndrome bits.

Since the risk of an error is very low in a DRAM read access, it is
worthwhile adopting the EDAC bypass read access. This minimizes the cost of the
system by allowing the designer to choose slower DRAMs. Also, despite the fact
that the EDAC bypass read access is slower than Read-Flag-Correct or Read-

22



0

CHAPTER THREE - MEMORY

Modify-Write operations when an error has occured, it is faster or more economical
when no error is detected. Thus in our situation, the EDAC bypass read access is a
better choice.

3.2 Static RAM block

Up to 16Mx32 of memory can be assigned to each processor. Because dynamic
RAMs impose wait-states causing a degradation of the performance. static RAMs
must be considered to optimize fully the throughput of the system.

Special techniques can reduce significantly the number of wait-states
associated with a DRAM-based memory. Sophisticated access modes such as nibble.
page. and static column improve the average access time to the memory but do not
guarantee a zero wait-state memory access especially for a processor running at 33
MHz. A cache [20] decreases the number of accesses to slower memory but does not
eliminate completely the wait-states. DSPs are often used in real-time applications
and despite the fact that a sophisticated cache system is implemented. a worst case
access time should be considered since the hit rate is hard to predict and time is
critical. Also. the goal in designing a cache is to obtain zero wait-state accesses
when a hit occurs. and to maximize the hit rate. The hit rate will rarely reach the
100 % hit ratio because it is based on a concept known as locality of reference. In
the case where a large amount of data (larger than the size of the cache) are
required. a large miss rate can be expected, thus degrading significantly the overall
system performance. This is one example of the probiems involved in a cache-based
design where applications such as image processing must deal with large block of
data. Another problem with the external cache is that current technology does not
provide a cache tag (required for determining a hit or a miss) fast enough for the
TMS320C30. A fast cache tag reflects a worst case comparaison time of 25 ns |21]
which is too long with respect to the maximum allowed time to indicate to the DSP
if a hit occured for a zero-wait state access. Another major problem would he the
cache-reload transient described in [22]. In extensive multi-tasking systems.
transitions 'from one process to another involve high rates of cache flush thus
increasing the miss ratio.

For relatively large memory, both static and dynamic devices should be
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considered. The dynamic RAMs due to their small package. high density. low power
consumption, and low price. would contain most of the instructions and data. The
TMS320C30 has 2Kx32 bits of internal RAM. Since this might not be enough for
most applications. a larger external memory board with zero wait-state is necessary.
The resulting hierarchical memory structure would not reduce the computing speed
of the DSP since ar internal bus in the TMS320C30 is dedicated for DMA transfers
only. The following describes the steps in designing such a memory board by
applying static and dynamic analysis to predict the behav.our of the system.

3.2.1 Choice of the bus

This fast local memory could be accessed by either the primary bus or the
secondary bus. Up to 8Kx32 bits of memory can be interfaced through the secondary
bus. Since we intend to assign more than 8Kx32 bits of external zero wait-state
memory. the primary bus has been selected for all accesses to the fast local

memory.
3.2.2 Access time for the static RAM

SRAM devices are available on different versions and access times. Typically.
access times increase by 10 ns between versions. The typical relatively high-density.
high-speed SRAMs are offered with access times of 15, 25, 35, and 45 ns. Only 35
ns are available from the address valid to the data valid, to perform a zero wait-
state memory access with the TMS320C30. In order to obtain the best board
density. the slowest possible device (i.e. highest density) should be selected (but
keeping in mind that delays will be generated by the memory interface). The 25 ns
SRAM seems to be the best choice since it is possible but not easy to deal with 10
ns for decoding and buffering.

3.2.3 Static RAM configuration

Due to several reasons such as the price. board space. and capacitance. the
total capacity of the board has been restriced to 2 Mbytes. Today, the highest
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density static RAMs with a 25 ns access time, have the 256Kx1, 64Kx4. or the
32Kx8 bit configurations [23]. One important aspect to consider in selecting these
devices is the power consumption. CMOS SRAMs in this category and offering low
active and standby power are available. They provide an automatic power-dowa when
de-selected. In order to take advantage of this feature, the designer must divide the
whole static RAM memory in many banks. where only one bank can be accessed at
a time. With the 256Kx1 bit SRAMs. two banks would be required and half of the
whole memory would be selected when the board is accessed. increasing considerably
the power consumption. 8 and 16 memory banks are required when the 64Kx4 and
the 32Kx8 bit devices are used respectively. For reasons described later conceming
particularly the decoding scheme that should be kept efficient. the 64Kx4 bit
configuration is best suited for our case.

3.2.4 Bank switching

The TMS320C30 offers a programmable bank switching feature which allows the
processor to insert automatically a wait-state when a different bank is accessed.
This permits the designer to opt for slower decode circuitry. This works fine
especially when the same type of memory is being used. In our particular case.
dual-port and dynamic RAMs share the same bus. Because the size of the bank of
these memories is different from the SRAM bank, it makes it difficult to operate
efficiently with the bank switching approach. The bank size would need to be
adjusted frequently in such a configuration. The most important aspect to consider
are the DMA tranfers which are likely to be used often in our system. DMA
transfers will typically occur between the internal RAM, the extemal zero wait-
state memory, the dual-port RAMs. and the DRAP -, Let us assume a simple DMA
transfer between two banks of our zero wait-state memory bhoard. In order to
optimize fully the bank switching. the internal RAM would first be loaded from the
source memory bank. Secondly. a second DMA transfer would be required to unload
the internal RAM to the destination bank. The first transfer could reflect a
maximum rate of 22.2 Mbytes/s and 33.3 Mbytes/s for the second DMA transfer
resulting in"13.9 Mbytes/s. This result is the same when bank switching is used or
when a fast decoding scheme is provided. Using one DMA transfer may result in a
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maximum rate of 16.7 Mbytes/s for the true zero wait-state scheme with no wait-
state between bank accesses. or 13.3 Mbytes/s for the bank switching option.

An attempt to design a true zero-wait state memory system by providing a
very fast memory interface is worthvhile in our case due to an intensive use of

DMA transfers.

3.2.5 Decode section

Since less than 10 ns are available to decode the 24 address lines, the decode
section represents a good challenge for the designer. From the memory address bus.
16 lines are forwarded to the static RAMs to select a specific address in a
particular bank. The next three address lines selects the respective bank. and the
remainding five most significant lines enable the memory board.

To optimize the speed. fast 1Cs must be selected. The FCT devices from IDT
(Integrated Device Technology) are very fast. have a good fan-out. and are both
TTL and CMOS levels compatible. Figure 3.4 shows a typical decoding scheme. A
comparator is used to enable a bank selecto1. This scheme has the advantage that it
is very simple but it uses a two-level decode. In this two-level circuit. the
propagation delay through the 74FCT521B address comparator, and the 74FCTI138A
decoder. must be added together resulting in a maximum propagation delay of 11.4
ns for the decode part only. Transceivers must also be used for the data due to the
high capacitance imposed by large memory. The 74FCT245A or the 74FCT645A
represents another 4.6 ns. Thus only 5.4 ns are allowed in the worst case for the
decode section. This eliminates the first option.

74FCT138A

Figure 3.4 - A standard decoding scheme.
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One solution is to choose the 15 ns SRAMs, but 256 instead of 64 static RAM
ICs might be required to populate fullythe 2 Mbyte board since the 64Kx! bit
configuration has one of the highest densities for the 15 ns version. Another
approach is to reduce the decode circuitry to one level by doing the board and the
bank selects in parallel. Figure 3.5 shows this second alternative.

This solution requires SRAMs with two chip-selects. Notice that the market
offers two main types of static RAMs, one has only one chip-select, and the other
provides two chip-selects and an output enable pin. The first type is available in a
24-pin skinny DIP package and the second requires 28 pins resulting in a larger
board layout. The solution is to select the PLCC or other similar packages. But
another problem persists. The output of the 8-bit comparator must be connected to
64 SRAM chip enable pins resulting in a high capacitive load at the end of the
output pin. The maximum propagation delay of 5.5 ns for the 74FCT521B is specified
for a 50 pF load. In order to maintain a maximum performance through the
comparator. up to eight 74FCT521Bs might be required.

AB16-18 —— 74FCT138A

—— Bank0
—

Nl (—

N2 —» Bank7

74FCT521B
AB19.23
Base Addr: _A=D
STRB N

Figure 3.5 - A one-level decoding scheme requiring two chip enables.
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Another alternative is to provide an address comparator for each bank as
showr. in Figure 3.6. This solution requires SRAMs with only one chip-select. The
decoder of the previous alicmative is eiiminated and all inputs of the comparators
are used for full optimization of the IC. Many SRAMs reflecting the required
characteristics are available on the market. Typically they are represented with a
maximum input capacitance of 5 pF for each pin. Since eight 64Kx4 bit SRAMs are
required for each bank, a maximum of 40 pF may be connected to one output of a
bank selector. This is well below 50 pF if we consider that all SRAMs in the same
bank are unlikely to show the maximum but rather the typical value.

To respect the memory access timing of the TMS320C30, the capacitance at
each output should be kept as low as possible. The typical input capacitance of the
74FCTS21B is 6 pF. Since eight such devices are connected to AB16-23 and STRB
(being the eight most significant address lines and the memory access strobe on the
primary bus respectively). a typical C, ~(input capacitance) of 48 pF will not modify
the timing characteristics of the DSP. With the 32Kx8 bit SRAMs. C, could
increase to a typical value of 96 pF which is too high for the TMS320C30 to drive
efficiently the decode circuitry. In this case. drivers would be required between the
DSP and the comparators. adding an extra stage and increasing too much the total
propagation delay of the memory interface.

74FCTS21B
AB16-24 .
Base Addr: A=B Fanko
STRB N
74FCTS21B
AB16-24 .
Base Addr: AR B
STRB N -

Figure 3.6 - A one-level decoding scheme requiting one chip enable.
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3.2.6 Number of address drivers

Since the address lines AB0-15 are forwarded to all SRAMs in parallel with the
bank selects, a propagation delay less than or equal to the propagation delay
through the decode circuitry must be maintained Two 74FCT244As with a maximum
propagation delay of 4.4 ns for 5C pF load, are required to drive the 16 least
significant address lines. If only one pair of 74FCT244As is used to drive the eight
banks. then a maximum of 320 pF (8 SRAMs per bank * 8 banks * 5 pF) could be
tied at each output of the address drivers. IDT recommends to add a maximum of 3
ns to the propagation delay for each 100 pF above 50 pF of capacitive load for
FCT devices. Thus the following equation will determine the new propagation delay:

Ug =ty + (C - 50) * 3 / 100.

t,q and t, are the new and the old propagation delay in ns respectively.
is the total capacitive load in pF connected to the output. With one pair of drivers,
the new propagation delay equals 12.4 ns which is significantly larger than the
propagation delay of 5.5 ns of the SRAM decode circuit. Doubling the number of
drivers will significantly reduce the capacitive load at each output. where each set
of drivers is connected to only half of the entire memory array. In this case, Uoa
is 7.6 ns maximum. This is slightly more than the tolerable value. Using one pair of”
drivers for every two banks. results in a maximum propagation delay of 5.2 ns. Thus
eight 74FCT244As should be considered to drive ABO-15 in order to maintain in all
cases the high throughput of the system. With this configuration, typical and
maximum capacitive loads of 24 and 40 pF would be tied to each ABO-15 pin of the
TMS320C30. Another advantage of using many drivers is that damping resistors are

not required since the capacitance is quite low.

3.2.7 Number of transceivers

Four 8-bit transceivers such as the 74FCT245A or the 74FCT64SA are
necessary to drive a 32-bit word. The 74FCT645A is preferred since it has the same
characteristics as the 74FCT245A but has all inputs on one side and all outputs on
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the other side, simplifying the PCB layout. Each 1/O pin of a typical SRAM is
characterized at 7 pF maximum. Thus for all eight memory banks. a maximum of 56
pF is connected to the pin of the transceiver. This does not cause any problem

when the tranceivers drive the SRAMs during a "write” operation. For a "read”, the

'F; driving sources become the SRAMs which reflect less driving capability.

- For typical CMOS SRAMs from IDT or Cypress, the characteristics of the
device are given for 30 pF. Up to 6 ns for each additional 100 pF above 30 pF
could be added to the normal access time of the SRAM when driving higher
capacitance. Thus the following equation should be used in this case:

! tice = L. + (C, -30) * 6/ 100

ABO-7 Bank0 Je-
1 1
ABS-1 Bank]1 Je
1 1
. ( AB0-7 Bank2 te
. 1 |
AB3-1 Bank3 T
B ) L
CE
wi—— oY | 2] |2 | |27 |
<Data Bus : STRB.
- = OE
R/W. »
o 2| |2aY| [2Y] |2y
3 ) -
ABO0-7 Bank4 je
3 ) |
ABS-1 i Banks je
ABO-7 -___Bank6 | g
N . 1
ABS-1 Bank7 Je-
AB16-23
Base Addr:
( Figure 3.7 - Block diagram of the 512Kx32 bit memory board.
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', and t . are the new and the old access times in ns respectively. One
SRAM output might drive seven other SRAM data pins and one 1/0 pin of a
transceiver. The maximum C, ,  (input/output capacitance) of the 74FCT645A is 10
pF, thus for 59 pF (10+7x7), t', .. = 26.7 ns. Since we cannot afford to waste even
2 ns. an attempt should be made to optimize the access time of the SRAMs.

By doubling the number of transceivers, t', _ =t __. = 25 ns maximum since
the maximum capacitance equals 31 pF which is very closed to the 30 pF specified
on the data sheets. Thus eight tranceivers should be considered. Figure 3.7 shows

the block diagram of the 512Kx32 bit SRAM memory board.
3.2.8 Transceivers output enable control

As seen in Figure 3.7, two 4-input AND gates are required to control the
output enables of the transceivers. Each gate is controlied by four bank strobes.
Since no FCT type gates are available, TTL or CMOS gates must be considered. The
7421 chip has two 4-input positive-AND gates well suited for our application. Since
only a maximum of 40 pF with a very low fan-in would be connected to the output
of each gate, a driver is not necessary.

To determine the maximum tolerable propagation delay for the gates, we must
consider both the "read” and the "write” operations. For a "read”, the propagation
delay must not be greater than the access time of the static RAMs less the output
enable time of the 74FCT645A which results in 18.7 ns. For a "write”, the timing
diagrams of the TMS320C30 and the SRAM used must be considered. With the access
timing characteristics of the TMS320C30, write cycles with chip enable controlied
must be used to determine the timing values of the SRAMs. The data set-up to
write end (end of access strobe) of most 25 ns 64Kx4 bit SRAMs is 10 ns minimum.
The width of the access strobe STRB is 60 ns. Thus the maximum propagation delay
from high to low must be less than 60 - (t"h + t ) where t , is the SRAM set-up

time aand Len is the output enable time for the 74FCT645A which is 6.2 ns. Thus
'pn for the 7421 must be less than 43.8 ns in this case. The "read” access

represents the worst situation with only 18.7 ns to enable the transceivers. The
74HC21. the CMOS version. has a maximum propagation delay of 28 ns at 4.5 V and
C, =50 pF. This is too slow. Since both TTL and CMOS can be interfaced with FCT
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CHAPTER THREE - MEMORY

devices, the 74ALS21A may be considered despite a small increase in the power
consumption. It has a maximum propagation delay from high to low of 10 ns which
is less than 18.7 ns, and a maximum propagation delay fron low to high of IS ns
which is less than the time between two consecutive accesses. These values are

given for Vcc=4.5 to 5.5 V, and C, =50 pF.
3.2.9 Read/write line

The R/W line is connected to 64 static RAMs and 8 transceivers, resulting in
a possible maximum capacitive load of 400 pF. According to the timing diagram of
the SRAMs, the write enable (WE) pin connected to the R/W line is allowed to
change states with the chip enable (CE) pin simultaneously. Observing the timing
diagram of the TMS320C30 reveals that the R/W line goes low 30 ns before STRB
used to generate the chip enable. The propagation delay from STRB to CE is 4.6 ns
maximum (see 74FCT521B data sheets). Thus 34.6 ns can be used as an acceptable
maximum propagation delay for the R/W. Since an FCT driver is used on the DSP
board to drive the R/W line, the equation is Section 3.2.6 is sufficient to perform
the dynamic analysis. With 400 pF, the maximum propagation delay increases to 14.8
ns which is acceptable.

As far as the static analysis is concerned. the input load current (I, ) of the
CMOS SRAMs must be considered. For the CY7CI94 for example, I, is -10 uA
minimum and + 10 uA maximum. For the 74FCT645A transceiver, the input high
current (I, , ) is +5 uA maximum and the input low current (I, ) is -5 uA maximum.
One output of the 74FCT244A can source up to 64 mA for logic zero (I ,), and
sinks up to -15 mA for logic one (I ,). For a high logic level on the R/W line, the
total input high current is 680 uA maximum, and a total input low current at a low
logic of -68 uA. In both situations. the static analysis is successful.

But this analysis is for TTL levels for a guaranteed logic high level of 2.0 V
minimum and a maximum of 0.8 V for a guaranteed logic low level. In order to
bring the lines to CMOS levels and minimize the power consumption, I, must be
reduced to -300 uA and I , to +300 uA. Since the maximum total input high and low
current is plus or minus 680 uA, then a separate R/W line should be dedicated to
each 4 banks and transceivers. The new capacitive load seen by each R/W line
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would be reduced to a maximum possible value of 200 pF resulting in a t') , of 8.8

3.2.10 Total access time

To determine the total maximum access time of the SRAM memory board. the
propagation delay through the comparators and address drivers, the maximum access
time of the static RAMs, and the propagation delay through the transceivers must
be taken into account. As calculated in the previous sections, 5.5 ns maximum are
required for the decode and address drivers, another 25 ns are needed to access the
SRAMs, and 4.6 ns are required to propagate through the transceivers. Adding these
values results in a worst case total access time of 35.1 ns.

3.2.11 Memory re-allocation

Since a memory size of 512 Kwords can fit in many different portions of the
16 Mwords memory map of the TMS320C30, it becomes possible to add a feature
requiring zero glue-logic on the memory board to allow the programmer to re-
allocate the SRAM memory into the memory map. This feature adds flexibility and
makes it compatible with a variety of configurations. As seen in Figure 3.7, the
eight most significant address lines on the primary bus are used to enable the
proper bank. ABI6 to ABI8 could be used to decode a particular memory bank, and
AB19 to AB23 to re-allocate the memory board. This re-allocation feature would
only require five supplemental lines on the connector linking the memory board to
the processor board. These lines could be driven by a portion of an extemal
register under software control and situated on the DSP board.

The bank selectors implemented with 8-bit comparators do both the bank and
the board selection. Each comparator has A and B entries. When the 8-bit input of
port A connected to AB16-23 are equal to a base address on the port B, a bank
access strobe is activated. On the port B, only the five most significant inputs are
connected to the portion of the external register containing the base address. The
three least significant pins of port B would be connected to ground or +Vcc through
a pull-up resistor in order to cover all binary combinations from 000 to 111 where a
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particular combination is assigned to a particular bank.

3.2.12 PAL-decode approach

It is possible to replace all 74FCT521B 8-bit comparators by one 16L8 PAL.
Figure 3.8 shows the configuration:

16L8
AB16-18— Bank0
AB19-23— t
STRB—#|__|—# Bank7

Figure 3.8 - A PAL-based decoding scheme.

c A relatively low capacitance is connected to each output of the PAL. The
chip count is also reduced. But. since not enough inputs and product terms are
available. the memory re-allocation feature cannot be implemnented here. With a
fixed base address. only one product term is required for each bank access strobe.
The following equations would be programmed in the PAL to implement the decoder
for a memory board being accessed at the end of the memory map:

/BANKO =

/BANKI
/BANK2
/BANK3
/BANK4
/BANKS
/BANK6
/BANK7

/AB16*/AB17*/AB18*AB19*AB20*AB21*AB22*AB23*/STRB
AB16*/AB17*/AB18*AB19*AB20*AB21*AB22*AB23*/STRB

= /ABI6*AB17*/AB18*AB19*AB20*AB21*AB22*AB23*/STRB

"

AB16*AB17*/AB18*AB19*AB20*AB21*AB22*AB23*/STRB
/AB16*/AB17*AB18*AB19*AB20*AB21*AB22*AB23*/STRB
AB16*/ABI7*AB18*ABI19*AB20*AB21*AB22*AB23*/STRB
/AB16*AB17*AB18*ABI9*AB20*AB21*AB22*AB23*/STRB
ABI16*ABI7*ABI8*ABI9*AB20*AB21*AB22*AB23*/STRB

Programming the PAL as a decoder is thus a very simple task. The last -
( difficulty is to find a PAL with a maximum propagation delay of 5.5 ns
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CHAPTER THREE - MEMORY

corresponding to the maximum propagation delay of the decoder of the last
alternative. Today, the fastest PAL of this type refects a maximum propagation

delay of 7 ns.

The PAL-based decoder becomes then interresting when the number of chips
must be minimized. the decoding speed is not critical, and the re-allocation feature
is replaced by a fixed and less flexible access configuration.
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CHAPTER FOUR
MAIN COMPONENTS OF THE DSP BOARD

4.1 Multicast system

The overhead associated with performing a communication has a significant
influence on the performance of an application. Let us define R and W as read and
write access times respectively. In a typical single bus multiprocessor system, if one
processor wishes to transfer a word to n other processors via a mailbox in a
shared main memory. IW + nR is required to complete the transfer. The bottleneck
here is due to the fact that only one read cycle can be performed at a time
without contention. In our system. due to the fact that each processor has its own
bus. n read accesses can be performed simultaneously. To provide the same
performance for the write cycles. the processor must be able to write to different
dual-port modules simultaneously.

To avoid the drawback of the unicast option, some systems use a broadcast
approach such as sending a message via tne bus with a set identifier. In this case.
all DSPs must be interrupted to verify if they are to receive the message. Since
multiple transfers are often required. a high throughput is fairly difficult to achieve
in this case. One option is to attach a communication processor to each DSP, which
will check the identifier and interrupt the DSP as required. This approach has some
advantages but complicates the design of the processor board as well as limiting
the transfer rate between all processors because of bus contention problems.

Another approach is to interrupt only the receiving DSPs. It is referred to as
multicast (one-to-many transmissions) [24]. This technique, used with the novel
architecture based on dual-port memory modules and multiple buses, corrects the
problems encountered in the broadcast option. Our approach uses a register called
the multicast register. This register is previously loaded with a communication
pattern which identifies the receiving DSPs when the multicast option is used. The
goal is to reduce the bandwidth used by the transmission and to allow all
processors in the system to initialize a transfer simultaneously. A multicast system
requires IW + IR access time for the whole transmission and allow up to n
transfers to be conducted simultaneously by different processors.

To implement the system, we allocate 64 Kwords for interprocessor
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CHAPTER FOUR - MAIN COMPONENTS OF THE DSP BOARD

communication. This permits any processor to communicate with any other
processor to form a fully connected topology. For each 2K address increment
(corresponding to the size of the dual-port RAM module) in the first 62 Kwords in
the interprocessor communication address region, only one processor is accessed at
a time. Thus 3| DSPs and the MicroVAX can be accessed independently from any
other processor. When the last 2K addresses in the interprocessor communication
region are accessed with a "write”, all processors corresponding to the pattern
previously set in the multicast register of the sender. will be accessed
simultaneously. This is accomplished with an address decoder, a 2:1 multiplexer. and
the multicast register.

Address lines ABII-15 set the decoder outputs which are connected to the
MUX. The signal DP generated by the dual-port RAM address comparator. enables
the address decoder. The multicast register outputs are also connected to the MUX.
If the last 2 Kwords in the interprocessor communication region are accessed, the
32nd output of the decoder is set to "0” and allows the patten in the multicast
register to be multiplexed. otherwise the outputs of the decoder are multiplexed
assuming that DP is set. The MUX outputs provide the dual-port memory module
select lines. Figure 4.1 shows the block diagram.

I/O Data Bus

: 3

Multicast Register '

Address Lines
AB11 to AB15
from the Memory

Address Bus SELECT Lines -

Figure 4.1 - Simplified block diagram of thé multicast system,
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CHAPTER FOUR - MAIN COMPONENTS OF THE DSP BOARD

The only drawback is that it requires as many select lines on the connection
bus as there are processors in the system. Since 32 processors are present, we must
allocate 32 select lines. This means that standard buses such as Multibus, Q-bus.
VME-bus. etc.., cannot be considered in the internal bus structure.

4.2 Connection bus interface

All connection bus interface chips can drive up to 64 mA (I ,). FCT devices
[25] have been selected because they are very fast and have a CMOS internal
structure surrounded by the bipolar technology. The rival technology to FCT is the
BICMOS. but at present FCT is a bit faster. BICMOS is promising and will probably
surpass the speed of FCT. but at present this is not the case. They can drive other
FCT receivers and bring the voltage to CMOS level. thus lowering power

consumption.

Signals Descriptions

D(0-31) Data

A(0-23) Address

SELECT(0-31) | Dual-port RAM module selection lines

R/W Read and write

STRB Memory access strobe

READY Indicates to the processor that data is available
BUSY Indicates an access conflict in a dual-port module
INT Interrupt for inter-processor communications _
XFO Interlock signal (output) -
XF1 Interlock signal (input)

H1 Clock used as reference

H3 Clock used as reference (inverse polarity of H1)
VCC +5 volts DC

GND Ground

Table 2 - Signals for the connection bus.

38



¢

CHAPTER FOUR - MAIN COMPONENTS OF THE DSP BOARD

The connection bus interface consists mainly of four FCT transceivers for the
data path. three FCT drivers for the 24 address lines and other drivers for various
control lines as well as receivers for status lines. Table 2 describes the different
signals on the connection bus.

4.3 Wait-state generator

The wait-state generator is »ased on a 16R6 PAL [11). It can generate up to
two wait-states when the processor accesses the dual-port RAM modules. This is
accomplished by sending a READY signal to the TMS320C30 at the appropriate time.
The number of wait-states is selected by software. A BUSY signal generated by the
dual-port RAMs indicates to the wait-state generator that it must extend the
access cycle due to an address conflict with another processor. A maximum of 30 ns
is required for the slaves to recognize the BUSY signal generated by the master
(dual-port RAM modules have one master and three slaves). This extension when
BUSY is considerec} could add another wait-state. depending on the capacitive load
on the connection bus.

The wait-state generator is synchronized with the clock signal H3 (inverse
polarity of HI). It checks the DP signal from the dual-port RAM address
comparator. the R/W line. as well as the BUSY signal.
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CHAPTER FIVE
I/0 SUBSYSTEM

For real-time control. a fast and efficient 1/0 subsystem is required. In this
chapter, the design of such an 1/O subsystem is presented. The primary task of this
1/0 interface is to link the processor to the external world. Most commercial 1/0
subsystems provide on-board A/D and D/A converters. The user is thus restricted to
the capabilities of these devices.

The 1/O subsystem proposed here. uses another approach. It incorporates a
very flexible design which is able to interface with most A/D and D/A converters.
Many external registers are provided to enable each 1/0 channel to be configured in
various ways. The converters are located external to the 1/0 subsystem (preferably
close to the input or output transducer). Each external converter (or other 1/0
device such as a counter) is linked to the I/O subsystem via a high speed serial

line.
5.1 1/0 subsystem requirements

The 1/0 subsystem communicates with the TMS320C30 via its secondary bus
(I/0 bus). The memory (primary) bus is not used for 1/O since it is already used for
memory accesses and interprocessor communication. Thus DMA transfers of large
blocks of data on the primary bus can be performed without interruption by the
I/0 subsystem. The /O interface should be as simple as possible. It should link
with A/D and D/A converters serially and in digital form in order to minimize the
number of wires ana to guarantee accurate data transmissions. Very accurate
measurements in the order of 16-18 bits are predicted. A small distortion on an
analog signal that propagates on a relatively long wire (coaxial or others) could
decrease substantially the accuracy of the measurements or a signal sent to a D/A
converter. Thus differential input with a good commcn mode rejection must be
provided for each line receiver. The links must be fast since real-time controls are
performed. The 1/0 subsystem must be flexible and adapt to 1 to 32-bit converters.
Every channel should be configurable as input or output through software. Figure
5.1 shows the basic block diagram of the I/QO subsystem for the serial channels.

.
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Extemnal Serial Clock

| OSC }»{ MUX |e

I/O Address

l Serial Data In
L Out Serial Data
Serial Channels and Control
Lines

Interrupt Buffer

To 1/O Data Bus

*

Serial Control Block
—{ Interrupt Controller |

External Interrupts

Extemnal Regi-ters |

From I/O Data Bus

Figure 5.! - 1/O subsystem for the serial channels.

5.2 Serial-to-parallel and parallel-to-serial conversions

The 74FCT299 is a fast CMOS 8-input universal shift register. This shift
register has 3-state outputs and can then be connected directly to the secondary
bus without buffers, thus decreasing substantially the total chips count. Also, the
parallel load inputs and flip-flop outputs are multiplexed to reduce the total number
of package pins. This feature permits us to allocate through software. the channel
as input or output. This IC can be cascaded easily such as four of them would
support word lengths up to 32 bits. They are also available in SOIC which allows
better board density. Figure 5.2 shows the implementation of the basic circuitry for
the serial-to-parallel and the parallel-to-serial conversions.

Notice that serial-data-in are the serial data coming from an A/D converter
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with MSB first. and serial-data-out are the data sent to a D/A converter with MSB
first. DSO and Q7 are the serial data inputs and serial outputs for a right shift
respectively. OEl and OE2 are output enable pins, and SO. S| are mode select
inputs. SO and S1 allow to perform some basic operations such as a parallel load
and a shift right. The left shift is not used since all external converters operate
with the MSB first as a serial communication protocol. Thus each DS7 will be
connected to the preceeding QO while the QO for the shift register interfaced with
byte 0 and S7 for the shift register interfaced with byte 3 are left open and tied to
ground respectively. MR. the asynchronous master reset input (active low) could be
connected to the sytem reset to garantee a known initial state.

A/D or D/A Extenal Clock Data Conversion
Serial-Data-In —
DSO
1 . Vo 32 Data
MUX Multiplexed Clock SClock Lines
+10 MHz
Channel Channel Output
Write Strobe Control Enable _
(from decoder) (from SCR) connected
. to Channel
Multiplex Read
Control 9 Strobe
(from SCR) Serial-Data-Out (from
decoder)
—— —t>—+ External Clogk with Inverse Polarity
-10 MHz —O|>—’ -10 MHz
Programmable -il >—— Control 1
Control Lines Count Enable
from the Serial —{>—# Control 2
Control Block R
COUNTER
- [
Load Initial Count cLK —_
(from decc_;d.er) RCO ’D RCO >
Initial Count CLOAD
Value
v

Transfer Initial Count
Value from Intemal Latch
(generated by the decoder)

Figure 5.2 - Basic circvitry of one serial channel.

To the Interrupt
Circuitry
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CHAPTER FIVE - 1/0 SUBSYSTEM
5.3 Number of serial channels

Figure 5.2 shows the basic circuitry for one input/output serial channel. Each
I/0 subsystem contains 16 such 1/O channels.

5.4 Selection of the clock

When a serial channel is configured as input for data acquisition, the clock is
provided by the A/D converter. This clock is sent with the serial data
simultaneously. The rising edge of this clock is then used to enter the serial bit
into the shift register and to shift right one bit. The clock in this case is not
continuous and the number of rising edges corresponds to the word length
transmitted. The maximum transmission rate is 10 Mbits/s over 12 meters which
corresponds to the speed limit of the RS422 drivers and receivers.

P e
LA

The same basic approach applies when a serial channel is configured as output.,

In this case. the clock is provided on the 1/0 subsystem board when the maximum
transmission speed can be considered, or sent by circuitry surrounding the D/A
converter. when the transmission speed must be lower. A 20 MHz oscillator on the
1/0 subsystem board generates the required maximum clock. A D-type flip-flop is
configured as a divide-by-two which resuits in two 10 MHz clocks of inverse
polarities.

The 10 MHz clock is ideal since it is equal to the maximum transmission rate
of the RS422 protocol. The +10 MHz can be used to drive the channels configured
as output where the -10MHz is sent to the D/A converters. This configuration
guarantees a pre-defined set-up time required by most D/A converters for the serial
data before the rising edge of the clock to latch data properly.

This on-board clock generation allows the peripheral circuitry around the D/A
converters to be minimized and simplified. This feature is desirable when
converters are situated in very restricted spaces. But when the D/A converter does
not accept input data stream at 10 MHz. then the required clock must be provided
off the interface board. preferably in the D/A converter itself. The two intemnal
timers in the TM:3320C30 could have been used for this purpose for up to 8 MHz.
but this solution restricts ourself to a maximum of two output channels. So, the
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external clock is sent to the I/0 subsystem which drive the corresponding channel.
An inverter provides the same clock shifted by 180 degrees that is sent back to the
D/A converter. As for the 10 MHz configuration, a minimum set-up time is
available.

A mechanism must be provided for each serial channel to select the proper
clock. This is achieved with multiplexers. One 4:1 multiplexer is required for each
serial channel. In order to improve the board density. eight 74AS153 dual | of 4
data selectors/multiplexers constitute the multiplex circuitry for all 16 channels.

50 ns separate the rising edges of the +10 MHz and the -10 MHz clocks. A
maximum of 10 ns are required for the +10 MHz to propagate through the 4:1
multiplexer and another 10 ns maximum from CP to Q7, the clock input and serial
data output of the shift registers respectively. If we assume that the propagation
delays through the RS422 drivers and receivers are the same, and the wires have
the same length and load capacitance. then a minimum of 30 ns is garanteed for the
data latch set-up time in the D/A converter. For the external clock, the set-up
time is reduced by the propagation of the inverter that generates the opposite

polarity clock.
5.5 Serial channel controls

Parallel load. shift right and left, and hold are possible operations on each
serial channel through the control lines SO and S1. While SO is high., S| would
determine whether a parallel load (1) or a shift right (0) is performed at the rising
edge of the clock. Thus four control bits from two extemal registers named the
serial control registers (SCR) are required to multiplex the correct clock and to
control a serial channel.

A parallel load could be accomplished by selecting input C3 of the 4:I
multiplexer which is connected to one output of an address decoder which goes low
when a "write” is done to the address corresponding to the serial channel. When the
strobe goes back to high, the data are latched by the shift register if SO and Si
were previously set to a high level.

We could receive serial data by selecting C1 (A=1, B=0) and setting SO and S|
for a right shift. Changing A and B to "0” and "1" respectively, will multiplex the
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+10 MHz clock through the input C2 and send data out at maximum rate. Other
operations are possible such as holding the data or ignoring the extermal word.
Notice also that four bits were assigned in order to simplify the circuitry and to
provide independent control over the multiplexers and the shift registers.

5.5.1 Serial control registers

Two 32-bit serial control registers (SCR) are provided to control the 16 serial
channels. Eight transparent or edge-triggered latches can be used to construct the
SCRs. Some attention must be paid when an attempt is made to perform two
operations in one cycle. especially when the channel is driven by a high speed
clock. For example, if we select the hexadecimal command "6” to send data and
multiplex the + 10 MHz at once. some problems may occur. Because the + 10 MHz is
continuous and runs asynchronously from the DSP, and the four shift registers in
the channel may represent different set-up times, a possibility exists that one shift
is performed in a particular suift register and not in the others from the same
channel. This results in false information being sent due to the difference in the
set-up times. One way to correct the problem is to make sure that the rising edge
of the +10 MHz clock does not reach the shift registers in less than 5.5 ns
corresponding to the minimum set-up time from the serial data to the clock input of
the 74FCT299. The 74AS153 has a minimum propagation delay from low to high of 2
ns. Thus 3.5 ns should be added to guarantee a correct operation. This value is for
the worst case, for example the 74FCT299 has a typical set-up time of 0.5 ns which
is far from the 5.5 ns required. With typical devices, both operations could be
performed simultaneously. So, the user should be careful when attempting to perform
two operations on the same channel simultaneously. A fixed delay element could be
introduced in the channels to garantee proper timing. This solution imposes
subtantial constraints in the synchronization circuit (not shown in Figure 5.2) to
operate properly in the 0-10 MHz range. A first implementation of the system does
not previde an intemal clock generator and associated muitiplexers. This simplifies
the 1/0 subsystem at the expense of little more external circuitry.

Eight 74FCT574 constitute the SCRs. The output enable pins are connected to
ground and the clock inputs to one of two select lines from an address decoder.
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5.6 Counters

A counter must be provided for each serial channel to keep track of the
number of bits received or transmitted. This counter is also used to transmit a flag
indicating that a complete new word is available to be read. or to indicate that the
transmission is completed.

The 74LS592 is an 8-bit binmary counter with an input register. The eight
inputs are connected to one byte of the secondary bus. Thus four counters per 16
channels would be connected to the same byte making four 32-bit on-chip counter
registers. Each counter must be initialized by writing the word length. This is
accomplished by tying RCK to one output of an address decoder. For every word
read or transmitted. the counter must be loaded with the value in the intermal
register. This is done by connecting CLOAD to the output of an address decoder
which goes low when a ‘read’ or a ‘write® is performed on the respective channel.
Thus. one dummy access must be performed to initialize the serial channel. The
value being loaded corresponds to the hexadecimal value 'FF' minus the word
length. At each rising edge of the multiplexed clock. the count increments. When it
reachs "FF”. a low-going RCO pulse is obtained. The CCLR input is connected to
the system reset to permit all counters to start in a known state. Since the RCO is
used as a status bit. it is necessary that RCO remains low between the completion
of the transmission and the next corresponding serial channel access. When the
serial channel is configured as output, the driving clock continues after the
completion of the transmission and RCO remains low for only one clock period. To
correct the problem, it is necessary to stop the counter by tying RCO to the clock
enable through an inverter.

5.7 Polling and interrupt

A 16-bit external register named the status register is provided and accessible
through the secondary bus. The status register indicates the state of the RCO pins
for all 16 channels. This register is used when the polling option is preferred.

Each RCO (end-of-count) signal is sent to an interrupt controller. Because it
is not always desirable to have all channels interrupt’ the processor, a maskable
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option is provided. This consists of an external 16-bit register named the mask
register. The inputs of the mask register are connected to the secondary bus and
each output goes to an OR-gate. The other input of the OR-gate is connected to
RCO. The output of the OR-gate is connected to one input of an interrupt
controller (active low). Writing a "1” to the mask register will mask the
corresponding channel. Because the TMS320C30 has only four extemal interrupt
pins. a 16-bit interrupt register is provided to indicate through the secondary bus.
which channels wish to interrupt. Figure 5.3 shows the basic configuration.

Mask Register
Interrupt |
Counter RCO ;DOR *1 Controller| DSP |

B

Status Register Interrupt Register

Figure 5.3 - Basic configuration for polling and interrupt.
5.7.1 Status and interrupt registers

Because the 1/0 channels run asynchronously from the processor, care must be
taken that no RCO signals change state while the DSP is reading the status or the
interrupt register. So. the content of both registers must be stable during 15 ns
before the falling edge of HI when MSTRB is low (active). HI is an external 16.5
MHz clock generated by the TMS320C30. It is a good timing reference and provides
the designer with tools to synchronize external circuits with the DSP. MSTRB is
the memory secondary bus access strobe. The 15 ns correspond to the minimum
data valid sct-up time required by the TMS320C30 to guarantee a good reading.
Thus two 74FCT574s would be required for each register. The output enable pins of

47



CHAPTER FIVE - 1/0 SUBSYSTEM

each register are connected to a different output pin of an address decoder. while
all input clock pins are tied together with the H1 clock. Thus both registers would
be updated each 60 ns at the rising edge of Hl. Notice that RCO goes back to "1”
when the serial channel is accessed. and not the registers.

5.7.2 Mask register

The mask register consists of two 74FCTS574s with the output enable pins
connected to ground and the clock input pins connected to one output of an
address decoder.

5.8 Serial control block

The :erial control block provides the user with the ability to send pre-
programmed signals to the external converters. Because the programmer can send
various signals with specific polarities and pulse lengths. direct control over the
converters can be performed.

Two configurable control signais are assigned to each serial channel. The
serial control block consists basically of a 32-bit external register (polarity
register). 32 8-bit counters with internal latch. and an XOR logic block as shown in

Figure 5.4.

1/0 Address
Decoder
Load Pulse Duration
g? Serial Control Register [——=—f——

8-Bit Counter with Internal Latch

XOR
Logic ontro 1/O Interface
‘ ines

* End-Of-Count

Hl1

Figure 5.4 - The serial control block.
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The polarity register consists of four 74FCT574s with the inputs connected to
the secondary data bus and the outputs to the XOR logic block. The output enable
pins are tied to ground and the clock inputs to one output of an address decoder.

32 74LS592s are necessary for the complete pulse tength control circuitry. Each
line can be controlled independently. These counters are synchronized by the
TMS320C30. Output pins of an address decoder are used to load the internal
registers (pulse length registers). An address is dedicated to transfer this value to
the counter. By writing a specific pattern to this address. it becomes possible to
send up to 32 control signals simultaneously. An inverter links each RCO with
CCKEN since the reference clock is continuous. The reset pins are connected to the
system reset while the RCO pins are connected to the XOR-gate block. The serial
control block works as follows:

- If the counter is disabled (loaded to "FF" or already reached "FF"), RCO is
low. By writing "0" in the polarity register. a "0” is obtained at the output
of the XOR-gate or control line. By writing a "1”, a "1” is obtained.

-If the user wishes to use the counter to send a control pulse with a pre-
loaded polarity and pulse duration. then RCO is "1” during the count, and if
the bit in the polarity register is "0”, then a positive pulse of known
duration is obtained. If a negative pulse is preferred, then the bit in the
polarity register must be set to "1”.

A pre-settable pulse duration between 0 and 15.3 ms with increments of 60 ns
can be obtained.

5.9 Interrupt controller

An external interrupt must be held low for at least one HI1/H3 cycle to be
seen by the TMS320C30. This external interrupt signal must be held low for less
than three cycles. otherwise more than one external interrupt may be seen if the
interrupts are serviced quickly. The PAL-based interrupt controller guarantees that
these conditions are met. Two 16R8 PALs [11] are configured the same way. Each of
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these PALs is programmed as an interrupt controller which is able to support 9
interrupt entries and generate two independent external interrupts compatible with
the TMS320C30 interrupt specifications. The clock H3 running at 16.5 MHz is used
as a time reference for both PALs. The first PAL accepts the interrupt flag from
either the expansion board (DRAM error detected), or the 1/0 parallel bus
(communication with the MicroVAX). and the eight first end-of-count flags from the
serial channels. It then generates INTO. the highest priority interrupt when the
expansion board or the parallel 1/0 bus (secondary bus) wishes to interrupt, or
INT. the second priority interrupt when at least one end-of-count flag in the first
8 serial channels is activated. The second PAL works exactly the same way. except
that INT2 is generated when another processor wishes to communicate through the
dual-port RAM modules. and INT3. the lowest external priority interrupt. when at
least one end-of-count flag is set for the last 8 serial channels. Notice that the
programmer can mask through software any of these external interrupts. Also notice
that many configurations are possible. If only two channels are used. they should
be split between the two interrupt controllers in order to avoid looking at the

interrupt buffer.

5.10 1/0 interface

The 1/0 interface consists of 16 serial input/output channels. two general
purpose serial ports, and a parallel port. Because fewer transmission errors are
introduced when the signals are sent in digital instead of analog form, serial
channels carrying digital information have been adopted in all cases between
external converters and the parallel computer. Coaxial cables could have been used.
but because of the number of wires involved and the size of these wires, twisted
pair wires have been chosen. The RS-422 protocol is a good choice. It offers up to
10 Mbits/s of transmission speed over 12 meters, and uses differential inputs for
better performance. Thus serial channels for input data. output data. input serial
clocks. output serial clocks. and serial output channels for the control lines,
supported by the EIA standard RS422A drivers and receivers [31] constitute the
entire serial input and output channels of the 1/0 interface.

Two serial ports are provided by the TMS320C30.: To allow more flexibility, afl
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lines in these ports are available on two general purpose connectors. The same idea
applies to the 1/O parallel port. In order to minimize the chip count on the
processor board. and not to stick to a particular bus protocol, all 32 1/0 data lines.
13 1/0 address lines. and a few control lines, are linked directly to a parallel
connector for future expansion.

5.11 Decoders

The DSP accesses different parts of the system by reading or writing to an
external bus. The address associated with the external access is decoded by address
comparators and address decoders. It results an active signal which is used to
enable the proper part of the system. The decoders (address comparators and
address decoders) accept all address lines. the R/W line. and the access strobe as
inputs. The access strobe confirms the validity of the address lines and the
decoders interpret it as a valid external access. The R/W line is used to decode
write-only or read-only extemal registers.
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DUAL-PORT RAM MODULES

One of the biggest problems in novel computer architectures as been the
implementation of an efficient mechanism for interprocessor communication. Recent
innovations in dual-port RAM designs have effectively solved this problem.

The communication module was developed to optimize fully a new
interprocessor communication link integrated in our supercomputer architecture. 496
of such modules would permit 32 digital signal processors (DSP) to be implemented
in a fully connected topology.

Up to 31 modules would be connected to one of the 32 connection buses. It is
thus important to include on each module an interface able to drive a high
capacitive load. But the module should be more intelligent to optimize fully the
throughput of the computer. The module must assist interprocessor signalling by
providing an interrupt facility on both ports. A sender identification scheme must
also be implemented (to avoid the receiving processor reading up to 31 modules) to
access the right module that generated the interrupt. Finally, this configuration
reduces significantly the access conflicts to memory. but must be able to deal with
conflicts to the same address location by providing a fast access arbitration logic.

The following describes the hardware of such a module. Emphasis is performed
on the design. The interface is compatible with special new techniques developed
for the new supercomputer such as the multicast system which permits one
processor to write to 31 modules simultaneously, and a multiplexed interrupt
identification scheme which allows a processor to read through the 32-bit data bus,
all interrupt lines from the modules. It also provides an example of an
implementation of the new dual-port RAM devices in an intelligent interprocessor
communication scheme with a performance superior to conventional parallel
architectures. Each module provides 2Kx32 bits of buifering area with special
memory addresses which when written. generate an interrupt on the opposite port
which is normally used for interprocessor signalling. This signalling feature provides
a useful tool for the synchronization of multiple processors in a true multitasking

environment.
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6.1 Dual-port module interface

The dual-port module (DPM) consists basically of one dual-port RAM set (one
master and three slaves), and one dual-port module interface (DPMI) on each port.
The main tasks of the DPMI are to increase the driving capability of the dual-port
RAMs during a DSP "read” for the connection data bus. to decrease the maximum
capacitive load on the connection bus for the eleven least significant address lines
and tve R/W line. and to provide a mechanism to multiplex the interrupt signal to
an assigned position onto the communication data bus in order to support an
interrupt identification scheme (11S).

6.1.1 Dual-port data bus interface

The dual-port data bus interface is built using four 74FCT645A tranceivers on
each port. An internal R/W line is connected to the T/R (transmit/receive) pins of
the transceivers. The output enable pins are tied to the left or right chip enable
pins of each dual-port RAM and connected to one of the 32 select lines sent by the
multicast system using a jumper. Bus A of the tranceiver is connected to the dual-
port RAMs and bus B to the connection bus.

6.1.2 Receivers

Receivers are used to minimize the capacitive load on the communication bus
and to improve the overall performance. This reduces by at least four times the
total capacitive load on the bus. Receivers are necessary for the eleven address
lines (ABO-10) and the R/W line. Notice that the buffered R/W line is referred as
the internal R/W line used to control the transceivers and the dual-port RAMs,

Three receivers of type 74FCT244A are required per DPM. The output enable
pins may be tied to ground.

6.1.3 Intertupt identification scheme

The interrupt identification scheme (IIS) permits the processor to identify in
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One of the biggest problems in novel computer architectures as been the
implementation of an efficient mechanism for interprocessor communication. Recent
innovations in dual-port RAM designs have effectively solved this problem.

The communication module was developed to optimize fully a new
interprocessor communication link integrated in our supercomputer architecture. 496
of such modules would permit 32 digital signal processors (DSP) to be implemented
in a fully connected topology.

Up to 31 modules would be connected to one of the 32 connection buses. It is
thus important to include on each module an interface able to drive a high
capacitive load. But the module should be more intelligent to optimize fully the
throughput of the computer. The module must assist interprocessor signalling by
providing an interrupt facility on both ports. A sender identification scheme must
also be implemented (to avoid the receiving processor reading up to 31 modules) to
access the right module that generated the interrupt. Finally. this configuration
reduces significantly the access conflicts to memory. but must be able to deal with
conflicts to the same address location by providing a fast access arbitration logic.

The following describes the hardware of such a module. Emphasis is performed
on the design. The interface is compatible with special new techniques developed
for the new supercomputer such as the multicast system which permits one
processor to write to 31 modules simultaneously, and a multiplexed interrupt
identification scheme which allows a processor to read through the 32-bit data bus,
all interrupt lines from the modules. It also provides an example of an
implementation of the new dual-port RAM devices in an intelligent interprocessor
communication scheme with a performance superior to conventional parallel
architectures. Each module provides 2Kx32 bits of buffering area with special
memory addresses which when written. generate an interrupt on the opposite port
which is normally used for interprocessor signalling. This signalling feature provides
a useful tool for the synchronization of multiple processors in a true multitasking

environment,
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6.1 Dual-port module interface

The dual-port module (DPM) consists basically of one dual-port RAM set (one
master and three slaves), and one dual-port module interface (DPMI) on each port.
The main tasks of the DPMI are to increase the driving capability of the dual-port
RAMs during a DSP "read” for the connection data bus. to decrease the maximum
capacitive load on the connection bus for the eleven least significant address lines
and the R/W line. and to provide a mechanism to multiplex the interrupt signal to
an assigned position onto the communication data bus in order to support an
interrupt identification scheme (I1S).

6.1.1 Dual-port data bus interface

The dual-port data bus interface is built using four 74FCT645A tranceivers on
each port. An internal R/W line is connected to the T/R (transmit/receive) pins of
the transceivers. The output enable pins are tied to the left or right chip enable
pins of each dual-port RAM and connected to one of the 32 select lines sent by the
multicast system using a jumper. Bus A of the tranceiver is connected to the dual-
port RAMs and bus B to the connection bus.

6.1.2 Receivers

Receivers are used to minimize the capacitive load on the communication bus
and to improve the overall performance. This reduces by at least four times the
total capacitive load on the bus. Receivers are necessary for the eleven address
lines (ABO-10) and the R/W line. Notice that the buffered R/W line is referred as
the internal R/W line used to control the transceivers and the dual-port RAMs,

Three receivers of type 74FCT244A are required per DPM. The output enable
pins may be tied to ground.

6.1.3 Interrupt identification scheme

The interrupt identification scheme (IIS) permits the processor to identify in
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one "read” access. which DSPs have sent an interrupt for interprocessor signalling.
This is accomplished by tying each interrupt pin of each DPM to a dedicated data
line onto the connection bus through a driver which is enabled when the 1IS option
is used. When a "read” is performed in the multicast region (last 2K addresses in
the interprocessor communication region). a select line (INTSEL) is set to "0”
which enables the drivers and multiplexes all interrupt lines (one port only) to the
data bus. This feature also minimizes the connection bus width resulting in a
compact system. The driver is of type 74FCT244A. Only one 74FCT244A is required
for the two ports.

Because all interrupt lines on the same port of all DPMs connected to the
same communication bus. must be tied together and forwarded to an interrupt
controller situated on the DSP board. an open-collector driver must be provided on
each port of each DPM to isolate the 1IS from the interrupt line on the connection
bus. One 74ALS09 quadruple 2-input positive-AND gates with open-collector outputs
is provided per DPM for this purpose.

6.2 Dual-port RAM

The dual-port RAM is expanded from 8 to 32 bits by using a master/slaves
configuration. This resolves the busy lock-up problem where only one dual-port RAM
does the arbitration. The BUSY signal generated by the master is low when both
ports are accessed at the same address simultaneously. It is sent to the three slaves
and to a wait-state generator on the DSP board. The BUSY line is open-drain which
allows the designer to connect all BUSY lines of all DPMs on the connection bus
together. This configuration is preferred to 31 separate lines which would
considerably expand the size of the connection bus. A 330 ohms pull-up resistor is
required. With the 35 ns access time version. a maximum of 30 ns is required for
the master to set the busy line and the slaves to recognize it after the beginning
of the dual-port RAM access. The CY7CI36 and CY7C146 from Cypress or the
IDT71321 and IDT71421 from IDT (Integrated Device Technology) show the same
characteristics.

Because the data pins of these dual-port RAMs are isolated from the
connection bus by transceivers, the output enable pins can be tied to ground. The
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write enable pins are connected to the intermal R/W line on the proper bus. Figure
6.1 shows the block diagram of one dual-port module. The module is compatible with
any 32-bit processor. The module interfaces only two processors. This scheme
results in more interface logic but adds a significant flexibility in building complex
computer architectures.

R/W R/W

v y
Dual-Port RAM
> Master

3 D Dual-Port RAMs &
5 Slaves q,—i'
i Select ? f %’
- ) Interrupt | &
g [ > :
- To One Data £
ine ‘
Check Interrupj |_Check Interrupt
Busy Busy
<4—# DataByte 0 ——§ Address Lines
<4 DataBytes 1,2,3
” Data Bytes 0,1,2,3
Figure 6.1 - Block diagram of one dual-port module.
The next important design decision is the access time required by the dual-
port RAMs. The multicast system requires a maximum of 23.5 ns to select the
DPMs. During this period. the eleven least significant address bits propagate through
% 74FCT244A drivers on the DSP board and through the 7T4FCT244As used as receivers
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on the DPMs. Since up to 31 DPMs are connected to the same connection bus. a
maximum of 310 pF (excluding the bus line capacitance and the input capacitance of
the interface of the expansion board) could be present at each output of the
address drivers. The maximum propagation delay of the 74FCT244A is 4.3 ns for a
capacitance of 50 pF. It could increase to a maximum value of 12.1 ns for a fully
populated bus (excluding the expansion board). Thus the address could reach the
dual-port RAMs in 16.4 ns. Because the propagation through the multicast system is
larger. it must therefore be considered instead in our calculations. Since the
TMS320C30 requires a maximum of 35 ns for a zero wait-state memory access. at
least one wait-state must be considered for a "read” to the DPMs. When the data
are valid from the dual-port RAMs. it must propagate through the 74FCT645A
transceivers on the DPM and through another set of transceivers on the DSP board.
The 74FCT645A has a maximum propagation delay of 4.6 ns. For a processor "read”.
the DPM transceivers must drive the relatively high capacitive load of the
communication data bus which could be as high as 372 pF (12 pF x 31 modules).
The maximum propagation delay in this case could increase to 14.2 ns. This value
added to the DSP transceivers propagation delays results in a value of 18.8 ns
which must be considered for data to propagate from the DPM to the DSP. The
total access time assuming a U ns access time for the dual-port RAM. is 42.3 ns
for the worst case. As this value is already greater than 35 ns. we conclude that
at least one wait-state must be generated when a "read” is done on a DPM. With
one wait-state. the maximum access time required by the TMS320C30 increases to 95
ns. Thus the dual-port RAMs should have a maximum access time of 52.7 ns (95-
42.3). But if we consider the propagation delay of the signals through the
connection bus itself which has a length of 0.6 m. allowing a maximum of 6.6 ns/m.
results in a one-way propagation delay of 4 ns. For a "read”. 8 ns should be
subtracted from 52.7 ns. This results in a dual-port RAM maximum access time
required of 44.7 ns. The 45 ns access time version should work properly. but
because some parameters such as the bus capacitance and the interface of the
expansion board have not been considered. dual-port RAMs with a 35 ns access time
should be selected in order to provide a safety margin and guarantee correct

operations for all conditions.
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6.3 Busy lock-up

To form a module. four 2Kx8 bit dual-port RAMs are necessary. This expansion
in width implies that several dual-port RAMs in the module can be active
simultaneously. Thus. on rare occasions. it is possible for one RAM arbitrator to
activate the left BUSY and the other RAM arbitrator to activate its right BUSY
resulting in a lock-up problem where both DSPs will wait indefinitely for their port
to become free. The solution is to use the arbitration logic in one RAM called the
master and to force the other RAMs called the slaves to follow it. The problem is
that a maximum of 30 ns is necessary for the master to set the BUSY signal and
the slaves to recognize it. Ttus. if a risk of address conflict is present. a delay of
30 ns must be added to the access time to prevent reading a false value. This is the
reason that a wait-state generator on the DSP board is provided.

Even when the problem is resolved for one module. it persists when more than
one module is accessed at the same time such as when the multicast option is used.
In this case. we have as many masters as there are receiving processors (up to 31).
Since we cannot modify the arrangement of each module. a "watch dog” timer could
be used to prevent processors waiting too long in a lock-up situation. When
multicast with BUSY is performed. an intemal timer in the TMS320C30 is set to an
arbitrary value. If the counter has not been reset at the end of the multicast
transfer. an intemnal interrupt is generated indicating a lock-up situation. This
solution results in minimum external logic since circuitry is still necessary to set
the READY line. Our approach is different. The wait-state generator works with a
special mode that does not consider the BUSY from the dual-port modules. Thus no
additional wait-states due to the contention problem will occur during a multicast
transfer. When a bit dedicated for this special mode is changed. a flip-flop with
BUSY connected to the clock input is enabled. If BUSY changed state during the
multicast transfers. the output of the flip-flop will change value. Reading this bit
through the 32nd data line when the 1IS is accessed. indicates if the multicast
transfers were successful.
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INTERFACE BOARD

Latches Receiving
Bytes 0 and 1

Latches Sending

Advises DRQ3B

Sends an Acknowledge

Figure 7.1 - State diagram for the interface board.

The interface board links the MicroVAX to the parallel computer. This
interface board is connected to a connection bus with dual-port RAM modules in
the same manner as the DSP boards. This results in a symmetrical system and
provides the same interprocessor communication features encountered on the DSP
boards. Thus. the MicroVAX is seen by the system as the 32nd processor. Because
the MicroVAX is not intended to accompany the DSPs in real-lime computation,
but rather to provide a good interface to the user. the task of the interface board
is mainly to perform transfer of code and data to and from the parallel computer.
to generate system resets. as well as allowing program execution. The main
objective is: a) to match the 32-bit system bus with the two 16-bit buses provided
by the DRQ3B parallel interface board [33] in the MicroVAX: and b) to act fast
enough in order to take advantage of the two buses configuration of the DRQ3B:
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and c¢) to perform DMA transfers by using the same options as used hy the DSP
boards (such as the multicast. access arbitrations, and interprocessor signalling):
and d) to download from the MicroVAX. an initialization program and loader in the
external local memory of the DSP assigned as the communication processor before
the parallel computer starts execution. The easiest way to address these
requirements as well as providing all the options, is to use one of the DSP boards
for the interface with the MicroVAX. The DSP board has the advantage of being
fast and the board is already designed. The state diagram for the tranfers is shown
in Figure 7.1. In order to perform the state diagram. a small interface board would
be provided. Its block diagram is shown in Figure 7.2. The FUNCT pins are used to
reset different parts of the parallel computer, and provide status bits.

MicroVAX DRQ3B | Output Latches System
) Clock
Terminal ' Input Latches
>
1 1 {
Decoder
Interface Board Function Bits TSP Bourd

DSP Board DP

DSP Board DP

Figure 7.2 - Block diagram of the interface board.
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CHAPTER EIGHT
CONCLUSIONS

Parallel processing has a bright future. The choice of the processor in a
parallel system remains a key decision which must be made with respect to the
needs of potential users. According to [34]. although a variety of connection
schemes exist. two fundamental tvpes have emerged; the bus-based machines with a
global memory. and the cube-based machines with typically "distributed” memory
schemnes that place local memory at each computing node. The last scheme resembles
our approach. However our architecture is unusual in that it allows a direct
communication path with all other nodes in the system.

The development of a new parallel computer architecture allows us to optimize
the design for our immediate needs. It is possible to built a sophisticated parallel
computer with only ”off-the-shelf” components. Since the DRAM part of our design
is subject to change. mainly because it is not a part of the basic system. its design
was performed in order to identify more accurately the required signals for the
connection bus. since DRAMs couid be implemented on the expansion board.

A parallel computer designed for extensive real-time applications. must have a
sophisticated 1/0 interface. Since this computer system is intended for research
environments where external devices such as A/Ds and D/As are subject to change.
the 1/0 interface must provide the ability to adapt to these changzs under software
control.

For high-performance memory. there is a trade-off between speed and chip
count. The maximum capacitance must be split by increasing the size of the
memory interface in order to optimize the throughput of the board. The number of
levels in the decoding scheme must be kept low, in the order of one for a true
zero wait-state memory board with a 35 ns maximum access time. RAMs with a
common 1/0 should be selected to minimize the capacitive load. The decoding
scheme adopted is flexible and very fast but restricts the number of memory banks
to eight since a larger memory array would require the addition of drivers and
additional propagation delays due to the increase of the capacitance between the
processor and the additional comparators. One way to overcome this problem is to
choose faster SRAMs at the expense of board density.

With the availability of dual-port static RAMs with internal arbitration logic
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and interrupt facilities, it becomes relatively easy to design a dual-port
communication module well-suited for the present and future advanced computer
systems. With the addition of a proper interface, the power of these dual-port
RAMs can be significantly increased resulting in an improvement of the overall
performance of the machine. This is accomplished by providing mechanisms that
free the processors in repetitive and strategic tasks related to interprocessor
communication. synchronization. and signalling.

In order to maintain a high degree of flexibility, many =xternal registers were
implemented. We avoided the inflexibility imposed by ROMs and instead use preload
circuitry on the interface board for program initialization. This circuit permits us to
download the initialization routines directly into one bank of the local memory of
the DSP assigned as the communication processor while it is reset.

Future work on the parallel computer will include construction of a very
simple operating system.
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APPENDIX A
DSP BOARD
Sheet Al - Digital signal processor (TMS320C30)
Sheet A2 - External registers decode
Sheet A3 - Connection bus interface
Sheet A4 - Multicast system (multicast register and decode section)
Sheet A5 - Multicast system (multiplexers)
Sheet A6 - Wait-state generator and interrupt controller
Sheet A7 - PAL equations for the wait-state generator
Sheet A8 - Simulation for the wait-state generator
Sheet A9 - Fuse plot for the wait-state generator
Sheet A10 - Fuse plot for the wait-state generator
Sheet All - JEDEC file for the wait-state generator
Sheet Al2 - Simulation selective trace and history listing for the ws generator
Sheet A13 - PAL equations for the interrupt controller
Sheet Al4 - Simulation for the interrupt controller
Sheet A15 - Fuse plot for the interrupt controller
Sheet A16 - Fuse plot for the interrupt controlier
Sheet A17 - JEDEC file for the interrupt controller
Sheet A18 - Simulation selective trace listing for the interrupt controller
Sheet A19 - Simulation history listing for the interrupt controller
Sheet A20 - Serial control. configuration. wait state. and control registers
Sheet A21 - Allocation register, buffers. and receivers
Sheet A22 - Start-up circuitry
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DSP board

Type

TMS320C30
74FCT138A
74FCTS21B
74FCT645A
74FCT244A
74F00
T4FCT240A
74FCTS574A
T4FCT139A
74¥%257
16R6
T4F32
74F08
74F21
T4F30
16R8
T4FCT273A
74FCT240
74FCT827B
74FCT244
74LS74

Total

Description

Digital signal processor

Fast CMOS
Fast CMOS
Fast CMOS
Fast CMOS
Quadruple
Fast CMOS
Fast CMOS
Fast CMOS
Quadruple
PAL

Quadruple
Quadruple

Dual 4-input positive-AND gates
8-input positive-NAND gate

PAL
Fast CMOS
Fast CMOS

High-performance CMOS buffers

Fast CMOS

Dual D-type positive-edge-triggered flip-flops

2

Quantity

[
O =

l-0f-8 decoder

8-bit identity comparator

non-inverting buffer transceiver

octal buffer/line driver

2-input positive-NAND gates

octal buffer/line driver

octal D register (3-state)

dual 1-0f-4 decoder

2 to 1l-line data selectors/multiplexers

-t
N N

[
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2-input positive~OR gates
2-input positive~AND gates

D flip-flop with clear
octal buffer/line driver

octal buffer/line driver
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TITLE Wait State Generator

;DESCRIPTION

;The wait state generator is used on the TMS320C30 DSP board.

;I1t generates one or two wait-states when the processor accesses

ithe dual-port RAM modules. This is accomplished by sending a

, \DY signal to the processor at the appropriate time. four modes

jave available under software control. Each sode defines the type of accesses.
;A BUSY signal generated by the dual-port RAMs indicates to the DSP
;that it should extend the cycle due to an address conflict with another
;processor. The DSP when considering the BUSY must extend the access
;cycle by 30 ns to allow the slaves to be set. This extension could add
;another wait-state depending on the capacitive load on the bus and the
;driving current used from the DSP board and the dual-port RAMs module.

;MODE 1: read dual-port memory without considering the BUSY (1 or 2 w-s)
;MODE 2: vead dual-port memory and consider the BUSY (1l or 2 wajit-states)
JMODE 3: write to the d-p memory without considering the BUSY (1 or 2 w-s)
tMODE 4: write to the d-p memory and consider the BUSY (1 or 2 w-s)

PATTERN  WAIT.PDS

REVISION 1

AUTHOR S. Martel

COMPANY McGill University

DATE 'S August 1988

CHIP WAIT_STATE PAL16R6

;PINS

i1 2 3 4 5 6 7 8 9 10

CLOCK RW BUSY DP BSET RDP RDPB WDP_  WDPB GND

i 'l 12 13 14 15 16 17 18 19 20
M NC RDPF RDPBF WDPF WDPBF NC READY NC vCce

;CLOCK: the PAL used H3 from the DSP the synchronize the READY signal

iRW : cofected to the R/W line (1=READ, O«WRITE)
;BUSY : O=access conflict l=no conflact
;0P : O=access to the dual-port memory
;BSET : O=access without considering BUSY l=consider BUSY
;RDP  : read dual-port O=1 wait-state l=2 wait-states (without BUSY)
;RDPB : read dual-port 0=l wvait-state l=2 wait-states (with BUSY)
iWDP  : write to the d~p 0=] wait-state 1=2 wvait-states (without BUSY)
JWDPB : write to the d-p 0=1 wait-state 1l=2 wait-states (with BUSY)
: output enable connected to ground (hardware control)

: flags with feedback to keep track of number of wait-states generated
;READY: the only output connected O=ready l=not ready (another wait-state)

EQUATIONS
/READY := /DP * /BSET * RW ¢ /RDP * READY
;read dual-port with 1 wait-state without busy
+ /DP * /BSET * /RW * /WDP * READY
;jwrite to dual-port with 1 wait-state without busy

+ /DP * BSET * RW * /RDPB * BUSY * READY
;jread dual-port with 1 wait-state with busy

+ /DP * BSET * /RW ¢ /WDPB * BUSY * READY
;write to dual-port with 1 wait-state with busy

+ /DP * /BSET * RW * RDP * /RDPF * READY
;read dual-port with 2 wait-states without busy

N



(N

¢ /OP & /BSET * /RW ¢ WNDP * SNDPF * READY
swrite to dual-port with 2 wait-states without busy

¢ /UP & BSET * RW * RDPB * /RDPBF * BUSY * READY
;read dual-port with 2 wait-states with busy

*

JOP * BSET * /RW * WDPB * /WDPBF * BUSY * READY

;jwrite to dual-port with 2 wait-states with busy

/RDPF  := /DP
/WDPF := /DP
/RDPBF := /DP
/WDPBF := /DP

SIMULATION

/BSET * RW ¢ RDP
/BSET * /RW * WDP
BSET * RW * RDPB
BSET * /RW ¢ WDPB

TRACE_ON CLOCK READY BSET RW RDP RDPB WDP WDPB

SETF /O
/CLCCK

DP /BSET RW /RDP /RDPB ,WDP ,WDPB BUSY

CLOCKF CLOCK

’

SETFr /DP /BUSY

CLOCKF CLOCK
CRECK /READY
CLOCKF CLOCR
CHECR READY

CLOCRF CLOCK
CHECR /READY
CLOCKF CLOCK
rSCK READY

H
H
H

; one read cycle with 1 wait-state with busy

SETF BSET

CLOCKF CLOCK
CHECK READY
SETF BUSY

CLOCKF CLOCK
CHRECK /READY
CLOCKRr CLOCK
CHECK READY

DP BUSY

enable outputs
initialize clock
initialize inputs

: 2 successive read cycles with 1 vait-state without busy tested with BUSY

; one read cycle with 2 wait-states with busy and BUSY high

SETF RDPB
CLOCKF CLOCK
CHECR READY
CLOCKF CLOCK
CHECR /READY
CLOCKP CLOCK
CHECK READY

; one write cycle with 2 wait-states with busy and BUSY low

SETF WDPB /RW
CLOCKF CLOCK
CHECKR READY
SETF /BUSY
CLOCKP CLOCK
ICK READY
w-0F BUSY
CLOCKF CLOCK
CHECK /READY
SETF RW
CLOCKF CLOCK
CHECK READY
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PALASM XPLOT, V2.23 - NARKET RELEASE (2-1-88)
(C) - COPYRIGHT MONOLITHIC MENORIES INC, 1988

Wait State Generator Author : S. Bartel

Title :

Pattern : WAIT.PDS Company : McGill University
Revigion : 1 Date + 5 August 1968
Paul6R6

WAIT_STATE

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
AXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

Xem= ==X =X== =K== =X== wev= =ve= cee=

OO ~-SAVMALBWNDNFHFO

X ==X- -Reo= =X-= ===X =c== ——ee -ma=
10 X-== ==X- =X~= =-X-- ---X

11 -X-= X-X- =K== Xe== =m== w-m= —cee =X--
12 Xo== X-X= ~X-= X-o= =mou == ccee —ee-
13 ~X-= X-X- -X-= X==X m-m= cewe acce caa-
14 X-—- X-X- -X-= X-== -—-x

1§ -X-v ==X =X== -X-- i O

16 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
*T XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
19 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
20 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
21 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
22 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
23 XXXX XXXX XXXX XXAX XXXX XXXX XXXX XXXX

24 —Xem mmm= =K== Xo-m sm=e cem= moaa p S
25 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
26 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
27 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
28 XXXX XXXX XXXX XXXX XXXX XXXX_XXXX XXXX
29 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
30 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
31 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

32 wX== === Koo ~Xos =mce ece= Keme =-e=
33 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
34 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
35 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
36 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
37 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
38 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
39 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

40 X-m= -=== ~X—= X--= -———o S,
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

. XXAX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

43 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

44 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

45 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

46 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

47 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX .



48 X---
49 Xxxx
50 xxxx
51 XXXX
52 xXxxx

XXXX
v XXXX
55 XXXX

56 XXXX
57 XXXX
58 XXXX
§9 XXXX
60 XXXX
61 XXXX
62 XXXX
63 XXxXX

TOTAL FUSES

XXXX

XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
xXXXX
XXXX
AXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXXx

BLOWN:

B TN
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXxX

324

) SN
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX

XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

x.
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PALASHK XPLOT, V2.2) - MARKET RELEASE (2-1-88)
(C) -~ COPYRIGHT NONOLITHIC MEMORIES INC, 1988

Title

Wait State Generator

Pattern : WAIT.PDS
Revision : 1

PALIGR
WAIT_ S
QVS12e
QP20*
Qrao4s
GO*FO*
L0256
L0268
L0320
L0352
L0384
L0416
L0448
L0480
L0768
L1024
L1280
L1536
v0001
v0002
V0003
v0004
v000S
V0006
veno7
© 08
vy009
v0010
voolil
V0012
vool3
v00l4
v0ol$s
C2ADO*
CA03

6
TATE*

01111101101110111011111111111111
1011110110111011113011111111111)¢
011111011011103111311111111101111¢
1012010120110212111111211111111011¢
01110101101101111111101111111111¢
10110101101101101211111111111111*
01110101101101112111111011111111¢
101111013101110111121111110311111¢
10111111101101111111111111110111+
101111111011101111111111011111131¢
01111111101101111211101211111111)¢
01111112101110110121111111111111¢
C11100000NOXHHHHXHRXN*
C10000000NOXHHHHXLXN*
C1000000ONOXHHHHXHXN*
C10000000ONOXHHHHXLXN*
C10000000NOXHHHHXHXN *
C10010000NOXHHHHXHXN*
C11010000NOXHHHHXLXN*
C11010000NOXHHHHXHXN*
C110101 00ONOXHLHHXHXN*
C11010100NOXHLHHXLXN®*
C11010100NOXHLHHXHXN*
C01010101NOXHHHLXHXN*
C00010101NOXHHHALXBXN*
C01010101NOXHHHLXLXN#*
C110101 0INOXHLHHXBXN*

Author
Company
Date

8. Nartel
McGill University
S August 1988



PALASH SINULATION, V2.23 - MARKET RELEASE (2-1-83)
(C) - COPYRIGNT MONOLITHIC MEMORIES INC, 1988
PALASN SINULATION SELECTIVE TRACE LISTING

Title
Pattern
1 isio

PAL16R6

Wait State Generator

: WAIT.PD

n 1

WAIT STATE

Page :

CLOCK
READY
BSET
RW
RDP
ROPSB
wDP
wDPB
DP
BUSY

1
cg ¢
LHHLLHHLHH
XXHHHHLLLH
LLLLLLLLLL
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
HHHHLLLLLL
HHHHLLLLLL

¢ ¢ ¢cg ¢
LHHLHHLLHL
HHLLLHHHHH
LLULLLLHHH
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL

Coapa
Date

g ¢ cg
LHHLHHLLHH
HHLLLUHHHHR
HHHHHHHHHH
HHHHHHHHHY
LLLLLLLLLL
LLLLLLLHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
HHHHHHHHHH

Author : 8. Martel

ay : HeGill University
: 5 Auguat 1988
€ ¢ ¢cg cg cg c9 [

LEHLHHLLHHLLHLLHHLLH HL
HHULLLHHRHH HHHHHHLLLL HH
HHHHHHHHHH HHHHHHHHHH HR
HHHHHHHLLLLLLLLLLLHH HH

LLLLLLLLLL LLLLLLLLLL

LL

HHHHHHHHHH HHHHHHHHHH HH
LLULLLLLLLLLLLLLLLLL LL
LLLLLLLHHH HHHHHHHHHH HH

LLLLLLLLLL LLLLLLLLLL

LL

HHHHHHHHHH HLLLHKHHEY HAH

PALASS SIMULATION, V2.23 — MARKET RELEASE (2-1-88)
(C) - COPYRIGHT MONOLITHIC MEMORIES INC, 1988
PALASE SIMULATION HISTORY LISTING

Taitle
Patter
I isi

PAL16R
WAIT_S
Page :

CLOCK

T Wait State Generator Auth

n : WAIT.P
on : 1

6
TATE

1

g ¢c§ ¢

LHHLLHHLHH
HHHHHHHHHH
HHHHLLLLLL
HHHHLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
XXHHHHHHHH
XXHURHHHHH
XXHHHHHMHH
XXHHHHHHHR

READY XXHHHHLLLH

HHBHHHHHHH

DS

€ ¢ cgcg

LHHLHHLLHL
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
HHHHHHHBHHH
HHHHHHHHHH
HHHHHHHHHH
HHHHHHHHHH
HHLLLHHHHH
HHHHHHHHHH

Comp
Date

c cg
LHHLHHLLHH
HHHHHHHHHH
HHHHHHHHHR
LLLLLLLLLL
HHHHHHKHHH
LLLLLLLLLL
LLLLLLLHHR
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
HHHHHHHHHY
HHHHHHHHHL
HHHHHHHHHY
HHHHHHHHKY
HHLLLHHRHH
HHHHHHHHHH

or t S, Martel
any
: S August 1988

€ ¢ cg cgcg cg
LHHLHHLLHHLLHLLHHLLH
HHHHHHHLLL LLLLLLLLHH
HHHHHHHHHH MLLLHHHHHH
LLLLLLLLLL LLLLLLLLLL
HHHHHHHHHH HHHHHHAERHH
LLLLLLLLLL LLLLLLLLLL
HHHHHAHHHH HHHHHHHHHH
LLLLLLLLLL LLLLLLLLLL
LLLLLLLHHH HHHHHHHHHH
LLLLLLLLLL LLLLLLLLLL
LLLLLLLLLL LLLLLLLLLL
HHHBHBHYHH HHHHHEHBHHH
LLLLLLLLLH HHHHHHHHHH
HHHHHHHHHH HHHHHHHHHH
HHHHYHHHHL LLLLLLLLLL
HHLLLEHHHH HEHHHHLLLL
HHHHHHHHHH HHHHHHHHHR

McGill University

c
HL
HH
HH
LL
HH
LL
HH
LL
HH
LL
LL
HH
LL
HH
HH
HH
HH
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TITLE Interrupt Controller -
PATTERN INTERRUPT. PDS
REVISION 1
AUTHOR $. Martel
CONPANY HRcGill University
DATE 23 August 1988
Cua.l INT_CNTRL PAL16RS
jene PINS wew
; CLK IN IN IN IN IN IN IN IN GND (o] 4 ouT
il 2 3 4 5 6 7 8 9 10 11 12
CLOCK RESET MODE EXT ERRINT DPINT EINTO EINT1 INT GND OE Qo
; OUT our ouTt ouT our ouT OouT vce
: 13 Y| 15 16 17 18 19 20
Q1 Q2 Q3 INTO INT1 INTZ2 INT3 VCC
‘.C. INFUTS LR 2]
;CLOCK : Clock H3 running at 16.5 MHz and provided by the processor.
;RESET : System reset (active low).
;EINT.. : External interrupts (active low).
;ERRINT : Error interrupt active low and connected to ERR froam the EDAC. .
sDPINT : Dual-port memory interrupt active low.
;MODE : Mode select. 0: Channels 0 and 1 only have interrupt facilities.
: 1: All 8 channels have interrupt facilities.
; EXT : One of the eight channels is read vhen EXT is low.
; INT s At least one external interrupt is flag (active high),
;4¢¢ QUTPUTS #ee -
; : 1-bit counter in order to garantee that the duration of the int
: : is at least one Hl clock cycle to be detected by the rnsszocsofm‘pt
; INTO : Nighest priority interrupt used for the error correction routine.
sINT1 : Second priority interrupt used for inter-processor communication.
sINT2 s Third priority interrupt used for channel 0 if in mode 0 or for

; INT3 :
EQUATIONS
/JINTO :=

all 8 channels if in mode 1.
Lowest priority interrupt used for channel 1 {f in modej.

Q0 * /ERRINT * RESET

/790 :s /ERRINT ¢ RESET <
/INT1 := Q1 * /DPINT * RESET
/Q1 := /DPINT * RESET
/INT2 = Q2 * /MODE * /EINTO * RESET
+ Q2 * MODE ¢ INT * EXT * RESET
/92 := /MODE * /EINTO * RESET
+ MODE * INT * EXT * RESET
JINT3 := Q3 & /MODE ¢ /EINT]1 * RESET
/03 :w /MODE * /EINT! ® RESET
SIMULATION
T "E_ON RES?T CLOCK MODE EXT ERRINT DPINT EINTO EINT1 INT INTO INT1 INT2
INT
SETF /OE ;Enable outputs
/CLOCK ;Initialize clock
/llEgET EXT ERRINT DPINT EINTO EINT1l /INT ;1lnitialize inputs
/MODE



el

CLOCKP CLOCK

¢ Ecror intercupt ducing reset
SETF /ERRINT

CTOCKr CLOCK

¢ 2K INTO

; 2 consecutive error interrupts
SETF RESET
CLOCKr CLOCK
CHECK /INTO
CLOCKF CLOCK
CHECK INTO
CLOCRr CLOCK
CHECK INTO
SETF ERRINT
CLOCKF CLOCK
CHECK INTO
SETF /ERRINT
CLOCKF CLOCK
CHECK /INTO
CLOCKF CLOCK
CHECK INTO
SETF ERRINT
CLOCKF CLOCK
CHECK INTO

; Error interrupt with dual-port memocy intercupt

SETF /ERRINT /DPINT
CLOCRF CLOCK
CHECK /INTO /INT1 INT2 INT3
" 2CKr CLOCK

.CK INTO INT1 INT2 INT3
CLOCKF CLOCK
CHECK INTO INT1 INT2 INT3
CLOCKr CLOCK
CHECK INTO INT1 INT2 INT3

; External interrupt from channel 0 in mode 0

SETF /EINTO
CLOCKr CLOCK
CHECK /INTZ INT3
CLOCKr CLOCK
CHECK INT2

SETF EINTO
CLOCKF CLOCK
CHECK INT2

; External interrupt from channel 1 and 3 in mode 1

SETF /EINT1 INT MODE
CLOCKRF CLOCK
CHECK /INT2 INT3
CLOCKF CLOCK
CHECK INT2 INT3
CLOCKF CLOCK
CHECK INT2Z INT3
SETF /EXT
CLOCKF CLOCKX

ICK INT2 INT3
«-IF EXT
CLOCKF CLOCK
CHECK /INT2 INT3
CLOCKF CLOCK
CHECK INT2 INT3

£




PALASR XPLOT, V2.23 - MARKET RELEASE (2-1-88)
{(C) - COPYRIGHT NMONOLITMIC MENORIES INC, 1988

Title : Interrupt Controller Author : S. Mactel

Pattern : INTERRUPT.PDS Company : McGill University
fevision : 1 Date + 23 August 1988
Prul6R8

INT_CNTRL

0123 4567 8901 2345 6789 0123 4567 8901

Xmmm =Rmm mmme cmce c=Xe mcme =Xos comc
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
XAXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

Xeo= Xemm X=mm meoe —o- - m=X= —ees Xen-

i -X- ] ~SD RN E:WN O

Xeeo ~X-= mmmm mmce ceca o XX cces ceee
10 XXXX XXXX XXXX XXXX XAXX XXXX XXXX XXXX
11 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
12 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
13 XXXX XXXX XXXAX XXXX XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
15 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

¢ 9

16 Xecv vome cmen mmee =X aoee e X e
*7 XAXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
19 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
20 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
21 FXXX XXXX XXXX XXXX XXXX XXXa XXXX XXXX
22 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
23 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

24 KXo soce mman 2Xaw cmen ames —eee oX-
25 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

26 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

o 27 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
- 28 XXXX XXXX XXXX XXXX XXXX XXXX XXXX FXXX
29 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

30 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

31 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

32 X==e oX-= mwom mmem wmoe weee o fee e
33 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
34 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
356 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
36 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
37 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
38 XXXX XXAX XXXX XXXX XXXX XXXX XXXX XXXX
39 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

40 X—oc Xemm Xmmm mmem mece mmee aeee X-=-
* Remm =Rem mmee mcom mece XKoo mmce —mee
.¢ XXXX XXXX XXKX XXXX XXXX XXXX XXXX XXXX
43 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
44 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
45 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
€6 XXXX XAXX XXXX XXXX XXXX XXXX XXXX XXXX
47 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX

RIZ



e

23

48 X---
49 XXXX
S0 Xxxxx
S1 XXxx
§2 XXxx

XXxXX
- XXXX
§5 RXXX

§6 X-~-
57 Xxxx
58 XXxX
59 XxXX
60 XXXX
61 XXXX
62 XXXX
63 XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
AXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
AXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

-——

XXXX
XXXX
XXXX
XXXX
XXX
XXXX
XXXX

TOTAL FUSES BLOWN:

XXXX
XXXX
XXXX
XXXX
XXXX
xXXxx
XXXX

-X-=
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

287

XXXX
XXXX
XXXX
XXXX
XX%.X
XXXX
XXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXxXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXxX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXxX
XXXX

[
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PALASN XPLOT, V2.23 - MARKET RELEASE (2-1-88) -
(C) - COPYRIGHT MONOLITHIC MEMORIES INC, 1988

S. Martel
McGill University
23 August 1988

Title : Interrupt Controller Author
Pattern : INTERRUPT.PDS Coapany
Revision : 1 Date

PAL16RS
INT CNTRL*
QvsI2e
QP20*
Qr2048+¢
GO*ro»
L0000 01111011111111111101111110111111+¢
L0256 01110111011111111111110111110111+
L0268 01121011111111111113100111131111+
L0512 0113111122111121110111111110112111*
L0768 012121111211210131111111111111101+
L1024 01113011121111111111111110111111¢
L1280 01110112011111111111111111110111+
L1312 011110113111111111111101111111111+#
L1636 01111111111112111011121121214111+ ~
L1792 011111211121201223111111111111111+#
V000l C00111110NOHHHHBHHHN®Y
v0002 C00101110NOHAHHHHHHN®Y
v0003 C10101110NOLHHHLHHHN*
v0004 Cl010111ONOLHHRHHHHN®
v0005 C10101110NOLRHHBHHHN®
v0006 C10111110NOHHBHRHHHN®
v0007 C10101110NOLHHHLHHHN® -
v0008 C10101110ONOLHHHHHHHN®
“AN09 C1011111ONOHHHHRAHHHN®
J10 C1010011ONOLLHHLLHHNY
v001l C10100110NOLLHARHHEN*
V0012 C1010011 ONOLLHEHHHHN®
v0013 C1010011O0NOLLHHHHHHN®
V0014 C10100010ONOLLLEHHLHN*
V0015 C1010001ONOLLLRHHHHNY
V0016 C1010011ONOLLHHRHHHN®
V0017 C11100101NOLLLHAHLHN®
V0018 C11100101NOLLLHHHHHN?
V0019 C11100101NOLLLRHRHHN®
v0020 C11000101NOLLHARKHHN®-
v0021 C11100101NVLLLEHHLEN®
V0022 C11100101NOLLLHAHHHHN®
C25BC*
Ed4Al



PALASH SIMULATION, V.23 - MARKELT RELEASE (2-1-88)
(C) - COPYRIGHT MONOLITHIC MEMORIES INC, 198
PALASK SINULATION SELECTIVE TRACE LISTING

S. Martel
MeGill University
23 August 1988

Title s Interrupt Controller Author
Pattern : INTERRUPT.PDS Company
1 ision : 1 Date

PALIGRS
INT_CNTRL

RESET
CLOCK
MODE
EXT
ERRINT
DPINT
EINTO
EINTL
INT
INTO
INT1
INT2
INT)

PAL16RS

1

9 <9 ¢9
LLLLLLLHHH
LHHBLLHLLHH
LLLLLLLLLL
HRHHHHYHHH
HHHBLLLLLL
HHHHRARHHAEH
HHHHAHHHHH
HRHHHHHHAH
LLLLLLLLLL
KXHHHHHHRL
XXHHHHHEHH
XXHHHHHHHH
XXHHHHHHHH

INT_CNTRL

Page :

RESET
CLOCK
OE
AT
ERRINT
DPINT
EINTO
EINT1
INT
INTO
INTL
INT2
INT3

2

cg ¢ ¢cg
HHHHHRHHHH
HULHHLHRLL
LLLLLLLLLL
HHAHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
HHLLLLLLLR
HHHHHHHHHB
LLLLLLLLLL
HHHHHANHRAH
HHHHHHHHHA
HHHHLLLHRA
HHHHHHHHHA

€ ccqg cg

HHHHHHHHHH
LHHLHLLHHL
LLLLLLLLLL
HHHHHHHHHH
LLLLLLHHHH
HHHHHRHHBEA
HHHHHHHHEH
HHHHHHHHHEH
LLLLLLLLLL
LLHHHHHHHH
HHHHAHHHHH
HHHHHRHHHH
HHHHHHHBHRR

cg ¢ ¢
HHHHHHHHHR
AHLLHHLHHL
LLLRHHHHHR
BHHHHHHHHK
LLLLLLLLLL
LLLLLLLLLL
RHHHHHHHHA
HHHLLLLLLL
LLLHAHHHHH
BHHAHHHHHA
BHHAHHRHHR
NHBABLLLAN
NHRERHHHHHA

¢ ¢g

HEHHHHHHHY
LHHLHHLLEH
LLLLLLLLLL
HHHHHHHHHH
LLLLLLLHHY
HHHHRHHHHHY
HHHHHHHHHH
HHEHHHHHRH
LLLLLLLLLL
HHLLLHEAKH
HHHMHHHHHH
HHHHHHHHNR
HHHHHHHRHY

cg cg ¢
HHHHHHBHHHY
HLLHHLLAHRL
RHHHHEHAAR
HHLLLLRHBRR
LLLLLLLLLL
LLLLLLLLLL
HHHHHAARAR
LLLLLLLLLL
HRHHHAHNHH
HRAHHHRHEH
BHHHHHHRHE
BEHHHBHRHLL
PHHHHHHENY

cg ¢ ¢cc¢
HRHHHHHHHH
LLHHLRHLHL
LLLLLLLLLL
HHHHHHHHHHA
HLLLLLLLLL
HLLLLLLLLL
HHHHHHHHAH
HHHHHRHHHH
LLLLLLLLLL
HHHLLLHHHEA
HHRLLLHHHH
HHHHHBHHHA
HHHHHRHHHY

BHR
HuL
uun
[ L
LLL
LLL

LLL
BRH
BRR
HRY
LAB
BHE
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PALASN SINULATION, V2.23 - MARKET RELEASE (2-1-88)
(C) ~ COPYRIGHT NONOLITHIC MEMORIES INC, 1988
PALASN SINULATION SISTORY LISTING

: Interrupt Controller
H :NTERIUPT.!DS

Title
pattern
ision
PAL16RS
INT_CNTRL
Page : 1
g ¢cg¢cg
CLOCK LHHLLHLLHR
RESET LLLLLLLHHH
MODE LLLLLLLLLL
EXT AHHHEHHAHH
ERRINT HHHHLLLLLL
DPINT HBHHHHHHHHH
EINTO0 HHHHHHHHHR
EINT1 HHEHHHHHHHA
INT LLLLLLLLLL
GND LLLLLLLLLL
oE LLLLLLLLLL
Qo XXHRHHHHHL
Q1 XXHHAYHHHH
Q2 XXHHHHHHHH
Q3 XXHHHHHHRH
INTO  XXHHHHHHHL
INTI  XXHHHHHHHH
INT2  XXHHHHHHHH
INT3 XXHRHHHHHH
vee HHHHAHHHHH
PAL16RS
INT_CNTRL
Page : 2
€9 ¢ cg
CLOCK HBLLHHLHHLL
RESET HHHHHHHHHA
DE LLLLLLLLLL
AT HHHHHUHHAEH
ERRINT LLLLLLLLLL
DPINT LLLLLLLLLL
EINT0O HHLLLLLLLH
EINT1 HHHHBHHHHA
INT LLLLLLLLLEL
GND LLLLLLLLLL
(+]] LLLLLLLLLL
Qo LLLLLLLLLL
Q1 LLLLLLLLLL
Q2 HHHHLLLLLL
Q3 HBHHHHHHHRH
INTO HHHHHHHHHEH
INT1 HHHHHHHHHEA
INT2 HHHHLLLHHH
INT3 HHHHHHHRHN
vce HHHHHHHHEHA

c ccg ¢
LHHLHLLHHL
KHHHEHHHHHH
LLLLLLLLLL
HHHAKHRHHH
LLLLLLHHHH
HHHHHHHHHH
HHHHHHHHHA
HHHHHHHHHR
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLHH
HHHHHHHHHH
HHHHHHHHHN
HHHHEHHHHH
LLHHHHHHHY
HHHHHHEHHH
HHHHHHHHKH
HHHHHHHHHH
HHHHHHHHHH

g ¢ ¢
HHLLHHLHHL
HHHHRHHHHHH
LLLHHHRHHH
HEHHEHHHBH
LLLLLLLLLL
LLLLLLLLLL
REHRHHHHHH
HEALLLLLLL
LLLRHHHHHE
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LHHHHLLLLL
HHHHHRHHHY
HHHEHHHHHYH
HARHBHHHHHH
HHHRBHLLLHH
HHHHHHHHHA
HHHERHHHHH

Date

g ¢ cg

LHHLRHLLHH
HHHHHHHHHH
LLLLLLLLLL
HHHHHHHHHR
LLLLLLLHHA
HHHHHHHHHH
HHHHHHHHHH
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
HHLLLLLLLH
HHHHHHHHHA
HHHHHBHHEH
HHHHHHHHHH
HHLLLHHHHH
HEHHHHHHHA
HHHEKHEHEHR
HHHHHHHHHH
HHHHHHHHHH

cg €9 ¢
HLLHHLLHHL
HHHHHHHHHAH
HRHHHHHHHH
HRLLLLHHRH
LLLLLLLLLL
LLLLLLLLLL
HRHHHHHHHH
LLLLLLLLLL
HRRHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLHHHHLL
HRHHHHHHHH
HEHHHHHHHY
HHHHHHHHHY
HHHHHHRHLL
HHHHHHHHAY
HRHHHHHHHA

Author

:t 8. Martel
Company : KcGill University

23 August 1988

€g ¢ c¢
LLHHLHRLAL
HHHHHHHHHH
LLLLLLLLLL
HRHHHHHHHN
HLLLLLLLLL
HLLLLLLLLL
HHHHHHHHHH
HHHHHEHHYH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
HHHLLLLLLL
HHHLLLLLLL
HHHHHHHUHH
HHHHHHHHHH
HHHLLLHHHH
HHHLLLEHHH
HHHRHHHHHH
HHHHHUHREH
HHHHHHERHKH

HHL
HHH
HHH
HHH
LLL
LLL
HHH
LLL
HHH
LLL
LLL
LLL
LLL
LLL
HHH
HHH
HHH
LBH
HHH
HHH
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APPENDIX

Sheet Bl
Sheet B2
Sheet B3
Sheet B4

LOCAL MEMORY BOARD

Static RAM interface (first half memory array)
Static RAM interface (second half memory array)
Static RAM block (memory banks 0 to 3)

Static RAM block (memory banks 4 to 7)
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Local memory

Type

74FCT244A
74FCT521B
74FCT645A
74ALS21A
MT5C2564

Total

Description

Fast CMOS octal buffer/line driver

Fast CMOS 8-bit identity comparator

Fast CMOS non-inverting buffer transceiver
Dual 4-input positive-AND gates

65,536 x 4 bit static RAM (25 ns access)

89

Quantity

- o oo o

64



PREPANGS BV - ETAME PAR

NAME O SYSTEM O PROGAAM — NOW Biv BVETOME OV PN

SEAmM INTERLHCE

ABMRE<E, BRNERS
74FCT 2414

i p——4

Tll

[l

-

F*Q‘
i 7

b ) 64

a4

T4FCT 29494

§RRst

BANK SELECTORG
74/TSLD

=

HE o

ur7

____&mt’o<__<, ==
74FcT 2448 eer

k“ E'.‘ q" 1.

J4FcTSYS

ry 2 " .7

U7g

0"0 fl:‘ Blf)

74FCT82/8

21
‘IR
% "
K oel
1882 os:

o€
ln 525 U75]

74FCT2414

3

ot
ﬂg?g o8t
b7

13

ol
o 76

Ae
124 [}
7 1
2
Hi &
Lde
Zaes Gas?
745crsys

3 iﬂ g’tul_—na.a

b1A

CTRANSCeENERS

74ECTO1SA

i f

-

i
4

1
RIQ. o

5 &

ne

S R
"

TIFCTL 454

b

pAA

2

(e 3

1 fie
=
f;\m

&

R m‘b
79k 80
g i
s n
n N
2 v4
Ve




[ NIVELRK S TS o

YR L — )\V
vipr— 9.58n vy b w0
180 { 2] %oN ¥ £
1€9 n sy L w13 AN o v S1Qy g0 -
, v e vizswicy, % , § N .1 mw ¥ h«m Mm :
$ : w ...ﬂw i m it ; jisy %
5 £ 2 He &GP =k
154482 m RS 1094 ey,
M
/71 2v¥9 e L LK 2
% Wb | Dt b 22 P57
» " ot V-I.L A % uQA.@ V] .wwit €90 &Mms
= S o || HEE fEom V=R E
1 1 - —3 SoIgh T 4
§ kH it o i W% B
VSN 1 8125439b¢ P,
Jo&#
wm L SIveg @2 5
S '® Un.L . asvos Lsn va0 W.H
=4 ¥ B HEES g % i W
¥ e » 3. M‘ : ; 3 o SO
&a m mw - 9e1 I : wm mm 4y ——" nmm ¢
uw o o}k /T : 1] p—a 1)
VSHILI98L W T 912542994 o214 .ﬁ -
Mpr '
" oﬂr w/y [ 2L.07] *- "o ¢ v_uo Syis %0 Qe
. .MS sy Le R ros —_ w0 ;
4 Lo by M N [1
s wm mmm it 5 i1 aM“m« B e
i 1 G p— M 1l & i
”Mﬂn 14 MGA W ° - mc %ﬁ%q 144 & &
ysioLrzbs e TSI _. VibzLI9hL
TIINAOSNNYL SYOLITIS WYY SIANYG s5AAW
LI B | DI YIAvi (ltyS ]
B TRSsuE A INISAS A FION = IVUBOUS WO WHISAD 4O Brvw
2 2
L Bove Wee BWviD — 18 Ohyvadue

° .



(7]
. IBsQ Ty
%m_ P_Mu.n.!ll.l TEm T T AN y T T
g .IJ:IJ MMMI. ]
T ———— M-HIIHIUI.WJ
m e o]
] Vg —
| & 5
| |
{ |
, pALt 2]
' (.13 i
it _
v
Yuly 2l
{ ' TN o fi
i 3 .wl..l
v o— 952y Yoy T ?n
1 A4 - — '] - -
3 ]ﬁl .m."m.% T UJ .*m. s L.Tw.m m m"m mw - - >—-
Tl B w1l 3
— oy THlew T2 1 v
— Ly ¢ /= § o pdenpestin
. N 3 & T — " < B HE Al
'vq - 15q — e T
fitd I ! 5 TR S ———
gt w|®un YN 8 oy ¥ sein volb
VO.OI
TAIn
k 10
I
w gt | Loonog T
i Yot = 660 DAY
w ° -.,-mma.m._.
ST495795.44 S7- 4952954
y
T Tl 15017 Wyys
AP IIN IS AD BRGISAE ND WON — WUBONY WO NILEAS S0 Ivww
»
V00ve - r e W DWViD — 28 Suvadug




84

,, By ] s
e — . o
() )
W.ﬂé
@m ,
1q ——]
{q ——————oy
90
ST-45259 1 . il — Oy ‘
%m_ %z — o \i " w
| n WN | . - S 2! 1 Lw&
] H sesls &— JS5ltgY .
| RS 1 T
] pelerrt] 0 i
[ ." T &~ m
Wi i e - ——
j iv 4+ kC e ——
[ 4y snaa—
L mv" 15 11 - =
i) g NS
t 0 iy qow
9 , .
@w — Lein | L)
abin ~
BRSO MO DRJISL0 A FON — 83-—-»-331 4 T MR I RN e et VIRt
L. — Weo BWVLD - A8 ORyveIve

¢ 3 e




o

APPENDIX C

LDYAL-PORT MODULE
Sheet Cl - Master dual-pot RAM and data byte O transceivers
Sheet C2 - Slave dual-port RAM and data byte | transceivers
Sheet C3 - Slave dual-port RAM and data byte 2 transceivers
Shect C4 - Slave dual-port RAM and data byte 3 transceivers

Sheet C5 - Dual-port RAM module interface
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Dual-port RAM module

Type Description Quantity

IDT71321 CMOS dual-port RAM (2K x 8-bit) (master) 1
IDT71421 CMOS dual-port RAM (2K x 8-bit) (slave) 3
74FCT645A Fast CMOS non-inverting buffer transceiver 8
74FCT244A Fast CMOS octal buffer/line driver 3
74FCT240A Fast CMOS octal buffer/line driver 1
74ALS09 Quad. 2-input pos.AND gates with open-collector 1
Total 17
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APPENDIX D
1/0 SUBSYSTEM
Sheet DI - Serial channels 0 and 1
Sheet D2 - Serial channels 2 and 3
Sheet D3 - Serial channels 4 and §
Sheet D4 - Serial channels 6 and 7
Sheet D5 - Serial channels 8 and 9
Sheet D6 - Serial channels 10 and 11
Sheet D7 - Serial channels {2 and I3
Sheet D8 - Serial channels 14 and 15
Sheet D9 - Serial channel decode
Sheet D10 - Serial control block. control lines 0 to 7
Sheet DIl - Serial control block. control lines 8 to 15
Sheet D12 - Serial control block. control lines 16 to 23
Sheet DI3 - Serial control block. control lines 24 to 31
Sheet DI4 - Serial control block registers (polarity and pulse state registers)
Sheet D15 - Serial control block / start control pulses circuitry

Sheet D16 - RS422 interface. drivers for data out and clock out

Sheet D17 - RS422 interface. drivers for latch enable and controls 0 to 7
Sheet DI8 - RS422 interface. drivers for controls 8 to 15

Sheet D19 - RS422 interface. icceivers for data in and clock in

Sheet D20 - interrupt circuitry (mask, interrupt, and status registers)



Type

74FCT299
7418592
74ALS113A
74FCT240
74FCT240A
74F08
74F32
74Fl1
74FCTS5218B
T4FCT138A
74ALS86
74FCT574A
74ALS32
AM26LS31C
AM26LS33AC

Total

LT ST PR o

I/0 subsystem

Description

Fast CMOS universal shift register

8-bit binary counter with input register
Dual J-K negative-edge—triggered flip-flops

Fast CMOS
Fast CMOS
Quadruple
Quadruple

octal buffer/line driver
octal buffer/line driver
2-input positive-AND gates
2-input positive-OR gates

Triple 3~input positive-AND gates

Fast CMOS
Fast CMOS
Quadruple
Fast CMOS
Quadruple
Quadruple
Quadruple

221

8-bit identity comparator
1-0f-8 decodar

2~input exclusive-OR gates
octal D register (3-state)
2-input positive-OR gates
differential line drivers
differential line receivers

Quantity

64
48

8
11

@D ~ = O O AN

14
12
20
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APPENDIX

Sheet El
Sheet E2
Sheet E3
Sheet E4

INTERFACE BOARD

Initialization program preload circuitry (also E2)

DRQ3B bus receivers and input two-wire handshaking circuitry
DRQ3B bus drivers and output two-wire handshaking circuitry
Function registers (also E3), and miscellaneous



Interface board

Type

74FCT244
74FCT161
74FCT240
74FCTS574A
T74L874
74ALS08
74F32
74F00
74F27
74F08

Total

Description Quantity
Fast CMOS octal buffer/line driver 8
Fast CMOS synchronous presettable binary counter 4
Fast CMOS octal buffer/line driver 1
Fast CMOS octal D register (3-state) 11

Dual D~type positive-edge~triggered flip-flops
Quadruple 2-input positive~AND gate

Quadruple 2-input positive-OR gates

Quadruple 2-input positive-NAND gates

Triple 3-input positive~NOR gates

Quadruple 2-input positive~AND gates

o oW
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DRAM INTERFACE

Timing controller (basic schematic)

Description of the inputs of the timing controller

Description of the outputs. string declaration, and state header
Outputs vs states. and state descriptions

State and transition definitions

Branch conditions

Inter-state conditions

State diagram for the timing controller

DRAM controller (basic schematic)

F10 - Memory driver (basic schematic)

Fi1
Fl12
FI3
Fi4
FI5
Fl16
F17
Fi8
F19
F20
F21i
F22

Bus/EDAC controller (basic schematic)

EDAC (basic schematic)

Refresh timer (basic schematic)

PAL equations for the refresh timer
Simulation for the refresh timer

Fuse plot for the refresh timer

Fuse plot for the refresh timer

Fuse plot for the refresh timer

JEDEC file for the refresh timer

JEDEC file for the refresh timer (test pattern)
Simulation selective trace listing for the refresh timer
Simulation history listing for the refresh timer
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ITLE
ATTERN
ISION

WTHOR
JOMPANY
13 OB
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Timing Controller : o,
TIMING.PDS

) | -

S. Martel .
McGill University

9 August 1988 . i

TIMING_CNTRL PLS10S

MAR PINS wa#

' CLK
I §

IN
2

IN IN IN IN IN IN IN ouT OUT OUuT
3 4 5 6 7 8 9 10 11 12

CLOCK REFREQ RESET STRB STATIC DP HSA SCD AUTO MC1 MSEL CASI

' OUT
113
RASI

IN
;25
RW

GN
14
GN

IN
26
NC

D ouT ouT ouT ouT P/E IN IN IN IN IN

15 16 17 18 19 20 21 22 23 24
D READY RFC LATCH OEDATA GND SELECT WSO WSl ERR MEM

IN vccC

27 28

NC vcce

PO P1 P2 P3 P4 P5 COMP

j#*% INPUTS **#

;CLOCK
;REFREQ

-

-e

{RESET
B

;STATIC

’
;DP

=
%
>

0
(2]
v

>
c
]
(o]

SELECT

x

S0(1)

(=

™
ol
)

WO Ve WO Ve We .. % WO We WO We WS WO WE WE W WE VWO We Wh WE W WE We W Wy We

Clock H1l provided by the processor with a frequency of 16.5 MHz.
Refresh request from the refresh timer. When REFREQ is low, the
timing controller must complete the DRAM access if any, and refresh
the next row. RAS only refresh cycle is implemented. -

System reset (active low).

Local memory access strobe is low when the DRAMs, the SRAMs, or
dual-port RAMs or anythings are accessed on the memory bus.

SRAM access strobe active low. If STATIC is low, the DRAMs shall
not be accessed.

Dual-port RAM access strobe active low. When DP is low, the DRAMs
shall not be accessed.

High speed access. This is used with the static column decode
access mode. When the row section of the DRAM address is the same
as the previous DRAM address, new data can be accessed by simply
changing the column addresses. This reduces the access time to

the DRAMs. When HSA is low, high-speed accesses can be performed.
HSA is provided by the static column and page-mode detector.

Static column decode switch. SCD when high, allows static column
decode access otherwise high speed access is disable. AUTO must

be low.

Automatic feature that allows the system to switch between normal
accesses and static column decode accesses without the user’s
intervention. AUTO is active high and overides SCD.

Up to 16 Mwords of local memory can be addressed by the processor.
The system is designed in order to have up to 4 Mwords of relatively
fast DRAMs and an optional extension of up to 12 Mwords involving
the same or a different number of wait-states when accessed. SELECT
indicates to the timing controller which part is accessed. SELECT
is low when the 4 Mwords part is accessed, high otherwise.
Indicates the number of extra wait-states (relative to the 4 Mwords
DRAM part) -that must be add when the extension (DRAMs) is accessed.

WS0,WSl -> 00 : + 0 wait-state (same access time as 4 Mwords)
-> 10 : + 1 wait-state (60 ns)
-> 01 : + 2 wait-states (120 ns)
-» 11 : + 3 wait-states (180 ns)

Error flag from the EDAC. When ERR is low, the timing controller
does not allow more access to the DRAMs until the correct data



is read from the EDAC.
MEM when high indicates to the timing controller that the extension
is used as memory. If a co-processor or anything else is assigned
4 - to the extension, MEM should be set low. -
"§3RW : Read and write line froa the processor. RW is low when a write
: cycle is performed, RW is high otherwise. -

(OUTPUTS hk

"sMC1 : MCl is connected to the DRAM controller. MCl is low when refresh

: without scrubbing must be performed. Otherwise MCl is high-including
read/write cycles.

MSEL is connected to the DRAM controller. MSEL controls the address
multiplexer in the DRAM controller and selects the row or column
address. When MSEL is low, the row address is sent to the DRANs,
otherwise the column address is sent.

CASI is connected to the DRAM controller. CASI is the column address

strobe input.
RASI is connected to the DRAM controller. RASI is the row address

strobe input.
EADY : READY is connected to the processor via an AND gate. During a
DRAM access, the processor will wait until READY is low.
RFC is connected to the refresh timer. The timing controller
sets RFC high to indicate to the refresh timer that the refresh
cycle is complete.
LATCH is connected to the DRAM output latches. New outputs are
latched when LATCH is high and RW is high (RW is tested externally
with an AND gate). This garantees that the DRAM output is available
for the whole read cycle because of premature DRAM turn off to
minimize the delay between accesses.
OEDATA is connected to the EDAC. OEDATA when low enables the correct
(» data output to the memory bus. OEDATA is active (low) when an

b 3
0
(]
[ o

(2]
»
wn
-

E

"~
0

e
»
3
e
=

o
m
O
5
>

error has occured (ERR low) and during the first successive read
cycle to the 4 Mwords DRAM part or to the extension if used as

extended memory.

;*** STRING DECLARATION #**#
; LOCAL_MEMORY_ACCESS defines any accesses to the memory bus excluding

;the external SRAM block and the dual-port RAMs.
STRING LOCAL_ MEMORY_ACCESS ' /STRB * DP * STATIC * REFREQ * RESET '

j*** STATE HEADER #=#*

STATE ;Start the state machine section
MOORE MACHINE -Does no onsxder the inputs as MEALY does

misTe_ReseT “* f»« n fua.'t

s *** DEFAULT VALUES

DEFAULT_BRANCH ST sInitialization at state 0
DBFAULT_OUTPUT MC1l MSEL CASI RASI READY /RFC /LATCH OEDATA

;*** QUTPUTS VS STATES **%*
3 STATES/OUTPUTS -> MC1 MSEL RASI CASI READY RFC LATCH OEDATA

;970 1 0 1 1 1 0 0 1
: 1 0 0 1 1 0 0 1
T, 1 1 0 0 0 0 1 1
i ;8T3 1 0 1 1 1 0 0 1
i ;ST4 0 0 0 1 1 1 0 1
£ ;8T5 0 0 0 1 1 1 0 1
iST6 1 0 1 1 1 0 0 1



T15
T16

TO0.OUTF
T1.0UTF
T2.0UTF
T3.0UTF
T4.0UTF
TS .OUTF
T6.0UTF
T7.0UTF
T8.0UTF
}T9.OUTF
}T10.0UT
}JT11.0UT
}T12.0UT
JT13.0UT
LT14.0UT
5T15.0UT
5T16 .0UT
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$ST9

;ST10
:ST11
$ST12
$ST13
:ST14
:ST1S
:ST16

t= /MSEL
:= /RASI * /MSEL
t= /READY * /RASI * /CASI

1= /MSEL
s= /MCl * RFC * /RASI * /MSEL
t= /MCl1 * RFC * /RASI * /MSEL
t= /MSEL
:= /RASI * /CASI * /READY
t= /RASI ¢ /CAS:
:= /RASI * /CASI
F := /RASI * /CASI
F := /RASI * /CASI
F := /RASI * /CASI
F := /RASI * /CASI
F := /RASI * /CASI
F := /MSEL * /READY * /OEDATA
F := /RASI * /READY * /OEDATA x/cés,

TE DESCRIPTIONS #*#*%*

Initial state prior to a refresh or a normal access cycle.

First state in the normal access cycle.

Second state in thé normal access cycle. Also last state in the
high-speed access (fast or static column decode access) when

the preceeding DRAM access was a normal or extended access.

Last state in the normal access cycle. Also garantees the required
RAS precharge time between two normal accesses, extended and normal
accesses, and between extended, normal accessed and refresh cycles.
First state in the refresh cycle.

Second state in the refresh cycle.

Last state in the refresh cycle.

Last state in the fast access cycle in the static column mode.
Initial state in the static column decode mode.

First extension state in the normal access cycle.

Second extension state in the normal access cycle.

Last extension state in the normal access cycle.

First extension state in the fast access cycle.

Second extension state in the fast access cycle.

Last extension state in the fast access cycle.

EDAC access state in the normal access mode.

EDAC access state in the fast access mode.

s**«* STATE AND TRANSITION DEFINITIONS *#**

POWER.JP =
s * NORMAL ACCESS MODE *

é{} :

+ 4+ +0

-> Stra

}Gorb.ﬂﬂbe ﬂ?ﬁ%rw“ﬂut ﬁa‘r¢ai)

REFRESH -> ST4 ;If refresh is requested then go to ST4
INT_NORMAL_ACC -> ST1 ;Else if the local slow memory is accessed
EXT_ NORMAL _ACC -> ST1 ;Then go to ST1

INT_EDAC_READ -> ST15 ;If there is an error and the processor reads
EXT_ EDAC READ -> ST15 ;the local slow memory then go to ST15 (EDAC)

;Else go to STO.

1 1 ) v v v a .
1 1 0 4{¢ 1 0 0 1
1 1 0 0 1 0 0 1
1 1 0 0 1 0 0 1
1 1 0 0 1 0 0 1
1 1 0 0. 1 0 0 1 .
1 1 0 0 1 0 0 1
1 1 0 0 1 0 0 1
1 0 1 1 0 0 0 0
1 1 0 Gﬂﬂ." 0 0 0 0

4



Tl = INT_STL_5T4 =2 Dle AL AL 13 @ WUAAN ALLEDI Wil v Cnavew weueo
+ EX?_ST1_ST2 -> 8T2 ;Then go to ST2

+ /RISET => STO ;If there is a system reset then go to STO
+-> ST9 ;jElse go to ST9 for a8 DRAM access with extra
;states.
T*2- = ST2_ST8 -> ST8 ;1f static column decode is selected
(+ AUTO_ST2_ST8 =-> ST8 ;If the automatic mode is selected then ST8
f + /RESET -> STO ;If there is a system reset then go to STO

+-> ST3 ;Else completes the normal access cycle.
T3 := VCC - ST0 ;Go to STO.

* REFRESH MODE * -

T4 := RESET -> STS ;If no system reset then go to STS
;Else go to STO.
3TS := RESET -> ST6 ;If no system reset then go to ST6
;Else go to STO.
35T6 := VCC -> STO0 ;Go to ST0 (this garantees precharge time)

i* FAST ACCESS MODE *

3STT := RESET -> ST8 ;If no system reset then go to ST8
. ;Else go to STO.

5T8 := REFRESH -> ST3 ;If refresh request then ST3 for precharge
+ EXTENDED_ACC -> ST3 ;If not the same row then ST3 for precharge
+ INT_FAST_ACC =-> ST7 ;If DRAM access with no extra states
+ EXT_FAST ACC -> ST7 ;Then go to ST7
+ INT_EDAC_READ -> ST16 ;If an error occured and the processor reads
+ EXT_EDAC_READ -> ST16 ;at a DRAM address then go to ST16
+ /RESET -> ST0 ;If there is a system reset then go to STO
+ EXT_FAST_ACCl -> ST12 ;If DRAM access with extra states then ST12

(i + EXT_FAST_ACC2 -> ST12

+ EXT_FAST_ACC3 -> ST12 -

+-> ST8 ;Else there is no DRAM access then STS8.

$* NORMAL ACCESS MODE WITH EXTRA WAIT STATES *

ST9 := WS_ONE -> ST2 ;If one extra state is selected then ST2
+ /RESET -> STO ;If there is a system reset then go to STO

+-> ST10 ;Else 2 or 3 extra states are performed.
ST1) := WS_TWO ° => ST2 }If two extra states are selected then ST2
+ /RESET -> STO ;If there is a system reset then go to STO

+-> ST11 ;Else one more extra wait state is performed.

ST11 := RESET -> 8T2 ;If no system reset then go to ST2
;Else go to STO.

;* FAST ACCESS MODE WITH EXTRA WAIT STATES *

ST12 := WS_ONE -> 8ST?7 ;If one extra state is selected then ST7
+ /RESET -> STO ;If there is a system reset then go to STO
+-> ST13 ;Eise 2 or 3 extra states are performed.
ST13 := WS_TWO -> ST7 ;If two extra states are selected then ST7
+ /RESET ~> STO ;If there is a system reset then go to STO
(‘: +-> ST14 ;Else one more extra wait state is performed.
ST14 := RESET -> 8T7 ;If no system reset then go to ST7

;1Else go to STO.

;* EDAC READ IN NORMAL ACCESS MODE *



T1S := VCC -> ST0 ;Go to STO. -

* EDAC READ IN FAST ACCESS MODE *

™16 := RESET -=> ST8 ;If no system reset then go to ST8

€.~0 ;Else go to STO.

##%* BRANCH CONDITIONS ***
ONDITIONS -
* REFRESH *

EFRESH = /REFREQ * RESET
Refresh cycle is requested.

;* SLOW MEMORY ACCESSES *

INT_NORMAL_ACC = LOCAL_MEMORY_ACCESS * ERR * /SELECT *2BeiED
;Normal access cycle to the 4 Mwords DRAM block.

EXT_NORMAL_ACC = LOCAL_ MEMORY_ACCESS * ERR * SELECT * MEM 4eREFREQ
;Normal access cycle to the memory extension.

INT_FAST_ACC = LOCAL_MEMORY_ACCESS * ERR * /HSA * /SELECT ®=REPREQ
;Fast access cycle to the 4 Mwords DRAM block.

EXT_FAST_ACC = LOCAL_MEMORY__ ACCESS * ERR * /HSA * SELECT * MEM * /WSO
* /WSl *=RRERECT
;Fast access cycle to the memory extension.
4’

. AST_ACC1 = LOCAL_MEMORY_ ACCESS * ERR * /HSA * SELECT * MEM * WSO

* /WSl-h-ttNHH?
;Fast access cycle to the memory extension with one extra state,.

k.. v

EXT_FAST_ACCZ = LOCAL_MEMORY_ ACCESS * ERR * /HSA * SELECT * MEM * /WSO
* WSl
;Fast access cycle to the memory extension with two extra states.

-

EXT_FAST_ACC3 = LOCAL_ MEMORY_ACCESS * ERR * /HSA * SELECT * MEM * wso

* WSl ‘wBRARRES
;Fast access cycle to the memory extension with three extra states. -

EXTENDED ACC = LOCAL_MEMORY_ACCESS * ERR * HSA S REFRELY
;Extended access cycle when leaving the static column decode mode.

;* EDAC READ CYCLES *

INT_EDAC_READ = LOCAL_MEMORY_ACCESS * /ERR * /SELECT * RW »wRBFREQ
;EDAC read cycle to the 4 Mwords DRAM block range addresses.

EXT_EDAC_READ = LOCAL_MEMORY_ ACCESS * /ERR * SELECT * MEM * RW *#cREFREQ
;EDAC read cycle to the memory extension range addresses (if not memory ->

;not valid).

:* EXTENDED ACCESS CYCLES FOR NORMAL AND FAST ACCESSES *

’

( X §
W. <ONE = WSO % /WS1 * RESET ;+ one H clock cycle
WS_TWO = /WSO * WS1 * RESET ;+ two H clock cycles

;* INTER-STATES CONDITIONS *




ST1_ST2

/SELECT " nedos - ee -

SELECT * /WSO * /WSl * RESET :ST1 to ST2 in extension access

/AUTO * SCD * RESET :ST2 to ST8 in SCD mode

AUTO * /HSA * SELECT ~A€Jcr ;ST2 to ST8 in automatic mode
and fast access

/RESET ;Programmable preset function (all registers = 1)

;—
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'LE - Refresh Timer

ESCRIPTION

1¢ refresh timer is used to signal to the timing controller on the

1S320C30 DSP board that it should execute a refresh cycle as required

¢t the dynamic memory. This device sends a REFREQ signal every 160

- ck cycles with a frequency of 16.5 MHz. This makes it compatible
Mx1l DRAMs (512 rows with every row being refreshed once every

ms or less. The division rate of 160 provides extra time for timing

tbitration.

ITERN REFRESH.PDS
/ISION 1

FHOR S. Martel

{PANY McGill University

[E 7 August 1988

IP REFRESH_TIMER PAL22V10

[NS

L 2 3 4 5 6 7 8 9 10 11 12
-LOCK RESET RFC NC NC NC NC NC NC NC NC GND
13 14 15 16 17 18 19 20 21 22 23 24
NC Qo Q1 Q2 Q3 Q4 Q5 Q6 Q7 REFREQ NC vCC
JBAL

LOCK: H1l at 16.5 MHz from the processor
ESET: System reset (active low)
FC Refresh complete signal from the timing controller (active high)

.. ¢ Counter states (not connected)
EFREQ: Refresh request (output active low)

, CNT_160 * ,/Q0 * /Q1 * /Q2 * /Q3 * /Q4 * Q5 * /Q6 * Q7 '
RING SCLR * /RESET + CNT_160 ' -

UATIONS

EFREQ := CNT_160 * RESET
+ /REFREQ * /RFC * RESET

t= /Q0 * /SCLR

:= (Q1 :4+: Q0) * /SCLR

t= (Q2 :4+: (Q1l = QO0)) * /SCLR .
t1= (Q3 :+: (Q2 * Q1 » Q0)) * /SCLR -

c= (Q4 :+: (Q3 * Q2 * Q1 * QO0)) * /SCLR

:m {(Q5 :+: (Q4 * Q3 * Q2 * Q1 * QO0)) * /SCLR

:= (Q6 :4+: (Q5 » Q4 * Q3 *» Q2 * Q1 *» Q0)) * /SCLR

c= (Q7 :4: (Q6 * Q5 * Q4 * Q3 * Q2 * Q1 * Q0)) * /SCLR

ri-state outputs enable (optional)
FREQ.TRST = VCC
.TRST = VCC

.TRST = VCC
.TRST = VCC
.TRST = VCC
.TRST = VCC
.TRST = VCC
.TRST = VCC
WMST = VCC
-

OBAL.RSTF = /RESET ;Programmable reset function (all register outputs = 0)

MULATION

ACE_ON RESET CLOCK RFC REFREQ Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
Fr4

&
RS



BTF /CLOCK
LOCKF CLOCK
ETF /RESET /RFC
LOCKF CLOCK
1.OCKF CLOCK
> RESET
( ‘=l TO 16 DO ;start counting
BEGIN
CLOCKF CLOCK
END -
HECK REFREQ
RLDF /Q0 Q1 Q2 Q3 Q4 /Q5 /Q6 Q7 ;preload registers
OR C:=1 TO 5 DO ;count in order to reah 160
BEGIN
CLOCKF CLOCK
END
HECK /REFREQ
SETF RFC
CLOCKF CLOCK
CHECK REFREQ
FOR C:=1 TO 5 DO
BEGIN
CLOCKF CLOCK
END
CHECK REFREQ
SETF /RFC
CLOCKF CLOCK
CHECK REFREQ

TRACE_OFF

C

Fis
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Refresh Timer
REFRESH.

PDS

Author
Company
Date

22133
8901

1988

:t S. Mactel

3333
2345

McGill University
7 August 1988

3333
6789

4444
0123

L F XXX
1MXXXX
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22
23
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31
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i3
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%

8 XX

84 —-—-
85 —-—
86 —-—-

103 XXXX

17 g XXXX
1«()§xxx
100 XXXX
107 XXXX

. 108 XXXX
: 109 XXXX
;110 XXXX

9

XXXX XXXX XXXX XXXX XXXX XXXX
S X
- X
e e
------- X —-X- -——X --X- --X-
S X
XXXX XXXX XXXX XXXX XXXX XXXX
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¥

XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX

OUTPUT PINS:
POLARITY FUSE:
OUTPUT PINS:
FLUSH FUSE:

TOTAL FUSES BLOWN:

~=X- ===X =--X-
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX
XXXX XXXX XXXX

XXXX XXXX XXXX

1111112222
4567890123

1111112222
4567890123
XXXXXXXXXX

2267

X
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

--x-
=X
-==X
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

~—=X
--x-
--x-
XXXX
XXXX
XXxX
XXXX
XXXX
XXXX
XXXX

XXXX
XXxXX
XXXX
XXXX
XXXX
XXXX
XXXX

——X—-
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX

aX-
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX

—-—X-
-—X~-
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX

R B )
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C) - COPYRIGHT MONOLITHIC MEMORIES INC, 1988

[ALASH XPLOT, V2.23 - MARKET RELEASE ((-1-00)

Pitle
patter
tevisi

;(]‘:

¢+ Refresh Timer Author :
n ¢ REFRESH.PDS Company :
on : 1 - Date :

3AL22V10
AEFRESH_TIMER®

AVS12+*
AP24*
2r5828
S0*FO*
L0000
L0440
L0484
L0528
L0924
L0968
L1012
L1056
L1100
L1144
11188
L1232
L1276
L1320
L1496
L1540
L1584
L1628

L1472
1¢;
L1760

11804
L1848
L2156
L2200
L2244
12288
L2332
L2376
£2420
L2464
L2904
12948
L2992
L3036
£3080
L3124
L3168
L3652
L3696
L3740
L3784
13828
L3872
L4312
4

11150
L4444
14488
L4884
L4928
L4972

*

11111011111111111111111111111111111111111111+
11111111111111111111111111111111111111111111+
11110111111011011110110111011101110111011111+
11110110101111111111111111111111111111111111+
11111111111112111111111111111111111111111111+
11110111111011111111111111111112110111111311+
11110111111011111111110111111111111111111111+
111101111110111111012111111111111111111111111+
11110111111011111111111111111101111111111111+
11110111111011111111111111011111111111111111+
111101111110410111112111111111111111111111111+
11111111111011011110110111011101110111011111~
11110111110111101110121011101110111011101111+
111101111110111111111112111111111111111011111~*
11111111111111111111111111111111111111111111+
111101111111111011111111110111311111111111111+
11110111111111101111110111111111111111111111»*
11110111111111101111111111111111110111111111~*
11110111111111101111111111111101111111111111+~
11110111111111101101111111111111111111111111+
11110111111111011110111011101110111011101111~
11111111111011011110120111012101110111011111~+
1111011111111110112113111111111111111111011111+
1111111111111111211111211111131111111111111111+*
11110111111111111110111111011111111111111111+
111101111111111312110111111111111110111111111*
1111011111112111111101111111211101111111111111+*
1111011111111111111011011211211111111111111111+
11110111111111111101111011101110111011101111+
11111111111011011110110111011101110111011111+*
111101121111111111101111111111111111117511111+
111111111111111121111211111111111111111111111+
11110111111111111111111011111111111111011111+
11110111111111111111111011111111110111111111+
111101111111111112111111011011111111111111111+
11110111111131111111110111101110111011101111+
11111111111011011110110111011101110111011111+
1111011111112121111111111011111101111111111111+~
1111111111111111312111111211111111111111111111+*
11110111111111111111111111101111110111111111+~
11110111111111111111111111101101111111111111+~
11110111111111111111112111011110111011101111*
11111111111011011110110111011101110111011111+
11110111111111111111111111101111111111011111+
111111111111111111111111111113111111111111111+
111101111111111111112111111111110110111111111»
11110111111111111111111111111101111011101111+
11111111111011011110110111011101110111011111+*
11110111111111111111111111111110111111011111+
11111111111111111111111111111111111111111111+
111101111111111211111111111111111110111101111+
11111111111011011110110111011101110111011111+*

S§. Martel
McGill University
7 August 1988



016 1111011111122121220000000048004402040484V040Va84844"
366 11111111111111111211111111311131111111111111111+
412 11111111111011011110110111011101110111011111~
456 11110212111111111211211211112121211111111111011111+*
808 0000101010+
818 1010101010* ) i
CXXXXXXXXXXNXXXXXXXXXXXN *
YPCOOXXXXXXXXNXLLLLLLLLHXN*
0U3 COOXXXXXXXXNXLLLLLLLLHXN®*
004 ClOXXXXXXXXNXHLLLLLLLHXN*
005 ClOXXXXXXXXNXLHLLLLLLHXN*
006 ClOXXXXXXXXNXHHLLLLLLHXN*
007 ClOXXXXXXXXNXLLHLLLLLHXN*
008 ClOXXXXXXXXNXHLHLLLLLHXN®
009 ClOXXXXXXXXNXLHHLLLLLHXN®*
7010 ClOXXXXXXXXNXHHHLLLLLHXN*
7011 ClOXXXXXXXXNXLLLHLLLLHXN*
0012 ClOXXXXXXXXNXHLLHLLLLHXN#*
0013 ClOXXXXXXXXNXLHLHLLLLHXN*
0014 ClOXXXXXXXXNXHHLHLLLLHXN*
0015 ClOXXXXXXXXNXLLHHLLLLHXN*
0016 ClOXXXXXXXXNXHLHHLLLLHXN*
0017 ClOXXXXXXXXNXLHHHLLLLHXN*
0018 ClOXXXXXXXXNXHHHHLLLLHXN*
0019 ClOXXXXXXXXNXLLLLHLLLHXN*
0020 PlOXXXXXXXXNX100001101XN*
0021 ClOXXXXXXXXNXHHHHHLLHHXN®*
0022 ClOXXXXXXXXNXLLLLLHLHHXN*
0023 ClOXXXXXXXXNXHHHHHHHHLXN*
0024 ClOXXXXXXXXNXLLLLLLLLLXN*
0025 ClOXXXXXXXXNXHLLLLLLLLXN*
0026 ClIXXXXXXXXNXLHLLLLLLHXN*
n027 ClIXXXXXXXXNXHHLLLLLLHXN*
2 ClI1XXXXXXXXNXLLHLLLLLHXN*
002 CllIXXXXXXXXNXHLHLLLLLHXN*
0030 Cl1XXXXXXXXNXLHHLLLLLHXN*
0031 Cll1XXXXXXXXNXHHHLLLLLHXN*
0032 ClOXXXXXXXXNXLLLHLLLLHXN*

£z0



LASH SI"ULATIONp V2.23 - MARKEL RLLEMADL \e=a v,

) = COPYRIGHT MONOLITHIC MEMORIES INC,

1988

LASM SIMULATION SELECTIVE TRACE LISTING

Author
Company

. Martel

tle ¢ Refresh Timer
ttern : REFRESH.PDS

(i‘:on s 1

L22V10

FRESH_TIMER

ge : 1

gcg ¢ cg c ¢ ¢ ¢

RESET XXLLLLLHHH HHHHHHHHHH
CLOCK HLLHLHLLHH LHHLHHLHHL
RFC XXLLLLLLLL LLLLLLLLLL
REFREQ XXHHHHHHHH HHHHHHHHHH
Qo0 XXLLLLLLLH HHLLLHHHLL
Ql XXLLLLLLLL LLHHHHHHLL
Q2 XXLLLLLLLL LLLLLLLLHH
Q3 XXLLLLLLLL LLLLLLLLLL
Q4 XXLLLLLLLL LLLLLLLLLL
Q5 XXLLLLLLLL LLLLLLLLLL
Q6 XXLLLLLLLL LLLLLLLLLL
Q7 XXLLLLLLLL LLLLLLLLLL

Date

c ¢ ¢C
HHHHHHHHHH
HHLHHLHHLH
LLLLLLLLLL
HHHHHHHHHH
LHHHLLLHHH
LLLLHHHHHH
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL

: S
¢ McGill University
¢ 7 August 1988

c ¢€ ¢

HHHEHBHHHH
HLHHLHHLHH
LLLLLLLLLL
HHHHHHHHHH
LLLHHHLLLH
LLLLLLHHHH
LLLLLLLLLL
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL



L22V10
FRESH_TIMER -

age

RESET
CLOCK

ko
Qu

6.9

2

¢c € ¢ ¢
HHHHHHHHHH
LHHLHHLHHL
LLLLLLLLLL
HHHHHHHHHH
HHLLLHHHLL
HHLLLLLLHH
LLHHHHHHHH
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL

c cpg c
HHHHHHHHHAB
HHLHHLLHHL
LLLLLLLLLL
HHHEHHHHHHH
LHHHLLLLHH
HHHHLLHHHH
HHHHLLHHHH
HHHHLLHHHH
LLLLHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLHHHH

¢ ¢ ¢
HHHHHHHHHH
HHLHHLHHLH
LLLLLLLLLL
HHHHLLLLLL
HLLLHHHLLL
HLLLHHHLLL
HLLLHHHLLL
HLLLHHHLLL
HLLLHHHLLL
LHHHHHHLLL
LLLLHHHLLL
HHHHHHHLLL

¢g ¢ ¢
HHHEHHHHHHH
HLLHHLHHLH
LLHHHHHHHH
LLLLHHHHHH
HHHHLLLHHH
LLLLHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLCELLLLLLL
LLLLLLLLLL
LLLLLLLLLL




AL22V10

EFRESH_TIMER

age :

RESET
CLOCK

(ieEQ

3

cC ¢ ¢
HHHHHHHHHH
HLHHLHHLHH
HHHHHHHHHH
HHHHHHHHHH
LLLHHHLLLH
LLLLLLHHHH
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL

cg ¢
HHHHH
LLHHL
HLLLL
HHHHH
HHHLL
HHHLL
HHHLL
LLLHH
LLLLL
LLLLL
LLLLL
LLLLL



SALASA SIMULATION, V.23 - MARKET RELEASE (2-1~-88)
(C) - COPYRIGHT MONOLITHIC MEMORIES INC, 1988
ALASM SIMULATION HISTORY LISTING

itle : Refresh Timer Author :t S. Martel
attern : REFRESH.PDS . Company : McGill University
(qion : 1 Date : 7 August 1988
coad 2V10
EFRESH_TIMER
age : 1
gcg ccg € € € € € € ¢ ¢ ¢ ¢

CLOCK HLLHLHLLHH LHHLHHLHAHL HHLHHLHHLH HLHHLHHLHH
RESET XXLLLLLHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH
RFC XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL
GND LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL
Qo XXLLLLLLLH HHLLLHHHLL LHHHLLLHHH LLLHHHLLLH
Q1 XXLLLLLLLL LLHHHHHHLL LLLLHHHHHH LLLLLLHHHH
Q2 XXLLLLLLLL LLLLLLLLHH HHHHHHHHHH LLLLLLLLLL
Q3 XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL HHHHHHHHHH
Q4 XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL
Qs XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL
Q6 XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL
Q7 XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL
REFREQ XXHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH
vce HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH
GLOBAL XXLLLLLXXX XXXXXXXXXX XXXXXXXXXX XXXXXXXXXX

-



AL22V10
EFRESH_TIMER
age : 2

€ ¢ ¢ ¢
CLOCK LHHLHHLHHL
RESET HHHHRHHHHHH

(c LLLLLLLLLL

LLLLLLLLLL
Q0 HHLLLHHHLL
Ql HHLLLLLLHH
Q2 LLHHHHHHRH
Q3 HHHHHHHHHH
Q4  LLLLLLLLLL
Q5 LLLLLLLLLL
Q6 LLLLLLLLLL
Q7 LLLLLLLLLL
REFREQ HHHHHHHHHH
vce HHHHHHHHHH

GLOBAL XXXXXXXXXX

€ cpg ¢
HHLHHLLHHL
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LHHHLLLLHH
HHHHLLHHHH
HHHHLLHHHH
HHHHLLHHHH
LLLLHHHHHR
LLLLLLLLLL
LLLLLLLLLL
LLLLLLHHHH
HHHHHHHHHH
HHHHHHHHHH
XXXXXXXXXX

cC ¢ ¢
HHLHHLHHLH
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
HLLLHHHLLL
HLLLHHHLLL
HLLLHHHLLL
HLLLHHRHLLL
HLLLHHHLLL
LHHHHHHLLL
LLLLHHHLLL
HHHHHHHLLL
HHHHLLLLLL
HHHHHHHHHH
XXXXXXXXXX

g ¢ ¢
HLLHHLHHLH
HHHHHHHHHH
LLHHHHHHHH
LLLLLLLLLL
HHHHLLLHHA
LLLLHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLHHHHHA
HHHHHHHHHA
XXXXXXXXXX



22V10

age @

CLOCK
ESET

REFREQ
vcc
GLOBAL

9

¢

TIMER

3

c ¢ c
HLHHLHHLHH
HHHHHHUHHH
HHHEHHHHHHEH
LLLLLLLLLL
LLLHHHLLLH
LLLLLLHHHH
HHHHHHHHHH
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
LLLLLLLLLL
HHHHHHHHHH
HHHHHHHHHH
XXXXXXXXXX

cg ¢
LLHHL
HHHHH
HLLLL
LLLLL
HBHHLL
HHHLL
HHHLL
LLLHH
LLLLL
LLLLL
LLLLL
LLLLL
HHHHH
HHHHH
XXXXX

C WY TR

)

S
b
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APPENDIX G - UNIT LIST

Unit number

ul

u2-us

ué

U7-ul0
ull-ul4
ulsa

ulss
ul5c-ulsp
Uléa
ulés

uléec

ulép
Ul6E
Ul6F~Ul6H
ul7-u20
vzl

u22a
u22B

va3
U24-u29
u3o0-u37
u3s
U39A-~-U39B
U39C-U39D
U40A~-U40B
u40cC
u40D
u4la
u41B
U42-U43
U44-U45
U46-U51

Type

TMS320C30
74FCT138A
74FCTS5218B
74FCT645A
74FCT244A
74F00
74F00

(NOT USED)
T4FCT240A
T4FCT240A
74FCT240A
74FCT240A
74FCT240A
(NOT USED)
74FCT574A
74FCT244A
74FCT139A
(NOT USED)
74FCTS521B
74FCT138A
74F257
16R6
74F32

(NOT USED)
74F08
74F08
({NOT USED)
74r21

(NOT USED)
74F30
16R8
74FCTS574A

Sheet

Al
A2
A3
A3
A3
A3
A6

A3
Ad
A22
Bl
D9

A4
A4
A4

A4
Ad
AS
A6
A6

A6
A22

A6

A6

A6
A20



}

& 9
-

¢

Unit number

u52-u53
US54
US5-u57
uss

us9

U60
J61-U68
U69-U71
U72A
U728
u73-u76
u77-u8o
U8l-us4
UBSA

ussse
U86-U89
U90-uU93
U94-u97
u9s-ulel
ulé62
Ul163-U165
Ul66-Ul73
Ul74-Ul76
ul77
Ul78A-U178B
ul78C-Ul78D
uU179-u242
U243-0258
U259-U266
u267-U273
U274-U275
U276-U279
U280-U287
U288-U292

Type

74FCT273A
74rCT240
74FCT273A
74FCT240
T4FCTB827B
74FCT244A
T4FCT645A
74FCT244
74LS74
74LS74
74FCT244A
74FCT521B
74FCT645A
T4ALS21A
74ALS21A
74FCT244A
74FCTS521B
T4FCT645A
MT5C2564~25 (OR EQUIVALENT)
IDT71321~35 OR CY7C136-35
IDT71421-35 OR CY7C146-35
74FCT645A
74FCT244A
74FCT240A
74ALS09
(NOT USED)
74FCT299
74LS592
74ALS113A
74FCT240
74FCT240A
74F08
74F32
74F11

Sheet

A20
A20
A2l
A2l
A2l
A2l
A2l
A22
A22
A20
Bl

Bl

Bl

Bl

B2

B2

B2

B2
B3-B4
Ccl
c2-c4
Cl-C4
c5

cS

C5

D1-D8
D1-D8
D1-D8
Dl1-D8
Dl1-D8
D1-D8
Dl1-D8

‘D1-D8



Unit number

U293A
U293B-U293C
U294
V295-U301
U302-U333
U334-U337
U338-U345
U346-U353
U354-U361
U362-0381
U382-U389
U390-U395
U396-U399
U400-U403
U404-U407
U408-U409
U410A

U410B

u410C
U410D~-U410H
U411-U412
U413-U416
U417a-U4178B
u418a
U418B-U418C
U418D
U419A~-U419C
U419D

U420A
U4208-U420C
U420D0

U421a

u421B
U422-0427

Type

74F11

(NOT USED)
74FCTS21B
74FCT138A
74L8592
74FCT240
T4ALS86
74FCTS574A
74ALS32

AM26LS31C (OR EQUIVALENT)

AM26LS33AC (33C,

74FCTS74A
74ALS32
74FCT244
74FCT161
74FCT244
74FCT240
74FCT240
74FCT240
74FCT240
74FCT244
T4FCTS74A
74LS874
74ALS08
74ALS08
(NOT USED)
T4F32

(NOT USED)
74F00
74F00
74F00
74LS874
(NOT USED)
74FCTS74A

32¢,

OR EQUIVALENT)

Sheet

D8

D9

D9
D10-D13
D10-D13
D10-D13
D14

D15
D16-D18
D19

D20

D20

El

El

El

El

E2

E3

E4

E2

E2

E2

E2

E3

E2
E2
E3
E4

E2

E3



Unit number

U428A~U428B
u429
U430A-~-U430B
U430C
U431A-U431B
U431C-U431D
U432A-U432B
U432C-U432D
U433

Type

74LS74
74FCTS74A
74F27

(NOT USED)
74F32

(NOT USED)
74F08

(NOT USED)
74FCT244A

A e A a
RS R YO
LI

Sheet

E3

E4

E4

E4

E4

A20



APPENDIX H
" EXTERNAL REGISTERS -

Word length register 0 (write only)

initial address: 800010H

initial content: 00000000000000000000000000000000
XXXXXXXXXXXXXXXXXXXXXXXX00000000: word in channel 0 = 255 bits
XXXXXXXXXXXXXXXXXXXXXXXX1H111111: word in channel 0 = O bit
00000000X X X XXX XX XXXXXXXXXXXXXXXX: word in channel 3 255 bits
HHHTTHRIX XXX XXX X XXX XXX XXXXXXXXXX: word in channel 3 0 bit

Word length registers 1 to 3 (write only)

initial addresses: 800011H to 800013H

word length register 1: serial channels 4 to 7

word length register 2: serial channels 8 to 11
word length register 3: serial channels 12 to 15

Function in register (write only)

initial address: 800014H

initial content: XXXXXXXX

000000XX: general purpose status bits sent to the MicroVAX
XXXXXX0X: external interrupt to the MicroVAX
XXXXXXXO0: clear FIFO channels 0 and 1 of the DRQ3B

Configuration register (write only)

initial address: 800015H

initial content: XXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXO0: disable external clock for channel 0 when RCO is low
XXXXXXXXXXXXXXX1: external clock always enable (normally non-continuous clk)
OXXXXXXXXXXXXXXX: disable external clock for channel 15 when RCO is low
IXXXXXXXXXXXXXXX: external clock always enable (normally non-continuous clk)



¢

EXTERNAL REGISTERS

Serial control register (write only)

initial address: 800016H

initial content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX00: hold data in serial channel 0
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXO01:enableshift rightinserialchannel0
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX10: enableshift left (normally not used)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX]11: parallel load (serial channel 0)
COXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: hold data in serial channel 15
OIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:enableshiftrightinserialchannel 15
IOXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:enableshiftleft(normally notused)
FIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: parallel load (serial channel 15)

Polarity register (write only)

initial address: 800017H

initial content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXO0: positive pulse on control line 0A
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX]: negative pulse on control line 0A
OXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: positive pulseon control line 15B
IXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: negative pulseoncontrolline 15B

Pulse length register 0 (write only)

initial address: 800018H

initial content: 00000000000000000000000000000000
XXXXXXXXXXXXXXXXXXXXXXXX00000000: pulselengthon control line0A=15.3ms
XXXXXXXXXXXXXXXXXXXXXXXX11111110:pulselengthon controlline0A =60ns
XXXXXXXXXXXXXXXXXXXXXXXX1111E111: pulse length on control line 0A=0ns
00000000X XX X XXXXXXXXXXXXXXXXXXXX:pulselengthoncontrolline IB=15.3ms
HHTTETTOX XX XXX XX XXX XXX XXXXXXXXXX: pulselengthon controlline IB=60ns
T EFIXXX XXX XX XXX XXX XXXXXXXXXX: pulse length on control line IB=0ns
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EXTERNAL REGISTERS

Pulse length registers 1 to 7 (write only)

initial addresses: 800019H to 8000IFH

puise length register 1: control lines 2 and 3
pulse length register 2: control lines 4 and 5
pulse length register control lines 6 and 7
pulse length register control lines 8 and 9
pulse length register control lines 10 and 11
pulse length register control lines 12 and 13
pulse length register 7: control lines 14 and 15

N AW

Start control pulses (write only)

initial address: 800020H

initial content: not applicable
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXO0: start pulse on control line 0A
OXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: start pulse on control line 15B

Mask register (write only)

initial address: 800021H

initial content: XXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXX1: mask interrupt from serial channel 0
IXXXXXXXXXXXXXXX: mask interrupt from serial channel 15

Multicast register (write only)

initial address: 800022H

initiai content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXO0: multicast writetodual-portmodule 0
OXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: multicast writetodual-port module 30

* multicast register is only 31 uits
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EXTERNAL REGISTERS

Wait-state register (write only)

initial address: 800023H

initial content: 01111

XXXXO0: read dual-port module with 1 wait-state (no BUSY)
XXXX1: read dual-port module with 2 wait-states (no BUSY)
XXX0X: read dual-port module with | wait-state (with BUSY)
XXX1X: read dual-port module with 2 wait-states (with BUSY)
0X0XX: write to dual-port module(s) with 1 wait-state (no BUSY)
OX1XX: write to dual-port module(s) with 2 wait-states (no BUSY)
00XXX: write to dual-port module(s) with 1 wait-state (with BUSY)
01XXX: write to dual-port module(s) with 2 wait-states (with BUSY)
IXXXX: write to dual-port module(s) with 0 wait-state

Allocation register (write only)

initial address: 800024H

initial content: 00000000000000011111

XXXXXXXXXXXXXXX00000: SRAM block locations 000000H to O07FFFFH
XXXXXXXXXXXXXXX11111: SRAM block locations F80000H to FFFFFFH
XXXXXXX00000000XXXXX: dual-port module locations 000000H to 0OFFFFH
XXXXXXXTTTTIIIXXXXX: dual-port module locations FFOOOOH to FFFFFFH
0000000X XX XXX XXXXXXX:1/0subsystemandexternal registers (8000000H-80 1 FFFH)

Control register (write only)

initial address: 800025H

initial content: 000Y1000 (Y=0 for the communication processor. otherwise Y=1)
XXXXXXXO0: disable interrupt controller (reset)

XXXXXX0X: serial channels 0 and | only have interrupt facilities (inl. reg. not req.)
XXXXXXI1X: all serial channels have interrupt facilities (interrupt reg. required)
XXXXX0XX: access the DPMs without considering any access conflicts
XXXXX1XX: allow the wait state generator to add a wait state during a conflict
XXXXIXXX: put the RS422 drivers in high impedance state

XXX0XXXX: put the connection bus in high impedance state

IXXXXXXX: allow transfers with the MicroVAX only



EXTERNAL REGISTERS

1/0 subsytem initialization (write only)
initial address: 800026H

initial content: not applicable
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: initialize 1/0 subsystem (reset)

Communication register (write only)

initial address: 800027H

initial content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
00000000000000000000000000000000: send 00000000H to DRQ3B
freernerenrenrenstnneenttnnntn: send FFFFFFFFH to DRQ3B

Status register (read only)

initial address: 800010H

initial content: XXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXO0: data valid (in) or transmission complete (out) (channel 0)
OXXXXXXXXXXXXXXX: data valid (in) or transmission complete (out) (channel 15)

Interrupt register (read only)

initial address: 8000!1H

initial content: XXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXO0: interruption from serial channel 0
OXXXXXXXXXXXXXXX: interruption from serial channel 15

Pulse state register (read only)

initial address: 800012H

initial content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXO0:endofthepulse forcontrolline0A
OXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:endofthepulse forcontrolline I SB
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EXTERNAL REGISTERS

Interface register (read only)

initial address: 800013H

initial content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
00000000000000000000000000000000: receive 00000000H from DRQ3B
ttptrenntntrintt ittt til: receive FFFFFFFFH from DRQ3B

Function out register (read only)

initial address: 800014H

initial content: XXXXXXX

XXXX000: general purpose status bits from the MicroVAX
XX00XXX: DRQ3B is initialized (reset)

X1XXXXX: data is waiting in the interface register

IXXXXXX: the communication register is ready to receive a new data



APPENDIX 1

BASIC MEMORY MAP

000000H: system interrupt vector location

000001H: external
000002H: external
000003H: external
000004H: external
000005H-00000BH :
00000CH-00001FH:
000020H-00003BH:
00003CH-0000BFH:
0000COH-O7FFFFH:
080000H-7FFFFFH:
800000H-80000FH :
800010H-800027H:
800028H-80 1FFFH:
802000H-803FFFH:
804000H-805FFFH:
806000H-807FFFH:
808000H-8097FFH:
809800H-809BFFH:
809C00H-809FFFH:
80A000H-FEFFFFH:
FFOO000H-FFF7FFH:
FFF800H-FFFFFFH:

interrupt 0 vector location

interrupt | vector location

interrupt 2 vector location

interrupt 3 vector location

internal interrupts vector locations
reserved

trap O to trap 27

reserved

SRAM block

expansion board

serial channels

external registers

secondary bus parallel port (fast acces)
reserved

secondary bus parallel port (slow access)
reserved

internal peripheral bus memory-mapped registers
internal RAM block 0

internal RAM block 1

expansion board

dual-port RAM modules

multicast region
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