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ABSTRACf 

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 propenies 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 sorne of the 

drawbacks encountered in loosely and tightly coupled systems, as weil as offering a 

fast 110 interface. Each processor has a separate parallel path to every other 

processor via dual-pon memory. The fully configured system provides 1 Gtlops 

(theoretical maximum) of 32-bit floating-point performance and 5 Gbps 1/0 

capability. 
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RÉSUMÉ 

Un système à multi-processeurs basé sur 32 processeurs pour signaux digitaux 

(DSPs) fut développé pour satisfaire la demande pour exécuter les calculs et le 

contrôle requis pour un appareillage (pour étudier les propriétés mécaniques et 

optiques de cellules d'un muscle vivant) contenant une paire de micro-robots à très 

haute perfonnance et un microscope à balayage optique en 3 dimensions par rayon 

laser. Une nouvelle architecture fut développée afin de résoudre quelques lacunes 

observées dans les systèmes avec couplages rt»lâchés ou serrés. tout en offrant une 

interface rapide d'entrées et de sonies, Chaque processeur bénéficie d'un accès 

parallèle aux autres proceSSlurs à travers des modules de mémoire permettant des 

accès simultanés par les deux côtés du module. Le système entier peut offrir une 

performance jusqu'à un milliard d'opérations de 32 bits à point flottant par seconde 

(maximum théorique) et jusqu'à 5 milliards de bits par seconde pour les entrées et 

sorties, 
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a - Relative cost of memory and dual-port module respectively ta the cost of DSPs 

AlD - Analog-to-digital 

AND - AN 0 logie 

ASie - Application specifie integrated circuit 

b - Relative cost of memory and dual-port module respectively ta th~ cost of DSPs 

bps - Bits per second 
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Ci 10 - Input/output capacitance 
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p 

Cs - Co st of the system 
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DfP - Dual-in-Iine package 

(" DMA - Direct memory access 

DPM - Dual-port module 
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DPMI - Dual-port module interface 

DRAM - Dynamic RAM 
DSP - Digital signal processor 

EDAC - Error detection and correction 

ElA - Electronic industries association 
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Oops - Floating-point operations per second 
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IC - Integrated circuit 
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115 - Interrupt identification scheme 

li. - Input load current 

1/0 - Input/output 

10 b - High-Ievel output current 
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10 1 - Low-Ievel output current 
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M - Mega 

ms - millisecond 

MSB - Most significant bit 

MTBF - Mean lime 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 logie 

PCB - Printed circuit board 

pF - Picofarad 
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R - Read access time 

RAM - Random access memory 

RAS - Row address strobe 

ROM - Read only memory 

R/W - Read/write 

SCD - Statie column decode 

SCR - Seriai control register 
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SMT - Surface mounted technology 

SOIC - Small oulline integrated circuit 

SRAM - Slatie RAM 

T - Expected or desirable throughput 
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t' - New access time acc 

T - Processor throughput 
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tp d - Propagation delay n t'p d - New propagation delay 
~ 
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OLOSSARY OF ABBREVIATIONS 

\, la 1 - Propagation delay time. high-to-Iow output 

\, • la - Output enable time 

T. - System throughput 

t. cl - Sel-up time 
uA - Miero-Ampere 

V - Volt 

Va: - Supply voltage (+5 volts) 

W - Number of wail states or write aceess time 

ws - Wail slate 
XOR - Exclusive OR logie 

1 - Indieale negation as for 1 AB 16 used in PAL equations (AB 16 - 0) 

* Signais and le numbers have not been ineluded in the glossary of abbreviati'lns 

and symbols. x 
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CHAPTER ONE 
INTRODUcnON 

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 [2J. Each micro-robot has 6 

actuators each of whicll must be controlled with a bandwidth of 100kHz using 

nonlinear digital control schemes. The 107 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. th us the system must be programmable. High performance at 

reasonable cost can be achieved with multiple processors. The system must be able 

ta deal with long and cornplex algorithms in reat 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 probJems result in bottlenecks in shared memory systems, a 

sufficiently large independent memory must be dedicated to each processor in arder 

to minimize processor wait-states due to the contention problem. The same problem 

arises with interprocessor communication. Our solution involves a novel 

architecture 14)(.5 J 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 logie. sufficient buffer area. as weil as interrupt 

facilities.Such a scheme provides a fast and efficient solution for interprocessor o communicatÎC',n and signalling, without the drawback of 'Iong communication times 

1 



CHAPTER ONE - INTRODUcnON 

associated with loosely coupled systems. or the contention problem associated with 

tightly coupled systems. The interprocessor communication must he 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. 

r-UI1&I-oort Module [0,1] 

Figure 1.1 - Architecture of the parallei computer. 

2 
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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 SI!Pport open and closed loop colltrol 

schemes. It must also provide flexible mechanisms to control A/D and DIA 

converters without compromising the processor's computing performance. 

1.3 Existing computers 

Several existing computer systems have the required peak performance of 1 

Gflops. Reference (35J surveys the main characteristics of these supercomputers. 

The Cray 2 (36J. the Cray 3. the ETA-IO (37). the IBM GF-II (38). and the Cedar 

(39) offert wh en full Y configured. peak performances of 2 Gtlops. 16 Gtlops. 10 

Gtlops. Il Gflops. and 3.2 Gflops respectively. The NeE SX··2. the Hitachi 5-810 

(40). and the IBM RP3 [43] achieve peak performance of 1.3 Gflops. 840 Mtlops. and 

800 Mflops respectively. 

Looking al the peak perfonnance alone is not sufficient. For our purposes a 

multiprocessor system is preferable to a uniprocessor. This is mainly due to the fact 

that a system involving many processors a1lows 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 rar less performance. 

Unfortunately. high-speed processor operations alone are not sufficient for the 

intensive 1/0 multiprocessing required by our real-time environment. A configurable 

interface able to communicate with up to 5 12 external A/D and DI A converters is 

of prime importance. Since our system will be almost entirely dedicated to real-time 

applications. the number of 1/0 channels must be sufficient to match with the high 

computational perfonnance of the computer. It seems that current systems offering 

the required computational facilities. lack 1/0 throughput performance. Some 1/0 

architectur!s of new parallel computers indicate a clear trend in demanding higher o 1/0 bandwidth. For example. 40 peripheral devices can'be &ttached to the Cray 2. 

3 
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CHAPTER ONE - INTRODUcnON 

Another modem supercomputer, the Convex C-l [4I]142J, has five intelligent channel 

control units able to support up to 80 channels. However, these computers lack the 

throughput perfonnance (input-computation-output Jag) required for real-lime 

control. 

Since existing computers with the required peak performance are unable to 

support our 1/0 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 110 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 technieal. 

although detailed descriptions of the most important design concepts at strategie 

portions of the computer are given. Detailed schematics and PAL (programmable 

array logie) 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), ~apacitance, and timing 

characteristics have been carefully checked. The strategie parts of the circuits have 

been tested experimentally except for the DRAM (dynamic RAM) interface. AIl 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 S.4 have not been included in the schemntics in order to simplify the 

circuit and to avoid the possible drawbacks described in Section S.S. 1. This involved 

a slight modification in the synchronization circuits of the 1/0 channels. 

The bus connecting the 1/0 subsystem, the external registers, and the 

interface board to the processor. is referred to as the 110 or secondary bus. The 

bus joining the connection bus and the local SRAM (static RAM) memory to the 

proœssor, is refered to as the primary or memory bus. The bus connecting the DSP 

4 



• CHAPTER ONE - INTRODUcnON 

(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 (5J. 

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 lIO subsystem 

(5) The seriai 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 
1 

the system cost versus the throughput is also included. This chapter ends with a 

short description of the design philosophy, the different boards, as weil 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 lhe design was mandalory to determine the 

signais required by the connection bus for interfacing a memory expansion module 

in the future. The second part deals with a zero wail-state local memory module 

implemented with static RAMs. Emphasis is given to the memory interface which 

permits zero wait-state accesses in ail 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 sorne detail in Chapter 

6. Il consists mainly of the dual-port module interface and the dual-port RAM itself. 

Consideration is also given to access time requirernents. 

Chapter 7 describes the board which links a MicroV AX to the system. The 

interface board itself only performs the handshakes with the MicroVAX for 

exchange ot information. and provides a temporary buffer area. A DSP is assigned 

lO as a communication processor and brings sorne intelligénce to the interface. 



c 

( 

.. 

C"APTER 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. Il must be tlexible 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 tloating-point arithmetic 

and provide high computing power. ft 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 

trafflc wh en 1/0 channels are accessed. A high level language with appropriate 100is 

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 le (integrated 

circuit) approach yields the fastest throughput but at the expense of tlexibility. 

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 signal 

processor 16) that meets our requirements by providing 32-bit 33 Mtlops (million 

tloating-point operations per second) performance. a 16 Mword addre~!; space. four 

external interrupts. and two independent parallel buses. It is also programmable in 

the high-Ievel language C. - a factor that lowers system software costs and 

shortens design time. Unlike conventional von Newmann architectures. the Harvard 

architecture tif the TMS320C30 uses a dual-bus design for paraUel fetching of code 

and data to support high-speed complex arithmetic. Il is also one of the best DSP 

( chips in the market today according to (7). 

6 
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. We had initioUy decided ta use AT&T·s DSP32 (8 Mnor~) in our de!lign. 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 parallel 

computer was facilitated considerably by a non-disclosure agreement with TI which 

resulted in us receiving detailed timing data as they became avoilable. 

2.2 System cost vs throughput 

The cost of the system must be taken into accou"t prior to the design phase. 

The throughput expeeted and the priee of the main eomponents should be 

considered before choosing the structure of the parallel computer. Let us define: 

Cs cost of the system 

Cp cost of one digital signal processor 

C. cost of memory 

Cd cost of one dual-port module 

N number of DSPs in the system 

For a typical tightly coupled parallel computer: 

ln terms of processor cost: 

C. = aCp and Cd = bCp ' a and b being the relative cost of memory and dual­

port module respectively to the cost of a proœssor. 

Then C. = (a + N)Cp ' 

For the present system: 

C. = NC. + NCp + IlN(N - I)J/2JCd 

7 



CHAPTER TWO - BASIC SYSTEM 

C. = NCp (a + 1) + «N - 1)/2»bJ. 

ft 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 

Tp processor throughput 

T expectt:d or desirable throughput. 

then the throughput of the present system can be defined as: 

T = NT s p • 

C For a typical system. with a bus utilization or a main memory access rate of 

0.25. C. can be detennined by (a + N)Cp for 0 < T < STp ' A sophisticated cache 

scheme can be implemented to reduce the bus utilization. thus increasing ~. but 

maximum perfonnance is only obtained with perfect synchronization between ail 

processors in accessing the bus. which is a complex and almost impossible task to 

perfonn. Aiso. the cache wiJI not avoid ail 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 perfonnance. 

The proposed architecture does not face this problem. The total number of 

processors has been restricted to 32 for reasons of cost and design pararneters. 

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

Cost ,~processors = Nep = 32 Cp 

Cost of local private memories = NC. = a III 32 Cp 

Cost of dual-port memories = [N(N - 1)/2)Cd = b • 496 Cp' 

Figure 2.1 shows the relation between the cost per flops for the two 

C architectures. 

8 
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Cost per Flops 

Typical System 

'" 
Throughput 

Figure 2.1 - Cost per flops for both architectures. 

2.3 Design philosophy 

ln designing the parallel supercomputer. we al ways 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 internai structure of PAls is always two-Ievel. Any change within the 

same device does not affect system timing. Secondly. at the prototype level. possible 

combinatorial design fnults can he often dealt with withont modificalions 10 the 

pe8. provided the missed or unwanled signaIs are already used in the same PAL. 

Thiruly. 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 

CS MT) weil appreciated for their small package. 

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

9 
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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 OSP board eonstitutes 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 statie RAMs: The 110 

interface board was relatively complex since il had to be flexible enough to 

interface to a wide variety of A/O·s. DIA ·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 1/0 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 EOAC has been designed. 

2.S DSP board 

1 1/0 Subsystem t.. ... Plant 1 
~ 

DSP BOARD 
1 Piggy Back Board 1 

A 

... DSP ..... J 
• 1 Intenu2! Circui!!I 1 

L Multicast System 1 Wail Stale Genentor 1 
~elec:t Unes ~ System Bus Interface 1 

..... , COMection Bus • ... .... , ~ ... 
1 Dual-Pan RAM Modules 1 1 Expansion Board 1 

Figure 2.2 - Simplified block diagram of the DSP board. 
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CHAPTER T\VO - 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 externat registers, and connection bus interface. 
The simplified block diagram is shown in Figure 2.2. 

Il 
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CIIAPTER THREE 

MEMORY 

Two 1 Kx32 bit blocks of single cycle access internai RAM are available to the 

programmer. Ta expand the size of zero wait-state memory. a SRAM black can be 

added on the piggy-back board adjacent ta the OSP board. Up ta S 12Kx32 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 ta minimize the access time, 

ORAMs will normally be implemented on the expansion board. This board would 

contain ail the ORAM interface and up to 16 Mwords of ORAMs divided in a section 

of 4 Mwords and another section of 12 Mwords. Since the expansion board can be 

used ta 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 bu~ 

interface. The next sections describe the DRAM interface which will be used as an 

indicator of the required signals Ihat must propagate through the connection bus. 

3. 1 Dynarnic RAM interface 

A refresh timer. memory timing controller. DRAM controller. memory driver. 

statie column detector. DRAM output latches. syndrome latch. and a fault tolerant 

system implemented with an EDAC (Error Detection And Correction) constitute the 

ORAM interface [8) as shown in Figure 3.1. 

3. ~ •• Refresh timer 

The rcfresh timer is used to signal to the timing controller that it should 

execule a refresh cycle as required by the dynamic memory. Design and oJ'eratinn of 

the DRAM allow only one row to be refreshed at a time. Typical 1 Mx 1 bit DRAM 

has SI2 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 S 12 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. 
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Many alternatives exist to perfonn this task. Refresh can be perfonned 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 !lections 

of code. 

DRAMs 
Refresh _ .. Memory DRAM Memory . 

~ .... ... Address Timer - Timing Controller ...... Driver .... ... 
Controller ... ... •• ... RAS! - ... .... 

t. t. 9' .1 CAS 
I·~ 

Control Control 4 Mwords Address 
Register Logi~ Block Selector 

J 1 ... 
'P ,,4 Static Column DRAM 

De tee tor - Output - 1 EDAC~"'" ... Output ... 1 1 .... ..... 
A~ Latches 

SRAM Address 
Comparator - .. Syndrome .... ... 

..... Latch 
Dual-Port RAM • Check Address Comp. ... Bits .... 
TMS32OC30 : .. .. R/W --+ ~ .... 

~ . 
Memory Data Bus .. Input ddress .... 

Figure 3.1 - Block diagram of the DRAM interface. 
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The 1 Mx 1 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 pennits the data to be vaUd at the output during refresh. Since 
the DRAM interface uses DRAM output latches. hidden refresh is not considered. 
RAS only refresh has been adoptej since it is the easiest to implement. It requires 
a row counter which is included in many DRAM controllers (91. Memory scrubbing 

(lOI 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 22V 10 PAL (II J. The SN74ALS6300 input 
selectable refresh timer from Texas Instruments (12) couJd have been selected but 
we feH 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 
H 1 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 PS-C (Refresh Complete) signal back 
to the refresh timer. 

3.1.2 Memory timing controUer 

A programmable logic sequencer such as the PLSIOS (111 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 control1er can perfonn either an 
access. a refresh cycle. or remnin nt stnte 0 depending on the signais STRB. DP. 
STATIC. HI. and REFREQ. STRB is active when the processor accesse:i 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 st robes respectively) are not active. A bit (MEM) is 

provided in an extemal register (DRAM control register) to indicate to the timing 

C controller that the expansion board is used as memory. The refresh timer is 
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synchronized by Hl. 

The timing controller perfonns the refresh cycle. requested by the refresh 

timer through the REFREQ signal. immediately if the TMS320C30 is nOI doing a 

DRAM aeeess. If the controller is perfonning a DRAM access, the refresh cycle will 
be delayed until the aceess cycle is complete. If the control1er is asked ta 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 perfonn. the memory 

timing controller sends four signais which will be explained in the next section. ft 

also contrats the tatch enable (LATCH) of the DRAM output and syndrome latches. 

as weil as a part of the EOAC. mainly to enable (OEOATA) the correct vfllue 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 ORAM 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 black 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 wail-states when 

accessed. The DRAM control register provides two lines. namely WSO and WS 1. 

which indicate to the timing controller the number of extra wail-states relative to 

the 4 Mword ORAM part, that must be added when the extension ORAMs (SELECT 

high) are accessed. When both Iines are low. the extension memory is aeeessed at 

the sarne speed as the 4 Mword part. Up to 180 ns can be added to the aceess time. 
The memory timing controller provides the timing requirements in accessing 

the DRAMs. Because a hierarchical memory structure can be adopted \Vith " large 

slow access (100 ns) ORAM and a relatively small fast access (2S ns) SRAM blocks. 

fast DMA transfers must be penormed between the two levels to ensure that the 

instructions and data words are available soon enough to guarantee no wail-state 

aeeess cycles. Three types of DRAM access are available beside the nonnal access 

mode. nwn.!ly the page. nibble. and statâc column decode modes. They ail provide o high-speed acceS$ to the DRAMs. Depending on the mode selected. a different 1 Mx 1 

lS 
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bit device must be chosen. 
Nibble mode allows the highest rate by cycling the CAS dock while holding 

the RAS dock active. Internai row and column address counters incrernent 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 seriai arder. upan subsequent cycles of CAS. 

Nonnal Access 

Burst Mode or SCD/Fast Access 

Automalic Mode 

RAS 
Pre­
charse 

Figure 3.2 - The three selectable DRAM access modes. 
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Page and statie eolumn modes a110w aeeess to any of 1024 column locations 

on a specifie row. In both modes, the RAS signal is held low. The CAS signal 
fluctuates between high and low for each aeeess in page mode while il is held low 

in statie eolumn mode resulting in less noise. 

States ~M:.;::C;.:.l-+.:;.:.;;:~~~~C:..;j4.~SI~READ.=.;=..:::Y~RF:.=...::C~L=A:.:.T.::.;C:::H:.!..I-.=:O=ED=A:.:.T:.:.j4.=-I 

S1'O 
STl 
sn 
sn 
ST4-S 
ST6 
sn 
S1'8-14 
STl' 

Active 

HIGH 
IDGH 
IDGH 
HIGH 
LOW 
HlGH 
HlGH 
IDGH 
IDGH 

LOW LOW LOW 

LOW 
LOW 
HIOH 
LOW 
LOW 
LOW 
HIOH 
LOW 
LOW 

IDGH 
IDGH 
IDGH 
IDGH 
IDGH 
IDGH 
IDGH 
IDGH 
LOW 

LOW 

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

• Note: It might be nee:essary to add states 10 compensate for the propagation .• 
delay through the DRAM interface. 

Since the nibble mode can only aeeess a maximum (jf four bits, and because of 

the noise problems involved in page mode, static column decode has been adopted. 

To perfonn static eolumn decode [13], the row address must be ehecked. A 

74ALS6310 statie column and page mode detector (14) compares the new with the 

last ORAM row address and indicates to the timing controller throllgh the HSA 

signal if a fast aceess ean be performed. While in the fast aeeess mode (statie 

column}. the memory timing controller assumes that the next DRAM aeeess will be a 

fast access and keeps both RAS and CAS low. Since the access cycle is reduced by 

about half in the fast aceess mode (burst mode). a penalty of one extra wait-state 

compared to the normal aceess mode is imposed when leaving this seo mode due to o the RAS precharge time. The timing controller might n~ave the fast aeeess mode 
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NomIlAcc ...... 

.VII· ... "'da .1In ,,111 ...... 

No .. 11 Acc ..... ode 
trilla IIIln ,,111 Mate. 

Va No 

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 aeeess or when a 

refresh must be perfonned. It is thus better suited to perfonn nonnal accesses only 

when random aeeesses on DRAMs are predicted. A statie column decode switeh is 

provided in the DRAM control register to disable high-speed aecesses. To prevent 

the programmer from switching from nonnal to fast access. by changing the SCD 

switch frequently. an automatie 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 aecess modes. 

For more clarity. the tlowchart in Figure 3.3 indicates the different operations 

of the timing controller. Table 1 shows the logie level of outputs MCI. MSEL. RASr. 

CASI. READY. RFC. LATCH. and OEDATA for the different states. 

CASI for states 8 and 16 cou Id be changed to "1" to adapt the system to page 

mode. The four signais MCI. MSEL. RASr, and CASI are explained in the DRAM 

controller section. The READY is conneeted to the processor via an AND gate. 

During a DRAM aceess. the TMS320C30 wi11 wail until READY is low. 

3.1.3 Dynamie RAM controller 

The DRAM eontroller is based on the TI 74ALS6301 [15). This device is capable 

of contro11ing any DRAM up ta 1 M bits. Il typically operates in a read/write or a 

refresh mode. During nonnal read/write operations. the two signais RASI and CASI 

are activated by the memory timing controller to strobe the row and column 

addresses whieh are multiplexed by the DRAM controller and sent to the DRAMs. 

MSEL from the timing controller selects the row or eolumn address. In this mode. 

the timing controller keeps MCI high. MCO is tied to ground making refresh with 

scrubbing and clearing the refresh counters impossible to perform. Since RAS only 

refresh is cJnsidered. a transition of MC 1 to a low level is sufficient to rerform 

the refresh without scrubbing. Refresh cycles are conducted using the internai row 

counter În the DRAM controller to generate the addresses. In this mode ail RAS 

outputs are active while the four CAS outputs remain high. Since one DRAM 

eontroller can be interfaced to four memory banks of 1 Mword each. address lines 

AB20-21 cGnnected to SELO and SELI detennine which RASn and CASn are o activated. and thus whieh bank is accessed. With the 74.A.ts630 1. 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 

Ali outputs of the ORAM controller can drive up to 12 mA (101)' 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 101 of the RAS or CAS outputs. One good device is the BCT2828 1161 
with 101 = 48 mA using the BICMOS technology which lowers power consumption 

and reduces undershoot inherent in high capacitive load configuration. Il also 

provides ten outputs and is thus weil suited for the multiplexed row and column 

addresses of the 1 Mx 1 bit ORAMs. 

3.I.S 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 '·bit code 

used for EDAC applications is retained and is available exclusively to the EDAC. 

The latch enable as for the ORAM output latches is controlled by LA TCH from the 

rnemory timing controller, while the output enable for both configurations is 

controlled by the timing controller and the bus/EDAC controller. 

3. 1.6 DRAM acœss 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 apprôpriate access time. 
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ln a high performance system. it is necessary to minimize the number of 

wait-states associated with each DRAM access. Today. one of the fastesl IMxl bit 
DRAM has an aecess time of 8.5 ns (171. Since the TMS320C30 requires an access 

time of 3S ns for zero wait-state. generating wait-states must be considered in 
aeeessing DRAMs. Each wait-state adds another 60 ns to the access lime. With one 

wait-state. the aeeess time should be less than 9S ns allowing la ns for ail delays 

generated by the ORAM interface. This requirement is impossible to meet. thus more 

lhan one wail-state must be considered. Up to five wait-states eould be used in 

sorne cases in the normal aecess mode, or one to two wait-states in the burst mode. 

ln ehoosing the right ORAM. ail aeeess modes implemented must be eonsidered. The 

propagation delays through the DRAM interface. as weil as the clock periods 

necessary for the memory timing controller ta generate the appropriate signaIs. must 
al50 be considered. The propagation delay in a highly capacilive environment on the 

connection bus and the interfaces must also be taken into account. When lhe worst 
case propagation delays have been considered. a different value (RESUL T) ean be 

used for each access mode to determine the best DRAM. The following simple 

equation can then be applied to detennine the ORAM access time required (t. ce): 

t < 60W - (RESULT - 3.5) where W is the number of wait-states. a cc: 

3. 1.7 Errar detection and correction 

For system memory sizes larger than O.S Mbits. the MTBF (Mean Time 

Between Failures) is significantly reduced [8]. This is usually due to soft errors 

whieh 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 
1 Mx 1 bit DRAM5. the density of memory chips increases their rrohahility of errors. 

Therefore. data integrity decreases in larger memory arrays. For a 1 Mbit chip. a 

typical seft-error rate of 0.20 - 0.35 % per 1000 hours can be expected 181. Since 32 

such devices are needed to form 1 Mword. the typical soft-error rate becomes 6.4 

- Il.2 % per 1000 hours. For 4 Mwords of local memory. this becomes 25.6 - 44.8 % 

per 1000 hc,IJrs. This is roughly one soft-error every 3000 hours. For the whole o system with 31 local memories of 4 Mwords each. 'the typical soft-error rate 
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inereases to one soft-error for eaeh 72 - 12f, bours of operations. With sueh results. 

il becomes necessary to perform error detection. Two options are available to the 

designer. The first alternative is ta perfonn error detection only. This has the 

advantage of being easily aeeomplished by using parity bus transeeivers. The 

detection time is very fast. Aiso fewer DRA Ms are neœssary to store the parity 

bits. However if an error is detected. the system (or pan of il) must be rebooted. 

and ail data in the RAMs would be lost. In order to extend the MTBF. an error­

correction scheme must be incorporated. An EDAC device sueh as the 74AS632 (18 J 

may be considered to implement this second option. The disadvantages are that it 

is more difficult ta implement. the detection time is greater than parity bus 

transceivers. and more DRAMs are required (seven per 1 Mword) ta hold the parity 

bits or check bits necessary to form the modified Hamming code 119). Since we 

conduct experiments with a duration exceeding 72 - 126 hours. involving ail 

processors. it is apparent that error-correction is necessary. 

To avoid waisting crucial time in DRAM read cycles (see DRAM access time) 

C by adding the EDAC detection and correction time. an EDAC bypass read aeeess 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 proeessor then assumes that the data 

are valid. During the remainder of the read access cycle. the EDAC perforrns the 

detection and correction phases. which are completed before the beginning of the 

next cycle. If an error is detected. the ERR flag (rom the EDAC generates a high­

priority interrupt. The processor then aecesses 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. 

Aiso the software option ta error detection and correction adds tlexibility. For 

example. the programmer can choose to ",rite baek the correct value ta the DRAMs. 

th us minimizing the risk of obtaining muhiple errors. For a "write". the write cycle 

being 60 ns longer than the read cycle. sufficient time is allowed ta the EDAC to 

generate the syndrome bits. 

Since the risk of an error is very low in a DRAM read aeeess, it is 

worthwhile adopting the EOAC bypass read access. This minimizes the cost of the 

system by allowing the designer to choose slower ORAMs. A1so, despite the fact 

C that the EDAC bypass read aceess is slower than Read-Flag-Correct or Read-
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Modify-Write operations when an error has occured. il is faster or more economical 

when no error is delected. Thus in our situation. the EDAC bypass read aceess is a 

better choice. 

3.2 Slatie RAM black 

Up to 16Mx32 of memory can be assigned to each processor. Because dynamie 

RAMs impose wait-states causing a degradation of the perfonnance. static RAMs 

must be eonsidered 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 aeeess modes sueh as nibble. 

page. and statie column improve the average aceess 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-lime applications 

and des pite 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 knowo as locality of reference. 10 

the case where a large amount of data (Iarger than the size of the cache) .tre 

required. a large miss rate can be expected, thus degrading significantly the overall 

system perfonnance. This is one example of the problems involved in a cache·based 

design where applications such as image processing must rleal with large black of 
data. Another problem with the externat cache is that current technology does not 

provide a cache tag (required for detennining a hit or a miss) fast enough for the 

TMS320C30. A fast cache tag reflects a worst case comparaison lime of 25 ns 121 ) 

which is too long with respect to the maximum allowed lime to incJicate to the DSP 

if a hit occured for a zero-wail 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 tl'e miss ratio. o For relatively large memory. both static and dynamic devices should be 
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considered. The dynamic RAMs due to their smalt package. high density. low power 

consumption. and low priee. would contain most of the instructions and data. The 

TMS320C30 has 2Kx32 bits of internai RAM. Since this might nol 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 sinee ar. internai bus in the TMS320C30 is dedicated for DMA transfers 

only. The following describes the steps in designing such a memory board by 

applying statie and dynamic analysis to predict the behA'v,our of the system. 

3.2.1 Choiœ 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 in tend to assign more than 8Kx32 bits of externat zero wail-state 

memory. the primary bus has been selected for ail accesses to the fast local 

( memory. 

3.2.2 Aa:ess time for the static RAM 

SRAM devices are availabte on different versions and aeeess times. Typically. 

acces:; times inerease by 10 ns between versions. The typical relatively high-density. 

high-speed SRAMs are offered with access times of IS. 2S, 35. and 45 ns. Only 3S 

ns are available from the address vaUd to the data vaUd. to perfo.m a zero wait­

state memory aecess 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 nol easy to denl with 10 

ns for decoding and buffering. 

3.2.3 Static RAM configuration 

Due to seve rai reasons sueh as the priee. board space. and capaeitance. the 

( total capacity of the board has been restricted to 2 Mbytes. Today. the highest 
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density static RAMs with a 25 ns aeeess time. have the 256Kx 1. 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-do\\oïl 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 al 

a time. With the 256Kx 1 bit SRAMs. two banks would be required and half of the 

whole memory would be selected when the board ie; accessed. increasing considerably 

the power consumption. 8 and 16 memory banks are required wh en 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 reature which allows the 

processor to insert automatically a wait-state wh en a different bank is accessed. 

This perrnits 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 frequenUy 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 internai RAM. the extemal zero wait­

state memory. the dual-port RAMs. and the ORAl;'. Let us assume a simple OMA 

transfer between two banks of Ollr zero wail-state memory honn.t. In ortler to 

optimize fully the bank switching. the internai RAM would first be loaded from the 

source memory bank. Secondly. a second DMA transfer would be required to unload 

the internai 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 OMA 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 aceesses. 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 wort" Nhile in our case due to an intensive use of 
DMA transfers. 

3.2.S Decode section 

Since less than IOns are available to deeode the 24 address lines. the deeode 
section represents a good challenge for the designer. From the memory address bus. 

16 lines are forwarded to the statie RAMs to select a specifie address in a 

particular bank. The next three ~ddress lines selects the respective bank. and the 
remainding five most significant lines enable the memory board. 

To optimize the speed. fast les must be selected. The FCT devices from lOT 

(Integrated Deviee Technology) are very fast. have a good fan-out. and are bath 
C TIL and CMOS levels compatible. Figure 3.4 shows a typical decoding scheme. A 

comparator is used to enable a bank selecto.. This scheme has the advantage that it 
is very simple but it uses a two-Ievel decode. In this two-Ievel circuit. the 

propagation delay through the 74FCT521B address comparator. and the 74FCTI38A 

decoder. must be added together resulting in a maximum propagation delay of Il.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 SA ns are allowed in the worst case for the 

decode section. This eliminates the tirst option. 

Base Addr.---IH 

c Figure 3.4 - A standard decoding Scheme. 
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One solution is to choose the 1 S ns SRAMs, but 2S6 instead of 64 static RAM 

les might be required to populate fuJJythe 2 Mbyte board since the 64Kx 1 bit 

configuration has one of the highest densities for the IS 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 firsl 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 74FCT521 B is specified 

for a 50 pF load. In order to maintain a maxjmum performance through the 

comparator. up to eight 74FCT521Bs might be required. 

AB16-18 

Bank7 

AB 19-23 

Base Addr.~-.t1H A= 

STRB---"r. 
~_ ... 

Figure 3.5 - A one-Ievel decoding scheme requinng two chip enables. 
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Another alternative is ta provide an address CO!'11plU'ator for eac:h bank as 

showr. in Figure 3.6. This solution requires SRAMs with only one chip·select. The 

decoder of the previous alternative is eHminated and ail inputs of the comporators 

are used for full optimization of the IC. Many SRAMs retlecting the required 

characteristics are available on the market. Typically they are represented with a 

maximum input capacitance of S pF for each pin. Since eight 64Kx4 bit SRAMs are 

required for e8.ch bank. a maximum of 40 pF may be connected ta one output of a 

bank selector. This is weil below SO pF if we consider that ail SRAMs in the some 

bank are unlikely ta 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 

74 FCTS2 IBis 6 pF. Since eight such devices are connected ta AB 16-23 and STRB 

(being the eight most significant address Iines and the memory access strobe on the 

primary bus respectively). a typical Ci n (input capacitance) of 48 pF will not modify 

the timing characteristics of the DSP. With the 32Kx8 bit SRAMs. Ci n could 

increase to a typical value of 96 pF which is too high for the TMS320C30 to drive 

efficientry 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. 

74FCT521B 
AB 16-24 

Base Addr. 

STRa 

t 
74FCf521B 

AB 16-24 

Base Addr. A= Bank7 

STRB 

figure 3.6 - A one-lever decoding scheme requiring one chip enable. 
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3.2.6 Number of address drivers 

Since the address Unes ABO-I S are fOIWarded 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 he maintained Two 74FCT244As with a maximum 

propagation delay of 4.4 ns for SO 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 * S pF) could be 
tied at each output of the address drivers. lOT recommends to add a maximum of 3 

ns to the propagation delay for each 100 pF above SO pF of capacilive load for 

FCT devices. Thus the following equation will detennine the new propagation delay: 

Cp d and tp d are the new and the old propagation delay in ns respectively. Cl 
is the total capacitive load in pF connected ta the output. With one pair of drivers, 

the new propagation delay equals 12.4 ns which is significantly larger than the 

propagation delay of S.S 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, t'p d 

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 S.2 ns. Thus 

eight 74FCT244As should be considered to drive ASO-IS in arder to maintain in ail 

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-I S 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 74FCT24SA or the 74FCT64SA are 

necessary to drive a 32-bit ward. The 74FCT64SA is preferred since it has the same o characteristics as the 74FCT24SA but has ail inputs on ône side and ail outputs on 
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the other side. simplifying the PCB layout. Bach 1/0 pin of a typical SRAM is 

characterized at 7 pF maximum. Thus for ail eight memory banks. a maximum of S6 

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 

driving sources become the SRAMs which reflect Jess 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: 

l'. c: c: = t. c: c: + (Cl - 30) * 6 1 100. 

ABO-7 BankO 

ABS-l Bank 1 

BanJa 

ABS-l 

Data Bus 

Bank5 

Bank6 

Bank7 

STRB 

Figure 3.7 - Block diagram of the S 12Kx32 bit memory board. 
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t'. c c and t. ce are the new and the old access limes in ns respectively. One 
SRAM output might drive seven other SRAM data pins and one 110 pin of a 

transceiver. The maximum Ci 10 (input/output capacitance) of the 74FCT64SA is 10 

pF, thus for 59 pF (10+7x7), f.ce = 26.7 ns. Since we cannot afford to waste even 

2 ns. an attempt should be made to optimize the aeeess time of the SRAMs. 

By doubling the number of transceivers. f. ce = t. ce = 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 black diagram of the Sl2Kx32 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 lransceivers. Each gate is controlled by four bank strobes. 

Since no FCT type gates are available. TIL or CMOS gates must be considered. The 

7421 chip has two 4-input positive-AND gates weil 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 deterrnine 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 lime of the 74FCT64SA 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 controlled 

must be used to deterrnine the timing values of the SRAMs. The data set-up to 

write end (end of access st robe) of most 25 ns 64Kx4 bit SRAMs is 10 ns minimum. 

The width of the access strobe STRB is 60 ns. Thus the maximum rrorngntion delay 

from high to Jow must be Jess than 60 - (tp • Il + t. d) where l. d is the SRAM set-up 

time and tp 1 h is the output enable lime for the 74FCT64SA which is 6.2 ns. Thus 

tp Il 1 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. ~he CMOS version. has a maximum propagation delay of 28 ns at 4.5 V and 

Cl =50 pF. This is too slow. Since both TIL and CM OS can be interfaced with FCT 
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devices. the 74ALS21 Amay be eonsidered despite a small increase in the power 
consumption. It has a maximum propagation delay from high to lowof 10 ns whieh 

, 
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 aecesses. These values are 

given for Vcc=4.S to 5.5 V, and Cl =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 capadtive 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 i!i 4.6 ns 
maximum (see 74FCTS21B 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 perfonn 

the dynamic analysis. With 400 pF, the maximum propagation delay increases to 14.8 

ns whieh is acceptable. 

As far as the statie analysis is concerned. the input load current (Ii x) of the 

CMOS SRAMs must be eonsidered. For the CY7Cl94 fOl example, li x is -10 uA 
minimum and + 10 uA maximum. For the 74FCT64SA transceiver. the input high 

current (Ii h) is + 5 uA maximum and the input low current (Ii 1) is -S uA maximum. 

One output of the 74FCT244A can source up ta 64 mA for Jogie zero (1
0 

1)' and 

sinks up to -15 mA for logie one (1
0 
h)' 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 

logie of -68 uA. In bath situations. the statie analysis is sueeessfui. 

But this analysis is for TIL levels for a guaranteed logie high level of 2.0 V 

minimum and a maximum of 0.8 V for a guaranteed logie low level. In arder to 

bring the Iines ta CMOS levels and minimize the power eonsumption, 10 h must be 

redueed to -300 uA and 101 ta +300 uA. Sinee the maximum total input high and low 

eurrent is plus or minus 680 uA, then a separate R/W line should be dedicated to 

C each 4 banks and transceivers. The new capaeitive 10Âd seen by each R/W line 
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wou Id be redueed to a maximum possible value of 200 pF resulting in a t'. d of 8.8 
ns. 

3.2.10 Total acœss lime 

To detennine the total maximum aeeess time of the SRAM memory bO.:lrd. the 

propagation delay through the eomparators and address drivers. the maximum aceess 

lime of the statie RAMs. and the propagation delay through the transceivers must 

be taken into aceount. As ca1culated in the previous sections. 5.S ns maximum are 

required for the deeode and address drivers. another 2S 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-Iogic on the memory board to aHow the programmer to re­

alloeate 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. AB 16 to AB 18 could be used to deeode a partieular memory bank. and 

AB 19 to AB23 to re-anoeate the memory board. This re-allocation feature would 

only require five supplemental lines on the conneetor linking the memory board to 

the processor board. These lines eould be driven by a portion of an extemal 

register under software control and situated on the DSP board. 

The bank selectors implemented wilh 8-bit comparators do bath the bank and 

the board selection. Each eomparator has A and B entries. When the 8-bit input of 

port A conneeted to AB 16-23 are equal to a base address on the port B. a bank 

access strobe is aetivated. 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 ':;ignificant 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 III where a 
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particular combination is assigned to a particular bank. 

3.2.12 PAL-decode approach 

Il is possible to replace ail 74FCTS21B 8-bit comparators by one 16L8 PAL. 

Figure 3.8 shows the configuration: 

16L8 
AB16·18 

AB 19·23-.... 

Bank7 

Figure 3.8 - A PAL-based decoding scheme. 

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 tenns are 

available. the memory re-allocation feature cannot be implernented here. With a 

fixed base address. only one product term is required for each bank aceess 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: 

IBANKO = /AB 16*/AB 17*/AB 18*ABI9*AB20*AB21 *AB22 *AB23 */STRB 
IBANKI - AB 16*/ AB 17*/ AB 18* AB 19*AB20* AB21 *AB22*AB23*/STRB 

IBANK2 - IAB 16*AB 17*/AB 1 8*AB 19*AB20*AB2 1 *AB12*AB23*/STRB 
IBANK3 = AB 16*AB 17*/AB 18*ABI9*AB20*AB21 *AB22*AB23*/STRB 
IBANK4 - / AB 16*/ AB 17* AB 18*AB 1 9*AB20* AB21 *AB22*AB23 */STRB 
IBANKS - ABI6*/ABI7*ABI8*ABI9*AB20*AB21*AB22*AB23*/STRB 

IBANK6 - /AS 16*AB 17*AB 18*ABI9*AB20*AB21 *AB22*AB2J*/STRB 
IBANK7 - AB 16*AB 17*AB 18*AB 19*AB20*AB21 *AB22*AB2J*/STRB 

Programming the PAL as a decoder is thus a very simple task. The last 

C difficulty is to find a PAL with a maximum propagation delay of S.S ns 
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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 mtical. and the re-allocation reature 

is replaced by a fixed and less flexible aeeess configuration. 
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CHAPTER FOUR 

MAIN COMPONENTS OF niE DSP BOARD 

4.1 Multic:ast system 

The overhead associated with perfonning a communication has a significant 

influence on the perfonnance of an application. Let us define Rand 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. 1 W + nR is required to complete the transfer. The bottleneck 
here is due to the fact that only one read cycle can be performed al a time 

without contention. ln our system. due to the fact that each processor has ils own 

bus. n read accesses can be performed simultaneously. To provide the same 

performance for the write cycles. the processor musl be able to write to different 

dual-port modules simultaneously. 

To avoid the drawback of the unicast option. sorne systems use a broadcast 

approach such as sending a message via tne bus with a set identifier. In this case. 

ail 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 auach a communication processor to each DSP. which 

will check the identifier and intemJpt the DSP as required. This approach has some 

advantages but complicates the design of the processor board as weil as Iimiting 

the transfer rate between ail processors because of bus contention problems. 

Another approach is to interrupt only the receiving DSPs. Il is referred to as 

multicast (one-to-many transmissions) [24J. 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 ail 

processors in the system to initialize a transfer simultaneously. A multicast system 

requires 1 W + 1 R aecess time for the whole transmission and allow up to n 

transfers to he conducted simultaneously by different processors. 

To implement the system. we a1locate 64 Kwords for interprocessor 
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communication. This pennits 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 firsl 62 Kwords in 

the interprocessor communication address region. only one processor is accesse<! al 

a time. Thus 31 OSPs 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". ail 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-IS set the decoder outputs which are connected to the 

MUX. The signal OP generated by the dual-port RAM address comparator. enables 

the address decoder. The rnulticast 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 altows the pattern in the multicast 

register to be multiplexed. otherwise the outputs of the decoder are multiplexed 

assuming that OP is set. The MUX outputs provide the dual-port memory module 

select lines. Figure 4.1 shows the block diagram. 

Address Lines 
ABII to ABlS 
from the Memory 
Address Bus 

1/0 Data Bus 

Decoder 

SELECf Lines -

Figure 4. 1 - Sirnplified block diagram of thé multicast system. 
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The only drawback is that it requires as many select Unes 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 internai bus structure. 

4.2 Connection bus interface 

Ali connection bus interface chips can drive up to 64 mA (1
0 

1)' FCT devices 

(2051 have been selected because they are very fast and have a CMOS internai 

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. 

Signais 

D(O-3I) 
A(O-23) 
SELECT(O-3I) 
R/W 
STRB 
READY 
BUSY 
INT 
XFO 
XFI 
Hl 
H3 
VCC 
GND 

Descriptions 

Data 
Address 
Dual-port RAM module selection lines 
Read and wrile 
Memory access strobe 
Indicates to the processor that data is available 
Indicates an access conflict in a dual-port module 
Interrupt for inter-processor commwaications _ 
Interlock signal (output) 
Interlock signal (input) 
Clock used as reference 
Clock used as reference (inverse polarity of Hl) 
+5 volts OC 
Ground 

Table 2 - Signais for the connection bus. 

38 



o 

o 

CHAPTER FOUR - MAIN COMPONENTS OP DIE DSP BOARD 

The connection bus interface consists mainly of four FCT transceiven for the 
data path. three FCT drivers for the 24 address Iines and other drivers for various 
control lines as weil as receiven for status lines. Table 2 describes the different 
signais on the connection bus. 

4.3 Wait-state generator 

The wail-slate generator is 'Jased on a 16R6 PAL (II J. It can generale up 10 

Iwo wail-states when the processor accesses the dual-port RAM modules. This is 
accomplished by sending a READY signal 10 the TMS320C30 at the appropriate lime. 
The number of wail-states is selected by software. A BUSY signal generated by the 
dual-port RAMs indicates to the wait-stale generator that il 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 considere~ could add another wail-state. depending on the capacitive load 
on the connection bus. 

The wail-state generator is synchronized with the dock signal H3 (inverse 
polarhy of HI). Il checks the OP signal from the dual-port RAM address 
comparator. the R/W line. as weIJ as the BUSY signal. 
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CHAPTER FIVE 
1/0 SUBSYSTEM 

For real-time control. a fast and efficient 1/0 subsystem is required. In this 
chapler. the design of such an 1/0 subsystem is presented. The primary task of this 

1/0 interface is to link the processor to the extemal world. Most !=ommercial 110 
subsystems provide on-board A/D and DI A converters. The user is thus restricted to 
the capabilities of these de\'ices. 

The 1/0 subsystem proposed here. uses another approach. Il incorporates a 
very flexible design which is able to interface with most A/D and DI A converters. 
Many extemal registers are provided to enable each 1/0 channel to be contigured in 
various ways. The converters are located extemal to the 110 subsystem (preferably 
close to the input or output transducer). Each extemaJ converter (or other 1/0 

device such as a counter) is linked to the 1/0 subsystem via a high speed seriai 
line. 

S.I 1/0 subsystem requirements 

The 1/0 subsystem communicates with the TMS320C30 via its ser.ondary bus 
(110 bus). The memory (primary) bus is not used for 1/0 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 
1/0 subsystem. The 110 interface should be as simple as possible. It shouJd link 
with A/D and DI A converters serially and in digital fonn in order to minimize the 
number of wires anel to guarantee aecurate data transmissions. Very accu rate 

measurements in the order of 16-18 bits are predicted. A srnall 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 DI A 

converter. Thus differential input with a good commen mode rejection must be 
provided for each line receiver. The links must be fast since real-lime controls are 
performed. The 110 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 1/0 subsystem for the seriai channels . 
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E"temal Seriai Clock 

Seriai Data ln 

po-...a.......J"-__ Out 

To 1/0 Data Bus Extemal Interrupts 

From 110 Data Bus 

>, 

Seriai Oara 
and Control 
Lines 

Figure S., - 1/0 subsystem for lhe seriai channels. 

S.2 Serial-to-parallel and paraJlel-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. th us decreasing substantially the total chips count. Also. the 

parallel load inputs and f1ip-flop outputs are multiplexed to reduce the total number 

of package pins. This feature pennits us to allocate through software. the channel 

as input or output. This le can be cascaded easily such as four of them would 

support word lengths up to 32 bits. They are also available in sOie which allows 
better board density. Figure S.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 seriai data coming from an A/D converter 
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with MSB tirst. and serial-data-out are the data sent to a DIA converter with MSB 

tirst. OSO and Q7 are the seriai data inputs and seriai outputs for a right shift 

respectively. OE 1 and OE2 are output enable pins. and SO. SI are mode select 

inputs. SO and S 1 allow to perform sorne basic operations such as a parallel load 

and a shift right. The left shift is not used since ail external converters operate 

with the MSB tirst as a seriai communication protocol. Thus each OS7 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 lied 'to 

ground respectively. MR. the asynchronous masler reset input (active low) could be 

connected to the sytem reset to garantee a known initial state. 

,----- AJD or DIA Eatemal Clock 

Serial·Dara-1n 

Clack 

+10 MHz 

Channel Ch~1 
Write Slrobe Control 
(from deçoder) (fromSCR) 

Multiplex 
Control 
(from SCR) Seriai· Data-Out 

Extemal Cloçk whh Inverse Polarity 

-10 -10 MHz 

Propammable Control 1 
Control Lina 

Control :! from che Seriai 
Control Bloct 

Load Initial Count ----tIllR(;K 

(from decoder) 
Inidal Count 
Value 

Transfer Initial Count 
Value from Internai !.atch 
(aenerated by che decoder) 

To Ille Interrupt 
Circuicry 

32 DIli 
Lina 

Output 
Enable _ 
COMected 
10 ChlMel 
Read 
Strobe 
(from 
deeoder) 

RCO. 

Figure S.2 - Basic circuitry of one seriai channel. 
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5.3 Nurnber of seriai channels 

Figure S.2 shows the basic circuitry for one input/output seriai channel. Each 

1/0 subsystem contains 16 such 1/0 channels. 

5.4 Selection of the clock 

When a seriai channel is configured as input for data acquisition. the clock is 

provided by the A/D converter. This clock is sent with the seriai data 

simultaneously. The rising edge of this clock is then used to enter the seriai 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. 

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

'n, !J ln Ihis case. the dock is provided on the 1/0 subsystem board when the maximum 

transmission speed can be considered. or sent by circuitry surrounding the DI A 

converter. wh en the transmission speed must be lower. A 20 MHz oscillator on the 

1/0 subsystem board generates the required maximum clock. AD-type flip-flop is 

configured as a divide-by-two which results 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 -IOMHz is sent to the DIA converters. This configuration 

guarantees a pre-defined set-up time required by most DIA converters for the seriai 

data before the rising edge of the clock to latch data properly. 

This on-board clock generation allows the perirheral circuitry around the DI A 

converters to be minimized and simplified. This feature is desirable when 

converters are situated in very restricted spaces. But when the DI 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 DI A converter itself. The two internai 

limers in the TM~320C30 could have been used for this purpose for up to 8 MHz. o but this solution restricts ourself to a maximum of nv'o output channels. 50. the 
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external dock is sent to the 1/0 subsystem which drive the corresponding channel. 

An inverter provides the same dock shifted by 180 degrees that is sent back to the 

DIA converter. As for the 10 MHz configuration. a minimum set-up time is 

available. 

A mechanism must be provided for each seriai channel to select the proper 

dock. This is achieved with multiplexers. One 4: 1 multiplexer is required for each 

seriai channel. In order to improve the board density. eight 74A5 1 S3 dual 1 of 4 

data selectors/multiplexers constitute the multiplex circuitry for ail 16 channels. 

SO ns separate the rising edges of the + 10 MHz and the -10 MHz clocks. A 

maximum of 10 ns are required for the + JO MHz to propagate through the 4: 1 

multiplexer and another 10 ns maximum from CP to Q7, the c10ck input and seriai 

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. th en a minimum of 30 ns is garanteed for the 

data latch set-up time in the DIA converter. For the external clock. the set-up 

time is reduced by the propagation of the inverter that generates the opposite 

polarity dock. 

S.S Seriai channel controls 

Parallel load. shift right and left, and hold are possible operations on each 

seriai channel through the control lines 50 and 51. While SO is high. 51 would 

determine whether a parallel load (1) or a shift right (0) is perfonned at the rising 

edge of the dock. Thus four control bits from two extemal registers named the 

seriai control registers (5CR) are required to multiplex the correct clock and to 

control a seriai channel. 

A parallel load could be accomplished by selecting input C3 of the 4: 1 

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 seriai channel. Wh en the 

strobe goes back to high. the data are latched by the shift register if 50 and 51 

were previously set to a high level. 

We could receive seriai data by selecting CI (A= 1. 8=0) and setting 50 and 51 

for a right shift. Changing A and B to "0" and "1" respectively. will multiplex the 
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+ 10 MHz dock through the input C2 and send data out at maximum rate. Other 

operations are possible such as holding the data or ignoring the external word. 

Notice also that four bits were as5igned in order to sirnplify the circuitry and to 

provide independent control over the multiplexers and the shift registers. 

S.S.I Seriai control registers 

Two 32-bit seriai control registers (SCR) are provided to control the 16 seriai 
channels. Eight transparent or edge-triggered latches can be used to construct the 

SeRs. Sorne 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 

dock. For example. if we select the hexadecimal command "6" to send data and 
multiplex the + 10 MHz at once. sorne 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 limes, a possibility exists that one shift 
• , i is perfonned in a particular S'lift 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 seriai data to the clock input of 

the 74 FCT299. The 74AS 153 has a minimum propagation delay from low to high of 2 

ns. Thus 3.5 ns should he 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 
perfonned simultaneously. So, the user should be careful when attempting to perform 

two operations on the same channel sirnultaneously. A fixed delay element could be 

introduced in the channels to garantee proper timing. This solution imroses 

subtanlial 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 provide an internai dock generator and associated multiplexers. This simplifies 

the 1/0 subsystem at the expense of little more extemal circuitry. 

Eight 74FCT574 constitute the SeRs. The output enable pins are connected to o ground and the clock inputs to one of two select Iines from an address decoder. 
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5.6 Counten 

A counter must be provided for each seriai 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 lhat the 

transmission is completed. 

The 74LS592 is an 8-bit binary 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 internai 

register. This is done by connecting CLOAD to the output of an address decoder 

which goes low wh en a 'read' or a 'write' is performed on the respective channel. 

Thus. one dummy acèess must be performed to initialize the seriai channel. The 

value being loaded corresponds to the hexadecimal value 'FP' 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 ail counters to start in a known state. Since the ReO is 

used as a status bit. it is necessary that RCO remains low between the completion 

of the transmission and the next corresponding seriai channel access. When the 

seriai 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 ReO pins 

for ail 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 al ways desirable to have ail channels interrupt" the processor, a maskable 
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option is provided. This consists of an externat 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 external interrupt 

pins. a 16-bit interrupt register is provided to indicate through the secondary bus. 

which channels wish to interrupt. Figure S.3 shows the basic configuration. 

Counter 1------,....----1. 

Interrupt 
Controller 

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 signais change state while the DSP is reading the status or the 

intemlpt register. 50. the content of both registers must be stable during 15 ns 

before the falling edge of HI wh en MSTRB is low (active). Hiis an external 16.S 

MHz clo~k generated by the TMS320C30. Il is a good timing reference and provides 

the designer with tools to synchronize extemaJ circuits with the DSP. MSTRB is 

the memory secondary bus access strobe. The IS ns correspond to the minimum 

data valid Sl't-up time required by the TMS320C30 to guarantee a good reading. 

~_ t~, 

o Thus two 74FCTS74s would be required for each register: The output enable pins of 
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each register are connected to a different output pin of an address decoder. ~hile 
ail input clock pins are tied together with the Hl clock. Thus both registers would 
be updated each 60 ns at the rising edge of HI. Notice that ReO goes back to "1" 
when the seriai channel is accessed. and not the registers. 

S. 7.2 Mask register 

The mask register consists of two 74FCTS74s with the output enable pins 
connected to ground and the clock input pins connected to one output of an 
address decoder. 

5.8 Seriai control block 

The ::erial control block provides the user with the ability to send pre­
programmed signais to the externat converters. Because the programmer can send 
various signais with specifie polarities and pulse lengths. direct control over the 

converters can be perfonned. 
Two configurable control signais are assigned to each seriai channel. The 

seriai control block consists basically of a 32-bit external register (polarity 
register). 32 8-bit counters with internai lateh. and an XOR logic block as shown in 

Figure S.4. 

I/OAddress 

Hl 

XOR 
Lo,ie 

• End-Of.count 

Figure 5.4 - The seriai control black. 

48 



o CHArTER FIVE - 1/0 SUBSYSTEM 

The polarity register consists of four '74FCT574s with the inputs connected ta 

the secondary data bus and the outputs ta the XOR Jogie black. The output enable 

pins are tied to ground and the clock inputs to one output of an address decoder. 

32 74LS'92s are necessary for the complete pulse length control eircuitry. Each 

line ean be eontrolled independently. These eounters are synehronized by the 

TMS320C30. Output pins of an address decoder are used to load the internai 

registers (pulse length registers). An address is dedicated to transfer this value to 

the counter. By writing a specifie pattern to this address. il beeomes possible ta 

send up ta 32 control signais simultaneously. An inverter links each RCO with 

CC KEN since the referenee c10ck is continuous. The reset pins are connected to the 

system reset white the ReO pins are connected to the XOR-gate black. The seriai 

control black works as follows: 

- If the counter is disabled (loaded to "FF" or already reached "FF"). ReO is 

low. By writing "0" in the polarity register. a "0" is obtained at the output 

of the XOR-gate or control line. 8y 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 IS.3 ms with increments of 60 ns 

can be obtained. 

5.9 Intenupt controller 

An external interrupt must be held low for at least one H I/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 o these conditions are met. Two 16R8 PAls [II) 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 en tries and generate two independent externat interrupts compatible wilh 

the TMS320C30 interrupt specifications. The dock H3 running at 16.5 MHz is used 

as a time reference for both PAls. The first PAL accepts the internrpt flag from 

either the expansion board (DRAM error detected). or the 1/0 parallel bus 

(communication with the MicroVAX). and the eight first end-oC-count flags from the 

seriai channels. ft then generates INTO. the highest prilJrity internrpt when the 

expansion board or the parallel 1/0 bus (secondary bu~) wishes to interrupt. or 

INT 1. the second priority interrupt when at least one end-of-count flag in the tirst 

8 seriai channels is activated. The second PAL works exactly the same way. except 

that INT2 is generated wh en 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 seriai channels. Notice that the 

programmer can mask through software any of these external interrupts. Aiso 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 seriai input/output channels. two general 

purpose seriai ports. and a parai leI port. Because fewer transmission errors are 

introduced when the signais are sent in digital instead of analog fonn. seriai 

channels carrying digital infonnation have been adopted in ail cases between 

external converters and the parallel computer. Coaxial cables cou Id 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 ,:hoice. Il orfers up to 

10 Mbits/s of transmission speed over 12 meters. and uses differential inputs for 

better performance. Thus seriai channels for input data. output data. input seriai 

clocks. output seriai clocks. and seriai output channels for the control lines. 

supported by the ElA standard RS422A drivers and receivers (31) constitute the 

entire seriai input and output channels of the 1/0 interface. 

Two seriai ports are provided by the TMS320C30.· Ta allow mQre flexibility. ail 
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Iines in these ports are avaitable on two general purpose connectors. The same idea 

applies to the 1/0 parallel port. In order to minimize the cbip count on the 
processor board. and not ta stick ta a particular bus protocol. ail 32 1/0 data lines. 
13 1/0 address lines. and a few control lines. are Jinked directly ta a parallel 
conneetor for future expansion. 

S. 1 1 Decoders 

The DSP aeeesses different parts of the system by reading or writing to an 

extemal bus. The ad~ress associated with the external aeeess is deeoded by address 
comparators and address decoders. Il results an active signal whieh is usee! to 
enable the proper part of the system. The deeoders (address eomparators and 
address decoders) accept ail address Iines. the R/W line. and the aeeess st robe as 
inputs. The access strobe confirrns the validity of the address Iines and the 
deeoders interpret il as a valid external aeeess. The RJW line is used to decode 
write·only or read-only external 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 Cully 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. Il 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 sen der 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 logie. 

The following de scribes 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. 

ail interrupt Iines from the modules. ft also provides an example of an 

implementation of the new dual-port RAM devices in an intelligent interprocessor 
communication scheme with a performance su peri or 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 tasitS of the DPMI are to increase the driving r:apability of the dual-port 

RAMs during a DSP "read" for the connection data bus. to decrease the maximum 

capa(~ltive load on the connection bus for the eleven least significant address lines 

and "'e R/W line. and to provide a mechanism to multiplex the interrupt signal to 

an asslgned position onto the communication data bus in order to support an 

interrupt identification scheme (liS). 

6. 1. 1 Dual-port data bus interface 

The dual-port data bus interface is buitt using four 74FCT645A tranceive" on 

each port. An internai R/W line is connected to the TIR (transmit/receive) pins of o 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. 

o 

6. 1.2 Reœivers 

Receivers are used to minimize the capacitive load on the communication bus 

and to improve the overall performance. This reduces by at least four limes the 

total capacitive load on the bus. Receivers are necessary for the eleven address 

lines (ASO-JO) and the R/W line. Notice that the buffered R/W line is referred as 

the internai 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 (liS) pennits the processor to identify in 
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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 Iink integrated in our supercomputer architecture. 496 

of such modules would pennit 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. Il 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. 

ail interrupt lines from the modules. Il 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. ta 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 ante the communication data bus in order to support an 

interrupt identification scheme (liS). 

6. 1. 1 Dual-port data bus interface 

The dual-port data bus interface is buitt using four 74FCT645A tranceivers on 

each port. An internai R/W Hne is connected to the TIR (transmit/receive) pins of a 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. 

o 

6. 1.2 Reœivers 

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 

Hnes (ABO-IO) and the R/W Hne. Notice that the buffered R/W Une is referred as 

the internai R/W line used to control the transceivers and the dual-port RAMs. 

Three receivers of type 74FCT244A are required per OPMe The output enable 

pins may be tied to ground. 

6. 1.3 Interrupt identification scheme 

. 
The interrupt identification scheme (115) permits the processor to identify in 
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one "read" access. which DSPs have sent an interrupt for interprocessor signalling. 

This is accompli shed by tying each interrupt pin of cach DPM ta a dedicated data 

line onto the connection bus through a driver which is enabled when the 115 option 

is used. When a "read" is performed in the multicast region (Iast 2K addresses in 

the interproeessor communication region). a select line (INTSEL) is set to "0" 

which enables the drivers and multiplexes ail interrupt lines (one port only) to the 

data bus. This (eature 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 ail interrupt Iines on the same port of ail DPMs connected to the 

same communication bus. must be tied together and forwarded ta an interrupt 

controller situated on the DSP board. an open-collector driver must be provided on 

each port of eaeh DPM to isolate the Ils 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 10 32 bits by using a masterlslaves 

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 ta a wait-stale generator on the DSP board. The BUSY line is open-drain which 

allows the designer to connect ail BUSY lines of ail DPMs on the connecti"n bus 

together. This configuration is preferred to 31 separate Iines which would 

considerably expand the size of the connection bus. A 330 ohms pull-up resistor is 

required. With the 35 ns aceess time version. a maximum of 30 n~ 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 CY7C 136 and CY7C 146 from Cypress or the 

IDT71321 and IDT7I421 from lOT (Integrated Deviee 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 êan be tied to ground. The 
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write enable pins are connected to the internai R/W line on the proper bus. Figure 

6. 1 shows the black diagram of one dual-port module. The module is compatible with 

any 32-bit pracessor. The module interfaces only two processors. This scheme 

results in more interface logic but adds a significant tlexibility in building complex 

computer architectures. 
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Data Byte 0 -..... Address Lines 
Data Bytes 1,2,3 

Data Bytes 0,1,2,3 

Figure 6. 1 - Black diagram of one dual-port module. 

The next important design decision is the aeeess time required by the dual­

port RAMs. The multicast system requires a maximum of 23.5 ns to select the 

DPMs. During this periode the eleven least signifieant address bits propagate through 
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B 
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, 74FCT244A drivers on the DSP board and lhrough the 14FCT244As 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 Jjne capacit'Ulce and the input capacitance of 
the interface of the expansion board) could be present al each output of the 
address drivers. The maximum propagation delay of the 74FCn44A 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-stale memory access. at 
least one wait-slate must be eonsidered 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 C ns access time for the dual-port RAM. is 42.3 ns 

for the worst case. As this value is already greater th an 35 ns. we conclude that 
at least one wait-state must be generated when a "read" is done on a DPM. With 
one wail-state. the maximum aceess time required by the TMS320C30 increases ro 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 signais through the 
connection bus itself which has a length of 0.6 m. a1lowing 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 aceess lime 

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 eonsidered. dual-port RAMs with a 35 ns access lime 
should be selected in order to provide a safety margin and guarantee correct 

operations for ail conditions. 
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6.3 Busy Jock-up 

Ta fonn 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. il is possible for one RAM arbitrator ta 

activate the left BUSY and the other RAM arbilrator to activate its right BUSY 

resulting in a lock-up problem where both DSPs will wail indefinitely for their pon 

to become free. The solution is to use the arbitration logic in one RAM called the 

mas ter and to force the other RAMs called the slaves to follow il. 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. nus. 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 provide<.l. 

Even when the problem is resolved for one module. it persists wh en more than 

one module is accessed at the same lime such as when the multieast option is used. 

ln 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 10 prevent processors waiting too long in a lock-up situation. When 

multicast with BUSY is performed. an internai limer in the TMS320C30 is set to an 

arbitrary value. If the counter has not been reset at the end of the multieast 

transfer. an internai interrupt is generated indicating a lock-up situation. This 

solution results in minimum external logie since circuitry is still necessary to set 

the READY line. Our approach is different. The wait-state generator works wilh a 

special mode that does not consi<.ler the BUSY from the dual-port modules. Thus no 

addilional wail-states due to the contention problem will occur during a multir,ast 

transfer. When a bit dedicated for this special mode is changed. a flip-flop with 

BUSY connected to the dock 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 32n<.l data line when the ilS is accessed. indicates if the multicast 

transfers were successful. 
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CHAPTF.R SEVEN 
INTERFACE BOARD 

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 computalion. 
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 weil as allowing program execution. The main 
ohjeclive is: a) to match the 32-bit system bus with the two 16-bit buses provided 
by the DRQ38 parallel interface board (33J in the MicroVAX: and b) to act fast 

C enough in order to take advantage of the two buses configuration of the DRQ3B: 

S8 



o and c) 10 perfonn DMA tmnllfen hy lI5ing the same optinn5 8!1 u!led hy the osr 
boards (such as the multicast. access arbitrations. and interprocessor signaning): 

and d) to download from the MicroVAX. an initialization program and loader in the 

extemal local memory of the DSP assigned as the communication processor before 

the parallel computer starts execution. The easiest way to address these 

requirements as weil 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 perfonn 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. 

Interface Board 

DSPBoard 

DSPBoard 

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 types have emerged: the bus-based machines with a 

global memory. and the cube-based machines with typically "distributed" memory 

schemes 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 ail other nodes in the system. 

The development of a new parallel computer architecture allows us to optimize 

the design for our immediate needs. Il 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 il is not a part of the basic system. its design 

was performed in order to identify more accurately the required signais for the 

connection bus. since ORAMs could 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 extemal devices such as AlOs and DI As are subject to change. 

the 110 interface must provide the ability to adapt to these chang"!s under software 

control. 

For high-perfonnance memory. there is a trade-off between speed and chip 

eounl. 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 wail-slale memory board with a 35 ns maximum aceess 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 

addilional propagation delays due to the increase of the capacitance between the 

proeessor and the additional comparators. One way to overcome this problem is to 

ehoose faster SRAMs al the expense of board density. 

With the availability of dual-port statie RAMs with internai arbitration logie 
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o CHAPTER EIOHT - CONCLUSIONS 

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 strategie tasks related to interprocessor 

communication. synchronization. and signalling. 

ln order to maintain a high degree of flexibility. many '!xtemal 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 Jirectly into one bank of the local memory of 

the DSP assigned as the communication processor white it is reset. 

Future work on the parallel computer will include construction of a very 

simple operating system. 
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Sheet AI - Digital signal processor (TMS320C30) 
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DSP board 

Type 

TMS320C30 
74FCT138A 
74FCT521B 
74FCT645A 

74FCT244A 
74FOO 
74FCT240A 
74FCT574A 
74FCT139A 
74F257 
16R6 
74F32 
74F08 
74F21 
74F30 
16R8 
74FCT273A 
74FCT240 

74FCT827B 
74FCT244 
74LS74 

--------------'~-----

Description 

Digital signal processor 
Fast CMOS 1-of-8 decoder 
Fast CMOS 8-bit identity comparator 

Quantity 

1 

10 
2 

Fast CMOS non-inverting buffer transceiver 12 
Fast CMOS octal bufferjline driver 7 
Quadruple 2-input positive-NAND gates 1 
Fast CM OS octal bufferjline driver 1 

Fast CMOS octal D register (3-state) 10 
Fast CHOS dual 1-of-4 decoder 1 
Quadruple 2 to 1-line data selectorsjmultiplexers 8 
PAL 1 

Quadruple 2-input positive-OR gates 
Quadruple 2-input positive-AND gates 
Dual 4-input positive-AND gates 
8-input positive-NANO gate 
PAL 
Fast CMOS 0 flip-flop with clear 
Fast CMOS octal bufferjline driver 

High-performance CMOS buffers 
Fast CMOS octal bufferjline driver 
Dual D-type positive-edge-triggered flip-flops 

1 

1 

l 

2 

2 

5 

2 

1 

3 

1 

Total 73 
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TIT'" Wait SUtl Genentor 

IDESCIUPTION 
IThe vait state genentor il ulld on th. T"S320C30 DS' board. 
;It generatll one or tvo vait-statll when the proces.or accel.lS 
Ithl dual-port ItAft .odule •• Thu il acco.plhhed by •• nding a 
. \DY sign.l to the processor at the .ppropriat. ti ••• rour .ode. 
10" availlble under .oftvare control. Each lIod. define. the type of .cce ..... 
;A BUSY siqnal qenerated by the dual··port RAft. indlcates to the DS' 
;that it should extend the cycle due to an address conflict with another 
;processor. The DSP when conSldeClnq the BUSY must extend the access 
;cyc1e by 30 n5 to allov the slaves to be set. Thl s extenSlon could add 
;another vait-state dependlnq on the capacitive load on the bus and the 
;drivinq current used fro. the DSP board and the dual-port RAfts module • . 
;MODE 1: end dual-port aellory Vl thout considering the BUSY (1 or 2 v-s) 
;MODE 2: read dual-port memory and consider the BUSY (1 or 2 vait-states) 
;MOOE 3: vnte to the d-p .emory vithout considenng the BUSY (1 or 2 v-sI 
;MODE 4: vrite to the d-p lIemory and consider the BUSY (1 or 2 v-s) 

PATTERN NAIT. PDS 
REVISION 1 
AUTHOR 
CO"'ANY 
DATE 

CHI' 

;PINS 
1 
CLOCK 

, l 

;CLOCIt : 
;RN 
;BUSY 
IDP 
;BSET 
IRDP 
IRDPB 
INDP 
INDPB 
10E 
; ... r 
IREADY: 

S. "artel 
"cGill University 
'5 August 1988 

WAIT_ STAT! PAL16R6 

2 3 4 5 6 7 
RW BUSY D' BSET RDP ROPB 

12 
Ne 

13 14 15 16 17 
RDPF RoPBF NDPF NDPBF NC 

8 9 
WDP WDPB 

18 19 
READY NC 

10 
GND 

20 
vcc 

the PAL used H3 hOIl the DSP the .ynchronize the READY signal 
con\cted to the R/W line (l-REAO, O-WRITE) 
O-access conf1lct I-no confllct 
O-access to the dual-port .ellory 
O-access without conslderinq BUSY 1-conslder BUSY 
read dual-port 0-1 valt-state 1-2 vait-state. (vithout BUSY) 
read dual-port 0-1 vait-state 1-2 valt-states (vith BUSY) 
vrite to the d-p 0-1 vait-state 1-2 vait-states (vithout BUSY) 
vrite to the d-p 0-1 valt-state 1-2 wait-statel (vith BUSY) 
output enable conneet'ed to qround (hardva re control) 
flaqs vith feedback to keep tracx of number of walt-states qenerat~d 
the only output connected O-ready 1-not ready (another valt-state) 

EQUATIONS 

IREADY : - IDP • IBSET * RN • /RDP • READY 
;read dual-port vith 1 vut-state wlthout busy 

+ IDP * IBSET • IRN • jWDP • REAOY 
;vrlte to dual-port wlth 1 walt-state wlthout busy 

+ ID' * BSET * RW • IRDPB • BUSY • READY 
;read dual-port wIth 1 wut-state VIth busy 

.. IDP * BSET • /RW • jWDPB • BUSY • REAOY 
Ivelte to dual-port v1th 1 valt-state with busy 

+ IDP * 18SET • RN • 1I0P • IRDPF • READY 
Iread dual-port with 2 wut-states wlthout busy 



re. 

cC 

• /D' • /151:1' • /1" • Q, • /WD,r • RIADY' Ivrit. to dual-port vith 2 vait-.tat •• vlthout bu., 

• /D' • BSET • a.. • ID'. • /ID.lr • IUSY • lEADr 
;t.ad dual-pott vith 2 vait-.tat •• vith bu., 

• /0. • ISET • Il.. • If DPI • /lfDPlr • IUSY • lEADY 
;vtite to dual-port vith 2 vait-states vith bu.y 

IROP' 
/NOP, 
IROPlr 
/Nopar 

- 10P • IBSET • RW • aDP 
• IDP • 18SET • IRN • IfDP 
- IDP • ISIT • RN • RDP8 
• IDP • 8SET • IRN • If DPI 

SU.ULATION 

TRACE_ON CLOCIt READY ISET RN aDP RDPI NDP NDPB DP BUSY 

SETr 10! 
ICLOCIt 
DP IBSET alf IRDP ~DPI /ifOP /NDPI BUSY 

CLOCIr CLOCIt 

.nable outputs 
initialize eloek 
initialize inputs 

1 2 auccelliv. t.ad cyclel vith 1 wlit-Itate vithout bus, t.st.d vith BUSY 
SETr ID' flUSY 
CLOCIr CLOCIt 
CHECIt IREADY 
CLOCIr CLOCIt 
CHECR REA DY 
CLOCIr CLOCIt 
CHECR IR lADY 
CLOCltr CLOCJ( 
""C:CR READY 

1 one tlad cyel. vith 1 vlit-stlte vith busy 
SETr IUT 
CLOCRr CLOCIt 
CHECIt IlEADY 
SETF BUSY 
CLOCRr CLOCIt 
CHECIt IIUDY 
CLOCKr CLOCIt 
CHECIt aEADY 

Ion. r.ad cycle vith 2 vlit-stlt.s vith bu.~.nd BUSY hi9h 
SETr IlDPB 
CLOCXr CLOCJ( 
CHECI IlEADY 
CLOCltF CLOCIt 
CHECIt IREADY 
CLOI:ltr CLOCIt 
CHECIt READY 

; one vrite cycle vith 2 vltt-state. vith bUI, and IUSY lov 
SETr WDPI IRN 
CLOCIr CLOCIt 
CHECK IlEADY 
S,;TF IIUSY 
CLOCItF CLOCIt 

":CIt IlEADr 
•. _tr IUSY 
'':LOCItF CLOCIt 
CHECIt IREADY 
SETF RN 
CLOCltr CLOCIt 
CHECIt JUDY 
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'ALAS" X'LOT, V2.23 - KARKET IILEAII·C2-1-•• ) 
CC) - CO.YRIGHT "ONOLITHIC "IROIIII INC, 19 •• 

TiUe 
'aU.ern 
I~Yhion 

PI".161t6 
WAIT_STATE 

"'ait State Generator 
NAIT.'DS 
1 

AuthQr 1 S. Rartel 
Co.pany : RcGill Univeraity 
Date 1 5 Auguat 19 •• 

11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 67.9 0123 4567 8901 

o XXxX XXXX XXxx XXXX XxxX xxxx XxXX XXXX 
1 XXXX XXXX XXXX XXXX XXXX XXXx XXXX xxxx 
2 xxxx xxxx XXXX XXXX XXXX xxxx xxxx XXXX 
3 XXXX XXIX XXXX XXXX XXXI xxxx XXXX XXIX 
4 XXXX XXXX XXXX XXXX XXXX xxxx XXXX XXXX 
5 xxxx XXXX XXXX XXXX XXXX XXXX XXIX XXXX 
6 xxxx XXXX xxxx XXXX XXXX XXXX XXIX IXXX 
7 xxxx XXXX XXxx XXXX XXXX xxxx XXIX XXIX 

8 X--- --X- -x-- -x-- -x-- ---- ----
9 -X-- --X- -X-- -X-- ---x ---- ----

10 X--- --X- -x-- -X-- ---1 ----
11 -x-- x-x- -x-- x--- ---- -x--
12 X--- x-x- -X-- X--- -X-- ---- ----
13 -x-- X-X- -X-- X--X ---- ----
14 X--- x-x- -X-- x--- ---x ---- ----
15 -X-- --x- -1-- -1-- -1-- ----

16 xxxx xxxx XXXX XXXX xxxx xxxx XXXX XXXX 
.~ XXXX XXXX XXxx xxxx XXXx xxxx XXXX XXXx 

xxxx XXXX XXX X XXXX xxxx XXXX XXXX XXXX 
19 xxxx XXXX xxxx XXXX xxxx xxxx IXXX XXIX 
20 XXXX XXXX xxxx XXXX XXXX XXXX XXIX XXXX 
21 xxxx XXXX XXxx x.<XX XXXX XXXX XXIX XXXX 
22 Xxx X XXXX XXXX xxxX xxxx XXXX XXIX XXXX 
23 XXXX XXIX XXXX XXXX XXXX XIXX XXIX XXXX 

24 -x--
25 XXXX 
26 xxxx 
27 XXXX 
28 xxxx 
29 xxxx 
30 xxxx 
31 XXX X 

32 -X--

-x--
XXIX XXXX 
XUX XXXX 
XXXI XXXX 
XXXX xxxx 
XXXX XXxx 
XXXX XXXX 
XXXX XXXX 

-X--

x--- ---- ---- ---- X---
XXXX XXXx XXXX XXXX IXXX 
XXXX XXXX XXXX XXXI xxxx 
XXXX xxxx xxxx ~xx xxxx 
XXXX xxxx xxxx:xxxx XXXI 
xxxx XXXX XXXX XXXX XXXX 
XXXX XXXX XXXX XXXX XXXX 
XXXX XXXX IXXX XXIX XXXX 

-X-- ---- ---- X--- ----
33 XXXX XXIX 
34 XXXX XXXI 
35 xxxx xxxx 
36 XXXX XXXX 
37 XXXX XXXX 
38 XXX X XXXX 
39 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 
xxn xxxx 
XXXX xnx 
xxxx XXXX 
XXXX XXXx 
XXXX xxxx 

40 X--­
XXXX 

_ XXllX 
43 XXXX 
44 XXX X 
45 XXXX 
46 XXXX 
47 xxxx 

-X-- X--- ---- X---
XXXX XXXX XXXX XXXX XXXX 
XXXX XXXX XXXX XXXX XXXX 
XXXX XXXX XXX X 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 XXX X 
XXXX XXXX 



1 

•• X--- -1-- -X-- X--- ----
., XXXX XXXX XIXX XXXX XXX X XXIX IXXX XXXX 
50 XXXX XXXX XXXX XXXX XIXI XXXX XXXX XXXI 
51 XXXX XXXX XXXI XXXX XXXX XXXI IIXX XXXX 
52 XXXX XXXX IXII XXXI XXXX XXXX IIXX XXIX 

XXXI XXXX IIXI XXXX XXXX XXXX IIXX XXXX 
~~ XXXX XXXX IXXX XXXI XXXX XXXX XXXX XXXX 
55 XXXI IXXI IIXI XXXX XXXX XXXX IXXX XXXI 

56 XXXX XXXX XXXI XXX X XXXX XXXX IXXX XXXX 
57 XXXX IXXX XIII XXXX XXXX XXX X XXXX XXXX 
58 XXXX XXXX XXXX XXXX XXX X XXXX IXXX XXXX 
59 XXXX XXXX xxxx XXX X XXXX XXXX IXXX XXXX 
60 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
61 XXXX XXXX XXX X xxxx XXXX XXXX XXXX XXXX 
62 XXXX XXXX XXXX XXXX XXXX XXXX IXXX XXXX 
63 XXXX XXXX XXXI XXXX XXIX XXXX XIXX XXXX 

TOTAL FUSES ILOWN: 3Z4 

- . 



1 
i 
1 
1 

-"0 

-. 

'ALAS" X'LOT, VZ.Zl - MAR.ST aELEASE (Z-l-ll' 
(C, - CO'YIIGwr "OMOLITHIC "IROalBS INC. 1'" 
Tltle 
putun 
aevillon 

.alt State Generator 
1 IfAIT.PDS 

'AL16R6 
MAIT STATE­
OVS1l-
0.20-
or2048-
GO*'O-

1 

L02S6 01111101101110111011111111111111-
L0288 10111101101110111110111111111111-
L0320 01111101101110111111111111101111-
L0352 10110101101101111111111111111011-
LOl84 01110101101101111111101111111111-
L0416 10110101101101101111111111111111-
L0448 01110101101101111111111011111111-
L0480 10111101101110111111111110111111-
L0768 10111111101101111111111111110111-
L1024 10111111101110111111111101111111-
L1280 01111111101101111111011111111111-
L1S36 01111111101110110111111111111111-
VOOOI Cl1100000NOXHHHHXHXN-
v0002 C10000000NOXHHHHXLXN-
V0003 C10000000NOXHHHHXHXN-
V0004 C10000000NOXHHHHXLXN-
VOOOS C10000000NOXHRHHXHXN-
VO006 C10010000NOXHHHHXHXN-
Vn~07 C11010000NOXHHHHXLXN-

08 C11010000NOXHHHHXHXN­
Vu009 C11010100NOXHLHHXRXN­
V0010 C11010100NOXHLHHXLXN­
V0011 CI1010100NOXHLHHXHXN­
V0012 C01010101NOXHHHLXRXN­
V0013 C00010101NOXHHRLXHXN­
V0014 COI010101NOXHHRLXLXN­
V001S C11010101NOXRLRHXHXN­
C2ADO-
CAU 

Autbor 
Co.pany 
Date 

S. Rarte1 
RCGi11 Univerlity 
5 A\l9\1at 1988 

';1 



c 

- . 

'A LAS" SUULATJON, Y2.23 - 1lAi1IIET IlELEASI (2-1-") 
(C, - COPYRIGHT NONOLITHJC .. EIIOIIIS JNC, 1,.. 
'ALAS" SJNULATJON SIUCTJVI: TRACE LISTING 

Tith 
'att.rn 
1 ilion 

Mait Stat. Genecator 
WAIT.PDS 

Author 
Co.pany 
DaU 

: 1. "artel 
IIcGi11 university 
5 AU91.:.t 1988 1 

PAL 16116 
MAIT STATE 
Page-: 1 

9 cg c 
CLOCIt LHHLLHHLHH 
READY XXHHHHLLLH 
BSET LLLLLLLLLL 
ItN HHHHHHHHHH 
l'OP LLLLLLLLLL 
RDPII LLLLLLLLLL 
MDP LLLLLLLLLL 
MDPII LLLLLLLLLL 
DP HHHHLLLLLL 
BUSY HHHHLLLLLL 

c c cg cgc cg c c cg C9 cg cg c 
LHHLHHLLHL LHHLHHLLHH LHHLHHLLHHLLHLLHHLLH HL 
HHLLLHHHHH HHLLLHHHHH HHLLLHHHHHHHHHHHLLLL HH 
LLLLLLLHHH HHHHHHHHHH HHHHHHHHHHHHHHHHHHHH HH 
HHHHHHHHHH HHHHHHHHHH HHHHHHHLLLLLLLLLLLHH 8H 
LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL LL 
LtLLLLLLLL LLLLLLLHHH HHHHHHHHHHHHHHHHHHHH HH 
LLLLLLLLLL LLLLLLLLLL LLLLLLLLLLLLLLLLLLLL LL 
LLLLLLLLLL LLLLLLLLLL LLLLLLLHHHHHHHHHHHHH HH 
LLLLLLLLLL LLLLLLLLLL LLLLLLLLLLLLLLLLLLLL LL 
LLLLLLLLLL HHHHHHHHHH HHHHHHHHHHHLLLHHHHHH BH 

PALASI'I SII'IULATtON, V2.23 - !tARItET REUASE (2-1-88) 
(CI - COPYIUGHT 1'I0NOLITHIC "EMOUES INe, 1988 
PALASI'I SIMULATION HIS'I'ORY LISTING 

Tltle 
pattern 

Nait Stat. Generator 
NAIT.PDS 

Author 
Co.pany 
Datl 

1 S. l'Iartel 
"cGill University 
S AU9ust 1988 1 1510n 1 

PAL16R6 
HAIT STATE 
pag'-: 1 

CLOCK 
RN 
BUSY 
DP 
8SET 
RD' 
RD" 
MDP 
NDP. 
GND 
OE 
RDP' 
RDP.F 
MD" 
MDP.r 
IIEADY 
VCC 

9 cg c 
LHHLLHHLHH 
HHHHHHHHHH 
HHHHLLLLLL 
HHHHLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
XXHHHHHHHH 
XXHHHHHHHH 
XXHHHHUHHH 
XXHHHHHHHH 
XXHHHHLLLH 
HHHHHHH88H 

c c cC) cgc cg 
LHHLHH~LHL LHHLHHLLHH 
HHHHHH8HHH HHHHHHHHHH 
LLLLLLLLLL HHHHHHHHHR 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLHHH HHHHHHHHHR 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLLLL LLLLLLLHHR 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLLLL LLLLLLLLLL 
HHHHHHHHilH HHHHHHHHHH 
HHHHHHHHHH HHHHHHHHHL 
HHHHHHHHHH HHHHHHHHHH 
HHHHHHHHHH HHHHHHHHHH 
HHLLLHHHHH HHLLLHHHHH 
HHHHHHHHHH HHHHHHHHHH 

c c cg cg cg cC) c 
LHHLHHLLHHLLHLLHHLLH HL 
HHHHHHHLLLLLLLLLLLHH HH 
HHHHHHHHHHHLLLHHHHHH HH 
LLLLLLLLLLLLLLLLLLLL LL 
HHHHHHHHHH HHHHHHHHHH BH 
LLLLLLLLLL LLLLLLLLLL LL 
HHHHHHHHHHHHHHHHHHHH BR 
LLLLLLLLLL LLLLLLLLLL LL 
LLLLLLLHHH HHHHHHHHHH HH 
LLLLLLLLLL LLLLLLLLLL LL 
LLLLLLLLLL LLLLLLLLLL LL 
HHHHHHHHHH HHHHHHRKHH HH 
LLLLLLLLLH HHHHHHHHHH LL 
HHHHHHHHHH HHHHHHHHHH HH 
HHHHlIHHHHL LLLLLLLLLL HH 
HHLLLHHHHH HHHHHlfLLLL BH 
HHHHHHHHHH HHHHHHHHHH HH 



~ , ..... v 

1" .... 

TI 'l'LI 
.Anl ... 
IEVISION 
AUTRO. 
CO"'ANY 
DATI 

Iftt.~rupt Controll.r 
INTI: •• U''I' •• DI 
1 
•• "art.l 
"cGill Uftiv.raity 
2l Augu.t lUI 

, ... .INS ••• 
CLit IN IN IN IN 

, 1 2 ] 4 5 
CLOCIt IESET "ODE EXT ERRINT 

OUT OUT OUT OUT OUT 
13 14 lS 16 17 
Ql 02 0] INTO INTl 

, ... INPUTS ••• 

IN IN IN IN GND OE OUT 
6 7 • 9 10 11 12 
DPlNT UNTO EtNT1 INT GND OE 00 

OUT OUT VCC 
18 19 20 
INT2 INT] VCC 

,CLOCIt 
,USET 
,EINT •• 
,ERIINT 
;DPINT 
;"ODE 

Clock "' running at 16.5 "Hz and provided by th. proce •• or. 
Syste. res.t 'active lov). 
External int.~ruptl 'active 10vl. 
Error int.rrupt activ. 10v and connect.d to ERR fro. the EDAC. 
Dual-port ae.ory interrupt active lov. 
"od ••• l.ct. 0: Chann.ls 0 and 1 only hav. interrupt faciliti.s. 

1: AlI' channels haVI interrupt faciliti.s. 1 
,EXT 
;INT 

On. of the eight chann.ls il read vhen EXT is lov. 
At least on •• xternll interrupt 11 flag 'active hlgh). 

; ••• OUTPUTS ••• 

1 
,INTO 
,INT1 
,INT2 

I-bit counter in order ta garantee that the duration of the int.rrupt 
11 at least one Hl clock cycle to be det.cted by th. T"S320C30. 
Bigh.st priority interrupt us.d for th •• rror corr.ction routin •• 
S.cond priority interrupt u.ed for int.r-proce.sor co .. unication. 
Thi rd priori ty interrupt ulld for channel 0 if in .od. 0 or for 
ail • channels if in .od. 1. , 

,INT] Lov.st priority interrupt und for channel 1 if in aode'. 

EOUATIONS 

IINTO :- 00 • 1IIItINT • !tISET 
100 : - IElIUNT • lUIT - • 

IJNTI :- QI • /DPINT • RES ET 
101 :- IDPINT • IESET 

IINT2 :- Q2 • IftODE • IEINTO • RES ET 
+ Q2 • "ODE • INT • EXT • RESET 

102 :- I"ODI • IEINTO • IUET 
+ IIODE • INT • EXT • ItESET 

IINT3 :- Q3 • l''ODE • IEINTl • IESET 
103 :- I"ODE • IEINTl • RESET 

SI"ULATION 

T" -I_ON RESET CLOCK "ODE EXT IRRINT DPINT IINTO UNTI INT INTO INTl INT2 
INT] 

SETF lOI 
ICLOCK 
IRESET EXT ERRINT DPINT EINTO EINT1 IINT 
IIIODE 

;Enable outputs 
,Initializ. clock 
;Initialize inputs 



, 
• 
li. 

Je 

le, 

------ ----------- .. -------- ._-~-

ctOCIr CLOCI( 

t Ecror Intecrupt duCin9 ce.et 
SET' /ElIUNT 
C'OCU CLOCI( 
( :11 INTO 

, 2 conlecutive etroc Intettupta 
SETr ItESET 
CLOCU CLOCI( 
CHECII /INTO 
CLOCII' CLOCK 
CHECIt INTO 
CLOCU CLOCI 
CHECIt INTO 
SETr r:1t1t:NT 
CLOCltr CLOCI 
CHECK INTO 
SETr /ERIUNT 
CLOCU CLOCI 
CHECK /INTO 
CLOCU CLOCIt 
CHECIt INTO 
SETr ERRINT 
CLOCU CLOCI 
CHECIt INTO 

1 Error interrupt vith dual-port .e.ory interrupt 
SETF /ERRINT /DPINT 
CLOCU CLOCIt 
CHECK /INTO /INTI INT2 INT3 
,.. "lCU CLOCK 

.CIt INTO INTI INT2 INT3 
CLOCU CLOCIt 
CHECIt INTO INTI INT2 INT3 
CLOCU CLOCI 
CHECK INTO INTI INT2 INT3 

; Extetnal inttrtupt fto. channel 0 in mode 0 
SETr /EINTO 
CLOCU CLOCIt 
CHECIt /INT2 INT3 
CLOCU CLOCIt 
CHECK INT2 
SETr EINTO 
CLOCU CLOCK 
CHECIt INTZ 

; Externel interrupt fro. channel 1 and 3 ln .ode 1 
SETr IEINTl INT "ODE 
CLOCU CLOCK 
CHECK /INT2 INT3 
CLOCU CLOCK 
CHECK INT2 INT3 
CLOCU CLOCK 
CHECK INT2 INT3 
SEU IEXT 
CLOCU CLOCK 

~CK INT2 INT3 ._1' !XT 
CLOCIIF CLOCK 
CHECII /INT2 INTl 
CLocn CLOCII 
CHECII INT2 INTl 



'ALASR X'LOT, V2.23 - RAaKIT ~CLEASC (2-1-'" 
(C, - CO'YRIGHT RONOLITIJC RCRoalES INC. 19" 

T'th Interrupt Controller Author 1 S. "art.l 
'attern INTuaUPT •• DS Co.pany 1 RcGill UnlYeraity 
a.vilion 1 Date 23 August 1988 

.",,16R1 
INT_CNTII.L 

11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4S67 8901 

0 x--- -x-- ---- ---- --x- -x--
1 xxx x xxxx xxxx xxxx xxxx XXXX PoXXX xxxx 
2 xxxx xxxx xxxx xxxx xXxx xxxx XXX X XXXX 
3 XXXX XXXX XXXX xxxx xXxx XXXX xxxx XXXX 
• XXXX xxxx XXXX XXXX XXXX XXXX XXXI XXXI 
5 .lXXX XXXX XXXX XXXX XXXX XXXX xxxx xxxx 
6 xxxx XXX X XXXX xxxx xxxx xxxx xxxx xxxx 
7 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

8 x--- x--- X--- ---- --X- x---
9 x--- -X-- ---- ---- -XX-

10 XXXX XXXX xxxx XXXX xxxx XXXX xxxx XXXX 
11 xxxx XXXX xxxx XXXX XXXX XXXX XXXX XXJX 
12 XXXX XXXX XXXX XXXX XXXX XXXX XXxx XXXX 
13 XXXX XXXX XXXX XXXX xxxx xxxx XXX X XXXX 

e- U xxxx xxx x XXXX XXXX xxxx xxxx xxxx XXXX 
15 XXXX XXXX XXXX XXXX xxxx XXXX XXXx xxxx - 16 x--- ---- ---- ---- -X-- --X-. ., XXXX xxxx XXXX XXXX XXXX XXXX XXXX XXXX 

XXXX XXXX XXX X xxxx XXXX XXX X XXXX XXXX 
19 XXXX XXXX xxxx XXXX XXXX XXXX XXXX XXXX 
20 xxxx xxxx xxxx XXXX xxxx xxxx xxxx XIXI 
21 ,xxx XXXX XXXX XXXX XXXl XXX:.. xxx X XXXX 
22 XXX" xxxx xxxx XXXX XXXX XXXX XXXx XXXX 
23 XXXX xxxx xxxx XXXX xxxx XXXX xxxx XXXI 

24 x--- ---- -X-- --X-
25 XXXX XXXX xxxx XXXX XXXI XXXX Xxxx XXXX 
26 XXXX XXXX XXxx XXXX XXXX XXXX XXXX xxxx 

- . 27 xxxx lUX XXU XXXX XXXX XXXX XXXX uxx 
28 XXIX XXIX XXXX XXXX xxxx XXXX XXXX UXI 
29 XXXX XXXX XXIX XXXI XXXX XXXX xxxx XXXX 
30 XXXX XXXX XXXX XXIX XXXX XXXX XXXX IXn 
J1 xxxx XXXX XXXX XXU XXXX XXXX XXXX XXXX 

32 x--- -lI-- -X--
]] XXXX XXXX XXIX XXIX XXXX XXXX xxxx XXXX 
34 XXXX XXXI XXXX XXXX xxxx xxxx xxxx XXXX 
35 XXXX XXX X XXXX XXXX XXXX XXXX XXXX xxxx 
36 xxxx XXXX xxxx xxu XXXX xxxx XXXX XXXX 
37 XXXX XXX X XXXX XXX X XXXX xxxx XXXX xxxx 
311 XXXX XXU xxxx xxxx xxxx XXXX xxxx XXXX 
39 xxxx xxxx XXXX XXX X XXXX XXXX xxxx xxxx 

40 x--- X--- X--- x---
X--- -X-- -x--

.1. xxx X xxxx XXXX XXXX XXXX XXX X xxx x xxxx 
n xxxx xxxx XXXX XXXX xxx x xxxx XXXX xxx x 
te xxxx xxxx XXXX Xxxx XXXX xxx x Xxxx xxxx 
45 xxx X XXX X XXX X xxxx XXXX XXXX XXXx uxx 
46 XXXX xxx X xxx X XXXX xxxx XXXX XXXX xxxx 

(0 
47 XXXX XXXX XXXX xxxx xxxx XXXX XXXX xxxx 



-- - ---- --- ------ ---- --------------------------------

.. 1--- ---- ---- -1-- ---- ----., XXXX IIXX 1111 XXXX XXXX XXXX XXXX XXXI 
50 XXXX IXXX IXXX XXXX XXXX XXXX XXXX XXXX 
51 XXXX XIXX XXXI XXXX XXXX XXXX XXXX XXXX 
52 XXXX XXXX XXXX XXXX XXIX XXXX XXXX XXX X 

XXXX XXXX XXXX XXX X XX7-X XXX X XXXX XXXX 
." XXXX lCXXX XXXX XXXX xxxx XXXX XXXX xxx X 
5S XXXX XXXX IXXX XXXX XXXX XXXX xxxx XXXX 

56 x--- ---- -x--
57 XXXX XXX X XXXX xxxx XXX X XXXX XXXX XXXX 
58 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXIX 
59 XXX X XXXX XXXX XXXX XXXX XXXX XXX X XXXX 
60 XXX X XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
61 XXX X XXX X XXXlt XXXX XXXX XXXX XXXX XXXX 
62 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
63 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

TOTAL rUSES BLOWN: 287 

) f 

- . 

( 



PALAS" llPLOT, VZ.ll - IlAIUtlET llELEASI (2-1-11) 
CC) - COPYIIGHT "OMOLITBIC "IEMOIIES INC, 1"1 

TitI. 
Pattern 
a .. vilion 

PALl6R8 
INT CNTRL* 
QV512* 
Q.20* 
Qr204S* 
Go*rO* 

Intu rupt Controllu 
IMTE •• U'T. 'DS 
1 

1.0000 01111011111111111101111110111111 t 
1.0256 01110111011111111111110111110111* 
1.0288 01111011111111111111100111111111-
1.0512 01111111111111111011111111011111-
L0768 01111111111110111111111111111101 t 
1.1024 01111011111111111111111110111111-
1.1280 01110111011111111111111111110111 t 
L1312 01111011111111111111101111111111 t 
L1536 0111111111111111101111111111l111 t 
1.1792 01111111111110111111111111111111 t 
VOOOI COOIII110NOHHHHBHHHN* 
V0002 COOI01110NOHBHHRHHHN-
VOOOl C10101110NOLHHBLHHHN-
V0004 C10101110NOLHHBBHHHN-
VOOOS C10101110NOLHHBBHHHN* 
V0006 C10111110NOHHBBBHHHN-
V0007 C10101110NOLHHHLHHHNt 
VOOOS C10101110NOLHHBHHHHN* 
•• .. "09 CI01l1110NOHHHBBHHHN-

J10 C10100110NOLLHBLLHHN* 
VOOll C10100110NOLLHBRHHHNt 
V0012 CIOI00110NOLLHBHHHHNt 
V0013 CI0100110NOLLBBBHHHNt 
V0014 CIOI00010NOLLLBRHLHNt 
VOOIS C10100010NOLLLBHHHHNt 
V0016 CIOI00110NOLLHHRHHHNt 
VOD17 CI1100101NOLLLHHHLHNt 
VOOIS C11100101NOLLLBBHHHNt 
V0019 C11100l01NOLLLBRHHHN* 
VOD20 Cll000101NOLLBHRHHKN-· 
V0021 C11100l01NULLLBBHLB~ 
V0022 CI1100101NOLLLBHHHHN* 
C2SBC* 
1E4A3 

Author 
Co.pany 
Date 

1 S. l'Iartel 
RcGill University 
23 AU9ult 1988 



10 

.. , 

'ALASII SIMULATION, V2.23 - 1lA1l1" .ILUII (2-1-'" 
IC, - CO'Y.IGIT RONOLJTRJC 1I1110lJIS INC, 1911 
'ALASII SIMULATION SELECTJVE TRACI LISTING 

Tith S. Rartel 

, ,!.J 
->, 

, ... ttern 
J ilion 

1 Interrupt Contro11.r 
r INTIRRUPT. 'DI 

1 

Author 
Co.pany 
Date 

1 McCUl Univerdty 
23 August 1911 

'ALl6118 
INT CNTIL 
,agë; 1 

t ct ct 
ilES ET LLLLLLLHHH 
CLOCI LHHLLHLLKH 
MODI LLLLLLLLLL 
EXT HHHHHHHHHH 
IIlIlINT HHHBLLLLLL 
DPINT HHHHRRHHHH 
IINTO RHHHRHHHHB 
IINTl RHHHHHRHHH 
INT LLLLLLLLLL 
JNTO lXffHBHHHHL 
INTl lXHHBHHHKR 
INTZ IXHHBHHRRH 
INT3 XXHHHHRRRB 

PALlUS 
INT CNTRL 
p.,gë: 2 

c c c9 c t c ct ct ccc 
HHHRHHHHHH RHHBHHBRHH RHHHHHHRHR 
LHHLHLLHHL LHHLHHLLHH LLHHLHHLHL 
LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL 
HHHHHHHHRH RHHHHHRHHR HHHHHRHHHH 
LLLLLLHHHH LLLLLLLHHH HLLLLLLLLL 
BBHHHHHHBR HHHRHBBHHH HLLLLLLLLL 
HHHHHHBHBB HHBBBHBHHH HHHHHRHRHH 
HHHHHHBHBB HHBHBBBHHH HHHHHHRIHH 
LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL 
LLHHHBHHHH HHLLLHHRHH HBHLLLHHHH 
HHHHHHHHHR BHHHHHHHHH HHHLLLHHHH 
BHHHHHHHHH HHHHHHHRHH HHHHHHHHHR 
HHRHHHHHBH HHHHHHHHHH HHBBHHHHHH 

RESET 
CLOCK 

l'JE 
"AT 
ERRINT 
D'INT 
EINTO 
EINTl 
JNT 
INTO 
INT1 
INT2 
INTl 

cg c cg cg c c cg cg c C 
HHHBHHHRHH BHHHHHHHBH BHHHHHBHHH HBH 
HLLHHLHHLL BBLLHBLHHL HLLHHLL8HL IRL 
LLLLLLLLLL LLLHHBHHHH RRHHMBRRBB 1 •• 
RHHHRBHHHH BBHHBHHHHH HHLLLLRB8R 1 •• 
LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLL 
LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLL 
HHLLLLLLLH BHHHHRHHHH HHHIRRRBI. lB. 
HHHHHHHHHR RRHLLLLLLL LLLLLLLtLL LLL 
LLLLLLLLLL LLLHHHHHHR BHHHHRBHHB BBH 
HHHHHHHKHR 8SRIHHRRHB BRRHBBRHBB IRB 
HRHRHHHHHH IHBIHBRHBB BBHHHBBRBB BRB 
HHHHLLLHHR 88 •• 8LLL8. IBRBHBBILL LRB 
HHHHHHHKHR IHBIH.HRBH IRHHHBHHHH BRH 



'----------,--~ 

c 

'ALASII SlIIULATrON. V2.23 - MARKET RELIASE (2-1-11' 
CCI - COPYRIGRT 1I0HOLITHIC JlEIiOItU:S IHC. UI. 
'ALASII SlIIULATION IUSTORY LISTING 

TiUe 
,attern 

taion 

Int.rrupt ControUer 
INTllaUPT. 'DS 

Author 
Co.pany 
Dat. 

S. Rartel 
1 IIcGUl Unh.nity 

ZJ August 1918 

PALIUI 
INT CNTRL 
'.!Ji: 1 

1 

9 cg Cil 
CLOCK LRHLLHLLHH 
RESET LLLLLLLHHH 
IIODE LLLLLLLLLL 
EXT RRRRRHRRHH 
ERRINT BRRRLLLLLL 
DPINT BRHRBHHHHH 
EINTO BHHHBRRRHH 
EINTI HHHHHHHHHH 
INT LLLLLLLLLL 
GND LLLLLLLLLL 
OE LLLLLLLLLL 
00 XXHHRHHHHL 
01 XXHHRHHHHH 
Q2 XXHHRHHHHH 
03 XXHHRRHBHH 
INTO xxeHRHHHHL 
INTI XXHHHHRHHH 
INT2 XXHHHHRHHH 
INT3 XXHRHHHHHH 
VCC HHHHRHRHHH 

'ALURS 
INT CNTaL 
.agi: 2 

cg c cg 
CLOCX HLLHHLRHLL 
RES ET HHHHHRRHHR 

DI LLLLLLLLLL 
~~T HHHHHRHHRR 
ERRINT LLLLLLLLLL 
DPINT LLLLLLLLLL 
EINTO HHLLLLLLLR 
EINTI BBRBRHHRHR 
INT LLLLLLLLLL 
GND LLLLLLLLLL 
01: LLLLLLLLLL 
QO LLLLLLLLLL 
al LLLLLLLLLL 
a2 HHRHLLLLLL 
al BHHHHHHHHH 
INTO "HHHHHHHHH 
INTI HBHHHHHHHH 
INT2 HBHHLLLHHR 
1 NT 3 HHHHHHHHRH 
VCC BHHHHHHHHH 

c: c cg c 9 c cg 
LBRLHLLHRL LHHLHHLLHH 
HHHHHHHHHH HHHHHHHHHH 
LLLLLLLLLL LLLLLLLLLL 
HHHRHHRRRH HHHHHHHHHH 
LLLLLLRHHR LLLLLLLHHH 
HHHHHRHRHH HHHHHHHRRH 
HHHRRRHHHR RRHRHRRRRR 
HHRHHHHHHH HHHRHHHHRH 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLLHH HHLLLLLLLH 
HHHHHRHHHR HHHHHHHHHH 
HHHHHHHHHH HHHRHRHHHH 
HHHHHHHHHH HHHHHHHRHR 
LLHRHHHHHH HHLLLHHNHR 
HHHHHHHHHH HHHHHHBHHB 
HKKKHHHRHK HKKKKHHHHK 
HKKKHHHHKH HHHHHHHHHK 
HHHHRHHHHH HHHHHHHHHH 

cg ccc 
LLHHLHRLHL 
HHRHHHHHHH 
LLLLLLLLLL 
RHRHHHHHHH 
HLLLLLLLLL 
HLLLLLLLLL 
RHHHHHHHHH 
HHHHHHHHHH 
LLLLLLLLl.L 
LLLLLLLLLL 
LLLLLLLLLL 
HHHLLLLLLL 
KHHLLLLLLL 
HHHHHHRUHH 
HHRHHHRHHH 
HHHLLLHHHH 
BHHLLLHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 

cg C l: cg cg c c 
HHLLHHLHHt Hl.LHHLLHHl. HHL 
HHHHHHHHHH HHHHHHHHRH BHH 
LLLHHHHHHR HRHHHHRHRH RHH 
HRHHHHHHHH HHLLLLHHHH HHH 
LLLLLLLLLL LLLLLLLLLL LLL 
LLLLLLLLLL LLLLLLtLLL LLL 
HHHHHHHHHH HHHHRRRHHH HHH 
RHHLLLLLLL LLLLLLLLLL LLL 
LLLRHHRHHH HHHHHHHHHR HHH 
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APPENDIX B 
LOCAL MEMORY BOARD 

Sheet BI - Statie RAM interface (fi~t half memory array) 

Sheet B2 - Statie RAM interface (second half memory array) 

Sheet B3 - Static RAM block (memory banks 0 to 3) 

Sheet B4 - Statie RAM block (memory banks 4 to 7) 



(0 

--

Local .e.ory 

Type 

74FCT244A 
74FCTS21B 

74FCT645A 
74ALS21A 
MTSC2564 

Description 

Fast CHOS octal buffer/line driver 
Fast CHOS a-bi t identi ty comparator 

Fast CHOS non-inverting buffer transceiver 

Dual 4-input positive-AND qates 
65,536 x 4 bit static RAM (25 ns access) 

Total 89 

Quantity 

8 

a 
8 

l 

64 
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APPENDIX C 
V!JAL-PORT MODULE 

Sheet CI - Master dual-port RAM and data byte 0 transceivers 

Sheet C2 - Slave dual-port RAM and data byte 1 transceivers 

Sheet C3 - Slave dual-port RAM and data byte 2 transceivers 

Shect C4 - Slave dual-port RAM and data byte 3 transce:"ers 

Sheet CS . Dual-port RAM module interface 
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n 

Dual-port RAft .odule 

Type Description 

CHOS dual-pott RAH (2K x a-bit) (master) 
CHOS dual-port RAH (2K x a-bit) (slave) 

Fast CMOS non-inverting buffer transce;ver 
Fast CHOS octal buffer/line driver 
Fast CHOS octal buffer/line driver 

Quantity 

IDT71321 

IDT71421 

74FCT645A 

74FCT244A 

74FCT240A 

74ALS09 Quad. 2-input pos.AND gates with open-collector 

1 

3 

a 
3 

1 

1 

Total 17 
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ArrENDIX 0 
1/0 SUBSYSTEM 

Sheet DI - Seriai channels o and 1 

Sheet D2 - Seriai channels 2 and 3 

Sheet D3 - Seriai channels 4 and 5 

Sheet D4 - Seriai channels 6 and 7 

Sheet DS - Seriai channels 8 and 9 

Sheet D6 - Seriai channels 10 and 11 

Sheet 07 - Seriai channels 12 and 13 

Sheet 08 - Seriai channels 14 and 15 

Sheet D9 - Seriai channel decode 

Sheet DIO - Seriai control block. control lines 0 to 7 

Sheet DII - Seriai control block. control fines 8 to 15 

Sheet 012 - Seriai control block. control fines 16 to 23 

Sheet DI3 - Seriai control block. control lines 24 to 31 

Sheet DI4 Seriai control block registers (polarity and pulse state registers) 

Sheet DIS - Seriai control block 1 start control pulses circuitry 

Sheet DI6 - RS422 interface. drivers for data out and clock out 

Sheet D 17 - RS422 interface. drivers for latch enable and controIs 0 to 7 

Sheet D 18 - RS422 interface. drivers for controls 8 to 15 

Sheet DI9 - RS422 interface. i,-~~ivers for data in and clock in 

Sheet D20 - interrupt circuitry (mask, interrupt. and status registers) 
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1/0 subsyste. 

Type 

74FCT299 
74LS592 
74ALSl13A 
74FCT240 
74FCT240A 
74F08 
74F32 
74Fl1 
74FCT521B 
74FCT138A 
74ALS86 
74FCT574A 
74AL532 

Description Quantity 

Fast CHOS universal shift reqister 64 
8-bit binary counter with input register 48 
Dual J-K negative-edge-triggered flip-flops 8 
Fast CHOS octal buffer/line driver 11 
Fast CHOS octal buffer/line driver 2 
Quadruple 2-input positive-AND gates 4 
Quadruple 2-input positive-OR gates 8 

Triple 3-input positive-AND gates 6 
Fast CMOS a-bit identity comparator 1 
Fast CMOS 1-of-8 decodar 7 
Quadruple 2-input p~clusive-OR gates 
Fast CMOS octal D register (3-state) 
Quadruple 2-input positive-OR gates 

AM26LS31C Quadruple differential line drivers 
AM26LS33AC Quadruple differential line receivers 

8 

14 
12 
20 

8 

'l'ota 1 221 
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o APrENDIX E 
INTERFACE BOARD 

Sheet El - Initialization program preload circuitry (al 50 E2) 
Sheet E2 - DRQ38 bus recei ... ers and input two-wire handshaking circuitry 

Sheet El - DRQ38 bus drivers and output two-wire handshaking circuitry 

Sheet FA - Function registers (also E3), and miscellaneous 



r:C-
"l'O' 

Interface board 

Type Description OUantity 

li 

r· 74FCT244 Fast CHOS octal buffer/line driver 8 

f 74FCT161 Fast CHOS synchronous presettable binary CQunter 4 
r 74FCT240 Fast CHOS octal buffer/line driver l , 

74FCTS74A Fast CHOS octal D register (3-state) 11 
• 
t 74LS74 Dual D-type positive-edge-triggered flip-flops 3 
l' 

" 74ALS08 Quadruple 2-input positive-AND qate 1 
74F32 Quadruple 2-input positive-OR qates 2 
74FOO Quadruple 2-input positive-NAND gates 1 

74F27 Triple 3-input positive-NOR qates 1 

74F08 Quadruple 2-input positive-AND qates 1 

1 C Total 33 
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o APPENDIX F 
DRAM INTERFACE 

Sheet FI - Timing controller (basic schematic) 

Sheet F2 - Description of the inputs of the timing controller 

Sheet F3 - Description of the outputs. string declaration. and state header 

Sheet F4 - Outputs vs states. and state descriptions 

Sheet FS - State and transition definitions 

Sheet F6 - Branch conditions 

Sheet F7 - Inter-state conditions 

Sheet F8 - State diagram for the timing controller 

Sheet F9 - DRAM controller (basic schematic) 

Sheet FIO - Memory driver (basic schematic) 

Sheet Fil - Bus/EDAC contl'Oller (basic schematic) 

Sheet FI2 - EDAC (basic schematic) 

Sheet F 13 - Refresh timer (basic schematic) 

Sheet FI4 - PAL equations for the refresh timer 

Sheet FIS - Simulation for the refresh timer 

Sheet F 16 - Fuse plot for the refresh timer 

Sheet F 17 - Fuse plot for the refresh timer 

Sheet F 18 - Fuse plot for the refresh timer 

Sheet FI9 - JEDEC file for the refresh timer 

Sheet F20 - JEDEC file for the refresh limer (test pattern) 

Sheet F21 - Simulation selective trace listing for the refresh timer 

Sheet F22 - Simulation history listing for the refresh timer 
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ETLS 
A'l'TSRN 

ISION 
~THOR 
:OIlPANY 
lOI "'1 

'i,O 

Ti.in9 Controll.r 
TIMING.POS 
1 
s. Martel 
"cGill Uciversity 
9 August 1988 
TIMING_CNTRL PLSI05 

:*** PINS *** 

: CLK IN IN IN IN IN IN 
7 
HSA 

IN 
8 
SCO 

IN OUT 
10 
MCl 

OUT OUT 
Il 2 3 4 5 6 9 

AUTO 
11 12 

CLOCK REFREQ RESET STRB STATIC OP MSEL CAS 1 

r OUT GND OUT OUT OUT OUT P/E IN IN IN IN IN 
r 13 14 15 16 17 18 19 20 21 22 23 24 

RAS 1 GND READY RFC LATCH OEDATA GND SELECT WSO WSl ERR MEM 

IN IN IN VCC 
2S 26 27 28 
RW NC NC VCC 

PO Pl P2 P3 P4 P5 COMP 

;*** INPUTS "'** 
;CLOCK 
;REFREQ 
1 
• , 
;RESET 

, fB 
ISTATIC 
• , 
;DP 
; 
;HSA 
· , 
1 

• , 
• , 
;SCD 
· , 
• , 
;AUTO 
· , 
• , 
;SELECT 

• , 
• , 
• , 
· , ;WSO(l) 

(0 
; 
1 
• , 
;ERR 
1 

· · 

· · 
· · 
• · 

· · 
· · 
· · 

• · 

: 

Clock Hl provided by the processor with a frequency of 16.5 MHz. 
Refresh request from the refresh timer. When REFREO ls low, the 
timing controller must complete the DRAM access if any, and refresh 
the next row. RAS only refresh cycle ls Implemented. ~ 
System reset (active low). • 
Local memory access st robe 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 ls the same 
as the previous DRAM address, new data can be accessed by slmply 
changing the column addresses. This reduces tbe 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 ls disable. AUTO must 
be low. 
Automatic feature that allo~the system to switch between normal 
accesses and static column decode accesses without the user's 
intervention. AUTO is active high and overides SCO. 
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 
ls low when the 4 Mwords part ls accessed, high otherwise. 
Indicates the number of extra wait-states (relative to the 4 Mwords 
DRAM part) ,that must be add when the extension (oRAMs) is accessed. 
WSO,WS1 -) 00 : + 0 wait-state (same access'time as 4 Mvords) 

-) 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 



) 

il read fro. th~ EDAC. 
MIM : MEM when hiqh indicatel to the ti.inq controll.r that th •• xt.nllon 

is uled al ••• ory. If a co-procellor or anythlng .11. 11 alllgned 
to th~ extenlion, MEM Ihould be let low. 

RN : Read and write line from the proces.or. RW il low wh.n a writ. 
cycle i8 performed, RW ls high otherwise. 

,; :(:OUTPUTS * * * 

,;MCI 
: ; 

• , 
;MSEL 
; 
• , 

. ; 
;CASI 
· , 
;RASI 
• , 
;READY 
• , 
;RFC 
• , 
• , 
;LATCH 
· , 
• , 
· , · , 
;OEDATA 

( • , 
• , 
· , 

• • MCI is connected to the DRAN controller. MCl ls lov when refresh 
without Icrubbing must be performed. Otherwise MCl la high-including 
read/vrite cycles. 
MSEL is connected to the DRAM controller. MSEL controls the addrels 
multiplexer in the DRAM controller and selects the row or column 
address. ~en MSEL i5 low, the row address ia sent to the DlAMs, 
othervise the column address Is sent. 
CASI is connected to the DRAM controller. CASI il the column address 
strobe input. 
RASI is connected to the DRAM controller. RASI is the row address 
strobe input. 
READY is connected ta 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 ta indicate to the refresh timer that the refresh 
cycle is complete. 
LATCH is connected ta the DRAM output latches. New outputs are 
latched when LATCH is high and RW is hiqh (RW is tested externally 
with an AND qate). 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 ta the EDAC. OEDATA when low enables the correct 
data output to the memory bus. OEDATA is active (low) when an 
error has occured (ERR low) and durinq the first successive read 
cycle to the 4 Mwords DRAM part or ta the extension if used as 
extended memory. 

;*** STRING DECLARATION *** 

;LOCAL MEMORY ACCESS defines any accesses ta the memory bus excludinq 
;the external-SRAM block and the dual-port RAMs. 
STRING LOCAL MEMORY ACC!SS ' /STRB * DP * STATIC * REFREQ * RES ET ' 

;*** STATE HEADER *** 

STATE ;Start the state machine section 
MOORE MACHINE 
Mkid:~E'Sé r 

;Does not.çonsider the inputs as MEALY does 
~,!;1'a.v~ r-~ ~ ;*** DEFAULT VALUES 

DEFAULT BRANCH STO ;Initialization at state 0 
DEFAULT-OUTPUT MCI MSEL CASI RASI READY IRFC ILATCH OEDATA 

;*** OUTPUTS VS STATES *** 

; STATES/OUTPUTS -) MCl MSEL RAS 1 CASI READY RFC 

;~'t'O 1 0 1 1 1 ,0 

;~C l 0 0 l l 0 
1 l 0 0 0 0 

LATCH 

0 
0 
1 

OEDATA 

1 
1 
1 

; ;ST3 1 0 1 1 1 0 0 1 
~\ ;ST4 0 0 0 1 1 1 0 1 

. té • STS 0 0 0 1 1 1 0 1 ~ , t ;ST6 1 0 l 1 1 0 0 1 

fa 



'17 1 l 
. Itl-1,,~"':tt ... ~ 

U U " " ... ... -
,~ ,- ~ } ~I _:. 

'1. 1 1 0 ~~ 1 0 0 

'l' 1 1 0 0 1 0 0 
'110 1 1 0 0 1 0 0 
'Ill 1 1 0 0 1 0 0 

~i) 
1 1 0 0, 1 0 0 
1 1 0 0 1 0 0 

• • 1 1 0 0 1 0 0 
'115 1 0 1 1 0 0 0 
T16 1 1 0 ,..r., 0 0 0 

O.OUTF :- IMSEL 
1.0UTF :- IRAS 1 * IMSEL 
2.0UTF :- IIEADY * lRASI * ICASI 

T3.0UTF :- IMSEL 
T4.0UTF :- IMCl * IFC * lRASI * IMSEL 
T5.0UTF :- IMCl * IFC * lRASI * IMSEL 
T6.0UTF :- IMSEL 
T7.0UTF :- IRAS 1 * ICASI * /READY 
T8.0UTF :- IRASI • ICII'~; 

T9.0UTF :- lRASI * ICASI 
TlO.OUTF :- IRAS 1 * ICASI 
Tll.OUTF :- lRASI * ICASI 
Tl2.0UTF :- lRASI * ICASI 
Tl3.0UTF :- lRASI * ICASI 
Tl4.0UTF :- IRAS 1 * ICASI 

5Tl5.0UTF :- IMSEL * IREADY * /OEDATA 
STl6.0UTF :- lRASI * IREADY * 10EDATA t' 1rÂ'i; 

,*** STATE DESCRIPTIONS *** 

Initial state prior to a refresh or a normal access cycle. 
First state in the normal access cycle. 

1 
1 
1 
1 
1 
1 
1 
0 
0 

• , , 
,ST3 

: 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. 

• , 
• , 
;ST4 
,STS 
,ST6 
,ST7 
;STS 
,ST9 
;STlO 
,STll 
,STl2 
,ST13 
;STl4 
,STl5 
,ST16 

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. 

;*** STATE AND TRANSITION DEFINITIONS *** 
PO~~_\JP;-=- VCC, -> 5r~ 'J{;.o TO .li.1A,0 + ~-~ ,'" h.»Ji'" ,* NORMAL ÀCCESS MODE * ~ ~ ~ -) 

:- REf'RESH 
+ INT NORMAL ACe 
+ EXT-NORMAL-ACC 
+ INT-EDAC RiAD 
+ EXT-EDAC:READ 

-) ST4 
-) STl 
-) STl 
-) STl5 
-) ST15 

;If refresh is requestéd then go to ST4 
;EIse if the local slow memory is accessed 
;Then go to STl 
;If there is an error and the processor reads 
,the local slow memory then go to STl5 (EDAC) 
;EIse go to STO. 

" 



Tl a- INT s'rJ. ti'r~ 

+ IX~~-STl ~ST2 
+ II~iET -

, ... ~- :- ST2 STS 

( C: AUTO ST2 STS 
IRESET 

:'13 :- VCC 

* IEFIESH MODE • 

JTC :- RESET 

;TS :- RES ET 

;T6 :- VCC 

: il FAST ACCESS MODE il 

( 

:- RESET 

:- REFRESH 
+ EXTENDED ACC 
+ INT FAST-ACC 
+ EXT-FAST-ACC 
+ INT-EDAC-READ 
+ EXT-EDAC-READ 
+ IRESET -
+ EXT FAST ACC1 
+ EXT-FAST-ACC2 
+ EXT-FAST-ACC3 

-) bi.~ 

-) ST2 
-) STO 

+-) ST9 

-) STS 
-) STS 
-) STO 

+-) ST3 

-) STO 

-) STS 

-) ST6 

-) STD 

-) S'lB 

-) ST3 
-) ST3 
-) ST7 
-) ST7 
-) ST16 
-) ST16 
-) STD 
-) ST12 
-) ST12 
-) ST12 

+-) STS 

Ij,L .Lt. .Lai cà W&\ft," o,-,-coo ... "'" ...... ~ •• ~ ........... .. 
,Then go to ST2 
,If there 1. e .y.te. re.et th.n go to STO 
,Sl.e go to ST9 for a DRAM acce •• vith extra 
,atates. 
,If atetic column decode la .elected 
,If the auto.atic mode la .elected then STS 
,If there i. e system reset th.n go to STO 
;Else completes the normal access cycle. 

;Go to 5'10. 

;If no systea reset then go to STS 
;Else go to STO. 
;If no systea reset then go to ST6 
;Else go to STO. 
;Go to 5'10 (this garantees precharge time) 

;If no system reset then go to STS 
;Else go to STO. 
;If refresh request then ST3 for precharge 
;If not the same row then ST3 for precharge 
;If DRAM aceess with no extra states 
;Then go to ST7 
;If an error oceured and the processor reads 
lat a DRAM address then go to ST16 
;If there is a system reset then go to STO 
;If DRAM aceess with extra states then 5'112 

;Else there is no DRAM aeeess then STS. 

,* NORMAL ACCESS MODE WITH EXTRA WAIT STATES * 

ST9 :- WS ONE 
+ IRESET 

ST10 :- WS 'IWO -. -
+ JRESET 

S'Ill :- RESET 

-) ST2 
-) STO 

+-) ST10 

-) ST2 
-) STO 

+-) ST11 

-) ST2 

;If one extra state is selected then ST2 
;If there is a system reset then go to STO 
;Else 2 or 3 extra states are performed. 

;If two extra states are selected then ST2 
;If there is a system reset then go to STO 
;Else one more extra wait state is performed. 

;If no system reset then go to ST2 
;Else go to STO. 

;* FAST ACCESS MODE WITH EXTRA WAIT STATES • 

ST12 :- WS ONE -) ST7 ;If one extra state is seleeted then ST7 
+ JRESET -) STD ;If there is a system reset then go to S'ID 

+-) 5'113 ;Else 2 or 3 extra states are performed. 

ST13 :- WS 'IWO -) 5'17 ;If two extra states are selected then 5'17 
+ IRESET -) S'ID ;If there is a system reset then go to STO 

(( +-) ST14 ;Else one more extra watt state is performed. 

ST14 :- RESET -) ST7 ;If no system reset then go to ST7 
;Else go to STO. 

;* EDAC READ IN NORMAL ACCESS MODE * 



1'15 :- VCC -) STO ,Go to STO. 

* IDAC READ IN rAST ACCESS MODE * 
.1.6 :- RES ET 

f·-O 
-) ST8 ,If no syste. reset then go to ST8 

;Else go to STO. 

*** BRANCR CONDITIONS *** 
ONDITIONS 

* REFRESR * 
ErRESR • /RErREQ * RESET 
Refresh cycle is requested. 

,* SLOW MEMORY ACCESSES * 
INT NORMAL ACC • LOCAL MEMORY ACCESS * ERR * /SELECT * PERSe 
,Normal acëess cycle ta the 4-Mwords DRAM block. 

EXT NORMAL ACC • LOCAL MEMORY ACC!SS * ERR * SELECT * l'lEM ~EPft60 
,NOrmal acëess cycle ta the mëmory extension. 

INT FAST ACC • LOCAL MEMORY ACCESS * ERR * /HSA * ISELECT "ft!PftBO 
; Fast acëess cycle to the 4 Mwords DRAM block. 

EXT FAST ACC • LOCAL MEMORY ACCESS * ERR * /HSA * SELECT * l'lEM * /WSO 
* /Wsï *. 2M

i m 
;Fast access cycle to the memory extension. 

• LOCAL MEMORY ACCESS * ERR * /HSA * SELECT * l'lEM * WSO 
* /WsI * •• rise 

,Fast access cycle to the memory extension with one extra state. 

EXT FAST ACC2 • LOCAL MEMORY ACCESS * ERR * /HSA * SELECT * l'lEM * /WSO 
* WS! .. 6 iuza_e 

,Fast access cycle to the memory extension with two extra states. 

EXT FAST ACC3 • LOCAL MEMORY ACCESS * ERR * /HSA * SELECT * l'lEM * WSO 
* WSl-'t 275P'n 

;Fast access cycle to the memory extension with three extra states. 

EXTENDED ACC • LOCAL MEMORY ACCESS * ERR * HSA ~~I"CO 
;Extended access cycle-when lëaving the static column decode mode. 

;* EDAC READ CYCLES * 

INT EDAC READ • LOCAL MEMORY ACCESS * IERR * /SELECT * RW ~~ 
;EDAC read cycle to thë 4 Mwords DRAM block range addresses. 

- . 

EXT EDAC READ • LOCAL MEMORY ACC!SS * IERR * SELECT * l'lEM * RW ·:narRII 
;EDAC read cycle to thë memory extension range addresses (if not memory -) 
,not val id) . 

;* EXTENDED ACCESS CYCLES FOR 
(0; 
W~"~NE • WSO * /WSl * 
WS-TWO • /WSO * WSl * 

;* INTER-STATES CONDITIONS * 

NORMAL AND FAST ACeESSES * . 
RESET ;+ one H clock cycle 
RESET ;+ two H clock cycles 

.... , !-:: 



• /SE~~~T • ~~~~. ,---
• SELECT * /NSO * /NSl * RESET ,ST1 to ST2 ln exten.ion ace ••• 
• IAUTO * SeD * IESET ;ST2 ta ST8 ln SeD .od. 
• AUTO. IHSA • SELECT~tF~~T ,ST2 ta ST8 ln auto.atic mode 

and fast access 

LOBAL.SETF • IRESET ;programmable preset functian (aIl registerl • 1) 

c 

c 

~-
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, aef re.b Ti.er 

~scaI PTION 
le refre.b ti.er i. u.ed to .ignal to the ti.ing controller on the 
IS320C30 DSP board that it .hould execute a refr •• h cycle a. required 
, the dyna_ie aemory. This device .end. a.aEraSQ .ignal every 160 
~·~ck cycle. vith a frequency of 16.5 MHz. Thi •• ake. it compatible 
~"xl DRAMs (512 rovi vith every rov being refreshed once every 

as or less. The division rate of 160 provides extra time for timing 
~bi tration. 

rTERN REFRESH.PDS 
IISION 1 
rROR S. Martel 
'PANY McGill University 
rE 7 August 1988 

EP REFRESH TIMER PAL22VI0 

ENS 
L 2 3 4 5 6 7 
:LOCK RESET RFC NC NC NC NC 

L3 14 15 16 17 18 19 
~C QO QI Q2 03 Q4 05 
)BAL 

~OCR: Hl at 16.5 MHz from the processor 
~SET: System reset (active low) 

8 9 10 11 12 
NC NC NC NC GNO 

20 21 22 23 24 
06 Q7 REFREQ NC VCC 

~C : Refresh complete signal from the timing controller (active high) 
: Counter states (not connected) 

!FREQ: Refresh request (output active low) ... 
1 CNT 160 ' 100 * lOI * 102 * /03 * 104 * 05 * /06 * 07 ' 

RI'M:; SCLa ' IRESET + CNT 160 ' 

lJATIONS 

EFREQ :- CNT 160 * RES ET 
+ IREFREQ * IRFC * RESET 

:- 100 * ISCLR 
:- (01 :+: QO) * ISCLR 
:- (02 :+: (Q1 * 00» * ISCLR - . 
:- (03 : +: (Q2 * 01 * QO» * /SCLR 
:- (Q4 :+: (Q3 * 02 * 01 * 00) ) * ISCLR 
:- (05 :+: (Q4 * 03 * 02 * 01 * QO» * ISCLR 
:- (06 :+: (Q5 * 04 * Q3 * Q2 * Q1 * 00» * ISCLR 
:- (Q7 :+: (Q6 * 05 * 04 * Q3 

ri-state outputs enable (optional) 
FREQ • TRST - VCC 
.TRST - VCC 
.TRST - VCC 
.TRST - VCC 
.TRST - VCC 
.TRST - VCC 
.TRST - VCC 
.TRST - VCC 
~T - VCC .-

* Q2 * 01 * QO» * /SCLR 

.... , ,r'.. i; .. Y;II': ~;ii;"i 

~ ...f . ; 

OBAL.RSTF - /RESET ;programmable reset function (aIl register outputs - 0) 

MULATION 

ACE ON RESET CLOCR RFC REFREQ QO QI Q2 Q3 Q4 Q5 Q6 Q7 



STr ICLOCIt 
LOCltr CLOCIt 
s'Ir IRESET IRrc 
LOCltr CLOC! 
r.c~cltr CLOCI 
I~ IESET 
t~:-l TO 16 DO ,Itart counting 

BEGIN 
CLOCltr CLOCIt 
IND _ 

HICI REFIEQ 
RLDr 100 01 02 Q3 Q4 IQS /Q6 Q7 ;preload registera 
OR C:-l TO S DO ,count in order to reah 160 

BEGIN 
CLOCIF CLOCIt 
IND 

HICI IREFREQ 
SETF RFC 
CLOClr CLOCK 
CHECK REFREQ 
rOR C:-l TO S DO 

BEGIN 
CLOCIF CLOCI 
END 

CHECI REFREQ 
SETF /RFC 
CLOClr CLOCK 
CHECK REFREQ 

TRACE OFF 

( 

-. 

ri.:" ri· 



lLASM IPLOT, V~.~$ - ftAKa.~ ft.~~o. ,.-.-vv, =, - COPYRIGHT MONOLITHIC MEMOIIE8 INC, 19 •• 

\tl. : aefr.sh Ti •• r 
attern : alr.E5H.PDS 
.vision : 1 

l~010 
ErRESH TIMEa -

11 1111 1111 2222 
0123 4567 8901 2345 6789 0123 

0 -x-- ---- ----

1 xxx X xxxx xxxx xxxx xxxx xxxx 
2 xxxx xxxx xxxx xxx x xxxx xxxx 
3 xxxx xxxx xxxx xxxx xxx x xxxx 
4 XXXX xxxx xxxx xxxx xxxx xxxx 
5 xxxx xxxx xxxx xxxx xxxx xxxx 
6 xxxx xxxx xxxx xxxx xxx x xxxx 
7 XXXX xxxx xxxx xxxx xxxx xxxx 
8 XXXX XXXX xxxx xxxx xxxx xxxx 
9 xxxx xxxx xxxx xxxx xxxx xxxx 

10 ---- ---- ----
11 x--- ---x --x- ---x --x-
12 x--x -x-- ----
13 XXXX xxxx xxxx xxxx xxxx xxxx 
14 xxxx xxxx xxxx xxxx xxxx xxxx 
15 xxxx xxxx xxxx xxxx xxxx xxx x 
16 xxxx xxxx xxxx xxxx xxx x xxx x 
47.xXXX xxxx xxxx xxxx xxx x xxxx 

,~ ~ :xxx xxxx xxxx xxxx xxxx xxxx 
1~XXX XXXX XXXX xxxx xxxx xxxx 
20 XXXX xxxx xxxx xxxx xxxx xxx x 
21 ---- ----
22 x--- ---x ----
23 x--- ---x ---- --x-
24 x--- ---x ---- --x-
25 x--- ---x ----
26 x--- ---x ----
27 x--- ---x --x-
28 ---x --x- ---x --x-
29 x--- --x- ---x ---x ---x 
30 x--- ---x ---- ---- ----
31 XXXX xxxx xxxx xxx x xxxx xxxx 
32 xxxx xxxx xxxx xxx x xxxx xxxx 
33 xxxx xxxx xxxx xxxx xxxx xxxx 
34 
35 x--- ---x ----
36 x--- ---x --x-
37 x--- ---x ----
38 x--- ---x ----
39 x--- ---x --x-
40 x--- --x- ---x ---x 
41 ,-,--x --x- ---x --x-
,0;;;; x--- ---- ---x ---- ----xxxx xxxx XX1CX XXXX XXXX 
44 xxxx xxxx xxxx xxxx xxxx xxx x 
45 xxxx xxx x xxxx xxxx xxxx xxxx 
46 xxxx xxxx xxxx xxx x xxxx xxxx 
47 xxxx xxxx xxxx xxxx xxxx xxxx 
48 xxx x XXXX xxxx xxxx xxxx xxxx 

Author z 8. lIartel 
Co.pany : KcGill University 
Date : 7 August 1988 

2222 2233 3333 3333 4444 
4567 8901 2345 6789 0123 

-.,--- ---- ---- ----- .. _--
xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxx x xxxx xxxx 
xxxx xxxx xxx x xxxx xxxx 
xxxx xxxx xxx x xxxx XXXX 
xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx 

---- ---- ---- ---- ----
--x- --À- --x- --x- -------- ---- ---- ---- ----xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxx x 
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- ---- -------- ---- -------- ---- ----
--x- ---- ---- ----

--x- ---- ---- ---- -------- ---- ---- ----
--x- --x-: =--x- --x- -------x ---x ---x ---x -------- ---- --x- ----xxxx xxxx xxxx xxxx XXXX 
xxxx xxxx xxxx xxxx xxxx 
xxx X xxxx xxxx xxxx xxxx 

---- ---- ----
--x- ---- ---- -------- ---- ----

--x- ---- ----
--x- ---- ---- -------- ---- ----

---x ---x ---x ---x ----
--x- --x- --x- --x- -------- --X-, ----
xxxx xxxx xxxx xxxx XXXX 
xxxx XXXX xxxx XXXX XXXX 
xxxx xxxx xxx x xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx XXXX 
xxxx xxxx xxxx xxxx xxxx 

1=/10 



-------------- -~ 

9 
0 
1 

52 
·53 
: ~---/. >. 

(... ---
.So 
-57 XXXX 

':-58 XXXX 
59 XXXX 

f 60 xxxx 
_, 61 xxxx 
r 62 
! 63 

64 
65 

66 
67 
68 
69 
70 
71 

xxx x 
xxxx 
xxxx 
XXXX 

, 72 
73 xxxx 
74 XXXX 
7S xxxx 
76 XXXX 
77 xxx X 
78 XXXX 
7Q XXXX 

) l'xxx 
8~XXX 
82 XXXX 

83 
84 
8S 
86 
87 
88 
89 xxxx 
90 xxxx 

---- ~~-~ ---- ---- -.. -- --.. -
x--- ----~ -_-.- ---x ..... - --x-
x--- ---- ---- ---x ... _-
x--- ---- ---- ---x ----
x--- ---- ---- ---x --x-
x--- -~-- ---- --x- ---x ---x ---- ---x --x- ---x --x- --x-
x--- ---- ---- ---x ----
XXXX xxxx xxxx xxxx xxxx xxxx 
XXXX xxxx xxxx xxxx xxx x xxxx 
XXXX xxx x xxx x xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxx x xxx x 
xxxx xxx x xxxx xxxx xxx x xxxx 
xxx x xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx xxxx 

x--- ---- ---- ---- ---x ----
x--- ---- ---- ---- ---x ---­
x--- ---- ---- ---- ---x --x­
x--- ---- ---- ---- --x- ---x 
---- ---x --x- ---x --x- --x­
x--- ---- ---- ---- ---x ----
XXXX xxxx XXxX xxxx xxx x XXXX 
xxxx xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxx x xxxx 
xxxx xxx X xxxx xxxx xxxx xxxx 
XXXX XXXX xxxx xxxx xxxx xxxx 
XXXX xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxx x xxxx 
XXXx xxxx xxxx xxxx xxxx xxxx 
xxxx XXXX xxxx xxxx xxxx xxxx 

---- ---- ----
x--- ---- ---- ---- ---- ---x 
x--- ---- ---- ---- ---x 
x--- ---- ---- ---- ---- --x-

---x --x- ---x --x- --x-
x--- ---- ---- ---- ---- ---x 

.XXXX XXXX xxxx xxxx xxxx xxxx 
xxxx xxxx xxx x xxxx xxx x xxxx 

91 XXXX xxx x xxxx xxxx xxxx xxxx xxxx 
92 xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
93 xxxx xxxx xxxx xxxx xxxx xxx x xxxx 
94 xxxx xxxx xxxx xxxx xxxx xxx x xxxx 
95 xxx x xxxx xxxx xxxx xxx x xxxx xxxx 
96 xxx x XXXX xxxx xxx x xxxx xxxx xxxx 
97 xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

98 
99 

100 
101 

~ 102 
; 103 XXXX 
i: lr;XXXX 
: l~,-_~XXX 
~ 100 XXXX 
f 107 XXXX 

,

"" 1 0 8 xxxx 
'109 xxxx 
;110 xxxx 

x--- ---- ---- ---- ---­
x--- ---- ---- ---- ----

---x --x- ---x --x- --x-
x--- ---- ---- ---- ----
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 x xxxx xxxx xxxx xxxx xxxx 
xxxx xxx x xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx xxxx xxxx 

---- ---- -------- ---- ----
---- --x- ---- ----
--1- ---- ---- -------- ---- ---- ----
---x ---1 ---1 ----
--x- --x- --x- -------- ---- --x- ----
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-
--x- ----

---x ---x ---x ----
--x- --x- --x- ----
--x- ---- ---- ----
xxxx xxxx xxxx xxx x 
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- ---- ----

--x- ---- ---- ----
---x ---x ---x ----
--x- --x- --x- ----

---- --x- ----
xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx XXXX 
xxxx xxx X xxxx xxxx 
xxxx xxxx xxxx xxxx 
xxx x xxxx xxx x xxxx 
xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx 

---x --x- ---- ----
--x- ---x ---x ----
--x- --x- --x- ----
---x ---- --x- ----
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 x xxxx xxxx xxxx 
xxxx xxxx xxxx xxxx 

~/7 



- ., ';:" 

11 ---- ---- ---- ---- ---- --'-- ---- --- ----12 ---- x--- ---- ---- ---- ---- ----- ---- -.-1- ---x 
13 --_ ... ---- ---x --1- ---x --x- --x- --x- --le- --1-
14 ---- x--- ---- ---- ---- ---- ---~ ---x --1- ----
lS XXXX XXXX XXXX XXXX XXXX XXXI XXXX XXXX XXIX XXXX XXXX 
. aXXX XXX X XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
(". XXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
1 cs XXXX XXXX XXXX XXXX XXXX XXXI XXXX XXXX XXXX xxxx xxxx 
19 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX xxxx xxxx XXXX 
20 XXXX xxx X xxxx XXXX XXXX XXXX XXXX XXXX xxxx XXXX XXXX 
21 XXXX XXXX XXXx XXXX xxxx xxxx XXXX XXXX XXXX XXXX xxxx 

22 ---- ---- ---- ---~ 

23 ---- ---- ---x --x- ---x --x- --x- --x- --x- --x-
124 ---- x--- ---- ---- ---- --x-
125 XXXX XXXX XXXX XXXX xxxx xxxx XXXX XXXX XXXX XXXX XXXX 
126 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
127 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX xxxx xxxx 
128 XXXX XXXX XXX X XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
129 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
130 XXXX XXX X XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

131 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX 

OUTPUT PINS: 1111112222 
4567890123 

POLARITY FUSE: --------XX 

OUTPUT PINS: 1111112222 

1t 4567890123 
U FLUSH FUSE: XXXXXXXXXX 

TOTAL FUSES BLOWN: 2267 

-. 

P: 
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ALASM XPLOT, V2.Z3 - MARKET RELEAS~ "-l-ool 
C) - COPYRIGHT "ONOLITHIC "IMOlIIS INC, 1988 

Author : S. Martel ~it1e : Refresh Ti.er 
rattern : aErlESH.PDS 
;tevislon : 1 

Company : "cGtll University 
Date : 7 August 1988. 

;rC 
~AL22V10 
llrlESH TIMEa* 
;'V512* -
;"24* 
Jr5828* 
30*'0* 
LOOOO 11111011111111111111111111111111111111111111* 
L0440 11111111111111111111111111111111111111111111* 
L0484 11110111111011011110110111011101110111011111* 
L0528 11110110101111111111111111111111111111111111* 
L0924 11111111111111111111111111111111111111111111* 
L0968 11110111111011111111111111111111110111111111* 
L1012 11110111111011111111110111111111111111111111* 
L1056 11110111111011111101111111111111111111111111* 
L1100 11110111111011111111111111111101111111111111* 
Ll144 11110111111011111111111111011111111111111111* 
L1188 11110111111011011111111111111111111111111111* 
L1232 11111111111~11011110110111011101110111011111* 
L1276 11110111110111101110111011101110111011101111* 
L1320 11110111111011111111111111111111111111011111* 
L1496 11111111111111111111111111111111111111111111* 
L1540 11110111111111101111111111011111111111111111* 
L1584 11110111111111101111110111111111111111111111* 
L1628 11110111111111101111111111111111110111111111* 
L1(!2 11110111111111101111111111111101111111111111* 
1 ; 11110111111111101101111111111111111111111111* 
LI - 0 11110111111111011110111011101110111011101111* 
L1804 11111111111011011110110111011101110111011111* 
L1848 11110111111111101111111111111111111111011111* 
L2156 11111111111111111111111111111111111111111111* 
L2200 11110111111111111110111111011111111111111111* 
L2244 11110111111111111110111111111111110111111111* 
L2288 11110111111111111110111111111101111111111111* 
L2332 11110111111111111110110111111111111111111111* 
L2376 11110111111111111101111011101110111011101111* 
L2420 11111111111011011110110111011101110111011111* 
L2464 111101111111111111101111111~i11111111~011111~ 
L2904 11111111111111111111111111111111111111111111* 
L2948 11110111111111111111111011111111111111011111* 
L2992 11110111111111111111111011111111110111111111* 
L3036 11110111111111111111111011011111111111111111* 
L3080 11110111111111111111110111101110111011101111* 
L3124 11111111111011011110110111011101110111011111* 
L3168 11110111111111111111111011111101111111111111* 
L3652 11111111111111111111111111111111111111111111* 
L3696 11110111111111111111111111101111110111111111* 
L3740 11110111111111111111111111101101111111111111* 
L3784 11110111111111111111111111011110111011101111* 
L3828 11111111111011011110110111011101110111011111* 
L3872 11110111111111111111111111101111111111011111* 
L4312 11111111111111111111111111111111111111111111* 
~C6 11110111111111111111111111111110110111111111* 
! 10 11110111111111111111111111111101111011101111* 
L4444 11111111111011011110110111011101110111011111* 
L4488 11110111111111111111111111111110111111011111* 
L4884 11111111111111111111111111111111111111111111* 
L4928 11110111111111111111111111111111110111101111* 
L4972 11111111111011011110110111011101110111011111* 

... 

,: /? 



016 1111011111111111111!11111llll'l""U~~U~~~'Â~ 
368 11111111111111111111111111111111111111111111· 
412 11111111111011011110110111011101110111011111· 
456 11110111111111111111111111111111111111011111· 
108 0000101010* 
A18 1010101010* . 

OCXXXXXXXXXXNXXXXXXXXXXXN* 
, COOXXXXXXXXNXLLLLLLLLHXN* 

Ou] COOXXXXXXXXNXLLLLLLLLHXN* 
004 CIOXXXXXXXXNXHLLLLLLLHXN* 
005 CIOxXXXXXXXNXLHLLLLLLHXN* 
006 C10XXXXXXXXNXHHLLLLLLHXN* 
007 C10XXXXXXXXNXLLHLLLLLHXN* 
008 CIOXXXXXXXXNXHLHLLLLLHXN* 
009 CIOXXXXXXXXNXLHHLLLLLHXN* 

1010 C10XXXXXXXXNXHHHLLLLLHXN* 
'011 C10XXXXXXXXNXLLLHLLLLHXN* 
0012 CIOXXXXXXXXNXHLLHLLLLHXN* 
0013 CIOXXXXXXXXNXLHLHLLLLHXN* 
0014 C10XXXXXXXXNXHHLHLLLLHXN* 
0015 CIOXXXXXXXXNXLLHHLLLLHXN* 
0016 CIOXXXXXXXXNXHLHHLLLLHXN* 
0017 CIOXXXXXXXXNXLHHHLLLLHXN* 
0018 CIOXXXXXXXXNXHHHHLLLLHXN* 
0019 CIOXXXXXXXXNXLLLLHLLLHXN* 
0020 PIOXXXXXXXXNXI00001101XN* 
0021 CIOXXXXXXXXNXHHHHHLLHHXN* 
0022 CIOXXXXXXXXNXLLLLLHLHHXN* 
0023 CIOXXXXXXXXNXHHHHHHHHLXN* 
0024 CIOXXXXXXXXNXLLLLLLLLLXN* 
0025 CIOXXXXXXXXNXHLLLLLLLLXN* 
0026 CIIXXXXXXXXNXLHLLLLLLHXN* 
~~il CIIXXXXXXXXNXHHLLLLLLHXN* 
i" CIIXXXXXXXXNXLLHLLLLLHXN* 

oot; CIIXXXXXXXXNXHLHLLLLLHXN* 
0030 CI1XXXXXXXXNXLHHLLLLLHXN* 
0031 CIIXXXXXXXXNXHHHLLLLLHXN* 
0032 CIOXXXXXXXXNXLLLHLLLLHXN* 
OD27* 
SM 

, , 

, 



LASM SIMULATION, V2.23 - ftAttl\t.'l' &\r.&.c.",.,c. \ ... - .. -w." 

) - COPYRIGHT MONOLITHIC MEMoaIES INC, 1988 
LASM SIMULATION SELECTIVE TRACE LISTING 

tle : Refresh Timer 
ttern : REFlESH.PDS 
(Con: 1 

Author 
COllpany 
Date 

: S. Martel 
: "cGill university 
: 7 AU9ust 1988 

L22VIO 
FRESH TIMEa 
ge : -1 

9c9 C c9 ccc ccc c 
RESET XXLLLLLHHH HHHHHHHHHH HHHHHHHHHH 
CLOCK RLLRLHLLHH LHHLHHLHHL HHLHHLHHLH 
Rrc XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL 
REFREQ XXHHHHHHHH HHHHHHHHHH HHHHHHHHHH 
00 XXLLLLLLLH HHLLLHHHLL LHHHLLLHHH 
01 XXLLLLLLLL LLHHHHHHLL LLLLHHHHHH 
02 XXLLLLLLLL LLLLLLLLHH HHHHHHHHHH 
03 XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL 
Q4 XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL 
05 XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL 
Q6 XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL 
07 XXLLLLLLLL LLLLLLLLLL LLLLLLLLLL 

- . 

. 'C 

ccc 
HHHHHHHHHH 
HLHHLHHLHH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLHHHLLLH 
LLLLLLHHHH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



LZZVIO 
rRESH TIMIR 

ag. : -2 
ccc c 

ISET HHHHHHHHHH 
CLOCK LHHLHHLHHL 
~~~ LLLLLLLLLL 
{r~Q HHHRRRRRRH 
OU HHLLLHHHLL 
01 HHLLLLLLRH 
02 LLHRHHHHHH 
03 HRHHHHHHHH 
04 LLLLLLLLLL 
05 LLLLLLLLLL 

106 LLLLLLLLLL 
107 ~LLLLLLLLL 

--

c cpg c 
HHRHHHHHHH 
HHLHHLLHHL 
LLLLLLLLLL 
RHRHHHHHHH 
LHHHLLLLHH 
HHHHLLHHHH 
HHHHLLHHHH 
HHHHLLHHHH 
LLLLHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLHHHH 

ccc 
HHHHHHHHHH 
HHLRHLHHLH 
LLLLtLJ.LLL 
RHHH.LLLLLL 
RLLLHHHLLL 
HLLLHHHLLL 
HLLLHHHLLL 
HLLLHHHLLL 
HLLLHHHLLL 
LHHHHHHLLL 
LLLLHHHLLL 
HHHHHHHLLL 

cg c c 
HHHHHHHHHH 
HLLHHLHHLH 
LLHHHHHHHH 
LLLLHHHHHH 
HHHHLLLHHH 
LLLLHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LJ .. IiLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



~LZ~Vl0 
IrlESR TI"ER a,. : -] 

ccc cC) c 
IISET RRHHRHHHHR HRRHR 
r.~OC& HLHHLHRLHH LLRHL 
,1. HHHHHHRHHH RLLLL 
(~(EO HRRRHHHHRH HHRRH 
vu LLLHHHLLLH HHHLL 
01 LLLLLLHHHH HHHLL 
02 HHRHHHHHHH HHHLL 
03 LLLLLLLLLL LLLHH 
04 LLLLLLLLLL LLLLL 
Q5 LLLLLLLLLL LLLLL 
Q6 LLLLLLLLLL LLLLL 
07 LLLLLLLLLL LLLLL 

( 

-. 



'A~~ft ~!ftU~~!U~, V~.~J - ftAMA&T RSLBASE ,l-l~.d' 
CC) - CO'Y.IOHT RONOLITHIC MERORIIS INC, 19 •• 
~LASR SIMULATION BISTORY LISTING 

Itl. : •• fr.sh Tl •• r 
.tt.rn : RErlISH.PDS 

~
ion : 1 

(, 
.... 2VIO 
IrllSH TI filER 
Ige : -1 

CLOCK 
IISIT 
Rrc 
GND 
QO 
Q1 
Q2 
Q3 
Q4 
Q5 
06 
Q7 
REFREQ 
VCC 
GLOBAL 

- . 

gcg c cg 
HLLHLHLLHH 
XXLLLLLHHH 
XXLLLLLLLL 
LLLLLLLLLL 
XXLLLLLLLH 
XXLLLLLLLL 
XXLLLLLLLL 
XXLLLLLLLL 
XXLLLLLLLL 
XXLLLLLLLL 
XXLLLLLLLL 
XXLLLLLLLL 
XXHHHHHHHH 
HHHHHHHHHH 
XXLLLLLXXX 

ccc c 
LHHLHHLHHL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
HHLLLHHHLL 
LLHHHHHHLL 
LLLLLLLLHH 
LLLLLLLLLL 
LLLLLi.LLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
HHHHHHHHHH 
HHHHHHHHHH 
XXXXXXXXXX 

Author 
Co.pany 
Date 

: S. Mart.l 
: RcGill University 
: 7 August 1988 

ccc 
HHLHHLHHLH 
HHHHHBHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LHHHLLLHHH 
LLLLHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
HHHHHHHHHH 
HHHHHHHHHH 
XXXXXXXXXX 

ccc 
HLHHLHHLHH 
BHHHHHBHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLHHHLLLH 
LLLLLLHHHH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
HHHlIHHHHHH 
HHHHHHHHHH 
XXXXXXXXXX 



AL22V10 
IrllSH TIMEa 
ag. : -2 

ccc c 
CLOCK LHHLHHtHHL 
W!SET HHHHHHHHHH 
~ LLLLLLLLLL 
~ "- LLLLLLLLLL 
00 HHLLLHHHLL 
01 HHLLLLLLHH 
02 LLHHHHHHHH 
03 HHHHHHHHHH 
04 LLLLLLLLLL 
Os LLLLLLLLLL 
06 LLLLLLLLLL 
07 LLLLLLLLLL 
REFRIQ HHHHHHHHHH 
VCC HHHHHHHHHH 
GLOBAL XXXXXXXXXX 

( 

te 

c cpg ccc c 
HHLHHLLHHL BHLHHLHHLH 
HHHHHHHHHH HHHHHHHHHH 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLLLL LLLLLLLLLL 
LHHHLLLLHH HLLLHHHLLL 
HHHHLLHHHH HLLLHHHLLL 
HHHHLLHHHH HLLLHHHLLL 
HHHHLLHHHH HLLLHHHLLL 
LLLLHHHHHH HLLLBHHLLL 
LLLLLLLLLL LHHHHHHLLL 
LLLLLLLLLL LLLLHHHLLL 
LLLLLLHHHH HHHHHHHLLL 
HHHHHHHHHH HHHHLLLLLL 
HHHHHHHHHH HHHHHHHHHH 
XXXXXXXXXX XXXXXXXXXX 

'!g C c 
HLLHHLHHLH 
HHHHHHHHHH 
LLRHRHHHHH 
LLLLLLLLLL 
HHRBLLLBHH 
LLLLHBHHRR 
LLLLLLLLLL 
LLLLLLLtLL 
LLLLLLLLLL 
LLLtLLLtLL 
LLLLLLLLLL 
LLLLLLLtLL 
LLLLHHHBHH 
HHHHHHHHHH 
XXXXXXXXXX 
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Ou 
01 
02 
03 
04 
05 
Q6 
Q7 
REFREQ 
VCC 
GLOBAL 
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ccc cg c 
BLBBLHBLHH LLHRL 
BHHHRHHRHH HHRRB 
HHHHHHHHBH HLLLL 
LLLLLLLLLL LLLLL 
LLLHHHLLLH HHHLL 
LLLLLLHHBB HHHLL 
HHBBHHHHHH HHHLL 
LLLLLLLLLL LLLHH 
LLLLLLLLLL LLLLL 
LLLLLLLLLL LLLLL 
LLLLLLLLLL LLLLL 
LLLLLLLLLL LLLLL 
HBHHHHHHHH HHBHH 
HHHHHHHHHB HHBHB 
xxxxxxxxxx xxxxx 
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APPENDIX G - UNIT LIST 

Unit nuaber Type Sheet 

U1 TMS320C30 Al 

U2-US 74FCTl38A A2 

U6 74FCT52l8 A3 

U7-U10 74FCT645A A3 

U11-U14 74FCT244A A3 

U15A 74FOO A3 

U158 74FOO A6 

U15e-U1SD (NOT USED) 

U16A 74FCT240A A3 

U168 74FCT240A A4 

U16C 74FCT240A A22 

U160 74FCT240A 81 

U16E 74FCT240A 09 

U16F-U16H (NOT USEO) 
) ( U17-U20 74FCT574A A4 

U21 74FCT244A A4 

U22A 74FCT139A A4 

U228 (NOT USED) 

U23 74FCT521B A4 

U24-U29 74FCT138A A4 

U30-U37 74F257 A5 

) U38 l6R6 A6 

1 U39A-U398 74F32 A6 , 
f U3ge-U39D (~'OT USED) 
~, 
t U40A-U40B 74F08 1 A6 , 
f' 
\ U40C 74F08 A22 
1: 
F. .' U400 (NOT USED) 
r 
1 U41A 74F21 A6 

U418 (NOT USEO) 
, 
l' U42-U43 74F30 

t 
A6 

U44-U45 l6R8 A6 
f' (C U46-U51 74FCT574A A20 
~ 
t.. 
r 
E 

l 



pO Unit Iluùer 'lype Sh.et 

US2-uS3 74rCT273A A20 

US4 74rCT240 A20 

USS-uS7 74rCT273A A21 

usa 74rCT240 A21 

US9 74rCT827B A21 

U60 74rCT244A A21 

~61-U68 74FCT645A A21 

U69-U71 74FCT244 A22 

U72A 74LS74 A22 

U728 74LS74 A20 

U73-U76 74FCT244A B1 

U77-U80 74FCTS21B 81 

U81-U84 74FCT645A B1 

U8SA 74ALS21A B1 

U858 74ALS21A B2 

U86-U89 74FCT244A B2 .,. 
,nt 
~ 

U90-U93 74FCTS218 82 

U94-U97 74FCT645A B2 

U98-U161 MTSC2S64-25 (OR EQUIVALENT) B3-84 

U162 IDT71321-35 OR CY7C136-35 Cl 

U163-U165 IDT71421-3S OR CY7C146-35 C2-C4 

U166-U173 74FCT645A C1-C4 

U174-U176 74FCT244A cs 
U177 74FCT240A C5 

U178A-U178B 74ALS09 C5 

U178C-U178D (NOT USED) 

U179-U242 74FCT299 01-08 

U243-U258 74LS592 01-08 

U259-U266 74ALSl13A 01-08 

U267-U273 74FCT240 01-08 

U274-U275 74FCT240A 01-08 

u276-U279 74F08 01-08 

U280-U287 74F32 01-08 

,0 u288-U292 74F11 °01- 08 
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Unit nuaber 'l'ype Sheet 

U293A 74F11 08 

U293a-U293C (NOT USED) 

U294 74FCT521a 09 

U295-U301 74FCT138A 09 

U302-U333 74LSS92 010-013 

U334-U337 74FCT240 010-013 

U338-U345 74ALS86 010-013 

U346-U353 74FCTS74A 014 

U354-U361 74ALS32 015 

U362-U381 AM26LS31C (OR EQUIVALENT) 016-018 

U382-U389 AM26LS33AC (33e, 32C, OR EQUIVALENT) 019 

U390-U395 74FCT574A D20 

U396-U399 74ALS32 020 

U400-U403 74FCT244 El 

U404-U407 74FCT161 El 

U408-U409 74FCT244 El 

{ U410A 74FCT240 El 

U410B 74FCT240 E2 

U410C 74FCT240 E3 

U4100-U410H 74FCT240 E4 

U411-U412 74FCT244 E2 

U413-U416 74FCT574A E2 

U417A-U4178 74tS74 E2 

U418A 74ALS08 E2 

U418B-U418C 74ALS08 E3 

U4180 (NOT USEO) 

U419A-U419C 74F32 E2 

U4190 (NOT USEO) 

U420A 74FOO E2 

U420B-U420C 74FOO E3 

U4200 74FOO E4 

U421A 74tS74 E2 

U421a (NOT USEO) 

::C U422-U427 74rCTS74A E3 
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U428A-U428B 74LS74 13 

U429 74rCTS74A 14 

U430A-U430B 74'27 14 

U430C (NOT USED) 

U431A-U431B 74r32 14 

U431C-U431D (NOT USED) 

U432A-U432B 74r08 14 

U432C-U432D (NOT USED) 

U433 74rCT244A A20 
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ArPENDIX H 

• EXTERNAL REOISTERS . 

Word length register 0 (write only) 

initial address: 80001 OH 

initial content: 00000000000000000000000000000000 

XXXXXXXXXXXXXXXXXXXXXXXXOOooOOOO: word in channel 0 

XXXXXXXXXXXXXXXXXXXXXXXX 11111111: word in channel 0 

OOOOOOOOXXXXXXXXXXXXXXXXXXXXXXXX: word in channel 3 

1111 1111 XXXXXXXXXXXXXXXXXXXXXXXX: word in channel 3 

Word length registers 1 to 3 (write only) 

initial addresses: 80001lH to 800013H 

word length register 1: seriai channels 4 to 

word length register 2: seriai channels 8 to 

7 

11 
word length register 3: seriai channels 12 to 15 

Function in register (write only) 

initial address: 800014H 

initial content: XXXXXXXX 

ooOOOOXX: general purpose status bits sent to the MicroVAX 

XXXXXXOX: external interrupt to the MicroVAX 

XXXXXXXO: clear FIFa channels 0 and 1 of the DRQ3B 

Configuration register (write only) 

initial address: 800015H 

initial content: XXXXXXXXXXXXXXXX 

= 255 bits 

- o bit 

= 255 bits 

= o bit 

XXXXXXXXXXXXXXXO: di!inhle external dock for channel 0 when Rea is low 

XXXXXXXXXXXXXXX 1: external dock always enable (normally non-continuous clk) 

OXXXXXXXXXXXXXXX: disable external dock for channel 15 when Rea is low 

1 XXXXXXXXXXXXXXX: external dock always en able (normally non-continuous clk) 



o BXTERNAL REGISTERS 

Seriai control register (write only) 

initial address: 8000 16H 

initial content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXOO: hold data in seriai channel 0 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXOI:enableshiftrightinseria1 channel 0 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 10: enable shift left (nonnally not used) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX Il: parait el load (seriai channel 0) 

OOXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: hold data in seriai channel IS 

OIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:enableshiftrightinserialchannel 15 

10XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:enableshiftleft(nonnallynotused) 

IIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: parallel load (seriai channel 15) 

Polarity register (write only) 

initial address: 800017H 

initial content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXO: positive pulse on controlline OA 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1: negative pulse on controlline OA 

OXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: positivepulseoncontrolline 158 

1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: negative pulseoncontrolline 158 

Pulse length register 0 (write only) 

initial address: 800018H 

initial content: 00000000000000000000000000000000 

XXXXXXXXXXXXXXXXXXXXXXXXOOOOOOOO: pulse lengthon controllineOA= IS.3ms 

XXXXXXXXXXXXXXXXXXXXXXXX 11111110: pulselengthoncontrollineOA=60ns 

XXXXXXXXXXXXXXXXXXXXXXXX 111111 JI: pulse length oncontrollineOA='Ons 

OOOOOOOOXXXXXXXXXXXXXXXXXXXXXXXX: pulse lengthon controlline IB= 15.3ms 

1IIIIIIOXXXXXXXXXXXXXXXXXXXXXXXX:pulselengthoncontrolline 18=60ns 

11111 III XXXXXXXXXXXXXXXXXXXXXXXX: pulse length on controlline 18 =0 ns 
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EXTERNAL REOISTERS 

Pulse length registen 1 to 7 (write only) 
initial addresses: 8000 19H to 8000 1 FH 
pulse length register 1: control lines 2 and 3 
pulse length register 2: control lines 

pulse length register 3: control lines 

pulse length register 4: control 

pulse length register S: control 
pulse length register 6: control 

pulse length register 7: control 

Start control pulses (write only) 

initial address: 800020H 
initial content: not applicable 

lines 

Iines 
lines 
lines 

"' and S 
6 and 7 

8 and 9 
10 and 
12 and 
14 and 

Il 

13 

15 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXO: start pulse on control line OA 
OXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: start pulse on control Une ISB 

Mask register (write only) 

initial address: 800021 H 
initial content: XXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXX 1: mask interrupt from seriai channel 0 

IXXXXXXXXXXXXXXX: mask interrupt from seriai channel J5 

Mullicast register (write only) 
initial address: 80oo22H 
initiai content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXO: multicastwrite todual-port module 0 
OXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX: mullicastwritetodual-portmodule30 
* multicast register is only 31 i,its 

;;.' Ir 'N 



o nXTI!RNAL REGISTERS 

Wait-stale register (write only) 

initial address: 800023H 

initial content: 0 Il J 1 
XXXXO: read dual-port module with 1 wait-state (no BUSY) 
XXXX 1: read dual-port module with 2 wait-states (no BUSY) 
XXXOX: read dual-port module with 1 wait-state (with BUSY) 

XXX IX: read dual-port module with 2 wail-states (with BUSY) 

OXOXX: write to dual-port moduleCs) with 1 wait-state (no BUSY) 
OX 1 XX: write to dual-port module(s) with 2 wait-states (no BUSY) 

OOXXX: write to dual-port module(s) with 1 wait-state (with BUSY) 

01 XXX: write to dual-port module(s) with 2 wait-states (with BUSY) 

1 XXXX: write to dual-port module(s) with 0 wait-state 

Allocation register (write only) 

initial address: 800024H .. 
~ initial content: 0000000000000001 11 J 1 

XXXXXXXXXXXXXXXOOOOO: SRAM block locations OOOOOOH to 07FFFFH 

XXXXXXXXXXXXXXX 1 1 III: SRAM block locations F80000H to FFFFFFH 
XXXXXXXOOOOOOOOXXXXX: dual-port module locations OOOOOOH to OOFFFFH 

XXXXXXX 11111111 XXXXX: dual-port module locations FFOOOOH to FFFFFFH 
OOOOOOOXXXXXXXXXXXXX: I/Osubsystemandextemalregisters(8000000H-80IFFFH) 

Control register (write only) 

initial address: 800025H 

initial content: OOOYIOOO (Y=O for the communication processor. otherwise Y= 1) 
XXXXXXXO: disable interrupt controller (reset) 

XXXXXXOX: seriai channels 0 and 1 only have interrupt facilities (int. reg. not req.) 

XXXXXX 1 X: ail seriaI channels have interrupt facilities (interrupt reg. required) 

XXXXXOXX: access the DPMs without considering any access contliets 

XXXXX IXX: allow the wait state generator to add a wait state during a confliet 

XXXX 1 XXX: put the RS422 drivers in high impedance state 

XXXOXXXX: put the connection bus in high impedance st ale 

1 XXXXXXX; allow transfers with the MicroVAX only 



EXTfiRNAL REGISTERS 

"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 OOOOOOOOH to DRQ3B 

11111111111111111111111111111111: send FFFFFFFFH to DRQ3B 

Status register (read only) 

initial address: 80001 OH 

initial content: XXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXO: data valid (in) or transmission complete (out) (channel 0) 

C OXXXXXXXXXXXXXXX: data vaUd (in) or transmission complete (out) (channel 105) 

c 

Interrupt register (read only) 

initial address: 8000 Il H 

initial content: XXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXO: interruption from seriai channel 0 

OXXXXXXXXXXXXXXX: interruption from seriai channel IS 

Pulse state register (read only) 

initial address: 800012H 

initial content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXO:endofthepulseforcontrollineOA 

OXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX:endofthepulseforcontro1 li ne 1058 
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fiXTERNAL RfiOISTERS 

Interfaœ register (read only) 

initial address: 8000 13H 

initial content: XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

00000000000000000000000000000000: receive OOOOOOOOH from DRQ38 
III 1 1 11111 1 1111 ) 1 III ) III 11111111: receive FFFFFFFFH from DRQ3B 

Function out register (read only) 

initial address: 800014H 

initial content: XXXXXXX 
XXXXOOO: general purpose status bits from the MicroVAX 

XXOOXXX: DRQ38 is initiali~ed (reset) 

XI XXXXX: data is waiting in the interface register 

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

OOOOOOH: system interrupt vector location 
OOOOOIH: external interrupt 0 vector location 
000002H: external interrupt 1 vector location 
000003H: external interrupt 2 vector location 

000004H: external interrupt 3 vector location 

OOOOOSH-OOOOOBH: internai interrupts vector locations 
OOOOOCH..()()()() 1 FH: reserved 
oooo20H-OOOO3BH: trap 0 to trap 27 
oooo3CH-OOOOBFH: reserved 

OOOOCOH-07FFFFH: SRAM block 
080000H-7FFFFFH: expansion board 
800000H-80000FH: seriai channels 
8000 1 OH-800027H: external registers 

800028H-801 FFFH: secondary bus parallel port (fast acees) 
802000H-803FFFH: reserved 
804000H-80SFFFH: secondary bus parallel port (slow access) 
806000H-807FFFH: reserved 

808000H-8097FFH: internai peripheral bus memory-mapped registers 
809800H-809BFFH: internai RAM block 0 
809COOH-809FFFH: internai RAM block 1 

80AOOOH-FEFFFFH: expansion board 

FFOOOOH-FFF7FFH: dual-port RAM modules 
FFF800H-FFFFFFH: multicast region 
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