










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DUAL-PORT RAMs YIELD BIT-SLICE DESIGNS WITHOUT MICROCODE APPLICATION NOTE AN-09 

CONTROL FLOW SECTION 
r------------, 
I I 

I 
I 
I 
I 

DATA FLOW SECTION 
r---------------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L ______________ _ 

Figure 3. Bit-Slice Controller With Dual-Port Control Store 

Some of the above operations are automatically included in bit­
slice controllers as a result of staightforward design. The register 
combination operations are provided by the bit-slice RALUs and 
the jump operations are commonly required as part of the control 
flow design. Ali that is required to complete the set is the ability to 
transfer registers to and from memory, to save and restore the 
status register and to save the Program Counter in a register in 
Jump and Save Return instructions. 

Figure 4 shows a block diagram of a general purpose bit-slice 
controller design, based on the RISC controller architecture in Fig­
ure 3, and capable of implementing the minimal instruction set. 
This is a 16-bit controller design using an IDT49C402 16-bit RALU 
and a 64-bit instruction word. The control flow section is fully 
pipelined for maximum speed and uses a simple counter as the 
Program Counter (PC). As a result, branch execution is delayed by 
one instruction: the instruction following the branch is executed be­
fore the branch takes effect. This method allows maximum speed 
in the control flow section and is commonly used in RISC designs. 
A path is provided from the PC to the data inputs of the I DT 49C402 
for saving the PC in a register during Jump and Save Return opera­
tions. Also shown in the block diagram is an initial-load EPROM. 
This EPROM holds the non-volatile copy of the program to be 
loaded at power up. A power up flip-flop and some sequencing 
logic cause the contents of this EPROM to be loaded into the RAM 
at power up. 

9.17 

Figure 4. Dual-Port Bit-Slice RISC Controller Design 
Block Diagram 
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In the design in Figure 4, the instructions and data share the 
same memory. The mapping for instructions and the mapping for 
data are different, however, as is shown in Figure 5. The eight dual­
port RAM chips are mapped as 2K words of 64 bits/word on the 
instruction port and as 8K words of 16 bits/word on the data port. 
Each 64-bit instruction word corresponds to four sequential 16-bit 
data words. The instruction at address 0000 on the instruction port 
corresponds to locations 0000, 0001, 0002 and 0003 on the data 
port. On the instruction port, all eight chips are enabled, resulting in 
64 bits of instruction output. Only the upper 14 bits of the PC are 
used to address the RAM so that the address in the PC is consistent 
with the addressing on the data side. On the data port, the least sig­
nificant two bits of the address in MAR select the appropriate 16-bit 
word by selecting the chip enable for the appropriate one of four 
pairs of chips. 

RISC CONTROLLER INSTRUCTION FORMAT 
The 64-bit instruction word is shown in Figure 6. Fifty of the 

64 bits are used to control the basic data and control flow of the 
controller and 14 bits are available as additional control bits for the 
specific controller application. Each 64-bit instruction word from 
the control port of the RAM is mapped as four 16-bit words on the 
data memory port. A larger instruction word can be used in the 
same manner as in microcoded designs. It is convenient if the word 
width is a power of two, such as 64 or 128 bits, so that there are no 
gaps in the memory space as seen from the data flow side. 

The I DT 49C402 is controlled by the A and B fields, 10-9. CN • Stat 
Enable field and the Shift Gating field. The A and B fields provide 
the 6-bit addresses for the A and B register inputs on the 
IDT49C402. The 10-9, CN and Stat EN field provide the 10 control 
bits to the IDT49C402, the carry-in bit and a status register load en­
able, respectively, and the Shift Gating field controls the shift-in/ 
shift-out gating for shift operations. The data source for the DIN pins 
of the IDT 49C402 is selected by the DIN field. This field can choose 
the data bus, the immediate data field or the PC as the data source. 

The data bus is controlled by the A and B fields as well, which 
provide 6-bit select codes for bus read and write operations. re­
spectively, and by the bus read/write, memory write and load MAR 
bits. The default operation is to gate the data from the IDT49C402 
onto the data bus. The load MAR and memory write bits allow writ-

APPLICATION NOTE AN-09 

Ing this data Into the memory and/or MAR from the bus. The bus 
read bit disables the IDT49C402 outputs and gates an I/O register 
onto the bus as determined by the 6-bit A field. The bus write bit 
causes bus data to be written into an I/O register selected by the B 
field. 

Branch operations are controlled by the Jump and A fields. The 
Jump field enables loading of the PC from the bus, which is the 
branch operation. The A field provides the 6-bit condition select 
code for conditional branch operations. 

The Misc Control field provides 14 bits for direct control of addi­
tional devices. This field would typically be used for gates and 
strobes to additional devices such as parallel multipliers, FIFOs, 
disk controller chips and other devices which communicate with, 
and are controlled by, the RISC controller. 

IMPLEMENTING THE MINIMAL INSTRUCTION SET 
The RISC controller design must now be checked to ensure that 

it implements each instruction in the minimal instruction set. 

Load and Store 
Load and Store register operations are done in two instructions: 

load MAR and load or store register. The load MAR instruction 
places register data from the IDT49C402 or data from the immedi­
ate data field on the bus and enables MAR load. The load register 
instruction gates memory data into the data inputs of the 
IDT49C402. The store register instruction gates register data onto 
the bus and writes it into memory. 

Move, Combine and Shift Register 
Register-to-register and shift operations are performed directly 

by the IDT49C402 bit-slice. 

Status Register Read/Write 
Read and Write Status register operations select the Status Reg­

ister and bus read and write, respectively. 

Jump and Conditional Jump 
Jump operations are done by enabling the PC to be loaded from 

the bus using either immediate or register data for the jump ad­
dress. Conditional Jump is done by enabling a conditions select 
multiplexer to conditionally enable the PC load. 

9.17 4 



DUAL-PORT RAMs YIELD BIT-SLICE DESIGNS WITHOUT MICROCODE APPLICATION NOTE AN-09 

6 BITS 6 BITS 

ADDRESS 
(FROM PC) 

0000 

0004 

0008 

BUS 
RNI 

2 BITS 2 BITS 

ADDRESS DATA PORT: 
(FROM MAR) 8K X 16 

1A 
1B 
1C 

INSTRUCTION PORT: 2K X 64 

0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
OOOA 
OOOB 

10 

1A 

2A 

3A 

10 BITS 

MW, 
MAR 

2 BITS 

1B 1C 1D 

2B 2C 2D 

3B 3C 3D 

Figure 5. Dual-Port Controller Memory Map 

16 BITS 
FIELD 

A 

B 
10-9 
Stat EN 
DIN 
Bus RNI 
MW, MAR 

JUMP I SHIFT 

2 BITS 2 BITS 

Jump 
Shift 
Imm Data 
Misc Control 

Flguro 6. Dual-Port Controller Inl:truction Format 

9.17 

2A 
2B 
2C 
2D 
3A 
3B 
3C 
3D 

FUNCTION 

402 reg address, bus read 
select. or jump condition select 
402 reg address or bus write select 
49C402 instructions + carry-in 
Enable Status reg load 
402 D Bus: Memorv. PC Bus I field 
Gate Bus read @ A, write @ B 
Memory write enable, Id MAR enable 
Enable PC load, enable condition test 
402 shift/rotate gating 
Immediate Data - addresses, etc. 
Misc bits for controller functions 
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Jump and Save Return 
The Jump and Save Return operation is performed by using the 

immediate data field to provide the jump address and simultane­
ously storing the PC in a register selected by the B field. The imme­
diate data field is gated to the bus, the PC is gated to the IDT 49C402 
data inputs and the IDT49C402 is instructed to perform a D-input­
to-register-Ioad operation. 

0 1,0 
I 

~O 

CLOCK ~ 
PC VALID t:::J 

INSTR. RAM ACCESS ~ 
INSTRUCTION REG -i SET-UP 

I 
MAR SETTLE ~ 0 

DATA RAM ACCESS I 
4020 TO B SET-UP ---, 

A, B SETTLE l::::J ' 
A, B TO Y OR F=O ~. I 

WRITE DATA VALID ---i 402 A TO Y PATH 
I 

CJUMP SET-UP TIME ~ 2 x 74151 + F161 

RISC CONTROLLER TIMING 
The design in Figure 4 is capable of a 55ns cycle time. A timing 

diagram for a 55ns cycle time, assuming the 35ns dual-port RAMs, 
is shown in Figure 7. The critical timing path, in this case, is the data 
path from the Memory Address Register (MAR) through the data 
port of the memory into the IDT49C402. If the dual-port RAMs are 
slower than 35ns, the cycle is extended proportionately. 

~O 5,0 55/0 
I 

I 
L 

35ns tAA : I 

rl 
I 

~ 
35ns tAA ~ 

L 
I L I 

20ns I L 
I 

28ns I 
Figure 7. RISC Controller Timing Diagram 

Table 2. Critical Path Timing 

CONTROL PATH 

PC settle: FCT161A 6.5ns 

RAM Access 35.0 

I reg set-up: FCT374A 2.5 

Total 44.0ns 

RISC CONTROLLER APPLICATION 
The utility of the RISC controller design approach is that it allows 

interactive system development, debugging and diagnostic test­
ing. It also provides the potential for high-level language support of 
the bit-slice design. Powerful interactive access to the RISC con­
troller can be provided by an RS-232 interface and a FORTH lan­
guage interpreter program. This allows interactive coding and test­
ing of the system, speeding up the test-and-analyze debug cycles. 
This RS-232 interface can exist on a separate board external to the 
RISC controller, connected to the bus by a connector on the con­
troller board. No additional hardware is required for access by the 
designer to the system and this acces~ can allow direct activation 
and sensing of controller hardware, setting up timing loops for os­
cilloscope checks and on-line development of routines. If a floppy 
disk controller is included in the external I/O board, the RISC con­
troller can function as a stand-alone development system in the 
same fashion as other stand-alone FORTH systems. 

DATA PATH 

MAR settle: FCT161 A 6.5ns 

RAM Access 35.0 

IDT49C402A, Din Set-up 10.0 

Total 51.5ns 

The RISC controller's ability to load programs also means that 
diagnostics can be loaded from the initial load EPROM. The initial 
load EPROM can hold both the normal control program and various 
tast programs. The controller can load diagnostic programs from 
the EPROM for board and system test without requiring permanent 
space for them in the control memory. This allows self-diagnostics 
at the hardware level with minimum cost impact on the hardware. 

SUMMARY 
The RISC controller uses high-speed dual-port RAMs to blend 

the features of a bit-slice controller with the capabilities of a RISC 
computer, allowing the microinstructions of the bit-slice approach 
to become the instructions of a computer. This design approach 
provides all the speed and architectural flexibility of microcoded 
bit-slice designs, while allowing the use ot interactive debugging 
methods associated with microprocessors to shorten development 
time. 

9.17 6 



t;) DUAL-PORT RAMS WITH 
SEMAPHORE ARBITRATION 

APPLICATION 
NOTE 
AN-14 

Integrated Device~ Inc. 

by Michael J. Miller 

INTRODUCTION 
Due to their high bandwidth and message access flexibility, 

dual-port RAMs are used to link multiple high-performance proc­
essors and systems. Integrated Device Technology makes dual­
port RAMs of many configurations, all of which consist of one RAM 
with two sets of address, data and control signals. This allows two 
processors to share the same block of physical memory in their re­
spective address spaces. The two processors can access data In 
two memory locations simultaneously and asynchronously. This 
approach clearly outperforms a discrete parts design where two 
processors must synchronize through arbitration for access to a 
bus which is used to access one location at a time in a standard 
single-port RAM. 

DUAL-PORT 
RAM 

MICROPROCESSOR 1017130 MICROPROCESSOR 
M68020 f4- 1017132 f-- TMS3020 
180386 10171322 IOT49COOO 

1017134 
10171342 

Figure 1. Dual-Port RAMs Link High-Performance Processors 

IDT's dual-access approach removes synchronization require­
ments at the memory's bus access level. Nevertheless, synchroni­
zation must be performed at other levels to ensure data integrity 
and proper system operation. This appl ication note addresses sev­
eral approaches to solving the mutual exclusion problem and 
gives a detailed discussion of the semaphore capability provided 
by the IDT71322 and IDT71342. 

Arbitration 
Consider a multiple-processor system where each processor 

has access to the same data. Arbitration schemes are necessary to 
resolve the situation when multiple processors want the same 
piece of data at the same time. Different approaches to the arbitra­
tion issue have different tradeoffs and are best-suited for different 
applications. These solutions vary from no arbitration, hardware 
solutions, and software solutions, to combinations thereof. 

Seemingly, the simplest solution is to employ no arbitration at 
all. This approach works if the application guarantees that two 
processors will not access the same location simultaneously or, if 
they do, then the indeterminate results are acceptable. Sometimes 
handshaking can be employed through I/O ports or interrupt 
mechanisms. This approach provides a high-performance, low­
overhead design but is restricted to certain applications. If arbitra­
tion is not required, the IDT7134 can be used. It isa4Kx 8 dual-port 
RAM with no arbitration. This part can also be used in large dual­
port designs where one hardware arbiter is used for a whole array 
composed of many IDT7134s. The interrupt handshake mecha­
nism can be achieved by using the IDT7130/7140. 

© 1987 Integrated Device Technology, Inc. 
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Most applications cannot sacrifice data integrity and utilize the 
dual-port memory as a collection of individual memory locations 
which require a finite access time. In this case, arbitration at mem­
ory location resolution Is required. The IDT7130/7132 use an ad­
dress comparison mechanism which provides a BUSY signal at 
both sides. When the two processors try to access the very same 
location, the arbitration asserts the BUSY signal to the processor 
which attempted access last. When access attempts are within 5ns 
of each other, a side is chosen arbitrarily. The BUSY outputs are 
suitable for attachment to the READY inputs of most microproces­
sors. This approach is very straightforward and flexible and has the 
benefit that a processor cannot be locked out of the RAM longer 
than the access period of the other processor. 

The features of the I DT7130/7132 that make them a superb solu­
tion in many designs may create problems in other applications. 
The fact that BUSY lines are used and that arbitration resolution is 
at the level of individual locations can be a major limitation in some 
instances. Many significant controllers, such as the 8031 and 8051, 
are not equipped with READY input pins. Of those that are 
equipped, a penalty is often paid in the higher performance ver­
sions if they require "seeing" the BUSY signal faster than the 
IDT7130/7132 can supply it (16MHz 68020 requires 25ns AS to 
DSACK).ln these cases, wasteful wait cycles are required. In other 
applications, software constraints may require mutual exclusion at 
the software data structure level rather than at the memory cell 10-
cation level. For this reason, Integrated Device Technology devel­
oped the IDT71342 and IDT71322. 

Instead of comparing addresses on every cycle, and occasion­
ally asserting BUSY status, the IDT71342 and IDT71322 employ 
circuitry to support a software mechanism called semaphores. 
Here, every memory cycle is equally as short as the next and arbi­
tration is handled at the software level. 

The semaphore concept was pioneered by E.N. Dijkstra in 
1968. He developed a test and set approach for single processor 
multi-tasking systems. The task tests a memory location (a sema­
phore) for a particular value and, on the next cycle, the task sets the 
same location a unique value. If the semaphore was already set, 
then the current task knows that another task has access. If the 
value was not present, then the task knows that it has permission to 
proceed and all other tasks are blocked because the semaphore is 
not set. Only one task at a time has permission via the semaphore. 
Semaphores are used like locks to resources such as disk buffers, 
message queues, critical code sections, shared access to commu­
nication controllers, etc. 

Because the test and set operation requires that the two memory 
accesses are indivisible in time, the IDT7130/7132 will not support 
semaphores for many processors and systems. This occurs be­
cause one processor may test the semaphore and, before it can set' 
it, the other processor might test it, too. In this case, both proces-II 
sor~ "believe" they have the semaphore. The I DT71342/71322 em-
ploys a twist by using set and test. The "set" corresponds to a re-
quest and the "test" checks to see if the request was granted. The 
indivisible double access requirement is avoided because, as 
soon as a request is made by one processor on one side, the grant 
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is blocked on the other side. Some processors support test and set 
operations through a read/modify/write operation, but the memory 
bus design must support the processor in such a way that the ad­
dress arid the chip select remain constant. When the test and set 
instruction is used, arbitration must take place. As will be seen, 
semaphore operation without hardware busy arbitration has many 
advantages. 

The IDT semaphore scheme employs a software/hardware ap­
proach which provides a secure method of resource allocation 
with the flexibility of software configuration and control and the 
resolution of hardware. Since there is no hardware relationship be­
tween semaphores and dual-port memory locations, the block 
sizes, locations and semaphore association are defined by the 
software. The semaphores can also be used to allocate other re­
sources such as I/O devices. This offers the system designer con­
siderable flexibility. 

As an example, dual-port RAM might be shared by a disk con­
troller processor and a host processor. When the controller is ac­
cessing a buffer in memory (e.g. when writing a sector in a track), 
the main processor cannot be allowed to interrupt or delay the con­
troller. By setting the semaphore, the controller has exclusive ac­
cess to the disk buffer. When done, it releases the semaphore and 
therefore provides access to the disk buffer by the processor on the 
other side. 

Because the processors must test and set a semaphore with 
multiple bus cycles, the semaphore arbitration scheme has a 
longer arbitration latency than the address comparison scheme. 
Since arbitration is most often used for access to multiple locations 
in memory the overhead can be amortized across multiple ac­
cesses. In systems that require mutual exclusion of access to data 
structures over a period longer than one memory cycle, this trade­
off is irrelevant. 

Functional Description of the ·IDT71342/71322 
The IDT71342 is a fast dual-port 4K x 8 CMOS static RAM with 

semaphore logic, packaged in a 52-pin PLCC and LCC. The 
IDT71322 is a 2K x 8 dual-port packaged in a 48-pin DIP and a 
52-pin PLCC/LCC. The semaphore logic can be used to allocate 
portions of the dual-port RAM to one side or the other and is used in 
place of the address arbitration logic used in other dual-port de­
signs. Semaphores are software-controlled. Therefore, this ap­
proach provides several advantages including allocation of multi­
ple blocks of arbitrary size and no processor WAIT states or BUSY 
logic. 

D 7- OL D 7- OR 

C"EL ITR 

R/WL R/WR 

DEL DER 

SE1Yf L SE1Yf R 

A 11 - OL All-OR 

Figure 2. Functional Block Diagram of Dual-Port RAM 
with Semaphores 

Like other lOT dual-port RAMs, the IDT71342/71322 allow ac­
cess to a common set of RAM cells from two independent ports. 
Each port is functionally identical to that of a conventional static 
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RAM. Both ports are completely independent and asynchronous 
in operation. Reading or writing on one port does not affect the op­
eration or timing of read/write operations on the other port. Unlike 
the IDT7130/7132, the IDT71342/71322 do not employ hardware 
arbitration which blocks write access. If one port is writing to a loca­
tion while the other port is reading that same location, the data will 
change during the read. If both ports attempt to write to the same 
location at the same time, the result will be some combination of 
the two data words being written. If both ports are reading, how­
ever, there is no interaction because the data does not change. 

How the Semaphore Flags Work 
The semaphore logic is provided by a set of eight latches. These 

latches can be used to pass a flag, or token, from one port to the 
other to indicate that a block of RAM is in use. The internal circuitry 
prevents the flag from being passed in both directions at the same 
time. The semaphores provide a hardware assist for a use-assign­
ment method called "token passing allocation". In this method, the 
state of the semaphore latch is used as a token indicating that a 
block of RAM is in use. If the processor on the L port wants to use a 
block of RAM, it attempts to set the latCh, requesting the token. The 
processor then checks the latch to see if it was successful in setting 
the semaphore. If it was, the processor proceeds to read and/or 
write in the block. If the processor was not successful in setting the 
latCh, it means that the R port had set if first, has the token and is 
using the block. The L port then continues to test until it is success­
ful, indicating that the R port has released the token and is no 
longer using the block. 

The semaphore logic is independent of the dual-port RAM. 
These eight latches can be accessed from either port by enabling 
the semaphore chip enable (SEM = LOW), which is separate from 
the RAM chip enable. When the semaphore logic is enabled on a 
port, one of the eight latches can be read or written from that port. 
The latch is selected by the three least significant address pins for 
the port and the data for reading and writing uses the DO data pin. 

A semaphore latch is read or written in the same manner as a 
RAM cell. The latch is written to a "1" or "0" by activating the sema­
phore logic enable, selecting the latch with the three least signifi­
cant address bits, activating the write enable and putting a "1" or 
"0", respectively, on the DO data pin. The latch may be read byacti­
vating the semaphore enable, selecting the latch, holding the write 
enable high and reading the data on Do. For the user's conven­
ience, all eight of the data lines are set to the same value as Do dur­
ing read. In other words, the data lines will contain all "1"s or all 
"O"s when DO is a" 1" or a "0", respectively. In this way, branch zero 
testing can be employed. 

The semaphore read logic latches the readout state of the sema­
phore flag during the read. This prevents the value seen by the 
reading port from changing during the read, even though the state 
of the latch may be changing internally due to write activity on the 
other port. The latch goes into the hold mode when both sema­
phore enable and output enable are active. In order to see the latch 
Change, either the semaphore enable or output enable must be 
disabled, and then enabled. This means that read operations must 
be cyclic; it is not possible to enable the semaphore and output en­
able continuously and wait for the latch value being read to 
change. 

The semaphore logic is active low. An access token is re­
quested by writing a "0" to the semaphore latch and is released by 
writing a "1". To request a token, an attempt to write a "0" to the 
semaphore is made and the semaphore is read to determine if the 
"0" was successfully written. If a "0" is read, the token request was 
granted. If a "1" is read, the request was denied and the other port 
has the token. 

9.18 2 
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The critical case of semaphore timing occurs when both ports 
request the token by writing a "0" at the same time. The semaphore 
logic is specially designed to resolve this problem - if requests are 
made simultaneously, the logic guarantees that only one side re­
ceives the token. In this case, the token assignment will be made 
arbitrarily to one port or the other. 

APPLICATION NOTE AN-14 

Figure 2 shows the internal logic circuitry for one semaphore 
"latch" cell. It is composed of multiple latches and cross-coupled 
AND gates which serve as an arbiter to guarantee that only one 
side at a time receives a grant signal. A typical sequence of sema­
phore operations is listed in Table 1. The Docolumns represent the 
logic value that would be read on that side. The "Request F/F"s are 
the internal flip-flops which store the state of requests. 

r----------'----------------------------, 
WRITE L ---t---------..., ,....-.1._.., 

DOL _ ........ ....-__ ---:-__ -1 

DlL --+--< 

READL READR L ______________________________________ ~ 

Figure 3. Simplified Diagram of One Semaphore Cell 

Left Right 

Function DO Re~/~est Re~/~est DO Status 

No action 1 1 1 1 Semaphore free 

L port writes 0 0 0 1 1 L port has token 

R port writes 0 0 0 0 1 No change; L port keeps token 

L port writes 1 1 1 0 0 Semaphore freed: R port gets it 

R port writes 1 1 1 1 1 Semaphore free 

L port writes 0 0 0 1 1 L port has token 

L port writes 1 1 1 1 1 Semaphore free 

Table 1. Semaphore Function Table 

Use of Semaphores 
Semaphores provide useful solutions for various problems at 

both the hardware and software levels. The following selections 
highlight a few of the semaphore benefits which range from in­
creasing performance to providing functionality not available with 
other designs. 

High-Performance Dual-Port Design 
To gain a deeper understanding of the trade-ofts between sema­

phore and non-semaphore dual-port RAM designs, the following 
example compares both approaches. Dual-port memory system 
design requires a key awareness of the microprocessor's memory 

access time requirements. Figure 3 is a read cycle timing diagram 
of a 20MHz 68020. Two timings are critical: A 45ns address to data 
size acknowledge (DSACK) to guarantee no wait states and a 95ns 
address to data. it is also important to examine a typical design. 
Figure 4 shows the interface between a single processor and one 
side of the dual-port. For simplification, the other port interface was 
omitted from the drawing. This example shows the address bus 
which is decoded by a comparator (IDT74FCT521A) and an ad­
dress decoder (IDT74FCT138A). The address interface chooses 
which dual-port RAM to enable. After the chip select is enabled, 
chip select address arbitration (only on the IDT7130/7132) and 
data access can begin. 
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SO S2 S4 

CLOCK 

I I 
ADDRESS ==x 

~I I AS 

1·25"~ 
~I ~ 

I I 5ns ~ r 
DATA 

I. .1. 
e=>-

50ns ~ 50ns 

Figure 4. Read Cycle Timing for 20Mhz 68020 

ADDRESS r5SACR +5V DATA 

74FCT138A 5.8ns 

ADDRESS TO CS = 13ns 

Figure 5. Memory Interface to One Port of a Dual-Port 
RAM System 

In a tightly-coupled system (I.e., the 68020 processor and dual­
port are on the same board), chip select can be generated from ad­
dress in 13ns.ln the best case, the data acknowledge is tied to the 
68020 through a NAND gate (to include other acknowledges). The 
NAND gate will introduce another 5ns delay. This leaves 26.9ns to 
generate the acknowledge (DSACK) and meet the 5ns setup time 
to guarantee that a wait state will not be inserted. In a less rigorous 
design where the dual-port and CPU are on separate boards, 10ns 
or more may be required for on/off board buffers and bus delay, 
etc. This leaves 16ns or less to generate acknowledge. 

Considering the timing constraints, the designer can choose 
from several options. In applications which require arbitration reso­
lution to the memory cell level, 26.9ns is not enough time to gener­
ate DSACK from CS using the IDT7130L55. One solution involves 
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adding logic to the BUSY/DSACK path so that a wait state is always 
inserted until the dual-port can respond with BUSY. This will slow 
down the system whenever the dual-port is accessed. If block arbi­
tration or higher memory cycle performance are required, the de­
signer should utilize the IDT71342/71322. This configuration 
would only be constrained to the 95ns address to data access time, 
minus any address and data buffer ti me. The I DT71342/71322 pro­
vides high enough performance for use with the 25MHz 68020. 
Some software overhead is required for semaphore access but, 
given the fact that the semaphore arbitration is for a block of loca­
tions, the arbitration latency can be amortized across multiple 
higher speed accesses. Consequently, the semaphore approach 
provides a higher performance solution if block arbitration is desir­
able or acceptable. 

A Software View of Semaphores 
The dictionary defines semaphore as "signaling by flags." A 

semaphore is implemented as a specialized type of memory loca­
tion which can be accessed by either processor in a dual-port de­
sign. Two different operations are performed on the semaphore: 
the request operation which attempts to gain access and the re­
lease operation which signals the termination of access. These op­
erations are used to guarantee mutual exclusion, meaning that 
only one processor is accessing a resource at any given time. This 
occurs from the time a request is granted until the time that the 
semaphore is released. 

REQUEST: 

RELEASE: 

Flow Chart .1. Sequence of Operations on Semaphore to 
Guarantee Mutual ExclusIon 

A semaphore is chosen which both processors associate with 
one resource. First the processor requests the semaphore by at­
tempting to write a "0" to the semaphore location. Then it reads the 
location. If it receives a non-zero value (I.e. a "1 "), it loops back and 
reads the semaphore location again. It will continue to read the lo­
cation until it receives a "0". The software may be written in such a 
way that useful work may be performed while waiting. When a "0· 
is read, the processor can access the resource for as long, and as 
many times, as desired. The processor must release the sema­
phore when it is finished with the resource. This is achieved by writ­
ing a "1" to the semaphore location. 
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Using Semaphores at the Software Level 
One example of where semaphores might be applied involves 

two processors working together to generate a video display for 
animated images. The "MASTER" processor generates a picture 
layout in the form of a display list. The "SLAVE" processor reads 

SEMO 

SEM1 

SEM2 

HIGH SPEED DUAL-PORT 
MEMORY WITH SEMAPHORES 

BUFF: C1 
CMD: C1 
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the display list, interprets it and generates an image in a display 
buffer. As the image is displayed, the video buffer is cleared. The 
displayed list is re·interpreted and displayed. If the display list is 
changed, the image appears as though it has moved, giving the 
illusion of animation. 

VIDEO DISPLAY 

Figure 5. Software Block Diagram of Video Display System for Animation 

A dual-port RAM is used to store the display I ist. The SLAVE in­
terprets one display list repeatedly to generate the display buffer 
image, while the MASTER generates and updates another display 
list. The SLAVE processor continuously updates the video display 
buffer since the buffer is wiped clean when its contents are 
dumped to the video screen. 

In this particular application, the dual-port RAM is broken up into 
three areas. The first area contains common information concern­
ing which display list is being accessed and which one is being 
updated. It is locked with the semaphore SEMO. Two buffers com­
prise the other areas and are locked by semaphores SEM 1 and 
SEM2. At any given time one buffer is used for the display list cur­
rently being interpreted and the other is used for the list being built. 
The common area stores the pointer which indicates which buffer 
is being updated. 

The key to the effectiveness of this approach I ies at the software 
level. The flow chart for the master processor begins with a buffer 
request via a semaphore. Once granted, it builds a display list. 
Then it releases the buffer through the semaphore mechanism. 
Next it calls a routine to inform the SLAVE processor to switch over 
to the new buffer. It then loops back to request access to the other 
buffer. 

The SLAVE processor functions by first fetching the current 
buffer/number. Then it requests the buffer via the semaphore 
mechanism (involving SEM 1 or SEM2). Once the SLAVE gains ac­
cess to the buffer, it builds the display from the list. After releasing 
the buffer, it goes back to fetching the current buffer/number. This 
is necessary because the MASTER processor may have switched 
buffers. Fetching the current buffer/number requires access to the 
common area which is achieved by obtaining the semaphore 
SEMO. After accessing the data, the SLAVE releases SEMO which 
allows the MASTER to come in and update the common area. 

Flow Chart 2. Sequence of Operations for Master Processor 
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Flow Chart 3. Sequence of Operations fOi Slave Processor 

The software code for the MASTER and SLAVE processors is 
listed on the following pages. It is in the form of a pseudo- "C" lan­
guage-type program. The request for a semaphore is made by the 
WHILE statements accessing a variable called SEM. The sema­
phore is released by writing a "1" to that variable. 

Semaphores and Caches 
In high-performance dual-port systems, semaphores can be 

used with caches to achieve valid data synchronization. The use of 
caches is an established method of speeding up access between a 
processor and main memory. Main memory may be slower due to 
the use of lower cost, higher density DRAMs or system bus latency. 
The cache operates by monitoring data transfer between the proc­
essor and memory. When write operations are performed, the 
cache remembers the data and location. When a read is performed 
it compares the address of the request with a list of locations it has 
data for. If the address matches, the cache supplies the data and 
aborts the main memory access. If no match occurs, the cache al­
lows the main memory access to proceed and notes the data and 
location. 

Flow Chart 7. Dual-Port RAM In a Cached Memory Environment 
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One might first assume that the dual-port RAM can always be 
used with cached memory accesses. However, extra considera­
tions must be made. When data is written to a memory location in 
dual-port RAM, the cache stores the acquired value and its associ­
ated location. The nexttime that location is read, the cache will reg­
ister a "match" and bypass reading from the location in dual-port 
RAM. This might result in an error if a processor on the other port 
has written new data to the location. 

One way to remedy the situation is to put the dual-port RAM into 
non-cached I/O address space and block data transfer between 
the dual-port RAM and cached address space where standard 
RAM exists. To make this approach work, semaphores must be 
employed to lock a buffer in the dual-port RAM while the data is in 
the cached RAM. In this way a "check out" procedure can be im­
plemented to ensure data integrity. The semaphore latches must 

be addressed through non-cached I/O space in order for the re­
quest and release mechanism to function correctly. 

CONCLUSION 
There are a number of ways to handle dual-port RAM arbitration. 

Choice of the most efficient technique concerns what granularity of 
address arbitration is required, whether a processor must be 
locked out of a block of memory for multiple accesses from the 
other processor and what constraints are imposed by the memory 
access cycle timing. Semaphores provide an alternative which can 
result in higher performance systems and provide functions which 
are not otherwise achievable. The following is a quick summary. 
No Busy Logic-Some applications guarantee by definition that 
the two processors will not access the same locations simultane­
ouslyor, if they do, it doesn't matter. The IDT7134 is also ideal for. 
use in large dual-port designs where one arbiter is used for an array 
of dual-port devices. 
Interrupt Logic -Interrupt logic provides a Signaling method from 
one processor to the other to provide a mechanism for 
handshaking. 

Hardware Busy Logic - Hardware busy logic provides the lowest 
latency overhead when accessing multiple individual unrelated 
memory locations. The MASTER/SLAVE concept was introduced 
over two years ago by lOT to provide a single arbiter-thus avoid­
ing deadlocks encountered with multiple arbiters-when using 
more than one dual-port in wide bus applications. 
Semaphore Logic - Semaphore logic provides the best overhead 
tradeoff when accessing a block of data comprised of multiple re­
lated locations. This facility may also be required in high­
performance applications where one of the processors does not 
have a ready/busy input or the overhead of wait states cannot be 
tolerated. 

Semaphores provide a mechanism for one processor to bar the 
other processor from seeing an incomplete update of a block of 
data. This is achieved through a software mechanism supported 
by on-chip circuitry which provides a test and set facility that arbi­
trates between simultaneous requests. 
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CODE FOR MASTER PROCESSOR 

MAIN 
/* code to initialize */ 

FOREVER { 
SEM (CUR BUF):= 0 
UNTIL (SEM (CUR BUF) = 0) ; 
BUILD DISPLAY (CUR BUFF) ; 
SEM (CUR_BUFF):= 1-
SWITCH BUFF (CUR BUFF) ; 
IF (CUR -= BUFF: 1) 

CUR_BUFF:= 2; 
else CUR_BUFF:= 1; 
} 

SWITCH_BUFF (NBUFF) 
SEMO:= 0 
UNTIL (SEMO = 0) ; 
BUFF:= NBUFF; 
CMD: = NEW;" 

/*request*/ 

/*request */ 
/*Build new display list*/ 
/*release */ 

/*end MAIN*/ 

SEM:= 1; /*release*/ 
RETURN ( 
} 

CODE FOR SLAVE PROCESSOR 

MAIN ( ) 
FOREVER 

CUR BUFF:= FETCH BUFF ( ); 
PROCESS (CUR_BUFF); 

} 

FETCH_BUFF ( ) 
SEM 0:= 0; 
UNTIL (SEMO = 0) ; 
A BUFF:= BUFF; 
CMD:= OLD; 
RETURN (ABUFF); 
SEMO:= 1; 
} 

PROCESS (BUFF) { 
SEM (BUFF):= 0; 
UNTIL (SEM (BUFF) = 0) ; 

REFRESH (BUFF): 
SEM (BUFF):= 1; 
} 

/*request*/ 

/*release*/ 

/*request*/ 
/*code to refresh display*/ 

/*release*/ 
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INTRODUCTION 
Most digital signal processing (DSP) algorithms have in­

herent parallelism and may be pipe lined. Usually, these 
algorithms are computation intensive. In real-time applica­
tions, multiprocessor or parallel distributed processor sys­
tems are commonly used to implement these DSP algo­
rithms. In these types of systems it is necessary for differ­
ent processors to randomly and independently access dif­
ferent locations at the same time in the same memory space. 
The IDT7050 (1 Kx8) and IDT7052 (2Kx8) FourPort SRAMs 
are powerful devices to efficiently and compactly implement 
the memory space in these applications. Moreover, the 
IDT7050 and IDT7052 can increase the speed of these 
types of systems since the FourPort SRAMs are fast as 
conventional 1-port SRAMs and eliminate the complex glue 
logic which introduces extra delay in these systems. In this 
application note, we will demonstrate some examples of 
using the IDT7052 to implement a high performance FFT 
processor and a matrix multiplication engine. 

USING THE IDT7052 IN AN FFT PROCESSOR 
The IDT7052 FourPort SRAM can dramatically simplify 

the design of a high-speed pipe lined FFT processor. The 
basic operation of any FFT algorithm is the butterfly compu­
tation: 

G = C +ejO 
• 0 

H = C - e jO • 0 
(1-1 ) 

where C, D, G, and H are complex numbers. Figure 1 
shows the signal flow graph of the butterfly with one com­
plex multiplication and two complex additions. Given N = 
2L input data samples x(O), x(1) ..... , x(N-1), the FFT algo­
rithm performs the Discrete Fourier Transform on the input 
data to obtain the output data X(O), X(1) ..... , X(N-1) in L 
stages of computation. Each stage consists of N/2 butterfly 
operations. There are two basic versions of the FFT algo­
rithm: decimation-in-time (DIT) and decimation-in-frequency 
(DIF). Each version of the algorithm can be implemented 
using two schemes: not-in-place computation and in-place 
computation. A detailed discussion of the FFT algorithm 
and its implementations is given in (1). 

«:>1990 Integrated Device Technology. Inc. 
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Figure 1. The signal flow graph of the butterfly 

Figure 2 shows the Signal flow graph of the not-in-place 
computation of the DIT FFT algorithm for N = 8(L=3). A 
close look at Figure 2 will reveal the major strength of the 
not-in-place scheme. The signal paths from the initial in­
puts to the first intermediary step are repeated between the 
first and second intermediary steps, and again between the 
second and third. This means that three stages have iden­
tical data access sequence. Therefore, the address gen­
erator can be very easily implemented using the IDT7381/ 
83, as compared with the in-place scheme where more 
complex logic is required to generate the addresses. On 
the other hand, from Figure 2 it is obvious that in each 
stage of computation the output data is not in the same 
order as the input data. For example, in the first stage the 
first and second inputs x(O) and x(1) will go to the first and 
fifth locations after the butterfly operation. Therefore, two 
separate buffers are needed to temporarily store the input 
and output data in each stage computation. 

A conventional implementation of the input and output 
buffers uses two sets of dual-port SRAMs as illustrated 
in Figure 3. Suppose the input data is already loaded into 
Buffer 1. Then, in the first stage of computation the butter­
fly unit takes data from Buffer 1 and then loads the results 
into Buffer 2. In the second stage of computation the but­
terfly unit takes data from Buffer 2 and then loads the re­
sults into Buffer 1, and so on. To switch between these two 
buffers, glue logic such as multiplexers and tri-state buffers 
are necessary as shown in Figure 3. These devices not 
only occupy board space but also introduce extra delay in 
the data path thus, decreasing the system performance. It 
must be noted that C, 0, G, H, and ejO in Figure 3 are all 
complex numbers. Therefore, physically two groups of 
memories and buses are needed to store and transmit the 
real part and the imaginary part separately. 
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The IDT7052 FourPort SRAM provides a much simpler and 
more efficient way to implement the input and output buffers 
as shown in Figure 4. In this implementation, the input buffer 
and output buffer are merged into a single memory space. 
Since each of the four ports can access the whole memory 
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space, two of them can be dedicated to sending the data C and 
D to the butterfly unit and the other two can be dedicated to 
receiving the results G and H from the butterfly unit. In this 
way, all glue logic can be eliminated and the system perform­
ance is greatly improved. 

x(O) O-------:::;:;(:J-------:;O----~;Q X(O) 

X(4) 

x(2) X(2) 

X(6) 

X(1) 

X(5) 

x(6) X(3) 

G-----...=::t.i)f------=:::o-----=(] X(7) 
Stage 1 Stage 2 Stage 3 

Figure 2. Signal Flow Graph of Not-In-Placo Declmatlon-In-Tlme FFT for N=8 

Figure 2. 110 Buffers Implemented by Two Sets of Dual-Port SRAM 
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The IDT7052 FourPort SRAM 

Data Data Data 

c 
G 

e jn_ Butterfly Unit 

IDT7381 
IDT7216 

Figure 4. 1/0 Buffer Implemented By The 10T7052 FourPort SRAM 

USING THE IDT7052 IN A MATRIX 
MULTIPLICATION ENGINE FOR 
GRAPHICS AND DSP 

Matrix multiplication is one of the most often used opera­
tions in DSP algorithms. In addition, matrix multiplication is 
the basic operation at the heart of computer graphics. For 
example, changing the position, orientation, and size of 
objects in a drawing requires a geometrical transformation 
M which is generally represented by a series of matrix multi­
plications. 

M = M1 • M2' M3· •..... ·Mn (2-1) 
where M1 is a scaling, translation, or rotation matrix. 

In high performance systems, a matrix multiplication en­
gine (MME) is necessary to facilitate the operation. A typi­
cal pipelined MME has the architecture shown in Figure 5 
[2]. Since the MME operates in a pipelined manner, three 
sets of 1-port memory (IDT6116 2Kx8 SRAMs) are needed 
to store the multiplicand matrix A, multiplier matrix B, and 
the product matrix C = A·B. The matrices A and Bare 
preloaded into the two 1-port SRAMs from the main mem­
ory or a peripheral. The MME then performs the matrix 
multiplication and loads the product matrix C into the third 
1-port SRAM. Finally, the multiplication result is sent back 
to the main memory or the peripheral. This implementation 
has two drawbacks: 
1. Three separate sets of SRAMs are needed. This results 

in a high chip count and a complicated interface to the 
system bus. 

2. The arithmetic unit (IDT7210) of the MME is sitting idle 
when the data is transferred between the memory buff­
ers and the system main memory. This dramatically de­
creases the system performance especially when the 
MME executes a series of matrix multiplications as given 
in (2-1). 

Now, with the advent of the IDT7052, system designers 
can considerably improve the performance of the MME by 
using the FourPort single-chip SRAM instead of the 1-port 
SRAM. As shown in Figure 6, the new implementation 
reduces the chip count and simplifies the interface between 
the MME and the other part of the system. Moreover, when 
executing a series of matrix multiplications as given in' 
(2-1). the MME is able to perform the arithmetic operation 
and the data transfer in parallel, as illustrated in Figure 7. 
First, the matrices M1 and M2 are loaded into the FourPort 
SRAM. Then, while the arithmetic unit performs the 
operation M1 oM--)M, a new matrix M3 can be loaded into an 
unused area of the FourPort SRAM through the 4-th I/O 
port. Then, the MME will perform the multiplication MoM3 
and the result will be stored in the location originally occu­
pied by M1. At the same time a new matrix M4 can be 
loaded into the FourPort SRAM to replace M2 and so on. 
The operation sequence of the two implementations is shown 
in Figure 8, where tL is the time to load a matrix into the 
IDT7052, tE is the time for the arithmetic unit to perform a 
matrix multiplication, and tM is the maximum of tL and tEo It 
can be readily seen from Figure 8, where the total time to 
execute the operation given in (2-1) is tL+(n-1)·(tL+tE) when 
conventional 1-port SRAMs are used. On the other hand, 
the total time is 2tL+(n-1)otM when the IDT7052 FourPort 
SRAM is used. If we make tL and tE almost equal to each 
other then we can almost double the system performance. 
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Initial Address and Controls 
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Figure 5. Implementation of Matrix Multiplication Engine Using 1-Port SRAMs 
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ClK 

lOT 
7383/81 

I/O-P1 

Initial Address and Controls 

I/O-P2 I/O-P3 I/O-P4 
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System 
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Figure 6. New Implementation of Matrix Multiplication Engine Using The 1017052 FourPort SRAM 
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Figure 7. Using FourPort SRAMs, the MME Can Perform Arithmetic Operation and Data Transfer In Parallel 
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Using 
1-port 
SRAM 
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• • • • • • 

Total = tL+(n-1 )(tL+tE) 

(a) Using 1-port SRAMs, the arithmetic operation and the data transfer are executed alternately. 

Using 
IDT7052 
FourPort 
SRAM 

Total = 2tL+(n-1)tM 

(b) Using FourPort SRAMs, the arithmetic operation and the data transfer are executed in parallel. 

Figure 8. MME Operation Sequence of the Two Implementations 

CONCLUSIONS 
In this application note we have demonstrated some fun­

damental architectures using the IDT7052 to implement DSP 
and matrix algorithms. Since DSP algorithms cover a wide 
range of applications, there are many more architectures in 
which the IDT7052 FourPort SRAM can be used. The 2Kx8 
FourPort SRAM and other members in the FourPort SRAM 
family give system designers greater opportunity and flexi­
bility to improve system performance. The hardware de­
signs that result tend to be far less specialized and lend 
themselves to new tasks with fewer hardware changes. 
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THE lOT FourPort RAM 
Serving as both a complex four bus interconnect network and 

fast "parallel" memory, the lOT FourPort RAM can greatly facilitate 
the creation of multiprocessor and multi-ALU systems to acceler­
ate OSP, graphics, control and other tasks that involve large vector 
processing tasks. 

Memory architectures based on single-port RAM allow only one 
device to access a memory array at one time. Hardware designed 
to accelerate computing processes by utilizing parallelism, or 
pipe lining with single-port memory tend to require architectures 
that are either complex, specialized, or both. The advent of a fast 
FourPort single chip RAM greatly simplifies the task of creating 
generalized small multiprocessor or multi-ALU systems to accel­
erate a variety of vector algorithms. 

Potential applications include dedicated real-time multiproces­
sor systems for control, graphics, and OSP systems, as well as 
general purpose vector co-processors to assist general purpose 
computers. Vector processing means any computing operation 
with a large number of operations that may be executed in parallel 
by multiple processors. In these applications the FourPort RAM 
serves both as a fast static RAM and as the interconnect network 
between processors working on a common data set. 

Imagine a slatic RAM that allows four processors to randomly 
and asynchronously read or write four locations at a time in the 
same RAM array. For processes that can be executed,inparallel, 
four processors can be programmed to operate simultaneously on 
different parts of a data set stored in the FourPort RA.M. If data is 
being generated at different rates than it is being used, software 
controlled buffers can be created at will, temporarily storing data 
passing from one processor to the next. The buffering minimizes 

Figure 1. The 10T7052 FourPort RAM allows four simultaneous 
memory accesses to Independent addresses a 2K or 1K x 8-b1t 
memory array. It serves both as a Interconnect network and as 
fast static RAM 

FowPort I. a tradem.rII of Integrated DevIce Technology, Inc. 
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the time lost in handshaking between processors. Four way fully 
random accessibility avoids hardware imposed algorithmic con­
straints. 

The lOT FourPort RAM has precisely these characteristics. 
There are only two constraints on the access patterns allowed in 
the FourPort. Two devices cannot write to the same address loca­
tion in the RAM at the same time, since simultaneous multiple 
writes to anyone multiport memory location may corrupt the dat~ in 
that RAM location. Also, a device cannot read an address location 
that is being written, to avoid having the read occur when the out­
put data is changing. There are no other restrictions on access pat-
tmm. 

As it turns out address collisions are usually prohibited by the 
logical sequencing requirements of software, and the time lost in 
avoiding address collisions is often minimal. Most of the time all 
processors have essentially free read and write access to the 
memory. 

FourPort RAM BASED MULTIPROCESSOR 
ARRAYS FOR VECTOR OPERATIONS 

The FourPort RAM is both a storage and communications me­
dia. As a communications media it has little, and in some cases 
zero handshaking or arbitration overhead. A processing device 
may be able to store results in a multiport memory and spend little 
or no time signaling the next device to receive the results. As a 
communications media it also has very high bandwidth. These 
characteristics make the I0T7050 and the I0T7052 a ideal mem­
ory for connecting multi-eldment and multiprocessor computer ar­
chitectures (see Figure 2). 

A multiprocessor system can be created using almost any exist­
ing microprocessor system. Since the hardware interface of the 
FourPort RAM to the processors is that of a simple static RAM, it 
can be connected transparently to almost any existing system. 
Control signals as well as data can be handled via the RAM. Thus, 
micro'processor boards that were designed for entirely different ap­
plications can be used in a multiprocessor array. 
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Figure 2. FourPort RAM Interconnection advantages over Dual­
Port RAM. The processors In both figures are Inter connected with 
a latency of one memory access. This efficiency requires 6 sepa­
rate Dual-Port RAMs but only 1 FourPort RAM 

AN OVERVIEW OF THE OPERATION OF A 
MUL TIPORT RAM BASED MULTI­
PROCESSOR WITH A MUL TIPORT RAM 
BASED CONTROL SYSTEM 

Processors sharing multiport memory must avoid writing into 
memory locations that are simultaneously being read or written 
from another port. This is usually accomplished by address range 
segregation. That is, at anyone moment processor "A" is pre­
vented from writing to multiport memory locations that processor 
"8" is accessing from another port. Hardware interrupts, hardware 
semaphores and stalling processors with hardware busy logic are 
hardware based methods of controlling the accesses of proces­
sors to multiport RAM. It is also possible to control the processors 
in a multiprocessor array via the common RAM interface. This re­
sults in an essentially software-only control system. The control al­
gorithms for a multiport RAM based multiprocessor array are differ­
ent than those for a multiprocessor array based on single port 
RAM. This section describes an example of a control protocol for a 
multiport RAM based multiprocessor array. 

Access coordination in multiport RAM based multiprocessors, 
overlaps with the more familiar task of process coordination in a 
multiprocessor and uses the same control schemes. In a single 
master system, the master determines the address ranges being 
used by all processors. This avoids the problems of arbitrating for 
resources. In small embedded systems, running algorithms of lim­
ited complexity, the software can be tuned so that software-only 
control approaches have little or no detrimental effect on overall 
performance. Such systems are more easily debugged if a simple 
single master control arrangement is used. In this section of this 
application note we will discuss a single master example. 
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In a master/slave array, the master controls all the actions of the 
slaves. The slaves must either have local program store in RAM or 
ROM or be operating out of the FourPort RAM. Each processor 
must have a unique 10 code to be able to identify the unique com­
mand location where it is to receive its commands from the master. 
This can be achieVed, for example, by supplying a unique firmware 
10 code via individual PROMs, PALs or readable DIP switches for 
each processor. A number of other approaches are possible. 

Each slave command has a corresponding op-:-code. The slaves 
poll their command locations looking for new command opcodes. 
For example finding a "0" in a command location may imply no op­
eration is requested from the slave etc. The commands can be 
anything that the slave processors have been programmed to do. 
Appropriate commands might be, multiply data values at locations 
OOOH to 7FFH with the corresponding coefficients at locations 
800H to FFFH, or multiply data values at locations OOOH to 7FFH 
with the value at location 800H, etc. Thus, with a few memory ac­
cesses, tho master processor can trigger and control lengthy slave 
processor operations. 

MASTE~SLAVECONTROLPROTOCOLFOR 

A MUL TIPORT RAM BASED PROCESSOR 
ARRAY 

A command protocol is the set of rules for passing commands 
from the master to the slaves. In a software-only control system, 
all processors must be aware that writes to certain command loca­
tions are forbidden, or forbidden without "permission" from tho cur­
rent owner (see Figure 4). In general, a~ is givon a variablo 
address range to operate in. The command protocol on tho othor 
hand, uses fixed address locations. 

The master of an array of processors can tell slave processor #1 
to execute a command "n", by writing the command opcode corre­
sponding to command "n"to the slave processor's command loca­
tion. Parameters for the process, such as constants, or the as­
signed address range, are placed in reserved locations prior to 
starting the process that will use them. 

There are four problems that a multipart RAM based command 
protocol must solve: 

1. Write-write conflicts must be avoided in the control locations. 
2. Read-write synchronization problems must be avoided in the 

control locations. 
3. The master must not issue a new command out of sequence, 

i.e. the slave has to acknowledge readiness to execute a new 
command. 

4. A slave must execute each command only one time. 

Figure 3 shows flow charts for a protocol that allows a master to 
control slaves and slaves to receive commands without risk of vio­
lating these four rules. 

All slaves have unique command locations in RAM. If the reads 
and writes to the command locations are asynchronous, command 
locations must always be read at least twice. The two read results 
are then compared and discarded if they do not match. In this way, 
command data that may have been changing during the read op­
eration, and therefore may have been read incorrectly, is dis­
carded. 

Before issuing any command, the master first reads a slave's 
"command" location. If the value read indicates that the slave is 
ready, the master places the slave's command op-code .inJb.ill 
same command location The slave must signal readiness for new 
commands by placing a "no-<>p/ready" value in the command loca-
tion. The '''no-<>p/ready" flag value is interpreted as a "ready-for 11 
new-<:ommand" flag by the master, and a "no-<>peration" com-
mand by the slave. 

I 

2 



THE lOT FourPort RAM 
FACILITATES MULTIPROCESSOR DESIGNS APPLICATION NOTE AN-43 

MASTER 

NO 

WRITE SLAVE 
COMMAND LOCATION 
WITH NEXT PROCESS 

COMMAND 

RETURN TO 
PROCESSING OTHER 

TASKS 

DECODE AND EXECUTE 
INDICATED PROCESS 

WRITE 'NO-OPIREADY' 
FLAG TO SLAVE· 

COMMAND LOCATION 

Figure 3. Flow charts for a master-slave software-only command protocol for a mulhport RAM based multi· 
processor. In unsynchronlzed systems (see shaded boxes) all commands must be read at least twice with the 
same result before the command keyword can be assumed to be valid. 
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LOCAL SLAVE 
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REQUIRED 

SLAVE#2 PARAMETER LOCATIONS 

SLAVE #3 PARAMETER LOCATIONS 
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SLAVE#1 STATUS LOCATIONS 

SLAVE#2 STATUS LOCATIONS ONLY WRITTEN 
BY LOCAL SLAVE 

SLAVE #3 STATUS LOCATIONS 
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J 

ACCESS 
RIGHTS 
ALLOCATED 
BY MASTER 

Figure 4. Write Access Allocations 

Having to wait for a "ready" signal from the slave prevents the 
master from issuing new commands out of sequence. Conversely, 
by signaling "ready" in this way, the slave is also clearing the old 
commands from the command location. This prevents the slave 
from later accidently re-reading and re-executing an old com­
mand. The command locations are written alternately by the mas­
ter and the designated slave, but the protocol prevents simultane­
ous writes that might destroy the data in the RAM location. By us­
ing the same location for both the master's command and the 
slave's ready indication, synchronization problems caused by dif­
ferences in the memory cycle rates of different processors can also 
be avoided. 

All slaves should also have unique slave status locations in RAM 
where the master looks for slave status information. The status lo­
cations are writable by the slave only. Copious use of reserved 
slave status locations is essential forthe benefit of the programmer 
trying to debug untested software. 

The slave may also signal "done" by writing a "done" flag to a 
slave status location. The meaning of "done" is that the results of 
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the last operation are ready for use. Keep in mind that "done" is a 
different signal than "ready". "Ready" implies that the master can 
post the next command and return to executing other tasks. De­
pending on the overall algorithm the master is controlling, the mas­
ter may write a new command as soon as "ready" is signaled, or it 
may need to wait until "done'" is signaled also. n cannot merely 
check for a "done" signal before issuing a new command To do so 
would make it possible to issue new commands out of sequence, 
based on stale "done" signals. 

INITIALIZATION 
Since multipart RAM is the control interface, the RAM command 

locations must be initialized prior to starting the execution of the 
slaves. One way this can be handled is by delaying the reset 
pulses to the slaves while the master initializes RAM. Alterna­
tively, after reset, the master can issue a known sequence of com­
mands that frees the slaves from a special start up routine. 
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Real 
x(a) 

+ Real 
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Figure 5. Flow Diagram for Calculating One FFT Butterfly. 
Each 'X' pattern shown In Figure 6 represents one such "But­
terfly". Each end point In Figure 6 represents a complex pair of 
numbers Input or output to or from a "Butterfly". The sine and 
cosine factors are sometimes called "Twiddle Factors". The 
angles used for calculating the Twiddle Factors for each But­
terfly are shown In Figure 6 

Xo (I) 
. x(O) 

x(4) 

x(2) 

x(6) 

x(1) 

x(5) 

x(3) 

x(7) 

Stage 1 

en = -21tn 

N 

X, (I) X2(1) X3(1) 

X(O) 

X(1) 

X(2) 

X(3) 

X(4) 

Stage 2 Stage 3 

N= number of points 

Figure 6. Overview of the "Butterfly" calculations for an 8 
Point FFT. To complete this 8 Point FFT requires 3 stages 
of Butterflies (23= 8). A 1K FFT has 10 stages or levels 
(2' °= 1K). The Indexes of x(n), the Input sequence, are 
shown out of sequence for graphical clarity. Each stage In 
this figure has 4 Butterflies 
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OUTLINE OF A DIGITAL SIGNAL 
PROCESSING EXAMPLE 

Basic DSP algorithms such as the FFT can utilize high degrees 
of parallelism and provide good examples of vector algorithms. 
The access patterns of the processor doing such an algorithm are 
complex and the data sets are usually small enough to fit comfort­
ably in a multiport RAM array. Analyzing how the FFT will be proc­
essed provides a good example of the advantages of a multiport 
RAM based multiprocessing environment. 

The objective of our example task is to translate a time series of 
data values into their frequency domain representation: i.e. exe­
cute a fast Fourier transform, as quickly as possible. This is a com­
mon process step in a number of systems for interpreting data from 
things as diverse as military radar to medical CAT scans. It is also a 
relatively well known algorithm among many contemporary electri­
cal engineers, and so makes a good example for our system. 

Our objective algorithm could be run on a single processor. The 
object of the FourPort RAM based multiprocessor arrangement is 
to multiply the speed of our computational process without resort­
ing to a specialized and more expensive architecture. 

The generality ofthis architecture implies that it can be applied to 
a variety of computationally involved tasks. The generality of this 
architecture also means that there are often a number of ways a 
programmer can attack a specific problem. The intent of this exam­
ple is merely to illustrate one approach, not to fully optimize an al­
gorithm. 

LOAD BALANCING 
The FFT calculations can be flow graphed. When they are, they 

appear as a repetitive array of calculations (Figure 6) of a particular 
set of four equations. This set of four equations is called a 'butterfly' 
for the appearance of its flow graph (Figure 5 ). The inputs and out­
puts are series of complex numbers. 

A common bench mark of processor performance is a 1 K FFT. A 
quick glance at the equations to be calculated shows why multiple 
processors are desirable for such a task. H we assume that 1024 
real and 1024 imaginary data values have been loaded in the four 
port memory, there are now.2048 multiplications to be done as a 
first step. All these multiplications could be done simultaneously. 
Next there are 1024 additions followed by another 2048 additions 
to complete the first stage of FFT butterflies. Again, all of opera­
tions at anyone of these three steps could be done simultane­
ously. For a 1 K FFT there are 10 stages of butterflies. 

Processing on one stage of the FFT must be completed before 
processing on the next stage can begin. Each processor is given 
an address range of FFT butterfly input data to process for each 
stage of FFT butterflies. A sine table is required for calculation of 
the FFT "twiddle" factors. This can be stored in the four port mem­
ory and, therefore, will always be available to all processors. Cal­
culation of the "twiddle" factors is a matter of calculating the ad­
dresses used in the sine look up table. (See Figure 6 for the angle 
calculations). 

For efficiency, the computational load between processors must 
be balanced. Since there are hundreds or thousands of operations 
that may be done in parallel at each stage of the FFT, task parti­
tioning is a matter of assigning each processor an appropriate 
number of "butterflies" to work on to achieve an equity of loading. 

Since the minimal FFT tasks are easily divided between the 
processors, and the FourPort RAM all but prevents inter-proces­
sor data transfer conflicts, the four processors in this example can 
be kept busy most of time. . 

Since there are so many tasks that can be done in parallel, other 
types of tasks can be included without seriously upsetting the bal­
ance. For example, if one processor is being used to handle 110 
and input conditioning tasks, then it can be assigned to do fewer 
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butterfly calculations than the other processors. H the work load of 
all the processors can be balanced, the net speed advantage of 
this four processor array, can then in fact be close to 4 times that of 
a single processor. 

A TMS320C2x HARDWARE INTERFACE 
EXAMPLE 

TI's TMS320 single chip DSP processors are particularly well 
suited for embedded numerical processing. An example interface 
is shown in Figure 7. The internal RAM and ROM of the TMS320 
can .be used for temporary data storage and program memory, 
making the FourPort RAM the only external RAM required in a 
processor array. The FourPort RAM also cascades in depth and 
width as easily as a standard single port RAM. The interface 
shown in Figure 7 would typically require 30ns RAMs for a 20Mhz 
TMS320C2x type processor. 

The TMS320C20 and TMS320C25 also include a "sync" pin that 
facilitates synchronizing the internal clock phases of multiple proc­
essors at reset. In synchronous TMS320C2x arrays, this guaran­
tees that memory accesses are in phase with each other and there 
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are no partial clock phase memory access collisions. This form of 
processor synchronization is accommodated entirely in hardware. 

SUMMARY 
The FourPort RAM combines features of fast static memory and 

a complex multiple bus interconnect network. The FourPort RAM 
all but eliminates stalls when transferring data between processors 
or to memory. This prevents bus conflicts from being a bottleneck 
in multiprocessor systems. . 

The flexibility of the FourPort RAM allows multiprocessor de­
signs to remain generalized while achieving high speeds on critical 
vector processes. The fact that the RAM itseH is also the intercon­
nect network between processors eliminates the complexity of a 
conventional multiprocessor bus system. The straightforward 
static RAM interface of the FourPort RAM, allows almost any proc­
essor to be used in an array for embedded systems. These factors 
conspire to make practical a variety of new vector processing ar­
chitectures centered around the world's first "large" truly four 
ported single-chip RAM. 

Figure 7. A 16-b1t TMS320C2X to IDT7052 Interface Example 
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INTRODUCTION 
Integrated Device Technology is continuing to pi~neer high.er 

speed and higher density static RAMs. As lOT has Improved its 
CEMOSn.t technology, new RAM architectures and additional fea­
tures have become feasible. The end result is that design engi­
neers now have powerful new integrated circuits available for de­
manding applications. One such circuit is the I0T7052 FourPort 
RAM. This device is a Four-port 2K by 8-bit Static RAM built using 
a 12-transistor four ported static RAM cell. Each of the four ports is 
independent in terms of the byte that it can read or write. 

This new IDT7052 FourPort RAM provides the system architect 
with better ways to look at computer system design. For example, 
the IDT7052 can be used in a multiprocessor environment to pro-

CPU 
3 

PORT 
1 

I0T7052 
2Kx 8 

FourPortTIA 

RAM 

PORT 
3 

PORT 
4 

Figure 1. Four-Port RAM Providing 
Common Memory to Four CPU. 

CPU 
2 

CPU 
4 

UNDERSTANDING THE FourPort RAM 
In order to effectively design with the I0T7052 FourPort RAM, it 

is important for the design engineer to understand its construction 
and architectural features. This is most easily accomplished by 
starting with asimple single port RAM cell and evolving its architec­
ture into the FourPort structure. Figure 2 shows a typical single 
port static RAM built using a four-transistor cell. This architecture 
is commonly used by most static RAM manufacturers to build static 
RAMs because it offers high density, good speed and low power. 

In its simplest description, the device consists of two N-channel 
transistors (01) and two resistors (R1) that are connected so as to 
form two simple cross-coupled inverters. This gives a regenera­
tive action such that one N-channel transistor is ON and the other 
N-channel transistor is OFF. Thereby, a single bit of memory is 
formed. In orderto interface to this cross-coupled pairof inverters, 
two additional N-channel transistors (02) are connected between 
the inverter outputs and the bit-lines. The gates of these two N-

FourPort I •• trademark of Integrlled Device Technology, Inc. 

© 1988lntegra1ed Device Tecmology, Inc. 
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vide a common memory among several processors. An example 
of such an architecture is shown in Figure 1. Here we see each of 
the four RAM ports connected to a high performance microproces­
sor. These processors could also be intelligent controllers, OSP 
engines, or a combination of the two. The FourPort RAM can be 
used in such computer architectures as hypercubes and parallel 
processing machines for storage and movement of data. It offers 
unheard of opportunities in digital signal processing (OSP) wh~re 
new architectures for Fast-Fourier-Transforms (FFTs), recursive 
and non-recursive digital filters, windowing functions, and special 
purpose algorithms can take advantage of multiple ports into a 
shared memory. The I0T7052 FourPort RAM can increase sys­
tem performance and reduce parts count by providing si~ultane­
ous access to the data by more than one processor at a time. 

Row Select 

Bit 
Line 

1 

Vee 

Bit 
Line 

2 

Figure 2. Typical Four-Transistor SRAM Cell 

channel transistors are connected to a line called the row select. 
These 02 transistors connected between the cell and the bit lines 
are usually called transmission gates. The result is that when a 
particular row of cells in the RAM is addressed, these two transis­
tors are turned on and one bit-line will reflect a HIGH and the other 
bit-line will reflect a LOW as determined by the current state of the 
static RAM cell. 

An expanded example of this RAM architecture is shown in Fig­
ure 3. Here we see a 16-bit RAM, organized four-rows by four­
columns internally, in a more complete form. The bit-lines of the 
cells are connected to the inputs of a sense amplifier by means of 
N-channel switches. These switches are controlled by the column 
address decoder. The sense amplifier will detect whether the state 
of the bit is a logic one or a logic zero depending on the relativ~ r;x>­
larity of the two bit-lines going into the differential sense amplifier. 
We usually call the transistors connected between the sense am­
plifier and bit-lines a data multiplexer or data selector. 

Prlnled In the U.S.A. 
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Vee Vee 

Figure 3. An Example Four-Transistor Cell for a 16-b1t SRAM 

When we wish to write the simple RAM as shown in Figure 3, a 
row address line is selected by the row address decoder and the 
N-channel pass transistors (02 of Figure 2) connected to the bit 
lines are turned on by pulling their gates high. Now however, the 
write amplifier driven by the Data-In line (Figure 3) is turned OA by 
the write enable signal via the control logic. The write amplifier will 
drive one bit-line HIGH and the other bit-line LOW as determined 
by the logic state of the data input. The output of the write amplifier. 
is more powerful than the inverter transistors (01 in Figure 2) in tho 
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RAM cell and it easily overpowers these inverter transistors ~ it is 
necessary to flip the static RAM bit. In its simplest form, this is all 
there is to the circuitry of a static RAM. Functions such as chip en­
able are used to simply enable or disable the entire operation of the 
RAM. Output enable on a static RAM is used to turn "on" the out­
puts during a read cycle and turn "off" the outputs during write cy­
cles. It can be used to solve timing problems in high speed appli­
cations. 

2 
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Figure 5. An Example 16-b1t Dual-Port RAM 
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A variation on the standard four-transistor static RAM cell is the 
six-transistor static RAM cell as shown in Figure 4. In this Figure 
we see that the two pull-up resistors (R1 of Figure 2) have been 
replaced by two P-channel transistors. The operation of such a 
six-transistor cell is identical to the four-transistor cell previously 
described. The difference between the two approaches is that the 
physical size of the cell with the P-channel transistors is larger 
than the cell with the resistors. The standby power can be lower for 
the six-transistor cell because there is no power being dissipated. 
In a four-transistor cell, one of the the pull-up resistors is always 
dissipating power since one transistor of the cell is always ON. The 
six-transistor cell can have higher radiation hardened characteris­
tics than the four-transistor cell because the voltage swings in the 
cell are larger. This is because the internal node in the cell that is 
high is pulled to the +5V rail by the P-channel transistor. In addi­
tion, the six-transistor cell provides higher internal noise margins 
in the circuit for this same reason. Most manufacturers of static 
RAMs use the four-transistor cell because it allows static RAMs of 
higher density to be fabricated with smaller die sizes. 

Next, let's look at a typical dual-port RAM such as the IDT7134, a 
4K by 8-bit device. An example schematic diagram showing a six­
teen-bit two-port RAM is shown in Figure 5. Here we see our stan­
dard cross-coupled inverter pairs using two N-channel transistors 
with resistor pull-ups (Q1 and R1 of Figure 2) to form the sixteen 
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memory bits. Notice however, now there are two pairs of N-chan­
nel transmission gates connected to each RAM cell's true and 
compliment outputs and two pairs of bit-lines associated with each 
cell. Each pair of bit-lines is a readlwrite port into the dual-port 
RAM. Each pair of transmission gates has its own row address 
control so that Port A can select any memory cell in the RAM and 
Port B can select any memory cell in the RAM. This is the tech­
nique used in IDT dual-port RAMs to provide total independent ac­
cess to individual bytes. Each pair of bit-lines. is connected to a 
sense amplifier and a write buffer via a data multiplexer so that 
each port on the 2-port RAM can read or write data at its selected 
address. 

Now for the FourPort RAM operation. Figure 6 shows a minimal 
schematic diagram for the IDT7052 12-transistor FourPort RAM 
cell. The two inverters making up the basic memory cell are fabri­
cated using two N-channel pulldown transistors and two P-chan­
nel pullup transistors. They are connected in the normal cross­
coupled inverter fashion to make a single memory cell. Four indi­
vidual memory ports are achieved by using four pairs of N-channel 
pass transistors to connect to four pairs of bit-lines. Four individ­
ual row addresses are used to select each pair of transmission 
gates connected between the RAM cell outputs and the bit-line 
pairs. Four sense-amplifier/write-buffers are used to provide indi­
vidual read/write paths from each port to all the cells in the RAM. 
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P1-RowSeI1---4++~~-+--4-4-~~~~~---

P2-RowSeI1--~++~~-+--~+-~~~-H~---

P3-RowSeI1--~++~~-+--~+-~~~-H~---

P4-RowSeI1--~++~~-+--~+-~~~-H~---

Vee 

P1-Row Sel2 ---4++~~-+--4-4-~~~~~---

P2-RowSeI2---4++~~-+--4-4-~~~~~---

P3-RowSeI2--~~+-~~--~~--4-~--~4---

P4-RowSeI2---4++~~-+--4-4-~~~~~---

Figure 6. A Simple Example of a Twelve Transistor FourPort RAM Connguratlon 

From this discussion, the design engineer should understand the 
mechanism used to'implement a FourPort RAM. As described, we 
can see how we can make each port of the FourPort RAM totally 
independent from the other ports. Do not confuse this statement to 
mean that independent reads and writes can always be performed 
without data corruption. If two ports write to the same byte at the 
same time, one or both values may be lost. Likewise if one port 
writes to a byte at the same time another port is reading the byte, 
the read may be corrupted even though the byte write is completed 
correctly. This application note does not discuss issues of data in­
tegrity in the case of multiple accesses to the same location, when 
one of the asynchronous accesses is a write cycle. These prob­
lems are discussed in detail in Application Note 2 and will not be 
further discussed here. Suffice it to say that the IDT7050 and 
IDT7052 FourPort RAMs have a BUSY input to allow external 
hardware or software arbitration schemes to be implemented to 
meet the specific needs of the designer's system. The BUSY input 
serves only to block write cycles from the port to which this signal is 
applied. It has no effect on a read~. Note that in the following 
applications we are not using the BUSY input of the FourPort RAM 
so it should be tied HIGH. We probably will not always mention 
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this, so do not forget it or you will not be able to write into the Four­
Port RAM. 

Once the rules are understood however, only engineering crea­
tivity is needed to visualize new architectural opportunities for 
FourPort RAMs. This powerful new memory technology will pro­
vide increased performance in future electronic processing sys­
tems. 

CASCADING THE FourPort RAM 
Perhaps the most easily understood techniques in designing 

with static RAMs are width and depth expansion. Width expansion 
of any port of the FourPort RAM is straightforward. No additional 
parts are needed to build 16, 24 or 32 bit wide or wider memories. 
Any port of the FourPort RAM can be viewed the same as a simple 
single port static RAM. All the same rules apply and they can be 
applied individually to each port of the FourPort RAM. 
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Figure 7. A 4K x 16-bit FourPort ~ Controlled RAM 

Depth expansion of the FourPort RAM is also quite simple. If one 
port is viewed as a static RAM, it is expanded similar to a single port 
device. Lower addresses are connected between devices and up­
per addresses are decoded by means of a standard decoder such 
as an ID174FCT138 or IDTI 4FCT139. The outputs of the decod­
ers can be used either to control the chip selects or control the 
write-enable and output-enable individually. Simple examples of 
expansion of one port of a FourPort RAM to a 4K-word by 16-bit 
configuration are shown in Figure 7 and Figure 8. Figure 7 shows 

1rrNJ CE 
1017052 2KxB 
FourPort RAM 

VOrl/Oo 

CE 
1017052 2KxB 
FourPort RAM 

I/Orl/Oo 

the Chip Enable expansion method while Figure B shows write­
enable, output-enable expansion. The two schemes are similar, 
but, sometimes one can have a timing advantage over the other. 
This is usually a function of the actual timing signals that are avail­
able or have already been generated. 

Once the depth expansion is understood, we can view the CPU 
interconnect schemes by simply looking at a one deep FourPort 

. RAM. We recognize that deeper versions can be realized as just 
described. 

A1rrNJ 
1017052 2KxB 
FourPort RAM 

VOrl/Oo 

Figure 8. A 4Kx16-bit FourPort M and R/W Controlled RAM 

9.21 6 



INTRODUCTION TO mrs FourPort RAM 

CONNECTING THE FourPort RAM TO CPUs 

A Z80A Example 
Probably the easiest interface of the IDT7052 FourPort RAM is to 

a Z80A. This processor still provides a great price-performance 
tradeoff! By using four Z80As with the IDT7052 FourPort RAM, 
significant performance advantages can result. For example, no 
time need be lost due to DMA channels. The data placed in mem­
ory by one Z80A on one port is instantly available to another Z80A 
on another port. In a similar fashion, parallel processing can be 
performed by multiple processors working on the data in shared 
memory. 

The typical connection scheme for the IDT7052 (or IDT7050 
1 Kx8 FourPort RAM) to a Z80A is shown in Figure 9. Here we see 
the eleven address lines, A lO-Ao , of the FourPort RAM are con­
nected to the Alrr-Ao lines of the Z80A. This places the FourPort 
RAM in a contiguous 2K address space of the Z80A. The 2K byte 
segment actually used is determined by upper address decode cir­
cuit. A PAL or an IDT74FCT521 could be used to perform this 
function. The data lines are connected between the processor and 
the RAM. The Z80A has a RD line that can be connected to the 
FourPort DE and a WR line that can be connected to the FourPort 
RtW input. This works along the lines of the a Chip Enable expan­
sion method just described. When the Z80A addresses the Four­
Port RAM, either a read or write will be performed depending on 
the instruction being executed. If RD goes LOW, the FourPort 
RAM will output data from the addressed byte. If WR goes LOW, 
the FourPort RAM will write data into the addressed byte. 

DTACK 
I 

AS 
I :1 DECODE l A23-A12 

'12 

Al1-Al 
, 

'11 
68000 
CPU 

DrDo I 

'8 

D15-D8 I 

'8 

II 
UDS PAL 
LDS DECODE RtW 
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ZSOA 1017052 
CPU FourPort 

RAM 

MREQ 

1 f2tl::x 
A1S-~. DECODE }-- CE 
All 

A10- .L ...... Ala-
Ao '11 Ao 

Dr- I ...... 1/0, 
Do '8 lIDo 

liD DE 
WR RiW 

+5V--+ BUSY 

Figure 9. Interfacing the Z80A to One Port of the FourPort RAM 

+ L-, Alrr-Ao CE ~ 

1/Qz:-I/Oo 
11117052 

2Kx8 
RIW FourPort DE RAM 

1/Qz:-I/Oo 10T7052 
BtfI 2Kx8 

FourPort DE 
RAM 

Figure 10. A 16-blt FourPort RAM with the 68000 CPU 

A 68000 CONNECTION EXAMPLE 
If we wish to build a 16-bit microprocessor interface to one port of 

the IDT7052 FourPort RAM, a typically interface might be as 
shown in Figure 10. Here we see two IDT7052s used in a 16-bit 
configuration. One FourPort RAM is connected to the lower eight 
data bits (DrDo) and the other FourPort RAM is connected to the 
upper eight data bits (D15-D8). This completes a 16-bit data bus. 
Address lines Alrr-Ao of the FourPort RAM are connected be­

tween RAMs and also connected to address lines All-Al respec-

9.21 

tively of the 68000. Remember, the 68000 does not have an Ao 
address line but uses Upper-Data-Strobe (UDS) and Lower­
Data:-Strobe (LDS) to control the upper andJ.ower byte selection. 
These two signals in conjunction with the ANI signal are decoded 
in a PAL to generate the individual FourPort RAM RtW and DEcon­
trol signals. Figure 11 shows the truth table needed forthe PAL. It 
has been my experience when working with the 68000, that once 
these signals are generated, they are useful throughout the design 
to control other peripherals, etc. Basically, however, in this exam-

7 
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pie we simply have a lower byte FourPort RAM and an upper byte 
FourPort RAM. 

INPIIT<: ()I r PIITS 

ANI UDS LOS URW LRW UOE LOE 
X 1 1 1 1 1 1 
1 0 0 1 1 0 0 
0 0 0 0 0 1 1 
1 1 0 1 1 1 0 
0 1 0 1 0 1 1 
1 0 1 1 1 0 1 
0 0 1 0 1 1 1 

Figure 11. 68000 16-b1t Control PAL Truth Table 

APPLICATION NOTE AN-45 

The upper address lines of the 68000, A23-A12 in this case, are 
used to position the 2K bytes of FourPort RAM in continuous ad­
dress space of the 68000. The actual location can be anywhere 
from OxOOOOOO to OxFFFFFF as long as the overall r~e is on 2K 
byte boundaries. Usually we include address strobe (AS) in the de­
coding as it can solve some timing problems. A timing review will 
show if it is needed. An output of the decode circuit can be used to 
generate the data acknowledge (DTACK) if it is needed. Usually 
design engineeR have an overall plan for generating the memory 
CEs and DTAC ,so what is shown here is only to remind you of 
solving the overall problem. 

Address of Bytes In a Big-Endian 32-blt Word 

Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0 
OxOO24 -etc- -etc- -etc-
Ox0020 OxOO21 Ox0022 Ox0023 
OxOO1C Ox001D OxOO1E OxOO1F 
OxOO18 OxOO19 Ox001A OxOO1B 
OxOO14 OxOO1S Ox0016 OxOO17 
OxOO10 OxOO11 OxOO12 Ox0013 
OxOOOC OxOOOD OxOOOE OxOOOF 
oxOOO8 OxOOO9 OxOOOA OxOOOB 
OxOOO4 OxOOOS OxOO06 OxOOO7 
OxOOOO OxOOO1 OxOOO2 OxOOO3 

Address of B nes In a Blg-E ndlan 16-blt Word 
Word Address Bits 15-8 Bits 7-0 

Ox0014 OxOO14 -etc-
OxOO12 OxOO12 OxOO13 
Ox0010 Ox0010 OxOO11 
OxOOOE OxOOOE OxOOOF 
OxOOOC OxOOOC OxOOOD 
OxOOOA OxOOOA OxOOOB 
OxOO08 ~xOOQ8 OxOOO9 
OxOOO6 OxOOO6 OxOOO7 
OxOOO4 OxOOO4 OxOOOS 
OxOOO2 OxOO02 OxOOO3 
OxOOOO OxOOOO OxOOO1 

Word Address 
-etc-
Ox0010 Ox0010 
OxOOOF OxOOOf 
OxOOOE OxOOOE 
OxOOOD OxOOOD 
OxOOOC 
OxOOOB 
OxOOOA 
OxOOO9 
OxOO08 
OxOOO7 
OxOOO6 
OxOOOS 
OxOOO4 
OxOOO3 
OxOOO2 
OxOO01 
0)(0000 

Figure 12. Memory Map for 8, 16, and 32-blt Byte Ordering 
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HOW ABOUT 8-BITS, 16-BITS AND 32-BITS 
IN THE SAME SYSTEM!!! 

This is perhaps the most interesting example to talk about. We 
will use an 8-bit Z80A, a 16-bit 68000 and a 32-bit R3000 RISC 
microprocessor to discuss the design techniques. We have cho­
sen the three processors because they are typical, they are fun to 
work with and they have had broad acceptance in the microproces­
sor world. First, let's look at Figure 12 to understand memory ad­
dressing and "memory space". All three of our selected micropro-

IDT79R3010 FPA 
... 

IDT79R3000 CPU 

APPLICATION NOTE AN-tS 

cessors are "byte" addressable machines. That means they can 
address bytes as well as words in the case of the 68000 and 
R3000. The 68000 is a Big-End ian machine and the R3000 will be 
operated in Big-End ian mode to keep things simple. (DEC and In­
tel fans can make the appropriate transformalion. In fact, the Four­
Port RAM might make a really exciting byte-ordering problem sol­
ver between machines by connecting one port as Big-Endian and 
another port as Little-Endian to the same microprocessor and 
similarily for the second processor.) 

~ .. .. ~a I-CACHE 

.... 
D-CACHE ~ . 

~ I ~ ADDRESS BUS ~ 

~ .... DATA BUS .. 
I ADDRESS I "" --.. 

REGISTER 
!r 

IIDT74FCT52 IDT74FCT521IDT74FCT521IDT74FCT521 

'" ~ Al-Ao 8 0" 0 8 ACCT1-o BYTE ~ .... 
RNY PAL B 0 0 5 .. 

~ I ;< "'1 ~1&1 ~lc:l ~1"'1 ~ ~ 

A12 - A2 IL ~ 1~c5' ~ I~~ ~I~~ ~I~~ 
CONTROL A ::.. 

0 0 0 0 PAL A31-A13* ::.. ::.. ::.. ::.. 

I DECODE r CE r I One Port of FourPort RAM , U-, NOTE: Tie SUS? to +5V. 
Other Address Space 

Figure 13. Using a 32-b1t Wide FourPort Memory with the R3000 

Since we are talking about byte addressable machines, Figure 
12 shows the byte addresses of an 8-bit machine, the byte ad­
dresses of a 16-bit machine and the byte addresses of a 32-bit 
machine. Likewise word addresses of 16-bit and 32-bit machines 
are shown. What is intended here is to point out that we want the 
consecutive byte ordering of all of the machines to remain con­
stant. By doing this, we keep the abilitytodo indexing intoan array 
of bytes from any of the processors as a simple task. For example, 
a 40 byte index from any byte address is the same in all processors 
talking to each other through the FourPort RAM. We can look at 
Figure 12 as representing the Z80A, 68000 and R3000 respec­
tively. 

Next, let's look at the interface needed for each of our three proc­
essors. We will build on our previous examples in this application 
note but there are differences needed to allow proper addressing. 
Let's begin by looking at the R3000. The reader should refer to 
IDTs wealth of information on the IDT79R3000 RISC micropro­
cessor if you are not familiar with the standard CPU, FPA. Cache 
and 1/0 interface. We will use four of the IDT7052 FourPort RAMs 
to give a 32-bit wide memory for this example. We assume the first 
port is connected to the R3000, the second port is connected to the 
68000 and the third port is connected to the Z80A. The fourth port 
could be connected to a second one of any of these processors or 
a wide selection of other things. 

9.21 

A typical R3000 interface is shown in Figure 13. The key element 
here is to understand that we are interfacing to a 32-bit data bus, 
32-bit address bus with byte encoded control signals and to an 
R3000 interface. We are able to implement the required byte con­
trol per Figure 12 by using the "BYTE PAL" shown in Figure 13. 
The truth table for this PAL is shown in Figure 14. Using this de­
coding, we are able to do all of the required operations. This in­
cludes 32-bit word operations, 24-bit three-byte operations, 
16-bit half"':word operations and 8-bit byte operations. The sig-

nals available are A.J, Al, AccessTypeO, and AccessType1, all 
from the R3000 address register, and we assume a RNJ input from 
the "Control PAL" shown in Figure 13. There may be other options 
here, but this RNJ signal must be realized in some fashion. The 
upper address bits from the R3000 are decoded in the fashion pre­
viously discussed to locate the total 8K bytes of FourPort RAM in 
the R3000 address space. 

Working out the timing of the R3000 interface is most of the work. 
Remember that at this interface point there are several flexibilities 
in the final timing. With an R3000 running at 16 MHz, a data trans­
fer cycle is in multiples of 67 nanoseconds, 20 MHz gives 50 
nanoseconds, and 25 MHz allows 40 nanoseconds. Thus de­
pending on the processor speed and the FourPort RAM speed se­
lected, block refill mayor may not be desired. In any case, we 
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should be able to run with zero, one or two stall cycles. As men­
tioned before, the design engineer usually has a plan for address 
decoding and control handshake which is more closely tied to the 

INPUTS 
RNJ ACCT1 ACCTO A1 AD W3 W2 

1 1 1 0 0 1 1 
0 1 1 0 0 0 0 

1 1 0 0 0 1 1 
1 1 0 0 0 1 1 
0 1 0 0 1 0 0 
0 1 0 0 1 1 0 

1 0 1 0 0 1 1 
1 0 _t .~ 0 1 1 
0 0 1 1 0 0 0 
0 0 1 1 0 1 1 

1 0 0 0 0 1 1 
~ ~ _0 0 1 1 1 
1 0 0 1 0 1 1 
1 0 0 1 1 1 1 
~ Q 0 0 0 0 1 
0 0 0 0 j t 0 
0 0 0 1 0 1 1 
0_ 0 0 1 1 1 1 

W1 

i 
0 

1 
1 
0 
0 

1 
1 
i 
0 

1 
1 
1 
1 
1 
1 
0 
1 
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overall system design. From this standpoint, interfacing to one 
port of the FourPort RAM is no different than interfacing to an 
EPROM, DRAM, SRAM, or peripheral. 

OUTPUTS COMMENTS 

WO R3 R2 R1 RO 

1 0 0 ~ ~ I Word Read 
0 1 1 1 1 I Word Write 

1 0 0 0 1 Tri-Bvte Read 
1 1 0 0 0 I Tri-Bvte Read 
1 1 1 1 1 I Tri-Bvte Write 
0 1 1 1 1 I Tri-Bvte Write 

1 0 0 1 1 I Half-Word Read 
1 1 1 0 0 I Half-Word Read 

J 1 1 1 j I Half-Word Write 
0 1 1 1 1 Half-Word Write 

1 0 1 1 1 I Read Bvte 0 
1 1 0 1 1 I Read Bvte 1 
1 1 1 0 1 Read Bvte 2 
1 1 1 1 0 I Read Byte 3 
1 1 1 1 1 : Write Byte 0 
1 1 1 1 1 I Writo [hll] 1 
1 1 1 1 1 Writo IMo? 
0 1 1 1 1 IWrito BYlo3 

Figuro 14. 32-bit R3000 Control PAL Truth Tablo (Blg-Endlsn) 

DTACK 1 
AS I 

DECODE 
A23-A13 " I ! '11 
A12-A2 

'11 • 
~ AHr-Ao CE 

~ 
07-00 

, 
1ICr-1/00 IDT7052 ' 8 WO 

BO 
RNi r- FourPort 
DE ~ RAM 

015-08 ..... 8 W1 1ICr-1/00 "6 IDT7052 

R1 
RNi It: FourPort 
DE ~ RAM 

u. 

W2 110]-1100 '0 IDT7052 

68000 RNi "6 FourPort 
R2 OE RAM CPU a. 

(1) 

W3 1ICr-1/00 ..§. IDT7052 

R3 
.. RNi FourPort 

DE RAM A1 

DDS CONTROL 1-8 
NOTE: Tie mJSY to +5V. 

PAL 
LOS DECODE 
Rfjj 

Figure 15. A 32-b1t FourPort RAM with the 68000 CPU 
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INPUTS OUTPUTS COMMENTS 
RfIN A1 LOS UOS W3 W2 W1 WO R3 R2 R1 RO 

1 0 0 0 1 1 1 1 0 0 1 1 Word Read 
1 1 0 0 1 1 1 1 1 1 0 0 Word Read 
0 0 0 0 0 0 1 1 1 1 1 1 Word Write 
0 1 0 0 1 1 0 0 1 1 1 1 Word Write 

1 0 1 0 1 1 1 1 0 1 1 1 Read Byte 0 
1 0 0 1 1 1 1 1 1 0 1 1 Read Byte 1 
1 0 1 0 1 1 1 1 1 1 0 1 Read Byte 2 
1 0 0 1 1 1 1 1 1 1 1 0 Read Bvte 3 
0 1 1 0 0 1 1 1 1 1 1 1 Write Byte 0 
0 1 0 1 1 0 1 1 1 1 1 1 Write Byte 1 
0 1 1 0 1 1 0 1 1 1 1 1 Write Byte 2 
0 1 0 1 1 1 1 0 1 1 1 ~ Write Byte 3 

Figure 16. 32-811 68000 Configuration Control PAL Truth Table 

Next, let's look at the 16-bit 68000 interface in a 32-bit memory 
system. A detailed block diagram is shown in Figure 15. The key 
thing to notice here is that four of the 10T7052 FourPort RAMs are 
used. Notice that two of the devices are connected to the 0]-00 

data bus and two of the devices are connected to the 01S-08 data 
bus on the 68000. Address line A1 will be used to select which pair 
of FourPort RAMs that the processor will read or write. 

For example, when A1 is LOW, control signals W3, W2, R3 and 

R2 will bo enabled. When A1 is HIGH, control signals W1, WO, R1 
and RO will be enabled. This is shown in complete detail in the truth 
table. of Figure 16. If we study this truth table, we see how we ac­
complish both 16-bit word (half-word) reads and writes as well as 
8-bit byte reads and writes. All of this is consistent with the mem­
ory map shown in Figure 12. The technique here is actually to use 
A1 to select either the lower half-word or the upper half-word in a 

WAIT 

MREQ .1 

A1S-A13 ...L :J OECOOE 
'3 

...... 

A12-A2 .... 11 

0]-00 -' 

.... 8 

Z80A 
CPU 

A1 

I 
I 

32-bit FourPort RAM memory system. Every thing else about the 
design is the same as the previous 68000 example. 

Lastly, let's look at the 8-bit interface to the Z80A microproces­
sor. It also should be viewed as being hooked into a 32-bit mem­
ory system. A detailed block diagram is shown in Figure 17. Notice 
that all four of the 10T7052 FourPort RAMs are connected to the 

0]-00 data bus. Address lines A1 and Ao will be used to select the 

device to which the Z80A processor will talk. In fact, A1, Ao, RO and 
WR are inputs to tho control PAL decode. The truth table to be im­
plemented is detailed in Figure 18. This processor is only capable 
of performing byte reads or writes so the decoding is straightfor­
ward. A1 and Ao are used to do byte selection. Thus, the FourPort 

RAM Aw-Ao address inputs are connect to the A12-A2 address 
lines of the Z80A. This keeps the byte addressing as desired in the 
memory map of Figure 12. Again the remaining part of the design 
is as shown in the previous Z80A example. 

• 1 
~ Aw-Ao CE ? 
1IQz,-I/Oo IDn052 

WO P-

RO 
RIW 

~ 
FourPort 

OE RAM 

W1 1/Qz,-I/Oo "6 IDn052 

R1 
RIW ~ FourPort 
OE i3 RAM 

1/Qz,-I/Oo 
u. 

W2 '0 IDn052 

R2 
RIW "6 FourPort 
OE RAM a.. 
1IQz,-IIOo C1.I IOn052 

W3 ~ 
R3 

RIW FourPort 
OE RAM 

I' Ao CONTROL NOTE: Tie SUS? to +5V. ~ 1-8 
PAL RD -. 

DECODE 
WR -~ 

Figure 17. A 32-b1t FourPort RAM with the Z80A CPU 
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INPUTS OUTPUTS COMMENTS 
WR AD A1 AO W3 W2 W1 WO R3 R2 R1 RO 

1 0 0 0 1 1 1 1 0 1 1 1 Read Byte 0 
1 0 0 1 1 1 1 1 1 0 1 1 Read Byte 1 
1 0 1 0 1 1 1 1 1 1 0 1 Read Byte 2 
1 0 1 1 1 1 1 1 1 1 1 0 Read Byte 3 
0 1 0 0 0 1 1 1 1 1 1 1 Write Byte 0 
0 1 0 1 1 0 1 1 1 1 1 1 Write Byte 1 
0 1 1 0 1 1 0 1 1 1 1 1 Write Bvte 2 
0 1 1 1 1 1 1 0 1 1 1 1 Write Byte 3 

Figure 18. 32-blt Z80A Control PAL Truth Table 

The key in all of this discussion is to keep track of the data bus 
width being used in the design. Similarly, the decoding and proc­
essor address connections must take this into account. This is one 
point that the design engineer usually does not have to deal with 
when working with single port memories. 

The purpose of this three processor example is to show a few in­
terconnect schemes to typical microprocessors. From this discus­
sion, the design engineer should be able to extend the concepts 
presented here to other 8--bit, 16-bit and 32--bit microprocessors. 
Just keep the techniques in mind and work out the desired memory 
mapping and timing. 

Control 

Address 
Sequencer 

Control 

Timing 
Generator 

SYSTEM DESIGN IDEAS 
Now that we have discussed how the the FourPort RAM is built 

and we have a good idea of how to connect it to many processors, 
let's look at some system level uses for this type of FourPort RAM. 

DIGITAL SIGNAL PROCESSING (DSP) 
Digital signal processing applications have been expanding as 

new developments in semiconductor technology provide in­
creased packing density and ·new architectures in integrated cir­
cuits. The IDT7052 FourPo("t RAM is another in the continuing 
growth of integrated circuits that allow design engineers to realize 
new system designs. 

Addr Data 
P4 P4 

Add r-P 1 10T7052 
Addr-P2 FourPort 

Addr-P3 
RAM 

Data Data Data 
P1 P2 P3 

1 1 T 

X Y 

10T721 0 
Multiplier/Accumulator 

Z 

I 
Figure 19. A Simple DSP Engine Using a FourPort RAM 

One of the simplest DSP algorithms that can be implemented is 
the finite-impulse-response (FIR) filter. In this type of algorithm, 
the impulse response of the filter has nonzero values only for a fi­
nite duration. These types of filters are easily implemented using 
only multiplication and summation. Figure 19 shows a block dia­
gram of a DSP machine that takes advantage of the FourPort RAM 
to interface to a multiplier-accumulator (MAC) such as the 
IDT7210. In this example, two of the four ports of the FourPort 
RAM are used to feed data to the MAC inputs and a third port of 
FourPort RAM is used to receive completed results from the MAC 
output. The fourth port of the FourPort RAM is connected to a local 
data-address bus to interface to the remainder of the system. 

9.21 

In the actual operation of such a processor as shown in Figure 
19, data is loaded into the FourPort RAM via Port 4. The algorithm 
usually needs coefficients and these are also loaded into the Four­
Port RAM using Port 4. An address sequencer has the responsibil­
ity of providing the correct sequence of addresses to Ports 1, 2 and 
3. This unit operates in conjunction with the timing generator to E 
execute the algorithm. Let's look at an example. Suppose our al­
gorithm is: 

y(n) = AcJ' x(n) + A1 • x(n-1) + A2' x(n-2) + A3' x(n-3) 

12 
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We could read this as the current processed value is equal to the 
current sample times Ao, plus the first past sample times Al, plus 

the second past sample times A2, plus the third past sample times 
As. This already shows its potential as a FourPort RAM applica­
tion. 

Now, we in~ialize our system at power-up by putting the values 
Ao, Al, A2, and As into the FourPort RAM. We would most likely 
clear the four locations for the data. Then we start taking data. 
Each time we receive a data value, we can overwrite the fourth 
past sample. For each new sample, we will compute a new y(n) 
and put it into the FourPort RAM. At some point we will extract the 
sequence of values for y(n) that we have computed. As can be 
seen, we can have several operations happening on the same 
clock cycle. RAM ports 1 and 2 could be outputting data, RAM port 
3 could be inputting data, and RAM port 4 could be inputting or out­
putting data, all simu~aneously. The speed implications are obvi­
ous. Needless to say, this is a simple example for the purpose of 
demonstration. But if we wanted to work on 1024 samples with 128 
coefficients and a more complex algorithm, all we have to do is fol­
low the same methodology. See lOT application note 42 for a 
more detailed example of how to use this method to implement a 
matrix mu~iplication. 

CPU to CPU to CPU to CPU 
Referring to Figure 1 where we started this application note, we 

see that we have a FourPort RAM connected between four CPUs. 
How do we efficiently communicate each processor's status to the 
other processors? You will need to work an acceptable software 
semaphore scheme or do hardware handshaking using external 
circuitry. The most obvious software scheme is token passing. Af­
ter e'ach processor has determined its order in the token passing 
scheme, the token passing protocol boils down to each processor 
taking its turn. This can be achieved by reading one memory loca­
tion to see who is master. Usually multiple reads and compares 
are performed to avoid any data corruption problems. A good ex­
ample of this mechanism is detailed in lOT application note 43. 

Let's take an example. The by1e at address zero contains the to­
ken. The current value is one. CPU 1 is master of the FourPort 
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RAM and can read or write data. When finished, it writes a two at 
address zero. Every so often CPU 2 checks address zero and 
when it sees a two, it knows it is master. It performs any needed 
data reads or writes. When it is finished, it writes a three at address 
zero. CPU 3 writes a four and CPU 4 writes a one. Thus, a simple 
token passing scheme. "Fail safe" mechanisms can be imple­
mented to keep the token moving if there is any failure. 

Another obvious scheme is to set up a simple software sema­
phore path between each pair of processors. This technique can 
be used to pass data between processor pairs. The semaphore for 
each processor can use a different byte (or word) address for each 
semaphore in each direction. By using this method, many different 
software handshake techniques can be implemented. Ratherthan 
use a test and set instruction for semaphores in this application, 
another interlocking mechanism, like separate locations dedicated 
to the status of each processor, should be used to guarantee clean 
communications between tasks. 

In addition, several hardware approaches are usually available 
in most mu~iprocessor environments. These include individual in­
terrupts between processors as well as broadcast interrupt ap­
proaches. In either case, after the data has been set up in a private 
buffer, processor A can interrupt processor B to notify it of the 
pending message. The data structures used in such an environ­
ment can include pointer passing and linkage conventions consis­
tent with modern day software techniques. 

SUMMARY 
The FourPort RAM is a truly new innovative integrated circuit 

memory that offers new communications methods for computing 
machines. ~ provides exceptional speeds because of its opportu­
nity for parallelism. The I0T7052 2K x 8-bit FourPort RAM and the 
I0T7050 1 K X B-bit FourPort RAM are the first in a series of memo­
ries that will pioneer these new architectural frontiers. At speeds 
as fast as some of the fastest standard static RAMs, they bring new 
performance dimensions to parallel communication between tasks 
of a computing machine. These devices utilize the latest in lOTs 
CEMOS technology to provide the design engineer with an eco­
nomical high performance, low power, small size and highly reli­
able "Speciality Memory" far todays performance-driven designs. 
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(;)® USING IDT7024 AND IDT7025 APPLICATION 

DUAL-PORT STATIC RAMs TO NOTE 
AN-59 MATCH SYSTEM BUS WIDTHS 

Integrated Device Technology, Inc. 

By Bhanu V. R. Nandurl 

INTRODUCTION 
This application note describes three design approaches to 

accomplish bus width matching using the IOT7024 and the 
10T7025 dual-port static RAMs. Interfacing 32-bit buses to 
16-bit buses, 32-bit buses to 8-bit buses and 16-bit buses to 
8-bit buses is described in detail. In general, any bus that is 
a multiple of 8 bits can be efficiently interfaced to any other bus 
that is also a multiple of 8 bits using these dual-port RAMs. 

The IOT7024 (4K x 16) and the IOT7025 (8K x 16) dual-port 
static RAMs are identical to each other in every respect except 
depth. For simplicity, only the IOT7024 will be discussed in 
detail. The IOT7024 and the IOT7025 dual-port static RAMs 
are provided with left and right upper byte enable (UBL and 
UBR) and the left and right lower byte enable (LBL and LBR) 
inputs. These byte enables allow interfacing in any bus width 
matching scheme without the need for external tri-state buffers 
or transceivers. 

81G 81G 
ENDIAN ENDIAN 

1
80 

1
81 

1,
82

1
83

10 ~2 
80 81, 0 

81G UTILE 
ENDIAN ENDIAN 

1 80 1
81 

1 
82

1 
83

10 ~2 
81 80 0 

Bus matching schemes require that the byte ordering of 
information be maintained. This byte ordering can be either 
"blg-endlan" or "lIttle-endlan ".If data is configured in a big­
endianformat, byte 0 is always the leftmost byte. Big-endian 
is predominant in machines such as the MC 68000 and the 
IBM 370. If data is configured in a Iittle-endian format, byte 0 
is always the least Significant, rightmost byte. Little-endian is 
used in machines such as the Intel x86, NS 32000 and the 
OECVAX. The MIPSR3000microprocessorandthe Intergraph 
CLIPPER support both data formats, however both these 
machines must be informed at "power on reset" which data 
format will be used. The big-endian and the little-endian byte 
ordering format is pertinent to 16-bit, 32-bit and 64-bit machines 
and is not applicable to 8-bit machines. Figures 1a to 1d 
illustrate the possible big-endian and the little-endian data 
conversions. 

UTILE 81G 
ENDIAN END IAN 

I 83 1 82 1 81 I 80 10 ~2 
80 81 0 

UTILE UTTLE 
EN DIAN ENDIAN 

1 83 1 82 1 8 1 1 80 10 ~2 
81 80 0 

2671 drw 01 

Figure 1a. Uttle-endlan and Big-endian Byte Mapping Between 32·blt and 16-blt Buses - BO, B1, 
B2 and B3 are By1es Within the 32·bit and 16·blt Words 

81G 81G 
ENDIAN ; 3 ENDIAN 

I 3 

180 1
81 1 82 1 83

10 
82 2 I 80 I 81 1 82 1 83 10 82 2 
81 1 81 1 
80 0 80 0 

UTILE UTILE 
ENDIAN ; 3 ENDIAN 

00 
3 

1 83 1 82 1 81 1 80 10 
82 2 

1831821 81 1 80 10 
82 2 

81 1 81 1 
80 0 80 0 

2671 drw02 

Figure 1b. Uttle-endlan and Big-endian Byte Mapping Between 32·blt and S·blt Buses - BO, 81, 
B2 and B3 are By1es Within the 32·blt and S·blt Words 

CI990 Integrated Device Technology. Inc. 
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BIG 
ENDIAN 

~ 

~2 B3 3 
;--

BO B1 0 B2 2 
I---

B1 
;--

BO 0 
'---

LlTILE 
ENDIAN 

~2 
EGo 

r---

B3 
t--

B2 
f---

B1 
f---

BO 
'---

3 

2 

0 

2671 drw 03 

Figure 1c. Llttle-endlan and Big-endian Byte Mapping Between 16·blt and a·blt Buses - BO, B1, B2 
and B3 are Bytes Within the H)·blt and a·blt Words 

BIG 
ENDIAN 

~2 
~O 

LlTILE 
ENDIAN 

~2 
EGo 

2671 drw04 

Figure 1d. Llttle-endlan and Big-endian Byte Mapping Between 16-blt Buses - BO, B1, B2 and B3 
are Bytes Within the 16·blt Words 

This discussion on interfacing buses takes into account the 
byte ·ordering of data using either the big-endian or the litt/e­
endian data format and even shows how to share data 
between a big-endian and a little-endian system. This is 

included to serve as a guide only and is in no way exhaustive. 
The user is urged to investigate further the data organization 
to be used in his or her design before attempting to interface 
buses using dual-port RAMs. 

RNh RlWR 

~ UBL UB R 

LB L IDT7024 LB R 

A(O)L 

CEL 
4Kx 16 

CE R Dual-Port 

OEL Static RAM OER 

A(11-0) L A(11-0) R ... 
~ (A12-A1 ) 

r 0(15-8) L 0(15-0) R 

0(7-0) L 8-Bit Bus 

BUSYL BUSYR 

SEM L SEM R 

INTR L MIS j'j\j"'j'R R 

+5V I 
Figure 2. An Interface to Connect 8- and 16-BII Buses 
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(A11-AO) 

16-Bit Bus 
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USING 1DT7024 AND 1DT7025 
DUAL·PORT STATIC RAMs TO MATCH SYSTEM BUS WIDTHS 

Figure 2 shows a 16-bit bus to an 8-bit bus interface where 
the 16-bit side is assumed to be using the little-endian data 
format. On the 8-bit side of the interface, high order data lines 
015 - 08 on the RAM are connected to low order data lines 07 
- DO of the RAM (015 to 07, 014 to 06, etc.) and processor 
address line AO is used to select the lower or higher order byte_ 
When AO is "0", RAM byte 0 is selected and when AO is "1", 
RAM byte 1 is selected. Address lines A12 - A1 of the 8-bit 
processor are connected to the twelve address lines of the 
10T7024, as shown. These address Ijnes are used to select 
the 4K words of the IOT7024. If the 16-bit bus side uses the 
big-endian data format instead of the little-endian data format 
then, on the 8-bit side, AO must be a "1" to select byte 0 and 
AO must be a "0" to select byte 1 to guarantee correct byte 
ordering on the 8-bit side. An alternate approach to ensure 
correct byte ordering on the 8-bit side is to place the inverter 
shown in Figure 2 on the LBL line instead of the UBLIine. This 

RlW L 

APPUCATION NOTE AN-59 

change will ensure that when the 8-bit side's AO line is "0", 
RAM byte 1 will be selected and, when the AO line is "1", RAM 
byte 0 will be selected. 

Figure 3 is an interface that connects a 32-bit bus to a 16-
bit bus_ In Figure 3 both the 32-bit side and the 16-bit side are 
assumed to be little-endian. The upper chip in the diagram 
holds the two lower order bytes of the 32-bit word and the 
lower chip in the diagram holds the two high~r order bytes. In 
this interface, processor address bit AO on the 16-bit side is 
used to select a 16-bit RAM word. When AO is "0" the RAM's 
lower order sixteen bits are selected and, when AO is "1", the 
higher order sixteen bits are selected. Selection of the upper 
byte or the lower byte of either of the two RAMs is determined 
by the upper byte enable (UBE) and the lower byte enable 
(LBE) inputs. If a big-endian byte ordering is assumed on both 
the 32- and the 16-bit sides, the USE and the LBE inputs to the 
10T74FCT139 must be interchanged on the 16-bit side. 

RlWR RIW RIW 
BE1 
BEO 

Ulh 
rnL 

IDT7024 
unR 

L rnR 

A(n-2) L 

A(n-1) L 

A(n) L 

+sv 

OE 

INTR 

BUSY 

BE3 
BE2 

(A11-AO) 

(031-00) 

-- AO -- A1 -- A2 

IDT74FCT138 

-fET r2 
f3 

32-BIT BUS 

4K x 16 

'CXiW 

~L Dual-Port ~R f4-~ 
r--

-~ NL Static RAM NR 
AL AR ~ ~~ 01 t-- I I .. 

02 
(D\S-oo) 

UOL UOR ~ 
(U01S-UOO) (U01S-UOO) 03 

IT.i 
:+- tmS?L tmS?R f--OS 

00 ~L ~R 

07 ~ TFJ1'R L M'~ TFJ1'R R f-

+sv~ 

~-.... RlWL RlWR ~ 
unL unR r- I-~ IDT7024 
rnL 4Kx 16 rnR f4--

'---"" ~L Oual-Port ~R f4----.... NL Static RAM NR .. AL AR .. .. ~ 

UOL UOR 
(031-01li) (U01S-UOO) (U01S-UOO) 

~ 

L tmS?L tmS?R :---+SV _ 
~L ~R :.- +SV 

NlC _ TFJ1'R L M'~ 
TFJ1'R R :-+' NlC 

-L 

Figure 3. An Interface to Connect a 32·BII Bus to a 16·Blt Bus 
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'CXi. AO. f4-~ 
'01. A1. r-
02. E. ~-
03. 
'CXi b IDT74FCT139 

O1b AO b r-
O2b A1 b 14-
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-= 
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01 A1 ~ 
02 A2 f4---
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IDT74FCT138 IT.i 
OS 

ET=i 00 t2 
07 t3 

.. 
16-BIT BUS 

AD 

OE 

INTR 

BUSY 

A(m-2) R 

A(m-1) R 

A(m) R 

+5V 

(A12-A1) 

(015-00) 
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Rffl 
BEl 
BEO 

A(n-2) L 

A(;'-l) L 

A(n) L 

+5V 

OE. 

INTR 

BUSY 

BE3 
BE2 

(An-AO) 

(D31-Do) 

--. AD 00 
--. Al or 
--. A2 02 

IDT74FCTl38 03 
04 

f 
n ~ 
n 06 
t3 ID 

32-BIT BUS 

RlWL RlWR 
U1h tmR 

IDT7024 I rn L rnR 4Kx 16 L 
~ r~ 

~L Dual-Port ~R - -
~L . Static RAM ~R 
A L AR ~ 

-f-

I I .. 
I(D15_Do)" 

1I0L liaR 
(11015-1100) (11015-1108) ... 

~ (1107-1100) ... ~J r4- ~L ~R ...... 
~L ~R -I-- mTnL .w'S mTnR i-

+5V~ 

-- RlWL RlWR ~ 
tmL 

IDT7024 
tmR !4-

rn L 4K x 16 rnR 

~-- ~L Dual-Port ~R 14--- ~L Static RAM ~R 
AL AR 
1I0L 1I0R 

(D31-D1Ii) (11015-1100) (11015-1108) 

L (1107-1100) ~ 
~L ~R f4--+5V _ 
~L ~R ~ +5V 

NlC _ 
mTnL w'S mTnR ~ NlC 

-.l 

Figure 4. An Interface to Connect a 32·BII Bus to an 8·BII Bus 
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AO. 
AI. 
E. 

:+--
f4--

AO 
A1 

I:l-03. 
OOb 
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O2b 
03b 

BE3 

X 

X 

X 

0 

AO b 
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BED 

0 

X 

X 

X 
26711b101 

Figure 4 is an interface that connects a 32-bit bus to a 8-bit 
bus. In Figure 4, the 32-bit side is assumed to be little-endian 
byte ordered. The upper chip in the diagram holds the two 
lower order bytes and the lower chip in the diagram holds the 
two higher order bytes. In this interface, address bits AO and 
A 1 on the 8-bit side are used to select an 8-bit word. Table 1 
illustrates the bytes selected for each combination of AO and 
A 1 for a little-endian byte-ordered data format on the 32-bit 
side. If a big-endian byte-ordering is assumed on the 32-bit 
side, the upper chip will hold the two higherorderbytes and the 
lower chip holds the two lower order bytes. Address bits AO 
and A1 on the 8-bit'side are used to select one of four bytes 
as illustrated in Table 2. The mapping scheme to accomplish 
other bus interfaces is left to the user. 

Table 1. Byte Selection Equivalency Assuming the 32·BII Side Use. 
the Llttle·End/an Byte Ordering of Data 

9.22 

8-blt Side 32·blt Side 

AD A1 BED BE1 BE2 BE3 

0 0 X X X 0 

0 1 X X 0 X 

1 0 X 0 X X 

1 1 0 X X X 
26711b1 02 

Table 2. Byte Selection Equivalency Assuming the 32·Blt Side Uses 
the B/g-End/an Byte Ordering of Data 
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BUSY ARBITRATION LOGIC 
Busy arbitration is performed only when there is an address 

match and the chip enables are active. The IDT7024 and the 
IDT7025 dual-port RAMs are provided with a master/slave (M/ 
S) pin through which the user can configure the busy logic on 
these devices to operate as masters or slaves~ Busy arbitration 
is performed only by the master, which generates the busy 
signal. The master outputs a logiC "0" on the busy line of the 
port that loses arbitration, at the same time it generates an 
internal write inhibit signal to block any write operation on the 
losing port. When configured to operate as slaves, these 
devices use the busy line as an input. The slave takes the 
busy line as an input and generates an internal write inhibit on 
the same port that received the busy. The upper and lower 
byte enable inputs do not affect the operation of busy logic in 
these devices. If busy logic and width expansion are being 
used, it is important that the CE of- the master and the 
associated slave always be active at the same time. If the 
decoding logic allows the slave to be selected without the 
master, the busy logic will not operate correctly. Care has 

been taken in both Figures 3 and 4 to assure correct busy logic 
operation. It should be kept in mind, however, that busy logic 
is often not an essential part of a dual-port RAM-based 
system. The user is urged to read Application Note AN"02 for 
more information on busy logic arbitration. 

Side 

Using left port 

Using right port 

INTERRUPT LOGIC 
, The I DT7024/1DT7025 dual-port RAM chips have interrupt 

generation capability that can be very effectively used to 
interrupt processors connected to either side of the dual-ports. 
A processor connected to the left port can generate an 
interrupt to the processor connected on the right port by writing \ 
to the topmost location in the memo ry array. In the case of the 
IDT7024, this location is FFF (Hex). The processor on the 
right port clears the interrupt by reading from this location, i.e. 
FFF (Hex). Similarly, the processor on the right port can 
interrupt the processor on the left port by writing to the topmost 
minus one location, Le. FFE (Hex), for the IDT7024. The 
processor on the left port clears the interrupt by reading from 
location FFE (Hex). 

Set Address (HEX) Clear Address (HEX) 
(Write) (Interrupts the (Read) (Cloars tho 
Other Side) Interrupt on This Sldo) 

FFF FFE 

FFE FFF 
26711b103 

Table 3. Interrupt Set and Clear Addresses for the IDT7024 Dual-Port ~AMs 

Set Address (HEX) Clear Address (HEX) 
Side (Write) (Read) 

32-Bit side (Using left ports) FFF FFE 

16-Bit side (Using right ports) 1FFC 1FFE 

32-Bit side (Using right ports) FFE FFF 

16-Bit side (Using left ports) 1FFE 1FFC 
26711b104 

Table 4. Interrupt Set and Clear Addresses for the 32-blt to 16-blt Interface Shown In Figure 3 

Set Address (HEX) Clear Address (HEX) 
Side (Write) (Read) 

32-Bit side (Using left ports) FFF FFE 

8-Bit side (Using right ports) 7FFA or 7FFB 7FFC or 7FFD 

32-Bit side (Using right ports) .. FFE FFF 

8-Bit side (Using left ports) 7FFCor 7FFD 7FFAor 7FFB 
26711b105 

Table 5. Interrupt Set and Clear Addresses for the 32-blt to a-bit Interface Shown In Figure 4 

9.22 5 



USING IDT7024 AND 1017025 
DUAL-PORT STATIC RAMs TO MATCH SYSTEM BUS WIDTHS 

Table 3 summarizes the interrupt set and clear addresses 
for the IOT7024 dual-port RAMs, while Tables 4 and 5 
summarize the interrupt set and clear addresses for the 
interfac'e shown in Figures 3 and 4. In the interface schemes 
illustrated in Figures 3 and 4, we have two dual-ports that have 
been used to expand the memory in width. This means that 
we can have two interrupt lines going active one for each chip. 
The schemes illustrated in Figures 3 and 4 show only interrupts 
from the master chip being used by either side, while the 
interrupts from the slave chip are not used. 

SEMAPHORE ARBITRATION 
The IDT7024 and I0T7025 are provided with semaphore 

logic in the form of eight dual-port semaphore flags that are 
independent of the memory array. These eight cells can be 
used to supervise the accesses to a maximum of eight blocks 
of memory. There is no hardware interaction between the 
semaphores and the RAM. Address bits A(m)R, A(m-1)R and 
A(m-2)R in Figure 3 are inputs to an IOT74FCT138 which 
decodes the dual-port RAM space and the semaphore space 
on the 16-bit side. Address bits A(m)R and A(m-1)R in Figure 
4 are inputs to an I OT7 4FCT139 which qecodes the dual-port 
RAM space and the semaphore space on the 8-bit side. 
Similarly, address bits A(n)L, A(n-1)L and A(n-2)L are inputs to 
another IOT74FCT138 which decodes the various address 
spaces on the 32-bit side. It is necessary to keep the dual-port 
memory space and the semaphore address space separate. 

Semaphore Address Selected Semaphore Cell 

A2 A1 AO 

0 0 0 Sam Flag 0 

0 0 1 Sam Flag 1 

0 1 0 Sam Flag 2 

0 1 1 Sam Flag 3 

1 0 0 Sam Flag 4 

1 0 1 Sam Flag 5 

1 1 0 Sam Flag 6 

1 1 1 Sam Flag 7 
26711b106 

Table 6. Semaphore Address Map for the 32-blt Side In 
Figures 3 and 4 

Semaphore Address 

A4 A3 A2 A1 AO 

0 0 0 X X 

0 0 1 X X 

0 1 0 X X 

0 1 1 X X 

1 0 0 X X 

1 0 1 X X 

1 1 0 X X 

1 1 1 X X 

APPLICATION NOTEAN-59 

Operating on the two spaces is a mutually exclusive operation 
and, therefore, chip enable (CE) and the semaphore enable 
(SEM) inputs must never be active at the same time. The 
semaphore cells are intended to assist software-based 
protocols intended to prevent address collisions. 

The lOT semaphore celis are designed to be used in a 
clear-and-test sequence. Each cell is normally in the "1" state. 
indicating that neither side has been assigned the associated 
block of memory ("No grant'). To access a particular block of 
memory, one must perform the clear-and-test sequence 
necessary to get a "grant" from the semaphore cell representing 
the block. Togeta "grant", one must selectthesemaphorecell 
representing the associated block of memory, write a "0" 
(request) to the semaphore cell and then read (test) the 
semaphore cell to see if a "0" was put out by the cell. 

A semaphore cell is selected by asserting the semaphore 
enable line (SEM) and by selecting one of the eight semaphore 
cells with the help of the three lower most address lines A2. -
AO. In the read operation, if the semaphore cell is a "0", that 
particular block of memory is "available" for use by the side 
requesting access. If the semaphore cell is a "1", the side 
requesting access has a "no grant" and that particular block of 
memory is in use by the other side. In the I0T7024 and 
IOT7025, the semaphore cells broadcast the "grant" or "no 
grant" condition on the entire sixteen bits of the data pins. The 
status of the upper and lower byte enables has no effect on the 
semaphore request operation. 

Semaphore Address Selected Semaphore Cell 

A3 A2 A1 AO 

0 0 0 X Sam Flag 0 

0 0 1 X Sam Flag 1 

o· 1 0 X Sam Flag 2 

0 1 1 X Sam Flag 3 

1 0 0 X Sam Flag 4 

1 0 1 X Sam Flag 5 

1 1 0 X Sam Flag 6 

1 1 1 X Sam Flag 7 
26711bi 07 

Table 7. Semaphore Address Map for the 16-blt Side In Figures 3 

Selected Semaphore Cell 

Sam Flag 0 

Sam Flag 1 

Sam Flag 2 

Sem Flag 3 

Sam Flag 4 

Sam Flag 5 

Sem Flag 6 

Sem Flag 7 
26711b108 

Table 8. Semaphore Address Map for the a-bit Side In Figures 4 
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Consistent with the rest of our discussion on busy logic and 
interrupts, we will considerthe semaphore flags inthe I DT7024 
containing the lower order sixteen bits of data (master). When 
the 32·bit side in Figures 3 and 4 reads the semaphores, the 
processor on the 32-bit side will look at the lower sixteen bits 
only to check for a "grant" or a "no grant" condition. The 16-
bit and 8-bit sides access the semaphore space in Figures 3 
and 4 and must read the master IDT7024 containing only the 
lower sixteen bits to check for a "grant" or a "no grant" 
condition. (Refer to Tables 6, 7 and 8.) 

APPUCATION NOTE AN-S9 

SUMMARY 
Interfacing various buses with the help of dual-ports can be 

implemented very easily and with a minimum of components. 
Byte reordering can also be accommodated easily. IDT7024 
and IDT7025 dual-port static RAMs have built-in arbitration 
schemes, upper and lower byte enables, and pin selectable 
master/slave functions. These features have been designed 
to aid system designers in their quest for compact, simple and 
more reliable designs. 
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t;)® USING IDT71502 RAMs IN A APPLICATION 

REAL-TIME DEBUGGING TOOL NOTE 
: 

FOR A R3000 MICROPROCESSOR AN-67 

Integrated Device Technology, Inc. BASED SYSTEM 

by Bhanu V. R. Nandurl 

INTRODUCTION 
The proliferation of high-speed RISC and CISC 

microprocessors has created a demand for real-time debugging 
tools. This application note shows how a real-time logic 
tracing tool can be created using IDT71502 multifunction 
RAMs. The IDT71502 can be used as a stand-alone logic 
analyzer or as part of an embedded fault monitor and analysis 
system. Details of how to apply this system to an R3000 RISC 
microprocessor-based system are given. The discussion in 
this paper is also equally valid for use in high-speed CISC 
processor-based deSigns. 

The IDT71502 can be used to function either as a logic 
tracing device or as a test pattern generator. As a logic tracing 
device the IDT71502 can record bus activity continuously and 
then be stopped on a predetermined event such as a bus 
error. This allows the activity leading up to the "event" to be 
recorded for analysis. Since the trace function is 
accommodated in a single device, embedded tracing is more 
likely to be practical. 

DESCRIPTION OF 10171502 
MULTIFUNCTION RAM 

IDT71502 is a 4K x 16 multifunction RAM with an address 
set-up time of 25ns. It has a breakpoint comparator,16-bit 

RS-232 
INTERFACE 
,.....---, 

pipeline register and an address counter. In addition, there is 
a 16-bit set-up register used to set the chip operating mode 
and to read back chip operating status conditions. It includes 
a serial control interface called the serial protocol channel 
(SPCTM) which is available in a variety of other products from 
IDT as well. The SPC logic, as implemented in the IDT71502, 
has one a-bit command shift register, a command decode 
register and a 16-bit data shift register. The serial data shift 
register can be configu red to operate in a diagnostic mode. In 
the diagnostic mode of operation, the shift register can read all 
status conditions on the chip such as the RAM output, pipeline 
register output, data output pin state and RAM load/read 
counter value. 

The serial protocol channel consists of a four-pin interface 
bus through which the user can access the internal registers 
of the IDT71502. The four pins are: 

(a) Serial data input pin (SDI) for sending data and 
commands to the device. 

(b) Serial data output pin (SDO) for extracting data from 
the device. 

(c) Serial clock pin (SCLK) for clocking data and commands. 
(d) Command/Data mode pin (CiO) to provide command 

or data identification to the device. 

J TIMING CHAIN I 
"I 

~ 
C/O CTS L.. L.. 

WESTERN IDT71502 
TxD MAXIM 

~ RS-232 
RxD ~ 

'---

SPC Is a trademark of Integrated Device Technology. Inc. 

Cll990 Integrated Device Technology. Inc. 

DIGITAL 
TR1863 
UART 

BAUD RATE CLOCK 

Figure 1. 
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USING IDT71502 RAMs IN A REAL·TIME DEBUGGING 
TOOL FOR A R3000 MICROPROCESSOR BASED SYSTEM 

This four-bit bus can be very conveniently connected to an 
RS-232C line for direct serial communication with a computer 
and Figure 1 illustrates one scheme to achieve this. The user 
is urged to refer to the "IOT71502 FUNCTIONALITY 
DEMONSTRATION BOARD USER MANUAL" for more 
information on interfacing the I OT71502 to the RS-232C serial 
communication line. The SPC's eight bit command is divided 
into a four-bit command field and a four-bit register field. The 
four-bit command field is used to determine whether a read or 
a write operation will be executed. The four-bit register field 
of the command register is used to select the various internal 
registers and the external pins on which the read or write will 
take place. Thus, the four-bit command field and the four-bit 
register field can effectively access any internal register for a 
read or a write operation and monitor the state of the external 
pins. 

Table 1 summarizes the SPC commands, and Register 
codes and the set-up register format. When the command! 
data line is high, commands are serially clocked through the 
SCLK into the internal command register via the serial data 
input pin (SOl). When the command/data line is low, data is 
serially clocked by the SCLK into the internal data register via 
the serial data input pin (SOl). The SPC commands are 
executed whenever the Ci5line transitions from a command 
mode (logic 1) to a data mode (logic 0). This device, when 
configured to operate in the trace mode, serves as a real-time 
debugging tool analogous to a logic analyzer. 

SPC COMMAND CODES 
Command Code ReadlWrlte 
(Hexadecimal) Function Operation 

0 Read Read Register 

1 Wr~e Wr~e Register 

2 Read RAM Read RAM and 
Increment Counter 

3 Write RAM Wr~e RAM and 
Increment Counter 

4-C Reserved (Reserved NO-OP) 

D Write Stub Diagnostic 

E Write Serial Diagnostic 

F Reserved (Reserved NO-OP) 
26761b102 

APPUCATION NOTE AN-67 

SET-UP/STATUS REGISTER CODE 
Bit Name Operation Performed 

15 CE Read Only 

14 SOEFF Read Only 

13 SOE Pin Read Only 

12 OEPin Read Only 

11 WE Pin Read Only 

10 INITPin Read Only 

9 BP Compare Read Only 

8 BP Pin Read Only 

7 CS1 ReadMlr~e 

6 CSO ReadMlr~e 

5 Non-Reg High ReadMlrite 

4 Non-Reg Low -
3 - -
2 BC-ADDRS ReadMlr~e 

1 BC Pipe lined ReadMlr~e 

0 Trace Mode ReadMlr~e 

26761bIOl 

SPC REGISTER CODES 
Register Code ReadlWrlte 
(Hexadecimal) Function Register 

0 ReadMlrite RAM Counter 

1 ReadMlrite RAM Output/Input 

2 ReadMlrite Pipolino Rogistor 

3 ReadMlrite Break Mask Register 

4 ReadMlrite Break Data Register 

5 ReadMlrite Setup and Status Register 

6 Read Only 11015 - 1100 (Data Pins) 

7 Read Only RAM Address Pins 

8-F Reserved Reserved (Unused) 
26761b103 

Tablo1. 
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USING IDTI1502 RAMs IN A REAL-TIME DEBUGGING 
TOOL FOR A R3000 MICROPROCESSOR BASED SYSTEM 

AN R3000-BASED SYSTEM 
A block diagram of a R3000-based system's CPU and its 

memory interface is shown in Figure 2. It consists of the CPU 
and FPU, data and instruction caches and the read and write 
buffers connected to the CPU and the system bus. This is a 
typical configuration found in embedded or general purpose­
type systems which use the R3000. To reduce the burden of 

APPUCATION NOTE A~7 

the systemdesignerwho is interested in using the IDT79R3000, 
the CPU and FPU, as well as the instruction and data caches 
with the read and write buffers, are now available in a compact 
module (IDT7RS101) which can be connected to the user's 
system bus. This approach to system deSign vastly reduces 
the deSign cycle time by shifting the design emphasis to main 
memory and liD interfaces. 

IDT79R3000 
Rise Processor 

CPU Data 
Bus IDT79R3010 

Floating Point 
Unit 

CPU Address 
Bus 

I To Main Memory 
and 1/0 Interface 

2676drw 02 

Figure 2. A Generic R3000 Microprocessor Based System 

When debugging a system board based on the I DT7RS 101 
orits equivalent, the majority of debugging is done by monitoring 
the cache to main memory interface on the main memory side 
of this interface. An embedded trace function may operate in 
the same way. This keeps the capacitance of the trace RAM 
pins out of the speed critical cache buses. If desired, the 
R3000 canbe operated inthe uncached mode. This forces all 
accesses to main memory and allows every memory access 
of the processor to be monitored from the cache to main 
memory interface. The userwishing to operate in the uncached 
mode can do so by setting bit 11 of the TLB entry register to 
1, indicating uncached mode, oroperate the software in virtual 
address space kseg1. Kseg1 is kernal-mode virtual addressing 
space which is uncached and is 512 Mbytes long starting at 
virtual address OxaOOO_OOOO. With this approach, the user 
must define instruction space and data space in the main 

memory and must provide an address decoded input to the 
IDT71502 tracing the control bus. This input will be used to 
determine whether an instruction or data related transaction 
occurred during that clock period. 

Another approach is to tie the address valid bit on the TAG 
bus to ground via a 300 Ohm resistor. This is necessary to 
prevent a direct short from occurring when the CPU is driving 
the TAG bus. Tying the address valid bit on the TAG bus to 
ground will result in invalidating the cache TAGs and cache 
misses will occur, resulting in the processor accessing main 
memory to get that information. Whenever the main memory 
is accessed to get information after a cache miss, the processor 
puts out information on the Access Type pins, indicating the 
size of the word to be transferred and that it was a cached 
reference. AccTyp(2) pin output indicates a cached reference 
when 1 and an uncached reference when O. AccTyp(O) 
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indicates a Data reference when 0 and an instruction reference 
when 1. The AccTyp signals are latched using our control 
trace RAM and will determine whether an instruction or data 
transaction occurred during that clock period. 

it should be pointed out that the timing for this part of his 
system is more stringent. The user may have to register trace 
data before clocking it into the IDT71502s to meet the 
IDT71502s set-up and hold time restrictions. 

A user wishing to implement his own cache can use the 
IDT71502 in the trace mode to monitor the cache. However, 
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Figure 3. Block Diagram to Trace Instructions, Data, Instruction Addresses and Data Addresses 
on the System Bus of an R3000-based System 

DESCRIPTION OF THE MONITOR CIRCUIT 
Figure 3 shows the block diagram of an implementation of 

the monitor circuit. It is placed on the system bus between 
main memory and the write buffer of the R3000. The R3000 
uses the write through cache update policy to ensure data 
coherency. The function of the write buffer is to capture data 
and addresses output by the CPU and ensure that data is 
passed on to main memory. The read buffer is used for 
temporary storage of data during data transfers between main 
memory and the CPU. Depending on the block refill size, the 
read buffercan be 1,4,8, 160r32wordsdeep. The block refill 
size of the system is fixed during the system reset operation. 
The R3000's CpCondO input can be set to a 0 to indicate a 
single word transfer or can be set to a 1 to indicate a block 

transfer by the external memory controller. The PAL state 
machine is used to generate the appropriate IDT71502 strobes 
to capture instructions, data, instruction addresses and data 
addresses. 

The I DT71502s labeled "1" in Figure 3 is used for capturing 
data and instruction addresses; IDT71502s labeled "2" is used 
for capturing data and instructions. The I DT71502labeled "3" 
is used to trace the control bus signals. In this application note, 
we assume a single word deep read buffer. If a system is I 
designed for all possible types of data transfers (Le bytes, half • 
words, tribytes, words and block refills), ourPALequationswill . 
also have to change to generate the strobes necessary to 
trace these data transfers. 
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Figure 4. Main Memory Read Cycle (Single Word Read) 

9.23 5 



USING IDTI1502 RAMs IN A REAL-TIME DEBUGGING 
TOOL FOR A R3000 MICROPROCESSOR BASED SYSTEM 

BSysClk 

BMemWr 

WrAck 

OutEn 

AddrOut 

DataOut 

TWE 

TCLK 

CS 

phi phi 

APPUCATION NOTE A~7 

phi phi phi phi 

2676drw 05 

Figure 5. Main Memory Write Cycle (Single Word Write) 

TIMING ANALYSIS 
Figure 4 is the timing waveform for a single word read and 

Figure 5 is the timing waveform for a single word write. Since 
the system bus timing parameters are dependent on an 
external memory controller, Table 2 summarizes the important 
handshaking signals needed to satisfy the protocol necessary 
to trace system bus signals. 

AddrOutEn is an input to the read buffer from the main 
memory controller. When asserted, this input will enable the 
address that is registered in the read bufferto the system bus. 
McRd is a read strobe that is generated by the main memory 
controller in response to a MemRd pulse from the R3000. 
RBDEn is a main memory controller input to the read buffer 

9.23 

that registers the data available on the system data bus into 
the read buffer. 

WrAck is an input to the write buffer from the main memory 
controller. It indicates that it has written the word presented to 
it to main memory. RdAck is also a main memory controller 
output that is used to generate the RdBusy signal to the 
R3000. TWE is an input to the IDT71502s that latches data 
addresses, instruction addresses, data, and instructions; it is 
also an output from our PAL state machine. TCLK is the clock 
input to the IDT71502s traCing data addresses, instruction 
addresses, data, and instructions. The signals TWE and 
TCLK are also used as inputs to the IDT71502s in order to 
trace the control bus signals. 

6 
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Signal 
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Function 

BMemRd The buffered memory read signal from the R3000 

BMemWr The buffered memory write signal from the R3000 

AddrOutEn Read buffer address output enable signal from the memory controller 

McRd Main memory read strobe from the memory controller 

RBOEn Read buffer data enable strobe from memory controller 

WrAck Wr~e acknowledge to write buffer from memory controller 

RdAck Read acknowledge to read buffer from memory controller 

TWE Write enable input to IOT71502 from PAL state machine 

TCLK Clock input to IOT71502 from PAL state machine 
26761b104 

Table 2. 

TIMING SPECIFICATIONS FOR THE 
IOT715025 

tTWDS is the IDT71502 specification defined as "Trace 
Write Data Set-up Time". The user must satisfy the following 
condition: 

tTWDS ~ 8ns 

tTWDH is the IDT71502 specification defined as ''Trace 
Write Data Hold Time". The user must satisfy the following 
condition: 

tTWDH ~ 2ns 

tTWS is the IDT71502 specification defined as "Trace Write 
Enable Set-up Time." The user must satisfy the following 
condition: 

tTWS ~ 8ns 

tTWH is the IDT71502 specification defined as "Trace Write 
Enable Hold Time." The user must satisfy the following 
condition: 

tTWH ~ 2ns 

CONCLUSION 
The IDT71502 is a multifunction RAM that is fast enough to 

be used to trace the operation on most high-speed 
microprocessors including the IDT79R3000 RISC 
microprocessor. The 25ns speed grade can be used to trace 
full speed the operation of this processor up to 25M Hz. The 
discussion in this paper focused on providing the pertinent 
information needed to construct a monitor circuit based on 
IDT71502 multifunction RAMs to trace the system bus of an 
R3000-based system. This discussion is also valid for users 
interested in using the IOT71502 RAMs in a trace mode to 
monitor system buses based on other high-speed processors. 

Microprocessor based systems are usually provided with 
software routines that are used as diagnostic tools to test 
system primary and secondary memory for failures. These 
programs also test I/O devices before the user receives a 
prompt, telling him the system as a whole is ready for service. 
This procedure is usually carried out after system reset, but 
occasionally during normal operation the system "crashes" in 
the middle of some critical task and the user has no clue as to 
what happened priorto the "crash". The I DT71502 multifunction 
RAMs, when operated intrace mode and mounted permanently 
on critical system paths, can serve as "black boxes"to give the 
user this very important information. This information can 
then be very conveniently retrieved via the four bit serial 
protocol channel connected to the RS-232 connector and the 
reason for the crash can be determined. 

The I DT71502 is a multifunction RAM that has the capability 
to serve as a valuable logic monitoring tool. It contains the 
Serial Protocol Channel and a breakpoint comparator, has a 
4K x 16 memory space and is available with an access speed 
of 25ns. Thus, it is well-suited for use as a single chip logic 
analyzer in high-speed, high-density environs. 
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This application note describes a "no hassels" interface be­
tween the IBM PC-style backplane and a TMS320C30 DSP 
chip via an lOT dual-port static RAM. The interface provides 
an extremely simple means of downloading cross-compiled 
DSP code as well as sample data sets for debugging a high 
speed TMS320 based system in real time. 

This example also shows how easily interprocessor com­
munications hardware can be implemented via the simple 
insertion of a dual-port RAM between a DSP chip and a 
general purpose processor in a standard DSP system. A 
system like this one would typically use a standard CPU for 
data input/output and ordering, and would pass complete data 
sets to the DSP chip for intense calculation. Similar architec­
tures are often used in graphics and image processing, where 
an entire image is manipulated as a single data set, in 
transform calculations (Le. FFTs) for sonar and radar process­
ing. Certain systems even use this scheme several times with 
numerous DSP chips in order to get processing speeds 
proportional to the number of DSP chips in the system. 

SYSTEM OBJECTIVE 
The design presented here is the TMS320C30 Software 

Development Board. This board is one portion of a system 
which helps the TMS320C30 programmer to download and 
debug code from an IBM PC or similar computer. In order to 
support the special hardware needs of the TMS320C30 
programmer, an expansion connector allows memory to be 
added to the DSP chip's primary bus, while a target connec­
tor provides a fully buffered version of the chip's expansion 
bus to allow its connection to special pu rpose hardware. Most 
of the TMS320C30's status signals are also routed to the ex­
pansion bus to make them available to the hardware being 
debugged. 

The majority of the control software is PC-resident, and is 
provided on magnetic media. This includes such tools as the 
assembler, compilers, and download and debug routines. A 
2K x 32 EPROM array on the primary bus of the TMS320 
provides the host processor with a set of commands to allow 
it to load the software development board's RAMs, to set and 
clear breakpoints, to examine and preset internal status, and 
to load or store values in individual memory locations. All of 
these are controlled by the host's sending a command to the 
TMS320, which interprets that command and takes appropri­
ate action. 

A high speed 16K x 32 static RAM is attached to each of the 
DSP chip's two buses: the expansion bus, and the primary 
bus. The expansion bus' RAM would typically be used to store 
a data set to be operated upon, and the primary bus' RAM 

would be used to store code which would be debugged using 
this board. Both of these RAMs are zero wait-state (25ns 
access times at 33M Hz) to allow real-time debugging and 
benchmarks to be performed. Since the TMS320's expansion 
bus only supports addressing of up to 8K locations, a bank 
select signal is used to switch between the upper and lower 
halves of this port's 16K x 32 memory. This signal is software­
controlled from the processor's expansion bus. 

One design goal for this system was to move data into and 
out of the DSP's dedicated memory without taking an inordi­
nate amount of time or hardware. If standard memory were to 
be shared between the host and the DSP chip, multiplexing 
logic would need to be inserted between each processor and 
the RAM's address, data, and control lines. This logic would 
find itself right in the critical timing path of the memories on the 
primary and expansion buses, and would make zero wait­
state operation nearly unachievable. An additional headache 
would have been finding room on the board for the large 
amount of multiplexing logic required. Should the design have 
used a simpler method of passing data back and forth 
between processors either via a UART or a single byte-wide 
I/O buffer, the developer would have had to endured long 
delays during download and other communication functions 
as the software on either side of the port performed massive 
amounts of handshaking to pass. even the smallest of data 
sets. 

It became obvious early in the design cycle that the sim­
plest method of performing fast host to DSP communication 
would be to use a large high-speed true dual-port static RAM 
to perform interprocessor communications. A dual-port RAM 
would allow both the host and the DSP chip to transfer data in 
packets, rather than as individual bits or bytes, thus acceler­
ating downloading. The selected dual-port device would have 
to be one which provided some means of signalling that data 
packets were ready to be handed back and forth between 
processors. 

An IDT71342 was chosen because of its speed, its depth 
(4K bytes), the simplicity of its interface, and its ability to 
perform interprocessorcommunications through its eight inter­
nal semaphore flags (see Appendix: "Dual-Port Semaphores"). 
By using an IDT71342, the deSigners could use a single chip 
to implement 4K byte high speed block transfers between the 
host and the TMS320, and to signal the completion of a 
transfer without additional hardware. Although the 45ns 
access time dual-port used in this system does not support 
zero-wait data transfers at maximum CPU speeds, data 
transfers are not in the critical path of the sort of software this I 

system is used to debug. Still, a true zero-wait state system 
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Figure 1. TMS320C30 Software Development Board Block Diagram 

could have been realized had the designers used a 25ns dual­
port. 

Figure 1 shows a block diagram of the complete system. 
The full schematic of the system is shown in Figure 6. 

INTERFACING TO THE DUAL-PORT RAM 

The IDT71342 dual-port RAM uses an interface which is 
similar to any standard single-port byte wide static RAM. Each 
of the twoports (Left and Right) uses a separate set of control, 
address, and I/O pins. Address inputs are not multiplexed with 
data I/O. The control interface consists of three pins on either 
side: read write (R/W), output enable (OE), and chip enablel 
power down (CE). The Riw and OE pins also operate in 
conjunction with the semaphore select pin (SEM), which 
imitates the functionality of the chip enable pin, but ratherthan 
allowing reads and writes of the memory array, this pin routes 
the read and. write control to the eight on-chip semaphore 
flags. . 

Write cycles are controlled by the simultaneous application 
of a logic low on both the CE and R/W inputs for one side of 
the RAM, and either signal can be used to control the timing 
of a write cycle. If the CE signal is held low and the timing is 
set by a low pulse on the R/W pin, it is called a "Riw controlled 
write cycle" (figure 2). Write cycles where R/W stays low while 
CE is pulsed low are called "CE controlled write cycles" (figure 
3). By offering both methods of communication, lOT's dual­
port RAMs can be easily connected between systems with 
,greatly differing bus interface specifications. An interesting 
point about this design is that while the PC or host side of the 
dual-port uses a Riw controlled write cycle, the DSP writes to 
its side of the dual-port by using a CE controlled write cycle. 

THE PC BUS INTERFACE 

In this design, the PC bus' control signals are routed nearly 
directly from the backplane to the IDT71342's Rm and OE 
pins. The signal functions and timing of the backplane are an 
ideal match with those of the dual-port RAM, However, a 
decision was made to map the memory array into a 4K space 
in the PC's memory space, while the semaphores were to be 
mapped into the PC's 1/0 space, which forced the lOW and 
MEMW signals to be ORed before driving them into the 
IDT71342's R/Winput. Likewise lOR and MEMR signals are 
ORed before driving them into the IDT71342's OE input. 

The dual-port's chip enable (CE) pin is driven indirectly by 
an address decoder consisting of an eight bit comparator 
74ALS521 which compares the output of a 74LS377 register 
with addresses A12-A19. The 74LS377 is an 1/0 mapped 
register that allows the dual-port RAM to be mapped into any 
4K-byte region in the PC's main memory space. A PAL 
resident control register bit on the board allows the dual-port 
memory to be disabled, which is its state at power-up or reset. 

The semaphore enable pin (SEM) is driven by a 20L8 PAL 
which decodes addresses from, the PC Bus. This decoder 
determines whether the host is accessing memory or 1/0 
space via the MEMR, MEMW, lOR, and lOW signals, and 
enables the semaphores during an I/O access if the proper 
address (AO-A9) is applied to the inputs of the PAL. The PAL 
also uses the lOW and MEMW signals to generate aRiW 
controlled write cycle, while using decoded addresses to drive 
the CE and SEM inputs. 

All data and address pins of the IDT71342 are isolated from 
the backplane with TTL buffers. A detail of the PC to dual-port 
interface is shown in Figure 4. 

The reader should note that several considerations in­
creased the complexity of this interface. If this design had 
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involved a dedicated host processor rather than a general 
purpose PC, the need for buffering would probably have been 
drastically reduced. Had both the 4K byte RAM and the 
semaphores been mapped into the memory space of the host, 
no ORing would have been required on the MEMW, MEMR, 
lOW, and lOR signals. Finally, a very complex address 
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decoder was implemented in this system to allow the 
IDT71342's RAM to be mapped anywhere within the PC's 
memory space. By using a more straightforward fixed­
address scheme, logic complexity could be significantly re­
duced. It is conceivable that the entire interface including 
address decoding could have been handled with a single IC. 
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Figure 2. Timing Waveform of R/W Controlled Write Cycle 
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Figure 5. TMS320C30 to 10T71342 Dual-Por1lnterface (Right-Hand Side of Dual-Port). 
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TMS320 . INTERFACE 

THE TMS320C30 INTERFACE 

The TMS320 interfaces to the dual-port RAM through the 
I/O strobe on ,the expansion bus. The same bus is used to 
interface to a 16K x 32 static RAM via its memory strobe signal. 
These two strobes signify two different ranges on the DSP 
chip's internal address map. A detailed diagram of the 
TMS320 to IDT71342 interface is shown in Figure 5. 

As in the PC bus interface, the address lines are buffered 
between the processor and the dual-port RAM, however the 
light loading on the data bus removes the need for data 
buffering on this side. The only devices connected to the data 
pins are: the dual-port RAM, the DSP chip, a static RAM, a 
status latch, and a transceiver. The address bus needed 
buffering since all eight 16K x 4 RAM chips, as well as the dual­
port, a PAL, and ah address buffer are attached to these pins. 

The TMS320's expansion bus uses a strobe to activate an 
I/O cycle, and a level to distinguish read cycles f~m write 
cycles. In this design, the expansion readlwrite (XR/W) output 
of the TMS320 is connected directly to the I DT71342 dual-port 
to drive the read/write (RIW) input, and is simply inverted to 
drive the output enable (OE) input. This inverter is not truly 
necessary, since the dual-port places its data outputs into a 
high-impedence state automatically upon the application of a 
write (low) level on the Rm input. The OE pin on this side 
could have been permanently tied active (grounded). 

A 20L8 PAL is used to control the chip enable (CE) input for 
this side of the dual-port RAM. This signal is a decoding of the 
DSP's expansion bus address bits XAO-XA 12. The PAL used 
in this interface had too few product terms to allow the 
combination ofthe I/O strobe with the decoded address, so the 
buffered I/O strobe (BIOSTRB) has been externally' ANDed 
with the decoded address output from the PAL before being 
fed into the dual-port. The semaphore select is handled the 
same way, but a different address decoding is used from the 
same PAL, and the I/O strobe is ANDed through a different 
gate into the semaphore (SEM) input of the dual-port. Both of 
these Signals can be disabled by writing to the control register. 

The TMS320C30 writes to the dual-port RAM by imple­
menting a CE controlled write cycle. The CE and SEM inputs 
are driven by two-input OR gates .. One of the inputs of each 
of these gates represents a decoded address output from a 
20L8 PAL, while the second input is driven by a buffered 
version of the I/O strobe. The only other qualifying input is the 
read/write (RIW) input, which is directly driven by the expan-

APPUCATION NOTE AN-58 

sion read/write (XRIW) signal on the TMS320. When the DSP 
chip writes to the dual-port, the address and readlwrite signals 
are output first, followed by the I/O strobe. Since 10STRB is 
used to gate the CE or SEM signal, the timing meets the criteria 
for a CE controlled write cycle. ' 

The expansion ready (XRDY) input to the TMS320, which 
tells it thatthe expansion bus cycle is complete, is a combina­
tion of the decoded address range from the PAL and a clock 

. delay from the TMS320's H1 (clockl2) output. This signal is 
required for systems using slower dual-port RAMs, but is not 
necessary in systems where faster dual-ports are used. If the 
system designer chases a 25ns or faster part for use in a 
33MHz TMS320C30 system, the XRDY input can be gener­
ated immediately upon accessing the dual-port RAM. 

The gating used here generates a single wait-state on any 
I/O strobe within the address range of the IDT71342. This 
logic could be removed if a faster IDT71342 were used. On 
an 10STRB output from the TMS320, if the PAL decodes a 
dual-ported address, the strobe and decoded address are 
combined in the second of the two AND gates in fig. 5. This 
AND gate's output is fed into the XRDY OR gate to extend the 
expansion bus cycle. On the next riSing edge of H1, the 
10STRB is clocked into the flip flop. This flip flop's output is 
connected to the first AND gate and disables the 10STRB from 
reaching the second AND gate. This in turn allows the XRDY 
input to the TMS320 to go active, and allows the cycle to end. 
A single wait-state more than compensates for the 4Sns 
address access time of the dual-port used in this application. 
Other signals called target I/O ready (TI ORDy) from the target 
connector, and the MSTRB signal from the DSP chip itself can 
also signal an expansion bus ready state. Since the MSTRB 
Signal is used only to control accesses to the expansion bus' 
16K x 32 zero wait-state RAM, it is ORed directly back to the 
XRDY input through the 74AS11 gate as shown. 

CONCLUSION 

The TMS320C30 Software Development Board shows the 
simplicity of designing an interface between a TMS320 DSP 
chip and the IBM PC bus using an IDT71342 dual-port RAM. 
The dual-port RAM serves to reduce component count, in­
crease interprocessor communications throughput, and sim­
plify design. Designers should be able to follow the example 
given here to profitably use dual-port RAMs to handle commu­
nications in any similar dual processor system. 
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Figure 6. Complete Schematic of TMS320C30 Software Development System (section 8 of 9) 
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DUAL·PORT RAM SIMPUFIES PC TO 
TMS320 INTERFACE 

APPENDIX 

DUA~PORTSEMAPHORES 

Eight extra address locations in the I DT71342 4K x 8 dual­
port RAM are dedicated to binary semaphore flags. These 
flags allow either the TMS320 or the host processor to claim 
a privilege over the other processor for functions defined by 

APPUCATION NOTE AN·68 

TMS320 can then either repeatedly inquire the status of the 
semaphore it requested, or it can remove its request for that 
semaphore by writing a one into its location. The TMS320 can 
then perform another task and occaSionally attempt to gain 
control of the token via the set and te,st sequence. Once the 
PC has relinquished the token, the TMS320 can succeed in 
gaining control of the shared resource. 

the programmer's software. As an example, the semaphore The semaphore flags are active low. A token is requested 
can be used by the PC to inhibit the TMS320C30 from by writing a zero into a semaphore location, and is released 
accessing a portion of the dual-port RAM, or some other when the same processor writes a one into that location. 
shared resource. The eight semaphore flags reside within the IDT71342 in a 

The dual-port RAM features a fast access time, and both seperate memory space from the dual-port RAM. This ad­
ports are completely independent of each other. This means dress space is accessed by placing a low input on the SEM pin 
that the activity on the left port in no way slows the access time (which is used as a chip select for the semaphore flags), and 
of the right port. Both ports are identical in function to standard using the other control pins (Address, OE, and R/iN) as they 
static RAMs and can be read from, or written to, at the same would be useo in accessing a standard static RAM. Each of 
time with the only possible conflict arising from the simultane- the flags has a unique address which can be accessed by 
ous writing of, or a simultaneous READIWRITE of, a non- eithersidethroughaddresspinsAO-A2. When accessing the 
semaphore location. Semaphores are protected against such semaphores, none of the other address pins has any effect. 
ambiguous situations and may be used by the system pro- When writing to a semaphore, only data pin DO is used. If 
gram to avoid any conflicts in the non-semaphore portion of . a low level is written into an unused semaphore location, that 
the dual-port RAM. flag will be set to a zero on that side and a one on the other (see 

Multiple processor sytems like the TMS320C30 Software Table I). That location can now only be modified by the side 
Development Board can benefit from a performance increase showing the zero. When a one is written into the same location 
by using these semaphores, which provide a lockout mecha- from the same side, the flag will be set to a one for both sides 
nislT! without requiring complex programming. (unless a semaphore request from the other side is pending) 

Software handshaking between processors offers the and then can be written to by both sides. The fact that the side 
maximum in system flexibility by permitting shared resources which is able to write a zero into a semaphore subsequently 
to be allocated in varying configurations. The IDT71342 does locks out writes from the other side is what makes semaphore 
not use its semaphore flags to control any resources through flags useful in interprocessor communications. A zero written 
hardware, thus allowing the programmer to determine each into the same location from the other side will be stored in the 
flag's meaning. semaphore request latch for that side until the semaphore is 

HOW THE SEMAPHORE FLAGS WORK 

The semaphore logic is a set of eight latches which are 
independent of the dual-port RAM. These latches can be used 
to pass a flag, or token, from one processor to the other to in­
dicate that a shared resource is in use. The semaphores 
provide a hardware assist for a use assignment called "Token 
PaSSing Allocation." In this method, the state of a semaphore 
latch is used as a tc;>ken indicating that a shared resource is in 
use. If the TMS320 wants to use this resource, it requests the 
token by writing a zero into the latch. The TMS320 then 
verifies its success in writing the latch by reading it. If it was 
successful, it proceeds to assume control over the shared 
resource. If it was not successful in writing a zero into the 
latch, it determines that the PC had set the latch first, is in 
posession of the token, and is using the shared resource. The 

freed by the first side. 
When a semaphore flag is read, its value is spread into all 

data bits, so that a "set" flag reads as a one in all data bits and 
a flag containing a zero reads as all zeros. The read value is 
latched into one side's output register when that side's sema­
phore select (SEM) and output enable (OE) Signals go active. 
This serves to disallow the semaphore from changing state in 
the middle of a read cycle due to a write cycle from the other 
side. Because of this latch, a repeated read of a semaphore 
in a test loop must cause either Signal (SEM or OE) to go 
inactive, or the output will never change. This is not a concern 
in the TMS320C30 Software Development Board, since either 
bus' accesses to other memory locations between sema­
phore accesses inactivate both of these signals for a relatively 
long period no matter how tight of a loop is used to interrogate 
the device. 
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TMS320 INTERFACE 

FUNCTION 

No action 

PC writes "0" to semaphore 

TMS320 writes "0" to semaphore 

PC writes "1" to semaphore 

PC writes "0" to semaphore 

TMS320 writes "1" to semaphore 

PC writes "1" to semaphore 

TMS320 writes "0" to semaphore 

TMS320 writes "1" to semaphore 

PC writes "0" to semaphore 

PC writes "1" to semaphore 

PC BUS 
00-07 LEFT 

1 

0 

0 

1 

1 

0 

1 

1 

1 

0 

1 

TMS320 
00-07 RIGHT 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

APPUCATION NOTE AN·58 

STATUS 

Semaphore free 

PC has semaphore token 

No change. TMS320 
has no write access 
to semaphore 

TMS320 obtains 
semaphore token 

No change. PC 
has no write access 
to semaphore 

PC obtains 
semaphore token 

Semaphore free 

TMS320 has 
semaphore token 

Semaphore free 

PC has 
semaphore token 

Semaphore free 

2694 tbl 01 

Table 1. Example Semaphore Procurement Sequence 

A sequence of WRITE/READ must be used to acquire a 
semaphore in order to guarantee that no system level conten­
tion will occur. A processor requests access to shared 
resources by attempting to write a zero into a semaphore 
location. If the semaphore is already in use, the semaphore 
request latch will contain a zero, yet the semaphore flag will 
appear as a one, a fact which the processor will verify by the 
subsequent read (see Table I). As an example, assume the 
PC writes a zero to the left port at a free semaphore location. 
On a subsequent read, the PC will verify that it has written 
successfully to that location and will assume control over the 
resource in question. Meanwhile, if the TMS320 attempts to 
write a zero to the same semaphore flag, it will fail, as will be 
verified by the fact that it will read a one from that semaphore 
during a subsequent read cycle. Had a sequence of READ/ 
WRITE been used instead, contention problems could have 
occurred during the gap between the read and write cycles. 

It is important to note that a failed semaphore request must 
be followed either by repeated reads, or by writing a one into 
the same location to remove the semaphore request. The 
reason for this is easily understood by looking at the simple 
logic diagram of a semaphore flag shown in Figure 7. Two 
semaphore request latches feed into a semaphore flag. 
Whichever latch is the first to present a zero to the semaphore 
flag will force its side ofthe semaphore flag low, and the other 
side high. This condition will continue until a one is written into 

the same semaphore request latch. Should the other side's 
semaphore request latch have been written to a zero in the 
meantime, the semaphore flag will flip overto the other side as 
soon as a one is written into the first side's request latch. The 
second side's flag will now stay low until its semaphore 
request latch is written with a one. From this it is easy to 
understand that, if a semaphore is requested and the proces­
sor which requested it no longer needs the resource, the 
entire system could hang up until a one is written into that 
semaphore request latch. 

The critical case of semaphore timing is when both sides 
request a single token by attempting towrite a zero into it at the 
same time. The semaphore logic is specially designed to 
resolve this problem. If simultaneous requests are made, the 
logic guarantees that only one side receives the token. If one 
side is earlier than the other in making the request, the first 
side to make the request will receive the token. If both 
requests happen at the same time, the assignment will be 
arbitrarily made to one side or the other. 

One caution that should be noted when using semaphores 
is that semaphores alone do not guarantee that access to a I 
resource is secure. As with any· powerful programming , 
technique, if semaphores are misused or misinterpreted a 
software error can easily happen. Code integrity is of the 
utmost importance when semaphores are used instead of 
hardware handshaking. 

9.24 17 
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DO 

Write 

Semaphore 
Read 

L Port 

Semaphore 
RequestLatch 
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RequestLatch 

Q D J---­
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DO 

Write 

Semaphore 
Read 

Semaphore Latch 

2694 drw 07 

Figure 7. 1OT71342 Semaphore Logic 

Initialization of the semaphores is not automatic and must 
be handled via the initialization program at power-up. Since 
any semaphore which is written to a zero must be reset to a 
one,' both the TMS320 and the PC must write a one into all 
semaphore locations at initialization to assure that the sema­
phores will be free when needed. 

USING SEMAPHORES - Some Examples 

Perhaps the simplest application of semaphores is their 
application as resource markers for the I DT71342's dual-port 
RAM. Say the 4K x 8 RAM was to be divided into two 2K x 8 
blocks, which were to be dedicated at anyone time to servic­
ing eitherthe PC orthe TMS320. Semaphore 0 could be used 
to indicate the side which would control the lower section of 
memory, and Semaphore 1 could be defined as the indicator 
for the upper section of memory. 

To take a resource, in this example the lower 2K of dual-port 
RAM, the PC could write then read a zero into Semaphore O. 
If this task were successfully completed (a zero was read 
back, ratherthan a one), the PC would assume control of the 
lower 2K. Meanwhile, the TMS320 might attempt to perform 
the same function. Since the TMS320 was attempting to gain 
control of the resource after the PC, it would read back a one 
in response to the zero it had attempted to write into Sema~ 
phore O. At this point, the TMS320's software could choose to 
try and gain control of the second 2K section by writing, then 
reading a zero into Semaphore 1. If it succeeded in gaining 
control, it would lock out the PC. 

Once the PC was finished with its task, it would write a one 
to Semaphore 0, then may try to gain access to Semaphore 1. 
If Semaphore 1 was still occupied by the TMS320, the PC 
could remove its semaphore request and perform other tasks 
until it was able to write, then read a zero into Semaphore 1. 

If the TMS320 performs a similar task with Semaphore 0, this 
protocol would allow the two processors to swap 2K blocks of 
dual-port RAM with each other. ' 

The blocks do not have to be any particular size and could 
even be of variable length, depending upon the complexity of 
the software using the semaphore flags. All eight semaphores 
could be used to divide the dual-port RAM or other shared 
resources into eight parts. 

Semaphores are a useful form of arbitration in real-time 
DSP applications, when the PC must be locked out of a 
section of memory during a transfer, and the TMS320 cannot 
tolerate any wait states. With the use of semaphores, once the 
two processors had determined which memory area was "off 
limits" to the PC, both the PC and the TMS320 could access 
their assigned portions of memory continuously without any 
wait states. Both processors can access their assigned RAM 
segments at full speed. 

Another application of semaphores is in the area of com­
plex data structures. In this case, block arbitration is very 
important to the maintenence of data integrity. For this 
applic'ation one processor may be responsible for building and 
updating a data structure, which the other processor then 
reads and interprets. If the Interpreting processor reads an 
incomplete data structure, a major error condition may exist. 
Therefore, some sort of arbitration must be used between the 
TMS320 and the PC. Software semaphores are a perfect fit. 
The building processoruses the semaphore to arbitrate forthe 
block and to lock it once that processor is able to acquire the 
semaphore flag. This processor then is able to go in and 
update the data structure. When the update is completed, the 
semaphore and the corresponding data structure block are 
released. The interpreting processor then acquires the 
semaphore which allows it to come back and read the com­
plete data structure, thereby guaranteeing consistency. 
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t;)® DUAL-P'ORT INTERRUPT APPLICATION 

EXPANSION NOTE 
AN-70 

Integrated Device Technology, Inc. 

by John C. Meln, Field Applications Engineering 

Synopsis: This tech note describes a simple technique to 
obtain additional interrupts from each side of a dual-port when 
expanding in width. 

select one of multiple dual-ports (usually all masters). An 
example of this scheme is offered by the lOT 7005 8kx8 dual­
port and shown in Figure 1. 

Many of today's dual- ports offer the capability of allowing 
one side to have an interrupt generated to the other side. This 
allows the signaling of messages such as data ready, data 
overflow, etc. This is a handy feature used quite often. lOT'S 
dual-ports offer two interrupts per part - one to each side 
when operated in standalone mode. When expanding in 
depth or width additional interrupts can be obtained-exactly 
how many more depends on how the expansion is accom­
plished. 

This depth expansion results in two interrupts being 
available on either side. For side A to generate an interrupt to 
side 8, side A must write anything to location 1 FFF (8191 
decimal). This generates the interrupt to side 8 which is 
cleared only by side 8 reading the same location 1 FFF. Side 
8 can likewise generate an interrupt to side A-the only 
difference is the memory location is now 1 FFE (8190 deci­
mal). Another set of interrupts also resides at locations 3FFF 
(16383 decimal) and 3FFE (16382 decimal). 

A feature available in many dual-ports is depth expansion 
capability. One simply uses external address decoding to 

C>1990 Integrated Device Technology. Inc. 
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DUAL-PORT INTERRUPT EXPANSION APPUCATION NOTE AN-70 

Figure 2 shows a typical system consisting of two 8kx8 
dual-ports expanded in width. Here one must be careful to 
have address arbitration done by only one chip (the master) 
and having the other chips (the slaves) follow the master. This 
is easily accomplished using separate master and slave chips 
(such as the I0T7130 and I0T7140) or on the newer chips 
such as the I0T700S/6 and I0T7024/2S by connecting the 
MIS pin appropriately. All address lines are tied in parallel and 
only one interrupt for each side (Since the address mapping is 
the same for both chips) is used. The other interrupts are not 
connected. 

However, when expanding in width, one can have extra 
interrupt lines (one perchip) generated by simply inverting any 
address line between the two (or more) dual-ports. As shown 
in Figure 3 we have inverted address line A 12. The only item 
one needs to be careful about is to insure you correctly 
calculate the new address location for the additional inter­
rupts. For this example, instead of the interrupts being at only 
1 FFF and 1 FFE they are now also at FFF (409S decimal) and 
FFE (4094 decimal). It would also be possible to map the 
interrupts to be contiguous in the address map (i.e. map them 
to be at FFE, FFF, 1000, and 1001) . 
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DUAL-PORT INTERRUPT EXPANSION APPUCATION NOTE AN-70 

Another way to accomplish this would be to separate the 
chip enables for each dual-port. Then, to enable an interrupt, 
just enable and write to the appropriate dual-port. The 
advantage of this technique is that no additional address 
decoding delay is inserted. 

bit system (resulting in a 16kx32 memory) would result in four 
interrupts for each side for a total of 8 (compared with only two 
by the normal expansion method). 

The same methodology can be applied to multiple width ex­
pansions. For instance, using a 700616kx8 dual-port for a 32 

This tech note showed a simple way of obtaining more 
interrupts then normal when expanding in width. This is easily 
accomplished by inverting one or more of the address lines 
between the dual-ports. 
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~ 
DESIGN GUIDELINES APPLICATION 

FOR CUSTOM MODULE NOTE 

PACKAGES 
Integrated Device Technology, Inc. 

INTRODUCTION 
IDT packaging technology includes the utilization of mod­

ules, in order to integrate several chip-level components into 
a single subsystem. The resulting packing density offers 
several user benefits: 
1. Overall system space requirements may be substantially 

reduced. 
2. Noise effects may be greatly reduced by the close 

prximityof components on a module. 
3. High-speed circuit operation may be more readily 

achieved by the reduction of interconnect capacitance 
and distance. 

4. Trouble·shooting and field service may be improved by 
the system partitioning into readily replaceable functions. 

5. System enhancements may be offered as plug-in 
options with a minimum of board space allocation 
required. 
The IDT Subsystems portfolio include numerous standard 

module products. However, it may be quite advantageous to 
consider the use of a custom module for a given application. 
In this case, the user should be familiar with IDT Subsystem 
design guidelines and limitations in order to determine if the 
resulting custom module design will meet their needs and if it 
can be properly manufactured. 

MODULE/COMPONENT MATERIAL 
CONSIDERATIONS 

There are two different module materials available for use: 

FR-4 LAMINATE SUBSTRATES 
It is a industry standard epoxy-glass multi-layer printed 

circuit board material. It is intended for commerciaVindustrial 
applications which do not have high temperature operating re­
quirements. Plastic packaged components must be used on 
FR-4 modules, since the temperature coefficient of expansion 
of ceramic components do not match that of FR-4 material. 

CERAMIC SUBSTRATES 
This substrate is a industry standard multi-layer co-fired 

ceramic material. This material is required for military grade 
products and for high-temperature applications. Ceramic is 
desirable for designs requiring the highest density since the 
packing density of components onto the substrate material is 
much higher with ceramic than with FR-4.lt is possible to 
mount plastic components on ceramic modules, but this is 
generally not economically sensible. 

MODULE PACKAGE TVPES 
IDT modules are available in a variety of standard module 

packages, in addition to other non-standard package. Cus­
tom packages or pin requirements are available upon request. 

AN-44 

1. Dual In-line (DIP) - Figure 1. 
Ceramic modules utilize sidebrazed pins, which do not 
extend onto the surfaces of the module substrate. As a 
result, both top and bottom surfaces of the module are 
available for component replacement. FR-4 material, on 
the other hand, requires the pins to wrap over the top and 
bottom surfaces for mechanical support. This reduces the 
available surface area (on both the top and bottom) for 
placement of components. 

2. Ouad In-line (OIP) - Figure 2. 
These modules have two para"el rows of pins on each side 
of the module (i.e. 4 total rows), extending perpendicular to 
the plane of the module, like DIPs. Ceramic substrates 
uses sidebrazed pins for the outer row of pins and bottom 
brazing for the inner row (L-shaped pins permn this). FR-4 
substrates requires pins to be attached through the plane 
of the module. 

3. Hex In-line (HIP) - Figure 3. 
These modules have 3 parallel rows of pins on each side of 
the module (Le. 6 total rows), extending perpendicular to 
the plane of the module, similar to DIPs. Ceramic material 
uses bottom brazed pins while FR-4 requires the pins to be 
attached through the plane of the module. 

4. Single In-line (SIP) - Figure 4. 
These modules have a single line of pins which extend out 
in parallel to the plane of the substrate, ratherthan perpen­
dicular. Ceramic substrate SIP pins are attached to the one 
surface only, and hence, do not impact usable surface area 
on the other side. FR-4 substrates, however, requires pin 
attachment on both surfaces and this reduces available 
area. 

5. Dual SIP (DSIP) - Figure 5. 
These modules have two para"el rows of pins which extend 
out in parallel to the plane of the substrate, similar to SIPs. 
Both ceramic and FR-4 substrates require the use of some 
surface area on both sides for pin attachment to the 
module. 

6. Zig-zag In-line (ZIP) - Figure 6. 
These modules have two parallel rows of pins which extend 
out in parallel to the plane of the substrate, similar to DSIPs. 
However, each side is offset relative to the other side. For 
the case of standard 0.1 00" pin to pin spacing (on one side), 
the opposite side will be offset by 0.050" but still maintain 
0.100" pin to pin spacing on its own side. 

7. Single In-line Memory Module (SIMM) - Figure 7. 
These modules use industry standard edge connector type 
pins to be used wnh card edge sockets. These substrates 
are made exclusively with FR-4. 

8. Pin Grid Array (PGA) - Figure 8. 
These modules use industry standard through hole grid 
array formats necessary for high pin count designs. PGAs 
are made exclusively with ceramic substrates. 

Cl990 Integrated Device Technology, Inc. 9.26 8190 
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TOP VIEW 
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Figure 2(b). FR-4 alP 
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BACK VIEW 

Figure 4(a). Ceramic SIP 

BACK VIEW 

Figure 4(b). FR-4 SIP 
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Figure 5(a). Ceramic Dual-SIP 
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Figure 6. FR·4 ZIP 
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Figure 7. FR-4 SIMM 
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SURFACE ARE LIMITATIONS FOR PIN 
ATTACHMENT 

The module sustrate type determines the method of pin at­
tachment, as outlined in the previous section. The method of 
pin attachment, therefore, may impact the amount of available 
surface space for components on the top and bottom sur­
faces. 

Ceramic DIPs do not have any usable surface area restric­
tions, since the side-brazed pins do not extend onto the 
module surface area. FR-4 DIPs require that 0.100" from the 
edge of the module be unavailable for components (on both 
sides of the module). This results because the module pins 
extend through both sides of the module and therefore take 
away some surface area. 

Ceramic SIPs, due to the side-brazed pins, require the 
same 0.100" margin on the surface of the module to which the 
pins are attached. The other side has no such constraint. FR-
4 SIPs require 0.100" margin on both sides, since the pins are 
attached on both sides. 

Dual SIPs, ZIPs, and SIMMs require 0.100" margins on 
both sides to accomodate the pins. This holds for both ceramic 
and FR-4 modules. 

Ceramic alPs have no top side restrictions for pin attach­
ment, but have a constraint on the bottom side of 0.100". FR-
4 alPs use pins which go through the module material and 
this imposes constraints on both sides. The restriction inhibits 
any ~omponent from being located within 0.225" of the edge 
of the module on which the pins are located. 

Ceramic HIPs have no top side restrictions but require 
0.250" of margin on the bottom. FR-4 HIPs require 0.350" 
margin on both the top and bottom of the module. 

PGAs have not top side restrictions; however, the bottom 
side is used exclusively for pin attachment. In certain cases, 
there may be a small bottom area available for component 
placement but this area is usually only large enough for logic 
or passive type component packages. 

COMPONENT SPACING LIMITATIONS 
The space required between components on a module is 

the same for both ceramic and FR-4 substrates. The minimum 
space between any two components on a module is 0.050". 
Figure 9 illustrates this as dimension D1. Note that if pins 
extend out from the body of a component package (as shown 
for the components of Figure 9), then the spacing required is 
the space starting from the ends of those pins. On the other 
hand, if the component pins are under the component pack­
age, then the space is merely the space between the compo­
nent package bodies. 

Each component on a module, regardless of the substrate 
type, must be at least 0.025" from the edge of the module, as 
shown by dimension D2 in Figure 9. 

DECOUPLING CAPACITORS 
The inclusion of decouping capacitors is dependent upon 

the expected current surges on the module, as well as the 
general speed of the devices (higher speed devices generally 

APPUCATION NOTE AN-44 

need more decoupling). It is recommended that decoupling 
capacitors be liberally used. Typical applications usually em­
ploy 1 decouplingcapacitorforeach memory component and 
1 for ever 1.5 logic components on the module. 

Each decoupling capacitor may be treated as any other 
component, in terms of its requirement for spacing from other 
components or module edges. The physical size of standard 
decoupling capacitors is 0.080" by 0.200" and the typical 
value is 0.068 J,1F. Figure 10 illustrates module dimensions 
with capacitors included. 

OVERALL MODULE DIMENSIONS 
Module length is constrained by the number of pins on the 

sides of the module or by component package area require­
ments, which ever is greater. The pin pitch (center-to-center 
spacing) is normally standardized at 0.100", but may be 
customized to any user-specific value. To a first-order ap­
proximation, the number of pins and their pitch determine the 
module length. 

Module width, although variable, is best kept to standard 
dimensions. This eases the requirements placed upon sock­
ets fortesting, bum-in and even for final system use. Standard 
widths for high pin count modules are those widths which are 
multiples of 0.300". Common usage has been found for 
widths of 0.3, 0.6, 0.9, 1.2, and 1.5 inches. 

Let us illustrate how to approximate a custom modules' 
dimensions with a short example. 

A customer wants a custom static RAM module meeting 
these specifications: 

a) 256K x 8 memory configuration 
b) using 32K x 8 LCC components 
c) ceramic SIP package type 
d) standard 0.100" pin pitch 
The number of necessary pins forthis module would be 33 

(18 address inputs, 8 data 1/0,2 Vcc, 2 GND, 1 output enable, 
1chips select, and 1 write enable). 

CASE 1 - Assumption: Components Single Sided Surface 
Mounted. 

Shown below are calculations which will show that the 
area required for component placement on one side of the 
module are greater than (# of required pins) x (pin pijch). 
Therefore, the overall dimensions of the module are deter­
mined by the area requirements of the components. Rough 
dimensions of the module in this case would be (also refer­
ence Figure 11): 

Length = 2(0.025") + 8(0.460") + (0.360") + 4(0.080") + 
12(0.050") 
= 5.01 inches 

Height = (0.100") + (0.560") + (0.025") 
= 0.685 inches 
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CASE 2 - Assumption: Components Double Sided Surface 
Mounted. 

Shown below are calculations which will show that the area 
required for component placement on both sides of the 
module are greater than (# of required pins) x (pin pitch). 
Therefore, the overall dimensions of the module are deter­
mined by the area requirements of the pins. Rough dimen­
sions of the module in this case would be (also reference 
Figure 12): 
(Length determined by components) 
Length=2(0.02S") +4(0.460") + (0.360") +6{0.OSO") +2(0.080") 

= 2.71 inches 
Height={0.100") + (0.S60") + (0.02S") 

:::; O.68S inches 

(Length determined by the pins) 
Length=(33 pins) x (0.1 OO"/pin) + 2{0.02S") 

:::; 3.3S0 inches 
Height={0.100") + (0.S60") + (0.02S") 

:::; 0.68S inches 

L 5."" ~ 
0025~r-0025" ~r-008O" H H ~ r-0050" ~ r-0050~ 
0560"-RIDD8D8DDD~D~DDI}85" 
0.100"--' _ 

11°·100· 
FRONT VIEW 

Figure 11. Single Sided Surface Mounted SIP Module 
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SUMMARY 

3.350" .. 
-, ~0.080" 0.360" 

0.025"-L r-0.
025

" I I M H ~ r- 0.050: 

0560°-a1 DDCJODJ:S50 
0.1000~_ 

FRONT VIEW -I r-0.1000 

BACK VIEW 

Figure 12. Double Sided Surface Mounted SIP Module 

The guidelines outlined in this document are intended to 
assist in the preliminary feasibility design of custom modules. 
The dimensions for inter-component and pin-component 
spacing are based on lOT Subsystem's standard design rules. 
For applications requiring smaller module spacing, tighter de-

sign rules can be considered, although we recommend stay­
ing with our extensively characterized standard design rules. 
Contact your lOT Sales Representative for additional detailed 
information regarding lOT custom modules. 
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G® OPERAtiON MODES OF THE APPLICATION 

DUAL-PORT RAM (SHARED NOTE 
AN-74 

Integrated Device Technology, Inc. 
MEMORY MODULE) 

INTRODUCTION 
It is becoming increasingly common for systems to 

incorporate two or more processors in a system, and forthose 
processors to share a block of memory. Shared memory is 
often used for interprocessorcommunications, data buffering, 
orto reduce the memory requirements when both processors 
share data orcode. Another application is processor/peripheral 
interfaces. 

A common implementation of shared memory is with true 
dual-ported static RAMs. Another is to place standard dynamic 
or static RAM on a bus and have the processors arbitrate for 
access to that memory. Dual-port RAMs have the advantage 
over shared single-port memory of higher data transfer rates 
because dual-port RAMs allow simultaneous access to the 
two ports, and handle arbitration much more efficiently than 
through bus protocols. Each processor accesses the dual 
port as a conventional static RAM, with no knowledge of 
accesses on the other port except in certain cases when the 
two processors access the same address simultaneously. 
Disadvantages of dual-port RAMs are reduced density and 
higher cost relative to standard SRAMs. But if a system 
designer uses standard RAMs, he must either arbitrate for a 
bus, or design his own arbitration logic. 

As an extension to our dual-port RAM and memory module 
product lines, we have developed a family of dual-ported 
modules, based on standard SRAMs, that we call Sh'ared 
Memory Modules (SMM). The SRAMs are combined on the 
module with custom circuits which implement the arbitration 
and multiplexing functions. Because of this combination, the 
SMM provides the same simple asynchronous interface as 
conventional dual-port RAMs, while achieving high densities 
at low cost. 

To demonstrate its functionality and performance, we will 
examine in detail one of lOT's Shared Memory Modules, the 
IDT7MB6036. 

The IDT7MB6036 is a 128K x 16 Dual-Port RAM Shared 
Memory Module. It has three possible modes of operation: 
Stand Alone, Width/Depth Expansion, or Dedicated Slave 
Modes. 

STAND ALONE OPERATION 
The SMM is a natural in cases of multiprocessor 

communication in the absense of a traditional arbitrated bus 
and where a large amount of shared memory must fit into ~ 
limited area. To implement the same arbitration and 
multiplexing logic discretely would consume considerable 
board space and a large number of devices, as well as design 
time. 

C1990 Integrated Device Technology. Inc. 

Although only one of the two ports can access a SMM at a 
given time, any processor that is unable to obtain access is 
notified by a BUSY signal which is used to generate wait states 
until the memory becomes available. This is functionally the 
same as with true dual-port RAMs. The only difference is that 
it may occur more frequently in the SMM. But even this may 
not result in a performace penalty since the most common use· 
of shared memory is for block exchanges. In this case, one 
side does not attempt to read the memory until the other side 
has finished writing a block of data into it, and simultaneous 
accesses of the shared memory are rarely attempted. 
Furthermore, if very large blocks are being transfered, improved 
performance may be possible with the SMM because space 
and cost constraints permit·a larger memory than with dual­
port RAMs, and hence more efficient block moves. 

The arbitration permits access to the memory on only one 
of the two ports at a time, and is based on chip select (CS) input 
signals. Although data strobes (OS) on the wider modules 
function as byte-wide chip selects, they are not included in the 
arbitration. The first side to assert its CS is granted access. 
When CS is asserted on the other side, BUSY is asserted on 
that side, and access is not granted. When the first side 
deasserts chip select, the second side is then granted access 
and BUSY is deasserted. If both processors attempt access 
at the same time, the arbitration logic will permit access to only 
one side, although it not possible to predict which port that will 
be. Figure 1 shows the fundamental connections of a SMM to 
two processors in a Stand Alone Mode. 

Apart from BUSY, this arbitration circuitry introduces only 
two special timing pa@.meter. At the start of a write cycle, the 
assertion of OS (or RIW, whichever is asserted later) must not 
occur until a maximum time (tCDS) after CS is asserted. This 
allows time forthe arbitration to be performed and the address 
multiplexer to stabilize before the write pulse to the SRAMs is 
generated. Address multiplexerswitching time is also required 
when access switches from one port to the other as indicated 
by BUSY going inactive on a port that has been waiting to 
write. By waiting tBDS after BUSY goes inactive before 
initiating the write with OS (or R/W), the address is allowed 
time to settle. 

The preceding description of arbitration logic assumes that 
the SMM is operating in Master mode, as determined by the 
Master/Slave pin (M/S). This is the standard mode of operation 
when a single module is being used, orwhen multiple modules 
are expanded in depth. The SMM may also be configured in 
a Slave mode, which is similar but not identical to dual-port 
RAM slave operation. The slave mode is useful for width I 
expansion of the modules, and for forcing priority to one port • 
or the other. 

8/90 
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Figure 1. Stand Alone Connguratlon 

WIDTH/DEPTH EXPANSION 
When in Slave mode, the SMM does not perform arbitration, 

but instead depends on inputs from an external source. In 
width expansion (see Figure 2), a single master module is 
teamed with the necessary number of slave modules to 
achieve the desired system data width. The master performs 
the arbitration and transmits the results to the slave(s). This 

prevents "Busy Lock-out"which could result if multiple masters 
disagreed on which port to grant access. 
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Figure 2. Width Expansion Connguratlon 
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the slave becomes UFCIN and is connected to UFCOUT on 
the master, while R_BUSY on the slave becomes SEL_IN and 
is connected to SEL_OUT on the master. Since these pins 
determine which port is granted access, the chip select pins on 
slave devices are ignored. 

Master/slave combinations also mandate additional timing 
considerations. The read delay from the assertion of CS is 
increased by tlR (= tSEl). During writes, tCDS and tSDS must 
also be increased by tlR. 

Depth expansion of the SMM is no different from SRAMs. 
Every module is configured as a master, and the ad~itional 
address bits are decoded to drive the CS of each. UR_OUT 
and SEL_OUT are left unconnected. All remaining signals, 
including BUSY are tied together between all modules. 

I 
CPU SEL_OUT 

#1 

DEDICATED SLAVE OPERATION 
Another important use of the Slave mode is to temporarily 

grant memory access to one processor exclusively. While the 
SMM is normally be operated in a mode that gives equal 
priority to either side, it may also be necessary for one 
processor to perform a burst read or write without interruption 
by the other processor. This may be aChieved by switching the 
shared port module from masterto slave mode, and asserting 
SEL_IN and UFCIN so as to permit access by only this one 
side. Upon completion of these accesses, the SMM is set 
back to Master mode and normal (equal priority) operation is 
resumed. This mode of operation is shown in Figure 3. 

Now that we are more familiar with the functional operation 
of the SMM, we can discuss some of the design and 
performance trade-ofts associated with IDT's SMM. 

I 
UR_OUT PERIPHERAL 

IDT7MB6036 

L_CS 128K x 16 R_CS 

L_A(O:16) R_A(O:16) 

L_D(O:15) R_D(O:15) 

L_BSY/UFUN R_BSY/SEL_IN 

MIS 

T 
BUS 

~ PRIORITY 
LOGIC 

Figure 3. Dedicated Slave Configuration 

PERFORMANCEITIMING COMPARISONS 
Let's analyze the performance trade-ofts of shared mem­

ory functionality by comparing timing differences between two 
possible solutions, dual-port modules and Shared Memory 
modules. 

For this example we will examine the 70ns versions of the 
IDT7M135 (16K x 8) Dual-Port Module (DPM) and the 
IDT7MB6036 (128K x 16) Dual-Port Shared Memory Module 
(SMM) for various read, write and busy situations. 

SITUATION #1: Non-contention Read Cycle 
This is a condition when both ports do not simultaneously 

access the same memory cell forthe DPM or when both ports 
simultaneously access any memory cell for the SMM. 

9.27 
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Both modules have almost the same timing parameters for 
a non-contention read cycle except forthe output parameters 
tCLZ, tCHZ, and tOHZ or the power on/off parameters tpu and 
tPD. tCLl, tCHZ, tpu and tPD parameters are not specified for 
the SMM because it is not applicable to its operation. How­
ever, tOHz-the time in which the output drivers hold onto the 
data outputs is different between the modules due to the fact 
that the SMM data outputs come via a logic component, the 
on-board Data Mux, while the DPM data outputs come via a 
memory cell. This turns out to be a relatively minor difference 
unless there is concern with the impedance state of the data 
bus after the read cycle has already occurred. 

SITUATION #2: Non-contention Write Cycle 
This is a condition when both ports do not simultaneously 

access the same memory cell for the DPM or when both ports 
simultaneously access any memory cell for the SMM. 

IDT7M135 IDT7MB6036 

twc 70ns (min.) 70ns (min.) 

tcw 60ns (min.) 60ns (min.) 

tAW 60ns (min.) 60ns (min.) 

tAS Ons (min.) Ons (min.) 

twp 45ns (min.) tDS 35ns (min.) 

tWR 5ns (min.) Sns (min.) 

·tDW 30ns (min.) 30ns (min.) 

tDH 10ns (min.) Sns (min.) 

tOHZ 3Sns (max.) N.A. 

tWHZ 3Sns (max.) N.A. 

tow Ons (min.) N.A. 

Again, both modules have almost the same timing parame­
ters for this situation. The few exceptions are the output 
parameters tOHZ, tWHZ, and tow which are not specified on the 
SMM at all. Just like the Read Cycle, this omission turns out 
to be relatively minor unless there is concern with the imped­
ance state of the data bus after the write cycle has already 
occurred. 

SITUATION #3: Contention Read/Write Cycle 
This is the condtion where both ports simultaneously ac­

cess the memory cell or array. 

IDT7M135 IDT7MB6036 

tBM 4Sns (max.) tCB 1Sns (max.) 

tBDA 4Sns (max.) tCB 1Sns (max.) 

tBAC 40ns (max.) tCB 1Sns (max.) 

tBDC 3Sns (max.) tCB 1Sns (max.) 

tBDD SOns (max.) tCB 70ns (max.) 

tWDD 90ns (max.) tBD 70ns (max.) 

tDDD 70ns (max.) tBD 70ns (max.) 

tAPS 10ns (min.) N.A. 

It is during contention situations where the major differ­
ences between the DPM and the SMM occur. 

Both the DPM and the SMM modules will arbitrate between 
ports based on either CS or address Signals matching. Next, 
both will select the losing port by asserting its' corresponding 
BUSY flag. The first difference occurs during this operation. 
The SMM uses much less time (tCB) than the DPM (tBM or 
tBAC) for the arbitration logic to decide which port "lost" and 
then to assert the respective BUSY flag. The SMM has a 30-
35ns advantage over the DPM during this operation. 

Another difference between the DPM and the SMM is the 
time it takes the "losing" port to complete a Read orWrite Cycle 
after the matching CS or address situation becomes False. 
For the SMM Read/Write Cycle it takes: 

tCB +tBD = 1Sns + 70ns=85ns (READ DATAOUTPUTVALlD) 
tCB+tBDS= 1Sns+ 10ns=2Sns (WRITE CYCLE INITIATED). 

For the DPM Read/Write Cycle it takes: 

tBDA + tBDD = 4Sns + SOns = 95ns (READ DATA OUTPUT 
VALID) or 
tBDC + tBDD = 3Sns + SOns = 8Sns (READ DATA OUTPUT 
VALID) 
tBDA + tWH = 4Sns + 20ns = 6Sns (WRITE CYCLE INITIATED) 
or 
tBDc + tWH = 3Sns + 20ns = SSns (WRITE CYCLE INITIATED). 

Again we see the SMM has a 0-10ns advantage over the 
DPM when reading valid data after a BUSY condition and a 
30-40ns advantage for the Write Cycle to be initiated after a 
BUSY condition. 

The performance/timing advantages above show the SMM 
is faster than the DPM during BUSY arbitration situations and 
for read/write cycles after contention. However, keep in mind 
statistically BUSY arbitration situations may arise an equal 
amount of times for the DPM as for the SMM but contention 
situations will not occur an equal amount of times. Because 
the DPM is truly dual-ported, contention will only occur when 
both ports access the same exact memory cell out of the entire 
memory array at the same time. The probability of this situ­
ation is small. On the other hand, the SMM has contention 
when one port controls the entire memory array and the 
opposite port accesses any location in the memory array (and 
thus will receive a BUSY flag). The probability of this situation 
occuring is quite large by nature of the SMM's basic internal 
logic structure. This is especially true for applications where 
both ports are operating at relatively high speeds. So, 
although the SMM executes contention situations faster than 
the DPM, it is the greater number of times in which contention 
situation occurs which may put it at a disadvantage relative to 
the DPM. 

This disadvantage, however, may be inconsequen­
tial when we look at the next performance trade-off, the much 
greater memory densities one can realize using SMM than by 
using DPM. The SMM is available in greater memory sizes 
because it uses standard high density SRAMs and logic while 
the DPM must use smaller density dual-port components. 
Another performance trade-off to think about is the associated 
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cost of implementing SMM vs. DPM solutions, dual-port 
components being harder to build and thus relatively more 
expensive than SRAMs. 

Taking into account these various trade-ofts associated 
with Dual-Port Modules and Shared Memory Modules, a 
natural division as to which module is the best solution for a 
specific application does become apparent. For those appli­
cations where; 

a) high-speed operation of one or both ports is required, or 
b) contention situations occur frequently but speed here is 

not a major factor, or 
c) price/memory density are not major factors, then the 

Dual-Port Module is the product of choice. Forthose applica­
tions where; 

a) medium/slow speed operation of one or both ports is 
required, or 

b) contention situations occur infrequently (either statisti­
cally or via external software/hardware controls). or 

c) price/memory density are major factors, then the Shared 
Memory Module is the product of choice. 

For the sake of completeness, we would like to mention 
there are other ways to implement shared memory function­
ality-ASICs, PALs, interleaving RAMs, and DRAMs + DRAM 
controllers to name a few. But for those high-performance 
applications which would like to take advantage of high speed, 
low power CMOS products IDT's Dual-Port and Shared 
Memory Modules do fit well into a wide range of hardware 
applications. 
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G® USING THE IDT7M4017 MODULE APPLICATION 

IN 8-81T AND 16-81T NOTE 
AN-75 

WIDE ORGANIZATIONS 
Integrated Device Technology, Inc. 

INTRODUCTION 
The IDT7M4017 is a 2 megabit high-speed static RAM 

module constructed on a co-fired ceramic substrate using 
eight 32K x 8 static RAM components in leadless chip carriers. 
The module is offered as a 60-pin sidebraze DIP allowing it to 
be used as a 64K x 32 memory block (see IDT7M4017 
datasheet). However, because the module is internally 
organized into four blocks with separate chip selects, it is more 
versatile and can easily be configured as a 256K x 8 or 128K 
x 16 by simply decoding the four chip selects. 

256K X 8 ORGANIZATION 
Using the IDT7M4017 along with an IDT54/74FCT139 

decoder device allows the user to choose to configure the 
module as a 256K x 8 memory block (see Figure 1). The two 
upper order address bits A 16 and A 17 are used as inputs to 
the decoder to select one of the four outputs that will drive the 
module chip selects. The data lines are connected together 
as shown in the diagram to create a single 8-bit data bus. The 
two write enables on the module are connected together to 
allow write access to all banks with one signal. 

128K X 16 ORGANIZATION 
In similar fashion, the IDT7M4017 can be configured as a 

128K x 16 memory block (see Figure 2). The upper order 
address bit, A 16, is used as an input to the decoder to select 
one of two outputs that each drive two of the four module chip 
selects. In this case, the data lines are connected together as 
shown in the diagram to create two separate 8-bit data buses 
that are read simultaneously. The write enables can be kept 
separate to allow byte-access capability on the 16-bit bus. 
Note that the user's chip select should be connected to the 
enable on the decoder. 

el990 Integrated Device Technology. Inc. 

CONCLUSION 
The IDT7M4017 module offers a variety of advantages to 

the circuit designer. One module can be used for multiple 
word-width applications (8-bit, 16-bit, 32-bit) with many memory 
depths from 64K to 1 M. In addition, it incorporates the high 
density advantage of surface mount technology in a through­
hole package. It guarantees a higher performance 2M-bit 
memory block by integrating critical components and 
interconnects on a small substrate. Finally, the module 
solution saves on overall system cost by providing designers 
with a tested functional block with the added advantages of 
manufacturing ease, reduced troubleshooting, and faster 
time-to-market. 

FUTURE ORGANIZATIONS 
The two no-connects on the IDT7M4017 (pins 36 and 37) 

are actually upper order address bits that are internally routed 
to provide an upgrade path for users who will require more 
memory in their system. The module can be populated with 
eight IDT71 024 128K x 8 static RAM components in leadless 
chip carriers to yield 256K x 32, 512K x 16 and 1 M x 8 module 
organizations. 

8190 
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USING THE IDT7M4017 MODULE 
IN 8-81T AND 16-81T WIDE ORGANIZATIONS 
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G® USING THE IDT7MB6049 CACHE APPLICATION 

MODULE WITH THE IDT79R3000 NOTE 

RISC PROCESSOR IN SINGLE OR AN-76 

Integrated Device Technology, Inc. MULTIPROCESSOR SYSTEMS 

by Kelly Mass 

The 10T7MB6049 is a complete cache module for the 
10T79R3000 RISC processor and is designed for both single­
and multi-processor systems. It has two banks of SRAMs, 
each configured as 16K x 60, and each with address latches. 
One bank is used to cache instructions, the other to cache 
data. They share a data bus, allowing one bank to be 
accessed at a time. 

Use in multi-processor systems, is facilitated by a second 
address bus and an additional set of latches forthat bus. This 
bus is used in multi-processor applications to latch an address 
from a source other than the R3000. This allows the system 
to invalidate entries in the data cache in conjunction with the 
R3000. This is done in order to maintain cache coherency. 
The set of address latches forthe instruction cache is included 
in the module for symmetry, although normally no invalidations 
are done to the instruction cache. I nstruction cache invalidation· 
would require cache swapping, but only data cache invalidation 
is described below. 

When the system wants to invalidate an entry in the data 
cactie, it forces the R3000 into an MP Stall by asserting 
CpCond(3). During the one clock cycle that it takes for the 
processor to enter the MP Stall, it is the responsibility of the 
system to disable the output of the latch which supplies the 
processor's address to the data cache, and enable the output 
of the latch which supplies the invalidate address. The module 
pins P10E(1) and P20E(1) are used for this purpose. It is 
important that they should never be activated simultaneously 
since the outputs of the latches are tied together. The same 
applies to P10E(2) and P20E(2) for the instruction cache. 
Both address latches for the data cache are normally clocked 
by the same OClk Signal from the R3000 through the P1 LE(1) 
and P2LE(1) pins of the 7MB6049. 

Once the processor is in MP Stall, it strobes ORd while 
CpCond(2) is unasserted, allowing the system to read the 
contents of the cache. The actual invalidation of the data 
cache entries begins when the system asserts CpCond(2) 
and provides the appropriate invalidate address. CpCond(2) 
causes the R3000 to output an invalid bit and strobe OWr. 
Multiple invalidations are performed by keeping CpCond(2) 
and (3) asserted, and changing the invalidate' address. Note 
that the invalidate address timing must be consistent with the 
processor timing. One suggestion is that the invalidate 
address input of the module be driven by a register that is 
clocked by SysOut. 

The 10T7MB6049 has two chip select (CS) signals. Both 

ClI990 Integrated Device Technology. Inc. 

ofthese should be grounded ifthe cache is not depth expanded. 
The four output enable (OE) and four write enable (WE) 
signals are split evenly between the data and instruction 
cache: (1-2) control the data cache, and (3-4) control the 
instruction cache. 

OE(1-2) of the 7MB6049 connect to the ORd1 and ORd2 on 
the R3000. ORd1 and ORd2 are identical, and the load should 
be distributed evenly between them. Likewise, OE(3-4) 
connect to IRd1 and IRd2, WE(1-2) connect to OWr1 and 
OWr2, and WE(3-4) connect to OWr1 and OWr2. 

The convention of the pin naming of the 7MB6049 is that P1 
refers to the address from the R3000, and that P2 refers to the 
(invalidate) address from the system. Likewise, (1) refers to 
the data cache and (2) refers to the instruction cache. As 
shown in Figure 2, P1 LE(1) and P2LE(1) are typically connected 
together to OClk since they latch addresses into the two data 
cache latches. P1 LE(2) and P2LE(2) likewise are connected 
together to IClk. P2LE(2) is not used if instruction cache 
invalidation is not performed. 

Similarly, P10E(1) and P10E(2) are typically connected 
together so that the outputs of the two R3000 address latches 
are enabled and disabled together, while P20E(1) and P20E(2) 
can together control the output of the invalidate address 
latches. P20E(2) may be pulled continuously high if the 
instruction invalidate address latch is unused. 

The 60 data I/O pins of the module are labeled 0(0) to 
0(59). Although the ordering of the data and address pins of 
a RAM is normally arbitrary and can be ignored, that is nolthe 
case with the 7MB6049. Because of steps taken to reduce the 
chip count and power consumption of the module, Tag(12)­
Tag(15) of the R3000 must connect to 0(36)-0(39) on the 
7MB6049, and AdrLo(12)-AdrLo(15) of the R3000 must 
connect to P1A(10)-P1A(13) on the 7MB6049. The order in 
which the other 110 pins are connected is not critical. Table 1 
shows recommended I/O pin connections between the R3000 
and 7MB6049. 

R3000 Signals IDT7MB6049 Signals 

Data Oata(O) - Oata(31) 0(0) - 0(31) 

Data Parity OataP(O) - OataP(3) 0(32) - 0(35) 

Tag Tag(12) - Tag(31) 0(36) - 0(55) 

Tag Parity TAgP(O) - TagP(2) 0(56) - 0(58) 

Tag Valid TagV 0(59) 
2730IbI.Dl 

Table 1. Connection of Data and Tag Buses 
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USING THE ID17MB6049 CACHE MODULE WITH THE IDT79R3000 
RISC PROCESSOR IN SINGLE OR MULTIPROCESSOR SYSTEMS APPUCATION NOTE AN-76 
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#2 Westboro Business Park 

NEW MEXICO 
200 Friberg Pkwy., 

VERMONT OKLAHOMA Ste.4002 
WISCONSIN Westboro, MA 01581 

Western High Tech Mktg. 
lOT (508) 898-9266 lOT 

Albuquerque, NM 
(Central Headquarters) 

(Eastern Headquarters) Synmark Sales 
(505) 884-2256 #2 Westboro Business Park Park Ridge, IL 

1375 E. Woodfield Rd., 
SOUTH CAROLINA 200 Friberg Pkwy., (708) 390-9696 

Ste.380 
Schaumburg,lL 60173 

Ste.4002 

NEW YORK (708) 517-1262 lOT 
Westboro, MA 01581 

(SE Regional Office) 
(508) 898-9266 WYOMING 

lOT 1413 S. Patrick Dr., Ste. 10 
(NE Regional Office) OREGON Indian Harbor Beach, FL 

VIRGINIA 
Thorson Rocky Mountain 

250 Mill St., Ste.107 32937 Englewood, CO 
Rochester, NY 14614 

Westerberg & Associates (407) 773-3412 (303) 799-3435 
(716) 546-4880 lOT 

Portland, OR (NE Regional Office) 
Quality Components (503) 620-1931 

TEXAS 428 Fourth St., Ste. 6 
Buffalo, NY Annapolis, MD 21403 
(716) 837-5430 

PENNSYLVANIA lOT 
(301) 858-5423 

Quality Components (WESTERN) (S. Central Regional Office) 

Manlius, NY 6034 W. Courtyard Dr., 
WASHINGTON Ste.305-48 

(315) 682-8885 Norm Case Associates 
Austin, TX 78730 

Rocky River, OH Westerberg & Associates 
SJ Associates (216) 333-0400 

(512) 338-2440 
Bellevue, WA 

Rockville Centre, NY (206) 453-8881 
(516) 536-4242 

lOT TECHNICAL CENTERS 

Integrated Device Technology . 
(Western Headquarters) 
2972 Stender Way 
Santa Clara, CA 95054 
(408) 492-8350 

Integrated DevIce Technology 
(Southwestern Regional Office) 
6 Jenner Drive, Suite 100 
Irvine, CA 92718 
(714) 727-4438 

. Integrated Oevlce Technology 
(South Central Regional Office) 
14285 Midway Road, Suite 100 
Dallas, TX 75244 
(214) 490-6167 

Integrated Oevlce Technology 
(Eastern Headquarters) 
#2 Westboro Business Park 
200 Friberg Parkway, Suite 4002 
Westboro, MA 01581 
(508) 898-9266 

INTEGRATED DEVICE TECHNOLOGY, INC. 
(European Headquarters/Northern Europe 
Regional Office) 
21 The Crescent 
Leatherhead 
Surrey, UK KT228DY 
Tel.: 44-372-377375 

AUTHORIZED DISTRIBUTORS 

HALL-MARK 
ELECTRONICS 

HAMILTON/AVNET INSIGHT 
ELECTRONICS 

VANTAGE 
COMPONENTS 

ZENTRONICS 

Contact your local office. 



INTERNATIONAL SALES 

AUSTRALIA Dacom GmbH Aquitech Dia Semicon Systems SWEDEN 
Sarstedt, FRG Cede x, France Tokyo, Japan 

George Brown Group 49-89-5066-5160 Tel.: 33-1-40-96-9494 Tel.: 81-3-439-2700 Svensk Teleindustri AB 
Spanga, Sweden Rydalmere, Australia 

Scantec GmbH Aquitech Kanematsu Semiconductor Tel.: 46-8-761-7300 Tel.: 612-638-1999 
Planegg, FRG Rennes, France Corp. 

George Brown Group Tel.: 49-89-859-8021 Tel.: 33-99-78-3132 Tokyo, Japan 
Tel.: 81-3-511-7791 SWITZERLAND Hilton, Australia 

Scantec GmbH Aquitech Tel.: 618-352-2222 
Kirchheim, FRG Lyon, France Marubun 

W. StolzAG 
George Brown Group Tel.: 49-89-70-215-4027 Tel.: 33-72-73-2412 Tokyo, Japan 

Baden-Daettwil, Switzer-Tel.: 81-3-639-9897 
land Blackburn, Australia 

Scantec GmbH 
Tel.: 41-56-849000 Tel.: 613-878-8111 

Ruckersdorf, FRG HONG KONG Tachibana Tectron Co., 
Tel.: 49-89-91-157-9529 Ltd. 

W. StolzAG 
lOT Tokyo, Japan 

Lausanne, Switzerland AUSTRIA 
Topas Electronic GmbH (Hong Kong Regional Office) Tel.: 81-3-793-1171 

Tel.: 41-21-274838 
Ing. Erst. Steiner 

Hannover, FRG Unit 329, 3/F Asia Business 
Tel.: 49-51-113-1217 Centre Vienna, Austria 

The Centre Mark, KOREA TAIWAN Tel.: 43-222-827-4740 
Topas Electronc GmgH 287-299 Queen's Road 
Quickborn, FRG Central Eastern Electronics 

Johnson Trading Company Tel.: 49-4106-73097 Hong Kong Seoul, Korea 
Taipei, Taiwan BELGIUM 

Tel.: 852-542-0067 Tel.: 822-566-0514 
Tel.: 886-273-31211 

Betea SA FINLAND Lestina International Ltd. 
General Industries Inc. Sint-Stevens-Wolnne, 

Kowloon, Hong Kong NETHERLANDS Taipei, Taiwan Belgium 
Comodo Oy Tel.: 852-735-1736 

Tel.: 886-2764-5126 Tel.: 32-2-725-1080 
Helsinki, Finland Auriema 
Tel.: 358-0757-2266 Eindhoven, Netherlands 

INDIA Tel.: 31-40-816565 UNITED KINGDOM DENMARK 

FRANCE Malhar Corp. 

NORWAY 
lOT ExatecAlS 

Rosemont, PA 
(European Headquarters! Copenhagen, Denmark 

lOT Tel.: 215-527-5020 
Northern Europe Regional Tel.: 45-31-191022 

(Southern Europe Regional EltronA/S Office) Office} Oslo, Norway 21 The Crescent 15 Rue du Buisson aux ISRAEL Tel.: 47-2-500650 Leatherhead FEDERAL REPUBLIC Fraises 
Surrey, UK KT228DY OF GERMANY 91300 Massy, France Vectronics, Ltd. Tel.: 44-372-363339 Tel.: 33-1-69-30-89-00 Herzlia, Israel SINGAPORE 

lOT Tel.: 972-52-556070 Micro Call, Ltd. (Central Europe Regional Scientec REA 
Data Source Pte. Ltd. Thame axon, England Office) Chatillon, France 
Lorong, Singapore Tel.: 44-84-261-939 Gottfried-Von-Cramm-Str. 1 Tel.: 33-149-652750 ITALY Tel.: 65-258-3888 8056 Neufahm 

Federal Repulic of Germany Scientec REA 
Microelit SRL Tel.: 49-8165-5024 Cesson-Sevigne, France 
Milan, Italy SOUTH AMERICA Tel.: 33-99-32-1544 
Tel.: 39-2-469044 

Dacom GmbH 
Intectra Inc. Stuttgart, FRG Scientec REA 

Microelit SRL Mountain View, CA Tel.: 49-711-780-6810 Saint Etienne, France 
Rome, Italy Tel.: 415-967-8818 Tel.: 33-77-79-7970 
Tel.: 39-6-8894323 Dacom GmbH 

Ismaning, FRG Scientec REA 
SPAIN Tel.: 49-89-964-880 Venissieux, France 

JAPAN Tel.: 33-78-00-0415 
Anatronic, SA Dacom GmbH 

Buxheim, FRG Scientec REA lOT Madrid, Spain 
Tel.: 49-08-458-4003 Cedex, France (Japan Headquarters) Tel.: 34-154-24455 

m Tel.: 33-61-39-0989 U.S. Bldg. 201 

Dacom GmbH 1-6-15 Hirakarasho, Anatronic, SA 
Soligen, FRG Aquitech Chiyoda-Ku Barcelona, Spain 
Tol.: 49-21-259-3011 Merignac, France Tokyo 102, Japan Tel.: 34-3-258-1906 

Tel.: 33-56-55-1830 Tel.: 81-3-221-9821 

Dacom GmbH 
Karlsruhe, FRG 
Tol.: 49-72-14-7193 


















