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Introduction

Thisapplication note describesthree designapproachestoaccomplish
bus width matching using the IDT7024 and the IDT7025 dual-port static
RAMs. Interfacing 32-bitbusesto 16-bitbuses, 32-hitbusesto 8-hitbuses
and 16-bitbusesto 8-hitbusesis describedin detail. Ingeneral, any bus
thatisamultiple of 8 bits can be efficiently interfaced to any other bus that
isalso amultiple of 8 bits using these dual-port RAMs.

The IDT7024 (4K x 16) and the IDT7025 (8K x 16) dual-port static
RAMs are identical to each other in every respect except depth. For
simplicity, onlythe IDT7024 will be discussed in detail. The IDT7024 and
the IDT7025 dual-port static RAMs are provided with leftand right upper
byte enable (UBL and UBR) and the leftand 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.

Bus matching schemes require thatthe byte ordering ofinformation be
maintained. This byte ordering can be either “big-endian “ or “little-
endian*. Ifdatais configuredin a big-endian format, byte Ois alwaysthe
leftmost byte. Big-endian is predominant in machines such as the MC
68000andthe IBM370. If datais configured inalittle-endian format, byte
Ois always the least significant, rightmost byte. Little-endian is used in
machines suchasthe Intelx86, NS 32000 and the DEC VAX. The MIPS
R3000 microprocessor and the Intergraph CLIPPER support both data
formats, however both these machines must be informed at “power on
reset”which data formatwill be used. The big-endianandthe little-endian
byte ordering formatis pertinentto 16-bit, 32-bitand 64-bit machines and
isnotapplicable to 8-bitmachines. Figures 1ato 1dillustrate the possible
big-endian and the little-endian data conversions.

This discussion on interfacing buses takes into account the byte
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Figure la. Little-endian and Big-endian Byte Mapping Between 32-bit and 16-bit Buses — Bo, B1, B2 and B3
are Bytes Within the 32-bit and 16-bit Words
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Figure 1b. Little-endian and Big-endian Byte Mapping Between 32-bit and 8-bit Buses — Bo, B1, B2 and B3
are Bytes Within the 32-bit and 8-bit Words
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Figure 1c. Little-endian and Big-endian Byte Mapping Between 16-bit and 8-bit Buses — Bo, B1, B2 and B3
are Bytes Within the 16-bit and 8-bit Words
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Figure 1d. Little-endian and Big-endian Byte Mapping Between 16-bit Buses — Bo, B1, B2 and B3
are Bytes Within the 16-bit Words

ordering of datausing eitherthe big-endian orthe little-endian dataformat ~ dual-port SRAMS.

and even shows how to share data between a big-endian and a little- Figure 2 shows a 16-bitbus to an 8-bit bus interface where the 16-bit
endian system. Thisisincludedtoserve asaguideonlyandisinnoway  sideisassumedtobe usingthe little-endian data format. Onthe 8-bitside
exhaustive. The useris urgedtoinvestigate furtherthe dataorganization ~ oftheinterface, high order data lines D15 - Dg onthe SRAM are connected
tobe used inhis or her design before attempting tointerface busesusing  to low order data lines D7 - Do of the SRAM (D15 to D7, D14 to Ds, efc.)
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Figure 2. An Interface to Connect 8- and 16-Bit Buses
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and processor address line Ao is used to select the lower or higher
order byte. When Ao is ViL, SRAM byte 0 is selected and when Ao
isViH, SRAM byte Lisselected. Addresslines A12- A1 ofthe 8-bit processor
are connected to the twelve address lines of the IDT7024, as shown.
These address lines are used to select the 4K words of the IDT7024.
If the 16-bit bus side uses the big-endian data format instead of the
little-endian data formatthen, onthe 8-bit side, Aomustbe a ViHto select
byte 0 and Ao must be a VIL to select byte 1 to guarantee correct
byte ordering onthe 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 UBLline. This change will ensure
that when the 8-bit side’s Ao line is ViL, RAM byte 1 will be selected
and, when the Ao line is ViH, SRAM byte 0 will be selected.

Application Note AN-59

Figure 3is aninterface that connects a 32-bit bus to a 16-bit bus. In
Figure 3 both the 32-hit side and the 16-bit side are assumedto be little-
endian. The upper chip in the diagram holds the two lower order bytes
ofthe 32-bitword and the lower chipinthe diagram holds the two higher
orderbytes. Inthisinterface, processor address bit Ao onthe 16-bit side
isusedto selecta 16-bit SRAMword. When Aois ViL the SRAM's lower
ordersixteenhits are selected and, when Aois ViH, the higher order sixteen
bits are selected. Selection ofthe upper byte or the lower byte of either of

the two SRAMs s determined by the upper byte enable (UB) and the lower
byte enable (LB) inputs. If a big-endian byte ordering is assumed on
both the 32- and the 16-bit sides, the UB and the LB inputs to the

IDT74FCT139 must be interchanged on the 16-bit side.
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Figure 3. An Interface to Connect a 32-Bit Bus to a 16-Bit Bus
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Figure 4. An Interface to Connect a 32-Bit Bus to an 8-Bit Bus

Figure 4 is an interface that connects a 32-bit bus to a 8-bit bus. In 8-bit Side 32-bit Side
Figure 4, the 32-b|t S|d_e is assumed to be little-endian byte ordered. Ao Ar BE3 BB BET BE0
The upper chip in the diagram holds the two lower order bytes and the
lower chipinthe diagram holds the two higher order bytes. Inthisinterface, 0 0 X X X 0
address bits Aoand A1 on the 8-bit side are used to selectan 8-bitword. 0 1 X X 0 X
Table Lillustratesthe bytes selected for each combination of Aoand A1 for ; 0 M 0 M M
alittle-endian byte-ordered dataformat onthe 32-hitside. [fabig-endian
byte-ordering is assumed on the 32-bit side, the upper chip will hold the 1 1 0 X X X
two higher order bytes and the lower chip holds the two lower order bytes. 26711 01
Addressbits Aoand A1 onthe 8-bitside are usedtoselectone offourbytes ~ Table 1. Byte Selection Equivalency Assuming the 32-Bit Side Uses
asillustrated in Table 2. The mapping scheme to accomplish other bus the Little-Endian Byte Ordering of Data
interfacesislefttothe user.
8-hit Side 32-bit Side
Ao A1 BEO BET 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

2671 tbl 02
Table 2. Byte Selection Equivalency Assuming the 32-Bit Side Uses
the Big-Endian Byte Ordering of Data
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Application Note AN-59

Busy Arbitration Logic

BUSY arbitration is performed only when there is an address match
andthe chipenablesare active. The IDT7024 and the IDT7025 dual-port
SRAMsare provided withamaster/slave (M/S) pin throughwhich the user
can configure the BUSY logic on these devices to operate as masters or
slaves. BUSY arbitrationis performed only by the master, which generates
the busy signal. The master outputs alogic “0” onthe busy line ofthe port
thatlosesarbitration, atthe same time it generates aninternal write inhibit
signalto block any write operation on the losing port. When configured to
operate asslaves, these devices use the BUSY lineas aninput. The slave
takesthe BUSY line as aninputand generates aninternal write inhibit on
the same port that received the BUSY. The upper and lower byte enable
inputs do not affect the operation of BUSY logicin these devices. IFBUSY
logic and width expansion are being used, itisimportantthatthe CE ofthe
master andthe associated slave always be active atthe same time. Ifthe
decodinglogicallowsthe slaveto be selectedwithoutthe master, the BUSY
logic will not operate correctly. Care hasbeentakeninboth Figures 3and

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
SRAM-based system. The useris urged to read Application Note AN-02
formore information on busy logic arbitration.

Interrupt Logic

The IDT7024/IDT7025 dual-port SRAM 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 ontheright portby writing to the topmostlocationinthe memory
array. In the case of the IDT7024, this location is FFF (Hex). The
processorontheright port clearstheinterruptby reading fromthis location,
i.e. FFF (Hex). Similarly, the processor on the right port caninterrupt the
processor onthe left port by writing to the topmost minus one location, i.e.
FFE (Hex), for the IDT7024. The processor on the left port clears the
interrupt by reading from location FFE (Hex).

Side Set Address (HEX) Clear Address (HEX)
(Write) (Interrupts the (Read) (Clears the
Other Side) Interrupt on This Side)
Using left port FFF FFE
Using right port FFE FFF
2671 1l 03
Interrupt Set and Clear Addresses for the IDT7024 Dual-Port RAMs
Side Set Address (HEX) Clear Address (HEX)
(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
2671 bl 04
Table 4. Interrupt Set and Clear Addresses for the 32-bit to 16-bit Interface Shown in Figure 3
Side Set Address (HEX) Clear Address (HEX)
(Write) (Read)
32-Bit side (Using left ports) FFF FFE
8-Bit side (Using right ports) 7FFA or 7TFFB 7FFC or 7FFD
32-Bit side (Using right ports) FFE FFF
8-Bit side (Using left ports) 7FFC or 7FFD 7FFA or 7FFB
2671 1l 05

Table 5. Interrupt Set and Clear Addresses for the 32-bit to 8-bit Interface Shown in Figure 4

© 2019 Renesas Electronics Corporation



Using IDT7024 and IDT7025 Dual-Port Static RAMs to Match System Bus Widths

Table 3 summarizes the interrupt set and clear addresses for
the IDT7024 dual-port RAMs, while Tables 4 and 5 summarize the
interrupt setand clear addresses for the interface shown in Figures 3and
4. Inthe 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 schemesillustratedin Figures 3and 4 show only interrupts from
the master chip being used by either side, while the interrupts fromthe
slave chip are not used.

Semaphore Arbitration

ThelDT7024 and IDT7025 are provided with semaphore logicin the
formofeightdual-portsemaphore flagsthatare independent ofthe 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
betweenthe semaphores andthe SRAM. Address bits A(m)R, A(m-1)r
and A(m-2)r in Figure 3 are inputsto an IDT74FCT138 which decodes
the dual-port SRAM space and the semaphore space onthe 16-bit side.
AddresshitsA(m)rand A(m-1)rin Figure 4 areinputstoan IDT74FCT139
which decodesthe dual-port SRAM space and the semaphore space on

Application Note AN-59

the 8-bitside. Similarly, address bits A(n)L, A(n-1)Land A(n-2)Lare inputs
toanother IDT74FCT138which decodes the various address spaces on
the 32-bit side. Itis necessary to keep the dual-port memory space and
the semaphore address space separate. Operating onthe two spacesis

amutually exclusive operationand, therefore, chip enable (CE) and the
semaphore enable (SEM)inputs mustnever be active atthe same time.
The semaphore cells are intended to assist software-based protocols
intended to preventaddress collisions.

The IDT semaphore cells are designedto be used inaclear-and-test
sequence. Eachcellisnormallyinthe “1"state, indicating that neither side
has been assigned the associated block of memory (“No grant”). To
accessa particular block of memory, one must performthe clear-and-test
sequence necessarytogeta“grant’ fromthe semaphore cell representing
theblock. Togeta“grant”, one mustselectthe semaphore cellrepresenting
the associated block of memory, write a“0” (request) to the semaphore
cellandthenread (test) the semaphore cellto seeif a“0" was put out by
thecell.

Asemaphore cellis 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. Inthe read operation, ifthe

Semaphore Address Selected Semaphore Cell Semaphore Address Selected Semaphore Cell

A2 A1 Ao A3 A2 A1 Ao

0 0 0 Sem Flag 0 0 0 0 X Sem Flag 0
0 0 1 Sem Flag 1 0 0 1 X Sem Flag 1
0 1 0 Sem Flag 2 0 1 0 X Sem Flag 2
0 1 1 Sem Flag 3 0 1 1 X Sem Flag 3
1 0 0 Sem Flag 4 1 0 0 X Sem Flag 4
1 0 1 Sem Flag 5 1 0 1 X Sem Flag 5
1 1 0 Sem Flag 6 1 1 0 X Sem Flag 6
1 1 1 Sem Flag 7 1 1 1 X Sem Flag 7

2671 thl 06
Table 6. Semaphore Address Map for the 32-bit Side in

2671 tbl 07
Table 7. Semaphore Address Map for the 16-bit Side in

Figures 3 and 4 Figures 3
Semaphore Address Selected Semaphore Cell

A4 A3 A2 A1 Ao

0 0 0 X X Sem Flag 0

0 0 1 X X Sem Flag 1

0 1 0 X X Sem Flag 2

0 1 1 X X Sem Flag 3

1 0 0 X X Sem Flag 4

1 0 1 X X Sem Flag 5

1 1 0 X X Sem Flag 6

1 1 1 X X Sem Flag 7

2671 tl 08

Table 8. Semaphore Address Map for the 8-bit Side in Figures 4
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semaphore cellisa“0”, that particular block of memory is “available” for
use by the side requesting access. Ifthe semaphore cellisa“1”, the side
requesting access hasa“nogrant”andthat particular block of memoryis
inuse bythe otherside. Inthe IDT7024 and IDT7025, the semaphore cells
broadcast the “grant” or “no grant” condition on the entire sixteen bits of
the datapins. The status ofthe upper and lower byte enables has no effect
onthe semaphore request operation.

Consistent with the rest of our discussion on busy logic and in-
terrupts, we will consider the semaphore flagsinthe IDT7024 containing
the lower order sixteen bits of data (master). When the 32-bit side in
Figures 3and 4 reads the semaphores, the processor on the 32-bit side
willlook atthe lower sixteen bits only to check fora“grant”ora“no grant”
condition. The 16-bit and 8-hit 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.)

Summary

Interfacing various buses with the help of dual-ports can be imple-
mented very easily and with a minimum of components. Byte reordering
canalsobe 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
designedto aid systemdesignersintheir quest for compact, simple and
more reliable designs.
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