ISTITUTO NAZIONALE DI FISICA NUCLEARE
Laborstori Nazionali di Frascati

LNF-84/86(R)
7 Dicembre 19384

A.A.Shamin, A,A.Sabir, L.Trasatti, O.Ciaffoni, MiColi and M.L.Ferrer:
MEMORY EXPANSION BOARD FOR THE VME-BUS

Sérvizio Documentazione
del Laboratori Nazisnasli di Fraseatt
Cae Padala 14 . Brneanbt i(RAmal




INEN - Laboratoti Nazionali di Frascati
Servizio Documentazione

LNF-84/86(R).
7 Dicembre 1984

Meémory Expansion Board for the VME-bus
A. A. Shamim, A. A, Sabit, L. Trasatti, O, Ciaffonii, M. Coli, M. L, Ferrer

1 Introduction

The user's needs are growing day by day, which requite more and mote powerful and sophisti-
cated computer systems. With the recerit advances in the integrated cireuit technology it is now
possible to build powerful computer systems with lower ¢ost. It is more cost efféctive to have systenis
with multiprocessors sharing global resources. In addition, these systems require extra memory for
storing data and program, sitce ¢omputers have limited memory. Memory banks and backup store
are also required for archiving data and programs. Sometimes it is also necessary for a conputer
system to exchange information with anotlier computer system, either directly or indirectly. There
has always been a problem to intetface a computer system with another computer system with ease
in & multiprocessor enviréhment.

The data can bé exchanged either serially or in 'pa,jrallél. The serial communication is cheaper
~ but slower as compared to parallel data cominunication. However, the parallel data communication

is expensive to implement specially for long distance transmission.

2 The VME-bis

In 1981 a joint effort by Mostek, Motorola and Signeties/Philips introduced the VME-bus
specification. In all three separate buses were defined, the VME-bus, the VMX-bus and the VMS-
bus. Each may be used independently of other or collectively used to produce a highly capable
multiprocessor system architecture (1. A short description of VME-bus is as follows.

The VME-bus specification (2 defines an interfacing system for use in interconnecting data



processing, data storage and peripheral control devices in 2 closely coupled configuration. The
VME-bus {nterface consists of four groups of signal lines called "buses’ and a collection of functional
modules which can be configured as required to interface devices to the buses.

A functional module which is capable of initiating data bus transfer on the VME-bus is called
DTB (Data Transfer Bus) master. At an instant there is only one DTB master, bus arbitration is
required to make a decision as to which VME-bus module will be the master during the next data
transfer cycle, this prevents a simultaneous access of the bus by two or more masters. The DTB
requesters and DTB arbiters are used for the transfer of control to another master if there is any.
The functional modules involved in data transfer are always classified as a master and a slave. The
master is the module controlling the transfer and the slave is the responding or addressed module.
Some boards may be designed to act both as master and/or slaves.

The slaves can interrtipt the normal operation of the VME-bus master. The master will suspend
current program execution and will perform an interrupt routine. The functional modules are called
interrupters and interrupt handlers. The interrupts are requested on the interrupt bus.

The data exchange takes place over the data transfer bus (DTB) which can be logically sub-
divided into data, address and agsociated control signals. The DTB is a high speed asynchronous
parallel data bus. The data bus can be 8-bits, 18-bits or 32-bits wide. Each data transfer on
the DTB occurs between a functional DTB master and a functional DTB slave. The data transfer
is always initiated by the DTB master. Adfter each data transfer the slave must generate a data
acknowledge (DTACK, active low) signal before the Bus Time Out (BTO). The bus time out is
controlled by the master, which indicates that the master will abort the current read/write cycle
after n microseconds, if the slaves do not acknowledge the data transfer. This protects the systern
against invalid addresses or malfunctioning slave(s). The asynchronous nature of the DTB allows the
slave to control the smoutit of time taken for the data transfer. However, when a data acknowledge
is received by the master from the slave, the current data transfer cycle is terminated.

The smallest addressable unit of storage is called a 'byte’ and is equal to gbits. The location
in which the byte is stored is called a byte location. Two consecitive bytes i.e. even and odd (next
high order byte) is called a word location.

The VME-bus provides 31-bit address bus for extended addressing of up to 4 Gigabytes. Extra
address decoding logic is required if all the 31-bits are decoded. However, short addressing provides

16 Mbytes of addressinig. All the address lines need not be decoded for short or standard addressing.



During the data transfer additional information is passed to the slaves by the master through
Address Modifler (AMO-AMS5) lines. Separate codes are set aside for each type of addressihg. The
information provided by the address modifier lines can be used in several ways ). For exatple,
slaves receiving address modifier codes for short addressing ignore address lines A16-A31, for standard
addressing slaves ingore address lines A24-A31 ete. The address modifier codes are driven by the
master and are classified into three categories defined by: VME-bus specification, user, reserved.
Care must be taken when choosing and imiplementing the address modifler codes.

A 16 MHz clock signal (SYSCLK) is also available on the VME-bus specification with a 50
percent (hominal) duty cycle. This sighal can be used to generate on-board timings and delays.
The SYSCLK has no fixed phase relationship with otlier VME-bus timings. The SYSCLK driver is
normally located on the system controller board. The driver is a special (high current) totempole
device and only one receiver per board is allowed.

System reset and initialisation is performed by a power monitor module and/or by a manual
switch. On powerup the master performs a selftest and tests non intelligent boards. If all the boards
are functioning normally the master then performs ititislisation of the peripherals ete.

Address Strobe (AS) line when low indicates the presence of a valid address on the address
bus. Data Strobes DS0 and DS1 lines whén low indicate valid low order and high order data byte
respectively. For 16-bit data DS0 and DS1 are low simultaneously.

A write line (WRITE) when high indicates a read operation on the memory or peripheral. While
a low level indicates a write operation. A Bus ERRor (BERR) signal indicates a bus error if data

transfer either read or write is not achieved.

3 Memories

Since the advent of computers several types of memories are available. Some memories are
faster hence expensive than others. Some are cheap but slow. The choice depends upon a particular
application. Memories can be classified in several ways eg: volatile, non-volatile, static, dynamic
ete. A volatile memory is that which looses its contents when the power is switched off. However, a
nonsvolatile memory retains its conitenits even when there is no power. Some examples of memories
are magnetic disc, magnetic tape, magnetic druin, magnetic core, thin filim, semiconductor, magnetic

bubble and plated wire etc.



Different memory technologies are used to fabricate and make various memory devices. The
MOS (Metal Oxide Semiconductor) technology is tised to tabricate integrated memoty cells. The
MOS memory cell can either be dynamic or static. The basic differetice between a dynamic and
static memory cell is the way in which the data are stored in the memory cells. The static memory
cell tises a conventional flip-flop to store a bit of information. However, a dynamic memoty cell uses
a capacitor to store a bit. The choice of the type of memory depends upon several factors eg: ease of
use, access time, power dissipation, size of memory chip, memory requirements, price and standby
power etc.

The static RAMs are easier to use since their operation is static and no memory refresh logic is
required. In addition it is easier to generate the control signals. ‘However, the storage element in a
dynamic memory is a dynamic charged capacitor. The storage capacitance is actually the parasitic
capacitance of the transistor. The charge of this capacitor leaks off with time, which must be restored
or refreshed periodically. The refresh rate depends upon temperature ahd mitst be dotie orce every
2 msees at 70 degrees centigrade. The external hardware refresh circuitry requires a binary counter
depending upon the size of the RAM eg: 4k, 16k RAM requires 64, 128 cycles respectively. In
addition, multiplexing of the binary counter into RAM row and column addresses, and a timer to
indicate when the reftesh should be petformed. Some dynamic memory chips have an on-chip refresh
circuitry, this automatic refresh is controlled by an external pin. The static mentories congume more
power and hence are of low density and are more expensive than an equivalent dynamic memory.
The MOS memory element is also economical in chip area and requires less processing steps to

fabricate as compared to their bipolar counterparts.

4 Design and Construction of the Mernory Expansion Board

The prototype memory expansion board is a double height VME-bus board (233 x 160 mm)
which consists of 256k 16-bit words of dynamic memory. The memory expansion board is used in
conjunction with the MVME110 () (VME-bus module) which is a MC68000 based monoboard
microcompiiter system. Figure 1 shows a block diagram of the arrangement, user’s interface is
a Visual Display Unit (VDU). The MC68000 is an 8 MHz Central Processing Unit (CPU) when
operating as a system controller. The MVME110 is a high performance processing module designed

to funetion as either a stand alone microcomputer, as single system controller in a VME-bus system
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Figute 2: (a) Clock pulses for the counter U7
(b) Refresh pulses 125 ngec wide, jumper J1 position 1
(¢) Extended refresh pulkes 156 ngsee wide, jumper
position 2.

or as one of several CPU elements in a multiproecessor VME-bus configuration. The MC68000 is
capable of addressing 16 Megabytes of memory.

The MVME110 provides full support for the VME-bus addressing and conttol logic. The on-
board local meinory can be accessed without effectitig the operation of the VME-bus being tsed
by another system controller, DMA (Direct Memory Access), high speed 1/0 (Input/Output) ot by
atiother CPU modile. The connection to the VME-bis is through a DIN41612 triple row 96 pin
P1 connector to the backplane of the VME-bus modtile. Table 1 shows pin connections for the Pi

vorniector.



TABLE 1. VMEbus Conrector Pl Pin Assignments
PIN NUMBER  MNEMONIC SIGNAL NAME AND DESCRIPTION

Al~-A8 DO0-D07 DATA BUS (khits 0~7) -~ Bight of 16 three-state
bidirestiohal data lines which ptovide the data path
between VYMEbug mastey and. slave.

A9,All,Al5, GND GROUND

Al7,A19

B20,B23,

c9

AlO SYSCLK SYSTEM CLOCK = 16<MHz &ighal used as timing reference.
When system controller, this signal is provided by the
YMEL10 to the VMEbus.

Al2 DS1* DATA STROBE 1 =~ Bidirectional $ighal that indicates a
data transfer on datd bus lines D08-D15. When system
controller; this sigral enables the bus timeout counter.

Al3 DSO* DATA STROBE 0 - Bidirectional signal that indicates a
data transfer on data bus lineg DO0-D07. When system
controller, this signal enables thé bus timeout counter.

Al4 WRITE* WRITE - Output signral that indicates the direction of
data transfers.

AlG DTACK* DATA TRANSFER ACKNOWLEDGE ~ Input signal indicates that
valld data is available on the data bus during a read
cycle, or that data has been accepted from the data bus
during a write c¢ycle.

Al8 Ask ADDRESS STROBE - The falling edge of this bidirectional
signal indicates a valid address is present on the
address lires. During bus arbitration, a high level
indicates that the previous master has released its
signal lires.

A20 IACK* INTERRUPT ACKNOWLEDGE - Output signal indicates a VME
interript acknowledge cyCle.

A21 TACKIN*®  INTERRUPT ACKNOWLEDGE IN - IACKIN* and IACKOUT* form a
daisy~chained acknowlédge.  IACKIN* input signal is
cotinected directly to IACKOUT*.

A22 IACKOUT* INTERRUPT ACKNOWLEDGE OUT - IACKIN* and IACKOUT* form a
daisy-chained &cknowledge. IACKOUT* output signal is
corinedéted directly to IACKIN*,

A23 AM4 ADDRESS MODIFIER (bit 4) - One of five three-state
gutput lines used to provide additional information
about the address bus. o

A24 AO7 ADDRESS bus (bit 7) - One of 23 three-~state driven
output lines which specify an address in the memory map

A25 A06 ADDRESS bus (bit 6) - Similar to'pin A24,

A26 A0S ADDRESS bug (bit 5) - Similar te pin A24.

A27 AD4 ABDRESS bus (bit 4) ~ Similar to pin A24.



'ABLE 1.

VMEbus Cornnectst Pl Pin Assignments (cont'd)

SIGNAL

PIN NUMBER _ MNEMONIC SIGNAL NAME AND DESCRIPTION . ..

A28 A03 ADDRESS bus (bit 3) « Ore of 23 three-state driven
otitput lines which specify a memory address. During an
interrupt- acknowledge cycle, address bus lines 1-3 ate
used to indicate the interrupt level which is being
acktiowledged.

A29 A02 ADDRESS bus (bit 2) = Similar to pin A28

A30 a01 ADDRESS bus (Bit 1) = Similar to pin A28.

A3l -1%v =12 vdc power - uséd by logic eircuits.

A32 +5V +5 Vdc powst - used by logic circuits.

B32

C32

Bl BBSY* BUS BUSY -~ THis bidirectiorial signal is driven léw when
the VME1l0 is the VMEbus master. Also an input to the
arbiter to indicate that the bus may be arbitrated.

B2 BCLR* BUS CLEAR = Ihput signal that causes the release of bus
mastership in the RBC moda.

B3 ACFAIL*  AC FAILURE -« Input sigral that indicates a power failure
has occurred and generdtes & level geven interrupt
request.

B4,B6, BGOIN*-  BUS GRANT (0-3) IN = Bus<grant-in ahd bus=grant-out

B8,B10 BG3IN* fotm & daisy-chainéd bu§ grant. A grant received at the
juripered level indicates the VMEL10 may becone thie bus
masters The remaining thrée bls-grant-in 1inés are
connected directly to their respective bus-grant-out
litieg, .

B5,B7, BGOOUT#~ BUS GRANT (0<3) OUT = Bus=grant-in and bussgrant-otit

B9,B11 BG3OUT*  form & daisy-chdined bus grant. Wheh a bus-grant-in is
received at the jumpered level and the MPU is not
awaiting bus mastership, the bus-grant-out signal is
tirue on thé respactive level.

B12-15 BRO*-BR3* BUS REQUEST (0-3) - Thé bidirectional bus request of the
jumpered leveél is trué when the MPU requires bus
mastership. When ore of more of the bus request lines
is true in the ROR mode;, bus mastership is released.
When the VMELlD is the system céntroller, bus request
level three is monitored by the arbiter.

B16-19 AMO-AM3  ADDRESS MODIFIER (bits 0~3) - Similar to pin A23.

B21 SERCLK  Not used,

B22 SERDAT  Not used.

B24-30 IRQ7*-  INTERRUPT REQUEST (7-1) ~ Seven prioritized interriipt

IRQL* regliest inputs,  JUfiper énabléd, level seveh is the

highiest priority.
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TABLE 1. VMEbus Connector Pl Pin Assighments (cont'd)
SIGNAL ‘ o
PIN NUMBER  MNEMONIC SIGNAL NAME AND DESCRIPTION
B31 5V Not used.
SToBY

c1-8 DO8-D15 DATA BUS (bits 8-18) .~ Eight of 16 three-state
bidirectional data lines which provide the data path
Betweeh VMEbUS master and &lave. Similar to pins Al-8.

cl10 SYSFAIL* SYSTEM FAIL - Reflects state of FAIL bit in MCR and FAIL
indicator.  When enabled in MCR, this bidirectional
signal generates an interrupt requést,

Cll BERR* BUS ERROR ~ Indicates an error Has occurred during data
transfer cycle. The cycle is terminated and the MPU
starts exception prockssing. When the VMEL1D is the
system controller, 'this bidirectional signal is
generated when a daty transfer d¢yele did not complete
within 200 us.

C12 GYSRESET* SYSTEM RESET - Causes a board level reset when received
from the VMEbUS. Whén system controller, a board level
reseét causes this bidirectiona sighal to be geéneratéd
to the VMEbus ,

C13 LWORD* LONGWORD - Not driven. This termihated sighal remains
4t & high level when the VMELLO is bus master.

C14 AMS ADDRESS MODIFIER (bit 5) - This output line is not
driven by tHe VME11D. AMS always appears as a high
(true) 1lével on the VMEbus because of -the backplane
termination.

Cl5 A23 ADDRESS bus (bit 23) =« One of 23 three-state driven
outsat lines which specifies an address in the memory
map ‘ Similar to pin A24,

C16 A22 ADDRESS bis - (bit 22) - Similar to pin £24.

€17 A2l ADDRESSTbus (Bit 31) ~‘51miiaf to pin 424,

cl8 AZO ADDRESS bits (Bit 20y - Simtldr to pin A24.

€19 Al9 ADDRESS bus (bit 19) - Similar to pin A24.

c20 L] ADDRESS bug (bit 18) ~ Similar te pin A24.

c21 Al7 ADBRESS Bus {Bit 17) - Similar to pin A24.

c22 Al6 ADDHESS bus (bit 16) - Simila¥ to pin A24.

c23 Al ADDRESE bs (bit 18) = SimilaE to pin A4,

c24 Al4 ADDRESS bus (bit 14) = Similar to pin A24.

c25 Ald ADDRESS bus (bit 13) - Similar to pin A2ds

C26 AlZ ADDRESS bug (bit 139 - similab to pin A24.

c27 All ADDRESS Bus (bit 11) - Sitmilar to pld A24.

c28 alo ADDRESS bus (bit 10) «~ Similar to pin A24.

€29 ABY ABDRESS Bus (bit 9) = Similar to pin A24,

€30 A08 ABDRESS bus (bit 8) -~ Simildr to pin A2d,

c31 +12V 412 Vde power = used by loglc cireuits.

[



The memory expansion board cecupies 256k 16-bit words of dynamic¢ memory from address
$1000 to $3FFFF (§ shows hexadecimal values) in thie VME-bus memory space for the MVME110
VME-bus module. The memory is arranged in four banks, each bank consists of 64k 16-bit words.
The memory refresh is transparent to the CPU since the operation of the CPU need not be suspended
to perform the refresh, except for the time out which is described later. Memory refresh can be

hardware or software oriented (518,

Table 2:>Compcments list

U1,U2,U3,U04 SN74158  2:t6s) line multiplexer

Us,U6 SNT4945  Bidirectional bus tradseeiver
U7,U8,U9 SN74303  Dual cascadable 4-bit bittary counter
Uio,U11, 020 SNT474  Dual positive edpe trizgered D-type
22,023,024, flip-fop

1U1-?.',U13;U'14" SNT4068  Quad twe input exelisivée NOR with
U15,U16 } open collector

[k A SNT421  Dual four input AND

U9 §NT4280 Dual five input NOR

U20 SN74138  S-line:to-8:line decoder
123,026,027 $NT408  Quad e input AND

U28,U%9 SNT400  Quad two thput NAND

1U30,U31,U32 SNT432  Quad two input OR

Figure 3 shows a schemetic diagram of the memory expansion board. The portion eticlosed in
the dotted area in figure 3 is equivalent to 256k 16-bit words of dyttamic memory as shown in figure
4 (all the memory chips are not shown in the figure). Valites in brackets in figures 3 and 4 cotrespond
to signals on the VME-bus pin connector P1 (see table 1). While the other numbers describe the pin
numbers of a particular component. When the memory board is not being accessed the multiplexers
U1 and U2 are disabled, thus isolating the memory board’s address lines from the VME:bus. ‘The
address lines of the dynamic memory MCM6665 are connected to a 7-bit bitary counter UT throtigh
U3 4and U4. Input B of the multiplexer U3 and U4 is selected since the output of U17(a) is high
(letters in brackets correspond to-logic gates as described in their respective data sheets). Ouly

7.bit address is required for the RAS-only refresh, with data input/output and CAS in don't care
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condition. The MCM6665 is a high speed dyhamic memory organized as 65536 1-bit words, and
fabricated using HMOS high performance N-chantiel silicon gate technology. The actess time is of
the order of 150 nsec. The refresh eycle is 2 msec. The RAS refresh pulses are generated by ANDing
the 4 and inverted & outputs of the binary counter U9(a). The RAS signal appears at the output
of U31(a) and U31(d). The pulses for counter UT are obtained by ANDing 4 and 8 signals at the
output of U9(a). Jtmper J1 provides an extended RAS pulse if required, the extended pulse is 156
nsec wide whereas the normal RAS pulse is only 125 nsec wide. When the memory board is disabled
the gate U31(d) is enabled thus connecting the RAS refresh pulses to the memories through U25(a),
U25(b), U25(c) and U25(d) to the four banks of memories simultaneously and continuously as RASL,
RAS2, RAS3 and RAS4 respectively. The gates U25(a), U25(b), U25(c) and U25(d) are enabled
since U20 is disabled. The counting pulses for the address counter U7 and RAS pulses are out of
phase with each other, see figure 2. This arrangement etisures that the addresses ate stable before
the RAS refresh pulse arrives. Since the memory board is not being accessed by the VME-bus the
data acknowledge signal is always high. Since the D80 and DS1 lines are high so the VME-bus data,
bus is also isolated from the memory board. The CAS inputs are always high during the memory
refresh cycles and go low only during a memory access by the VME-bus. In addition the address
modifler lines atre also high thus disabling U20. The gates U27(¢) and U28(c) provide either in phase
or out of phase SYSCLK to the cotuter U9(a).

When the memoty board is accessed one of the following address modifier codes are applied to

the AMO-AMS lines. The valid addess modifier codes are:

AM5 AM4 AM3 AM2 AM1 AMO Function
1 1 1 0 0 1 Standard non-previlege dats access
1 1 1 0 1 0 Standard non«previlege program access
1 1 1 R S Standard supervisor data access
1 1 1 1 1 0 Standard supervisor program access

The address modifier codes are selected by a combination of jumper J8 along with either J9,
J10, J11 or J12. The jumper J8 is left unconnected to give a 3 and jumpers J9, J10, J11 and J12
are connected to give codes 9, A, D and E. These codes now correspond to address modifier codes

as shown above 39, 3A, 3D and 8E. AMS5 is the most signifieant bit and AMO is the least significant



bit. The address modifier codes are compared with the above selected jumpers. When any of the
above address modifier codes appear at the AM0-AMS5 lines the output of the U29(d) goes low which
is connected to G2A input of U20. U12, U13, Ul4, Ul5 and U16 are open collector exleusive NOR
gates. The G2B input is always low except for the refresh time out which is described later. The
G1 enable of U20 is obtained by gating the address lines A20-A23 and the Address Strobe (AS) line.
Onee the U20 is enabled the address lines A17-A19 are decoded and appropriate low signal output
appears at pins 14, 13, 12 or 11, which makes the owt‘pu‘t of U18(b) to go low. When the output
of U18(b) is low the output of U31(d) goes high since it is disabled thus enabling the gates U25(a),
U25(h), U25(c) and U25(d). The low output of U18(b) also enables Ul and U2. Since the output of
U17(a) is high, B input of the multiplexer Ul and U2 is connected to the output. Imput A of U3
and U4 is selected which connects the address lines of the VME-bus to the memory address lines.
This connects the address lines A1-AS to the appropriate memory bank. The counter UT stops sifice
the gate U27(d) is disabled, this arrangement remembers the previous memory location which was
refreshed. ']t’he output pins 14, 13, 12 or 11 of U20 are low depending upon which bank of memory
is to be addressed by decoding address lihes A17-A19. This low signal provides a RAS ptlse to
that particular bank of memory through U25(z), U25(b), U25(c) or U25(d) respectively. Jumipers
J2, J8, J4 and J5 provide a delayed RAS1, RAS?2, FAS3 or RAS4 by one clock cycle if desired,
after the output of U20 is low. Since the address lines are already connected to the memory bank,
the RAS thus appearing latches the row addresses in the memory. The RAS1, RAS2, RAS3 or
RAS4 pulse is delayed by one or two clock cyele(s) to generate the CAS1, CAS2, CAS3 or CAS4
pulse to latch the column addresses. U21, U22, U23-and U24 act as delay lines, this delay can be
controlled by appropriately connecting jimper J13. Inverted or true clock for the delay lines U21,
U922, U23 and U24 can be obtained by appropriately connecting jumpers J6 and J 17. Any of the
low CAS pulse makes the output of UlT(a) to go low thus selecting A input of the nultiplexer Ul
and U2 which conmects the address lines A9-A16 to the memory bank, since U3 and U4 are alteady
enabled (memory requires RAS before CAS). This latches the column addresses in the memory.
Simultaneously either DS0, DS1 or both low are to connect the data bus to the memory bank, US
and UG are bidirectional bus drivers. U6 provides the least significant byte and U5 provides the most
significant byte of data. A read/write sighal (WRITE) provided by the VME-bus is used to control
the direction of the data flow through Us and U6. This write line is buffered through U26(a). Series
resistors are used on the data and address buses to act as current limiting resistors (approx. 30

Ohms) and to provide an interface between the TTL and MOS. Several pull-up and a combination
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of pull-up and pull-down resistors are adjusted for optimum performance.

If the memory is continuously being accessed a time out counter consisting of U3 and UY(b)
generates a signal at the output of U17(b) to indicate that the memory board needs refreshing, this
time is about 1.9 msec. When this condition occurs the DTACK sighal is forced high and the decoder
U20 is disabled by making G2B high. Thus indicating a non memory access condition. When this is
achieved then a normal 128 cycle memory refresh takes place. This time out counter can be disabled
by appropriately connecting J15 and J18. A data acknowledge signal is generated by delaying the
CAS (low) signal by one or two clock cycles using Ull(a) and U 11(b). This delay can be controlled by
appropriately connecting jumpers J14, J16 and J19. During the refresh time out this is over ridden
by the output generated by the U32(b) which forces data acknowledge into logic high. After the
refresh the memory board returns to normal operation. A Light Emitting Diode (LED) is conhected
appropriately to show a memory access condition.

Figure 5(a) shows a layout of the printed circuit board. Figure 5(b) and 5(c) show the component
and solder side of the printed circuit board. Decoupling capacitors (100 nF) are connected to each
memory integrated circuit. Each row of power supply is decoupled using 10 uF capacitor. This

provides maximum decoupling for efficient operation.
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Figure 5(a):
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Figure 5(b)¢ Printed circuit board (component side).
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