PRL
TECHNICAL NOTE

TN-95-77

PC CLONE DESIGN WITH PASSIVE BACKPLANE

R. N. MISRA
JULY 1995

PHYSICAL RESEARCH LABORATORY
NAVRANGPURA
AHMEDABAD 380 009



DOCUMENT. CONTROL AND .-DATA SHEET

1. Report No. PRL-TN-95-77
2. Title and sub-title - 3. Report Date’ : July 1995
. Type of Report : Technical Report
PC Clone Design with - 5. Pages ¢ 33
Passive Backplane 6. Price : Unpriced
7. No. of References : 9
8. Author :  R. N. MISRA
9. A. Purpose Hardware details of simplified
PC ‘motherboard logic
B. Useful for : Applications requiring embedded PC
10. Originating Unit Planetary Atmospheres & Aeronomy Area,
Physical Research Laboratory,
Navrangpura, Ahmedabad 380 009
11. Sponsoring Agency None
12. Abstract . ‘ : A simplified design of IBM compatible
PC has been described. The
motherboard logic has been realized in
two plug-in printed circuit boards.
Passive PC Bus backplane is used for
interconnection as well as other plug- 'i
in cards.
13. Key words ¢ Personal Computer (PC), 8088 Laboratory
automation, PC motherboard, Passive
Backplane.
14. Distribution Statement Distribution unlimited.
15. Security Classification

Unclassified




CONTENTS

SUMMARY

1.9 Iﬁtroduction 2
2.9 Design 3
2.1 The CPU and clock circuit | 5
2.2 Wait State Logic | | . 8
.2.3 Onboard I/O.circuits 9
2.4 ‘Memory Card 12
2.5 Refresh Logic 14
3.9 Backplane bus and Power supply oonsideratidns .15
4.9 Conclusion' 16
5.0 . Acknowledgements 16
6.9 References 17
Appendices | : : 18 - 22
23 - 31

Illustrations

(H



A
B
C
D

APPENDICES

I/0 Channel bus ( Back plane Bus)
List of components N
Salient Features of the'Design

- Load on various signal lines of CPU card

LIST OF ILLUSTRATIONS

System Block Diagram

Clock ,Wait state , Bus arbitraticon and I/0 select logic
CPU , DMA and Interrupt ' | |
Configuration select, Timer and Keyboard logic

8288 pinouts
Memory select and Refresh,DRAM and EPROM pinouts

- and data buffer

Printed Circuit Board Layout of CPU card,Component side
Printed Circuit Board Layout of CPU Card, Soldef side

Printed Circuit Board Layout of Memory Card

(1)

18
19 -
21
22

23
24
25
26
27

- 28

29
39

31



PC CLONE DESIGN WITH PASSIVE BACKPLANE

The. PC has becdme the backbone . of office as well as
labora€ory automation. The environﬁent of laboratory automation
is somewhat different in that it is often the laboratory staff
who has to take up the responsibility of maintenance of the PC
alongwith the speqialised plug in cards .The pressure of ever
increasing complexities of +the PC, as a consequence of
development in teéhnology yhas brought the difficulty of chip
level maintenance .A large number of applicatioﬁs do not demand
performance beyond that of a Vanilla PC from the hardware, and
arithmatic operations are either nonexistent or just minimal.A
simplified design of PC with passive'backplane approach = and
dual boara implementation of logic has been attempted by the
autﬁor.This simplified dual board unit can be utilised for

general laboratory appliéations.

KEYWORDS: Personal Computer (PC),8288,Laboratory automation, PC

motherboard,Passive Backplane.



'1.¢ INTRODUCTION

| Thé‘ iﬁportandé éf .-PC_in our day to.déy wdrk is beyond
dispute.The .original ' 8¢88 in the PC has been , by and large
,replaced' By the newer and faster microprocessors like
80286,80386 and 8@486.As far as the manufacturer 1s concerned
:,the miecrocomputer motherboard,for the various types of PC’s and
upgrades , in general , is not very different as a unif item ,be
it 6@88 based or 80286 based for that ﬁatter.The glue‘logic has
been integrated aiongwith the peripherals.toiéuch an extent that
just one or two Surface mount déviCes are sufficient to interface
the microbrocessor to the memory énd other remaining peripherals.
The circuit details, placement of parts and configuration details
,of the commercial PC motherboards , are most often not availlable
, which creates difficulty in undertaking the repairs.Most of
the time ,sheer difficulty of handling surface mount‘ devices,
forces.one to apandoﬁ attempts. to repair.
’ The basic PC based on 8288 is very well documented, thanks
to its originator. IBM, and lénds itself +to easy repalr.The
general laboratory and other requirements can often be met by the
simple PC itéelf and it is worthwhile to assemble one’s own
unit és an embedded unit.Availability of the V2@ microprocessor
from NEC ,which is pin compatible to 8088 and executes binary
arithmatic instructions faster as well,has helped vanilla PC to
retain its place.A simplified design of PC has been attempted by
the author to reduce chip count and save printed circuit bqard

space.The use of passive backplane bus has also been resorted at

to reduce the printed circuit board area.The rest of the
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circuitry has been partitibned to accoﬁodate it in two printed
_ciﬁcuit':béards_of moderate size which are both electrically as
well asv meéhanioaliy VCOmpatiBle to 1/0 channel , sometimes
referred to as PCBUS. These héve been interconnected by means of
passive backplane PCBUS . The.peripheral' cards can also be
pluggéd’iﬁ the same bus ﬁo complete the system .
2.0 DESIGN |

The_block~diagram of the motherboard logic has been shown in
fig. 1 .The overall design of the system has been simplified to
save +the chip count and conséquently reduce the printed circult
board area .Design of a PC compatible appeared iﬁ the BYTE
magazine during 1982 (2) .However the PC described therein
deviated_ from the IBM design substantially and compatibility
was maintained only at BUS level and not at the BIOS level.

Another series of articles appeared in the Electronics For
You magazine during 1989 by Padmanabhan et. al.(4);This design
went very close to the IBM design except that it was based on the
special :keyboard .The hardware was, however, compatible to PC at
the BIOS level.Several useful boafds have been described in the
series and the article series forms excellent material for
understanding the working of the PC hardware. Some alteratigns
were attempted for the Coldr Graphics Adapter (CGA) card.The CGA
and floppy disk controller cards described therein are totally
compatible to those available in the market.Use of standard
XT/AT keyboard available in the markét is , however, pfeferable
as the ones offered afe fairly cost effective and ergdﬁbmically
.dBSigned for operator comfort,but the difficulty lies with the

motherboards which are usually without proper documentation .
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' The role of-numeric coprocassor 8@87, in a PC ,ié iimited to
,Programs*,reqﬁiring ~numéridai' compﬁﬁétiéhsf ;énd would remain
underused in a PC meant . fﬁr for contfol ‘applications. The
coprocessor requires the use of maximam mode of operation‘of fhe
8288 Ifor ~proper interfacing, thus necessitating elaborate
hardwaré,ior direct meﬁory access (DMA) and reLated cirecuits. If
on the other hand, the CPU is operated in +the minimum mode, the
hardware gets simplified to a large extent and this fact had
been utilised by Padmanabhan in his design to -save hardware.The
motherboard was designed on the lines of the industry standard
motherboard concept , except that it has Beén constructed out of
double sided printed circuit board as comparég to multilayer (b
layer in some cases) motherboards of the standard PC’s.However
it required a set of eight conductor ribbon cable jumpers which
are likely to create reliability problems in the long run.

The author +tried to eliminate some of +these problems by
partitioning the motherboard circuit in such a way that ihe
mother board circuitry could be accomodated in two printed
circuit boards of the double sided type.These two should be such
that +they interface only at the PCBUS level.so that a passive
back plane of 62 pin connectors could be used to interconnect the
two PCB’s Jjust like any other peripheral card on the expansion
bus.A close scrutiny of the PC hardware reveals that  the only

section which could be separated in this manner 1is the
memory . Therefore the CPU and all associated hardware has been
accomodated on one of the two printed cicult boards whilé‘all the

memory ,DRAM as well as ROM , on the other.As +the memory



réquires‘.separate buffers for data as well as address on the
motherbqard ». this partitioning seemed to be most appropriate.

Ry

2.1 THE CPU AND CLOCK
The 8288 has been configured for the minimum mode operation
with max/min pin pulled up to Voc.The RD*,WR* and IO/Mx signals
have beeh decoded in é tristate quad 2 to 1 multiplexer type
74L8267 , ‘to generate IOWX,IOR¥,MWkand MR* signals.These have
been used on the CPU board as control signals for different
séctions.During the DMA cycle, thesé are tristated by +the AEN
signal and the one’s generated by.the DMA controller , which
have also been 'oonﬁected to the same lines;*takel cbntrol; The
clock , wait state ybus arbitration and decoding logic has been
shown 1in fig,2. | '
The clock and reset signal generator type 8284 has been
used for the genération of these s¥gnals.The oscillator frequency
of 14.318 MHz haé been chosen for the sake of compatibility to
the CGA and the standard BIOS.The clock output is high for 33%
pf its period and 1low for 67% ,which meets the requirements of
the processor.The DMA controller type 8237A -6 réquires a clock
high period of 8@ nsec and low of 68 nsec.The 8@88 operating at
6 MHz requires clock Hi period of 69 nsec and clock low of 118
nsec.Therefore the clock for the 8237A can easily be derived by
inverting the CPU clock (8).The designs described in BYTE as well
as the IBM technical reference manual instead required use of
pulse streching gircuitry which may be avoided to save one IC.
The synchronization of the HOLD signal to the CPU " is done
with the help of one section of a quad D flip flop type

T4LS175.The two other stages of this IC are used for providing
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, :
delay to the'HLDA (Hold_Ackﬁowlgdge)_signal from the CPU.The
output of the firStVatége‘is'the,AEN'sigﬂai and that of the next
stage 1is usedvto give enablé-éignal to.the'clock and reset logic
in 8284.The AEN signal is -sufficient for control of DMA
l&gic(s)a' The 8237A is connected to the microprocessor bus in
‘such a way that its data lines are driven from the buffered data
bus driving all the I/0 devices on board.The address lines AQ -A7
are outﬁut by the 8237A during the DMA cycle while the lines AQ -
A3 receive information from the microprocessor during the CPU
cycle and A4-A7 remain tristated during _thé same period.The
change of data direction for these lines has been controlled by
the AEN signal with the help of a bidirectional 8 bit buffer type
74 LS 245. The circuit details of CPU and DMA logic has Dbeen
shown in fig.3. |

The control signals IOR¥,IOW#,MR¥,MW¥ have been generated
with the help of 74LS5257 as said earlier and have been used to
drive the corresponding lines of the I/0 devices on board
including the DMA controller 8237A.The latter _generﬁtes these
signals during the DMA cycle and becomes the master, while the
TALS267 is tristated during this period with the help of the AEN
signal.The hi address lines A8—A15 are generated by +the 8257A
during DMA cycle and presented on the its data lines which are
latched 1in the 8 bit latch type 74LS373 with the help of the
ADSTB pulse avallable at pin 8 of the 8237A.These address lines'
are enabled by the AEN+* signal so aslto beéome aopive only_
during the DMA cycle,The address lines A16-A19, during the DMA
QYcle , Aare providéd by the 4X4 bit register file type



74L8670.This information has to be iaiched in the.lattér before
‘starting 'thg 'DMA opgraﬁioﬁ.These are located at  addresses
@éﬁH;@BiH,QSZH andVQBSH'in‘the 1/0 sbace of the microprocessor.

The ICOntrol signéls gre directly afailable on the pins of
the CPU in the minimum mode of operation .The multiplexed
address and data bus AD@-AD7, of the microprocessor drives an 8
bit létch‘type 7415373 as well as an 8 bit bidirectional buffer
type 74L5245.While the latch is used to separate the address
lines A@-AT with help of ALE pulse available on the CPU ,the
Euffer provides drive to the data bus and its output is connected
to the data lines of the 62 pin edge connector.The same have
also beeﬁ connected to another buffer of the same type to provide
extra drive signal and isolate the‘onboard 1/0 devices.Eventhough
the address‘lines AB-Alb are continuous from the CPU, these have
been iatched in a way akin to the address lines A@-AT.The most
significant address lines A16-A19 have been latched by ALE pulse
in the same manner .All these address lines are brought on the
edge connector and enabled by the' AEN signal  described
before.The address lines generated by the DMA ldgic havé also
- been joined to the same‘corresponding pins. |

The control signals AEN, IOR¥, IOW¥,MR¥* and MW¥ . system clock
of 4.77 MHz,oscillator output of 14.318 MHz along with the RESET
signal are bufferéd in an 8 bit buffer 74LS245 ,which is enabled
permanently,to provide adequate drive ,before bringing to the 62
pin edge connector.The I/0 channel (backplane BUS) adge éonnector

pPinouts have been given in the Appendix A.



2.2 WAIT STATE LOGIC

| '  The ﬁéit state logicA‘has beeﬁ imﬁlemented by dual .D flip
flop and tiiple 3 inbut NAND gate 741@.The clock of the first
flip f;pp (FF) is generated if.eitﬁer I/0 read or write operation
is in progrss i.e. Qither IOR* or IOWX 1s low ,while AEN 1is
loﬁ.Cigok.will alao be generated whenever.MR* goes low During the
DMA cycle, indicated by AEN high ,provided DACKZ is also high .
This 1indicates DMA channel requeét being serviced except for
channel gzero . Thus the first FF will éet a‘clock pulsé during
I/0 operation as well as memory read operation during DMA .This
pulse sets the first flip flop, the Q@ output of which sets
CPURDY* signal high thereby giving a nonready condition to +the
CPU.The next CPU clock sets the second FF which in +turn resets
the ‘first one to give ready signal to 82847Thus a single wait
state 1s inserted for all I/0 operations during non DMA cycle as
well as memory read operations during'DMA cycle .During DMA - the
IOW* signal originates in the DMA controller.The external memory
or I/0 devices located on the different btoards on the I/0 bus
can insert walt states by pulling down the IOCHRDY line for as
long a 'tihe as they please, except violating fhe refrash
requirements. Pulling IOCHRDY low forces FF 1 to go high and
give ndn ready condition to the CPU. Ready to DMA is generated by
Q% output of the FF 1 and is restored by next clock pulse , in
case Q% 1is reset to high , or else can extend to longer
periods.Delayed ~ AEN is used as AENB4 and CPURDY is driven by Q
outpuf of FF 1.As long as the Q output of FF1 is higk ,the RDY

to DMA will be held low to create non ready condition to the DMA



_logic.The ready-wili be given onl& éfier the IO&HRDY 1s released
and  theh ‘RDY toiDMAJis restored from the next CPU clock . The
circuit detalls of;the'wait stéte lbgic havé been given in fig.2.
2.3 ONBOARD I/0 CIRCUITS |

The details of the onboard I/0 circuits have been” given
in fig.4. The devices located on the data bus are programmable
input. output device 8255, programmable timer type 8263, DMA
_controller type B8237A,interrupt controller B269A and the 4X4
register file 74L,5670. The data bus has to drive several input
output devices onboard and therefore a separate data bus Dbuffer
type T4L8245 has Dbeen used for this purpose , a8 aexplained
earlier.This ‘buffer_is enabled during the 1/0 operation in the
address space O00-@FFH of the micfoprocessor as well | as
interrupt acknowledge .The details of enéble logic has been given
in fig.3 . The address lines A8 énd A9 have been OR’ed along with
the IOR* signal and the output thereof NAND’'ed with the INTA%
signal +o realise the DIR signal. for the data buffef.The latter
has been enabled by the AEN.Thus the buffer opens up only during
the tiﬁe when microprocessor is master,and data is'read from the
1/0 devices only if the same arse situated in the I/0 address
space below 19@H ‘during which A8 as well as AQ are both
zerq.During interrupt acknowledge ; the ‘interrupt controllerkﬁ
situated on the I/0 bus sends the address vector on the data bus
énd pulls INTA¥ line low.Now the vector address wili be read by
‘the CPU, as the data buffer is also in read mode when INTA¥% 1is

low.The buffer is in write mode in all other times and doaes not

interfere with main data bus opertions as it 1t only a ©passive

listener.



The programmable:port ﬁype 82656 has been used for keyboard
‘interface, reading the éonfig&ration’switéhAaﬁd cohﬁrol of the
speaker.The 8 configurationhswitches héve beqn grouped 1in two
gets of four and are sensed through a quad 2 input multiplexer
type 74157,selection of the group being ddne by the port line
PB3 .The switches themselves are read by the port lines PC@-PC3,

| The‘ keyboard clock can be enabled or pulled low by software
ﬁhrough the port line PB6.It is passed through 2 stages of D flip
.flops clpcked by the PCLK signal to synchronizé it before belng
used for data shift operatién.Onboard reset sigﬁal is inverted to
provide reset to the keyboard clock shift register aﬂd provide
reset slignal to the keyboard.The shift register is realiséd by 2
sections of +the quad D flip flop type 74175,one of the other
sections of which is used to divide the PCLK by 2 to provide
clock to the timer at 1.19 MHz. '

The keyboard data is fed to a serial to parallel converter
type T74LS322, the B8th output QH' of which is stored in a D flip
flop 7474.The Q output of the 7474 forms the keyboard interrupt
IRQ1.The parallel output of the shift register T4LS322 1is
disabled when IRQ1 goes high and the keyboard data line is held
low.The buffered and synchronised keyboard clock signal 1s now
used for shifting the data in the 74L8322; The output of the
shift register is read by bringing the line PB7 low,. which 1is
again made logical ONE to disable the outputs of the shift
register and clear its contents.The D flip flop 7474 remains
cleared when PB7 418 high.The Port A of he 8266 4is used for

reading the keyboard data as well as to output the checkpoint
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vintormation during initialization The PB7 is kept logical ONE to
_disable the shift register outputs during this reriod .

The 1.19 MHz square wave obtained by diyiding the PCLK by 2.
‘serves es clock to all the 3 séctions of the programmable timer
type 8253 .The output of timer @ is used for time of the day
‘application and it divides the clock by FFFFH to provide square
wave at’ 18 2 Hz.This square wave gives interrupt at IRQ@ line of
-the interrupt controller 8258A.The timer 1 is programmed to
provide a pulse‘train with a period 15 microseconds to previde
DMA request at pin DRQZ to the DMA controller;The latter in turn
generates address lines in successive steps to provide refresh to
the dynamic random access memeory (DRAM).Gate lines of timer @ as
well as 1 are pulled high.

The OUT2 of the timer is used for giving tone to the speaker
under control from the PB1 line while the gate 2 is controlled by
PB@. The presence of speaker is detected by a high signal at PC4.
Pins PB2 and PB4 are not used in the syatem and PB5 is used for

I1/0 check enable operation.It resets a R-S flip flop, the out put
of which is sensed at PC8.The PCH line hee been'used to test the

- output of the speaker and PC7 has not been used as the parity
check of DRAM has been dispensed with.The NMI input of the
microprotcessor has also been grounded for this reason. ‘

The .interrupt controller type 8259A has been interfaced +to
the microprocessor through INTR and INTA%* lines and interrupt
requests IRQ2 to\ IRQ7 have been brought to the 62 pin connector‘

of I/0 bus.IRQ? and IRAl have been used onboard ‘for time of the

day and keyboard interrupts respectively.
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The'Aéddress,linés.AQ and Al whicﬁ go to. the I/Ovdevices on
boﬁrdi have:‘hot 'been buffefed to reduce chip count and it is
expected that the addfassfbuffer would'have adequate drive to
take this e#tra load from NMOS devices.The chip select signals
for the 1/0 devices have been generated with the help bf a 3 to 8
~dec§dei-type 74L5138 using address lines A6,A6’and AT as inputs.
The A8 OR A9 signal, obtained from quad 2 input OR gate 7432 ,
drives the enable  input Gi* of 74LS138 .The other enable
input,G@2%, 1is driven by the AEN signal , +thus fulfilling the
decoding requirements.The A8 OR A9 signél is again combined with
IOR¥* in other section of 7432 and the output thus obtained is
combined with INTA¥ signal in NAND gate to provide DIR signal for
data bus buffer as explained earlier.The data buffer is enabled
by AEN signal and the data is read from 1/0 devices if AEN is low
and the I/0 ports on board are selected.The pinouts of 8288 have
been given in fig.5 and the printed circuit board layout of +the
component and solder sides of the CPU boaid in figs. 7 and 8.

2.4 THE MEMORY CARD

Passive backplane PC has its own advantages. Hoﬁever all the
circuits of the PC can not be accomodated on a three quarter size
plug in card for the PCBUS without resort to use of LSI gluer
logic. The partitioning of the circuitry ,therefore,has to be done
in such a way that , the two sections remain 4functionally
somewhat independent and their interface does not go beyond the
backplane bus.The memory occupies substantial area on the printed
clircuit board and mainly requires only address and data lines f&r

operation.Therefore it i possible to split the motherboard
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circuitry into two parts ,one containing éll the”memory including
YRAM' and RQM-'and the @ther part containing +the rest of the
cirouits.The availability of 266 K X 1 bit DRAM has made
realisation of 512K byté. RAM fairly simple with 16 such
devices.These are pin compatiﬁle to the 64K units énd thus down
sizing the memory would also be possible in some applications.The
newer devices are reported to be rélatively frge from soft errors
and the parity check may be omitted altogether to gain some
saving in hardware. As +the parity check 1ogiciinterfaces to -the
NMI pin of the microprocessor,the latter can'Ee grounded and thus
the memory block is further isolated from CPU and DMA logic , as
far as circuit partitioning is concerned. »

The dynamic RAM’s are refreshed by use of one of the four
DMA chamnnels ,channel zero, and the DACKZ line available on the
1/0 channel bus can be used for this pufpose for the memory
located on any card.A simple circuit consisting of address
multiplexer ,and RAS*,CAS* generation logic using standard LSTTL
gates has been designed to provide all the control ‘signals.The
64K devicas may be substituted ir place fo 258K devi@es by a set
of Jumpesrs to get a RAM of 128 K bytes if neaded. Two 28 pin
sockets +to accomodate one each of 8 K X 8 and 32 KX 8 EPROM’s =
have aiso been provided on the memory PCB .These are Iocated at
FEQUPH and F6@OOH in memory address space to serve for BIOS and
BASIC ROM's respectlvely.The circuit.diagram of the memory card

and memory device pinouts have been given in the fig .6.
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2. 5 REFRESH LOGIC

The memory read and write signals avallable on the backplane
ha;e been‘ used to generate refresh vand. multiplexer control
signals fér'the DRAM. The MR¥ and MW* signals are combined in a
NAND gate +to generate basic ﬁemory request signal which is
delayed 4in an R-C circuit to generate RASX and then MUX
signals.The RAS* signal 1is genetéted in the one half of the
decoder\ type 74 LS 155 which is enabled by the RAM select
logic.Separate RAG* signal is generated for each of the two
' banks of DRAM’s. The MUX signal is used to enable the second
part of the decoder to get the two CAS* signals, oné for each of
the memory banks. Inherent dela& of the decoder serves to
provide the necessary time delay to the CAS*signals from ‘the
MUX' signal.These signals serve only for the actual read/write
opreratioq of the memory.The refresh operation 'is enabled by
ORfing the RAS* signal generated at the output of the ?ecoder
with the RAS control signal which is active for avery memory
access cycle .The refresh RAS is enabled by the DACKZ signal to
restrict the refresh action only under the control of +the DMA
controller,

Two types of access for the memory are needed during the
normal read/ write operation.The DACK®@ is logical 1 during such
cycle and the RAS* as well as CAS¥ signals are generated for
the selected memory bank.The refresh operation 1is continuously
performed at intervals of 15 microseconds and in this period the
RAS* signal generated by MR¥ and MW* isg directly fed to the RAS*
lines to provide refresh.The DMA controller provides refresh

addresses on A@-A9 lines during this period .The address
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vmultipleXiﬁg is perfdrmed'bybavsét of ﬁhree units éf quad 2 input
multiplexers type 74LS167 .

The data.bus of the meﬁory card ié buffered by bidirectional
buffer type 74 LS 245 ,which is.enabled during the time CPU makes
an access -‘to the RAM located from @00QPH +to 80@YPH and ROM
'locatéd at FOOVZH +to FFFFFH.It is inhibited during the DMA
operation on channel @ by DACKZ.The memory decoder is enabled by
DACK@ and memory bank address,while the addressest16 and Al7 are
decoded to generate RAS¥ and CAS*% signals for the two banks.The;e
addresses are for the 64 K X 1 devices.For the case of 256 K X 1
devices the same would become A18 and A19.Memory bank address is
generated by Al7, A18,Ay9 for 64 K X 1 devices and Jjust AiQ for
266 K X 1 devices.

The EPROM select logic has been realised by decoder type
T4LS166 of open collector type,which is enabled by the oﬁtput of
4 input NAND gate 7420 ,which generates logiéal @ 1f address
lines A16,A17,A18 and A19 are all logical 1 .As said earlier the
chip select for FEQOQPH -FFFFFH is for the BIOS ‘and the one for
F60@@H-FDFFFH for the BASIC ROM. The printed circuit board layout
of the memofy card has been given in fig.9. |
3.9 BACKPLANE AND POWER SUPPLY REQUIREMENTS

A passive 6 slot single sided back plane is sufficient to
run the minimum system.The ground track ls all around the PCB
and the +5 v track is laid by thick lines wherever possible .An
éxtra thick line has been prdvided for +bv line along.-the ground
to reduce vdltage drop .Additional jumpers have beeén used to

Areduce the same still further. The CPU, memory, Floppy Disk Drive
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and the CGA cards together draw about 2.8 amperés of current from
+5 v‘line;If the Floppy disk drive is provided +12'VOltS as well
as #5 v from separéte sburqe.B amp regulator of linear type can

‘serve the syétem adequately.
4.9 CONCLUSION

A passive backplane BUS based PC compatible motherboard has
been designed .The CPU. DMA and 1/0 related logic have - been
located on one of the printed circult boards and the memory on
the other.A six slot passive backplane | similar to the I/0
channel bus of the PC has been used to interconnect the two  to
realise full motherboard logic.The peripheral adapters may be

plugged in the remaining 4 slots to complete the system.
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APPENDIX A

PC BUS (1/0 CHANNEL BUS).SIGNALS

Connector type PCB Edge ,62 pin dual readout,d.1 inch

Pin No. Component Side Pin No. Solder Side

Al 1/0 CH CKx Bl GND

A2 D7 B2 RESET DRV
A3 D8 B3 +BV

A4 D5 B4 IRQ2

A5 D4 B5 -V

A6 D3 B8 DRQ2

AT D2 BT -12v. |
A8 D1 B8 CARD SELCTDx
A9 Do B9 +12V
ALD I/0 CH RDY B10 GND

A1l AEN B11 MEMW
A12 A19 B12 MEMR*
A13 A18 © B13 TOW
Al4 ALT B14 TORX
A1b A16 B16 DACK 3%
A16 A15 B16 DRQ3
ALT Al4 B17 DACK1% .
A18 AL3 B18 DRQ1
A19 A12 B19 DACK@*
A20 ALl B2g CLOCK
A21 AlQ B21 IRQ7
A22 A9 - B22 IRQ6
A23 A8 B23 IRQ5
Az4 AT B24 IRQ4
A25 A6 B25 IRQ3
A26 A5 B26 DACK2%
A2T A4 B27 T/C

A28 A3 B28 ALE

A29 A2 B29 +5V

A30 Al B30 08C

A31 AD B31 GND
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 APPENDIX B

 LIST OF COMPONENTS
CPU board: |

Integrated circuits:

1.  T4LS126 16. 8¢88
2.  TALS1Tb 17.  74LS00

3. 82653 18. T4LS257

4. - 8237A 19. B2B4A

5.  TALS373 29. TALS@O

6. T74LS373 21. 8265

7.  T4LS373 22. T4LST4

74LS175 23. T4LS10

9. TALSOD 24. T74LS32

19, T4Ls3zz | 265. T4LS138

11. 74LS00 ' 26. T4LS2456

12. TALSTA 27. TALS246

13. T4LS670 28. T4LS245

14. T4LS246 29. DIPSWITCH

15. TALS373 30, TALSLST

31, B8259A
CAPACITORS | RESISTORS

19 pf 1 33 E ,100E &5610 E  ea.
47 pf 3 1K2

300 pf 4 1K6

@.1 uf 5 2K

10 uf 10 v 3 4K7

100 K 1

DIODE 1N4148 TRANSISTOR 2N2222 ea. 1
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'Memorﬁ board:

Ihtegratéd Circﬁits_

Ic 1-16 256K X1 bit Dynamic RAM
17. T4LS167
18. T4LS167
19. T4LS167
20, T4LS167
21. T4LS257
22, 27256  32KX8 bit EPROM
23, T4LS32
24, - TALSO@
25 . T4LS156
26. T4LSO4
217. 2764 8KX8 bit EPROM
28. T4LS20
29. T4LS245
Capacitors . Resistors,
339 pf 1 33 E 14
@.1 uf 15 470 E 1
1guf 10 v 1 1 K6 3
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| APPENDIX €

. Saliént'Fegtures:

Minimum modevoperétiOn_of 8088
Stahdard Keyboard.énd Peripherals.
Passive , single sided backplane.
Séparate CPU and Memory cards to use atandard PC BUS,
and small size double-sided PCB’s to realise b1z K
DRAM along with 8K X 8 BIT and 39K X 8 bit EPROM,RAM
configurable for 64 K, 128 K, 256 K and 12 K bytes.
Consefvative artwofk to improve reliability.

Use of standard MSI/SSI devices as glue iogic for easy !
availability of spares for repalrs.

Simple data direction logic for DMA.

Compatibility to standard BIOS
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| APPENDIX D
‘LOAD ON 8288 PINS
ADZ-ADT 2 LSTTL

" ADB-AD15 1 LSTTL

INTAX 2 LSTTL
HLDA 2 LSTTL
10 /Mx 2 LSTTL

RD* & WR¥ 1 LSTTL

ALE 4 LSTTL , buffered out on bus
AEN (’175)19 LSTTL ,buffered out on bus
8284 SIGNALS:

SAYSCLK 6 LSTTL , buffered out on bus

PCLK 1 LSTTL
RESET 7 LSTTL . pbuffered out on bus
0sC DIRECT on bus

BUS LOAD BY ON BOARD DEVICES :CPU BOARD:

AQ 3 LSTTL +8263,8255.3259A
Al 4 LSTTL

A2-A4 NONE

Ab-A8B .l LSTTL

A9 2 LSTTL

A19-A19 NONE
D@-D7 1 LSTTL

BUS BUFFER USED : 7413245
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SR 8, DATA
B-BUFFER
BB = BIDIRECTIONAL | ADDR
BUFFER 120 20 DACK
L=LATCH ) DRQ
BB || L L || BB 3 URA ALY
I Iy 1 , | )
| oA 8259 A || 4RIW
PAGE[*®] B |4
8255 g S =
CONFIG 2 82;”‘ mon | ] B
7A NTR| [INT
W HL DA R|NTA
-
; 2
8 2 [ 151
if R_J‘ Sec | %2 ~—] 8088 4
FROM A8 A9 C%K | y
KBD 7 g [ s/p "Rus | ¢ Alod | 1y
- T AEN
B | 0753 %%ﬁ/smre
Tl-Rgt ) LOGIC 028
IRQo L _[
182 | +2. Il
Hz “—3— 2386 MHz PCLK 74L5257
CPU CARD
BB = BIDIRECTIONAL BUFFER
~ - 10
DO-D7 8 . . lcHANNEL
AO-A19
s 20
f m 418
| FW |
CHIP REFRESH
MEMORY CARD BB SELECT MUX ~1° LOGIC
9. EAS RAS

Fig. 1

ROM
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DRAM

BLOCK DIAGRAM OF MODIFIED PC HARDWARE
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GoD | 1 40 |
Al4e __ | 2 1 —
A13 __ | 3 38 |___
A1z | 4 37 |
A1l ___ | b 36 | __
Al __| 6 35 |
A9 __ | 71 34 |
A8 | =8 33 |___
AD 7 1 9 32 |___
AD 6 ___| 10 31 |___
AD 5 ___| 11 30 |
AD 4 ___| 12 29 |__o
AD 3. ___| 13 28 |
AD 2 ___| 14 27 |-
AD 1 ___| 156 26 |
AD @ ___| 186 26 |
NMI 1 17 24 | ___
INTR ___| 18 23 |
CLK 1 19 22 |
GND 1 20 21 |
]
FIG. 5 - PINOUTS OF 8088
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