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) Introaduction

The M?700 &4K RAM boeard is a hish sPreed random access read write
memory desisned exPressly for use with the M?200 CPU, It wuses
industrv-standard 146K dvnamic RAM circuits to achieve its scals of
hiah speed, reliability, low cost, and minimal Power consumption. The
44K RAM board operates with the M9700 CPU at either 2 Mhz or 32 Mhz,
with fullwv transParent refresh which suarantees reliable data storase
without impPosing a speed penaltvy on the CPLL

The M?200 44K RAM takes advantase of the MP900 CFU"s 14 kit data
transfer mode. This mode permits the CPU to transfer data on a word
bv word basis rather than the normal 8 bit byte transfers used b
other 5-100 memories. Use of a 146 bit transfer and the elimination of
redundant bus cvcles allow memory transfers to be comeleted in one
third the time when the MP900 44K board is beine accessed. as compared
with conventicnal 5-100 memories. This results in an averall doubline
of svstem performance when the M?900 44K board rerplaces reaular S-100
memories.,

The MP00 44K RAM features Prosrammable memory manasement hardware.
Pages of memorv on the board mav be enabled and disabled in 4K bvte
increments. The initial confisuration of the board is set bv switches
on  the board, and the memory maPp may be chansed at anv time by
saoftware. When used in condunction with the Marinchiep Multi-User
Networlk Operating Svstem (NOS/MT), this allows swvstem memarw
confisurations as large as 14 mesabvytes.
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2 Configuration and installation

The M?200 44K RAM board is shipped fully assembled and tested. Prior
to installation in vour svstem, wvou need onlv set up the confisuratiaon
for the board in the DIP switches.

Z2.1. Bank select port address

The = position DIP switch at the bottom of the board (Parallel to the
edse connector) labeled "Bank Select Port" sets the I/0 address for
the rport which controls selection of memory blocks on the board. The
leftmost switch is the most sisnificant bit (2#%7), and the rishtmost
switch is the least sisnificant bit (2%%0). The address is set up in
the switches bv settins the switch for each zero bit to "on”™ (or
"closed"), and the switch for each one bit to "of¢f" (ap "apen").

For example, to set the bank select pPort address to 25 hewxadecimal.
the switches would be set (from left to risht):

off aon on on on aff  on aff

Marinchip Svstems recommends that the bank select pPorts on memory
boards be assigned ascendine addresses startins at =0 hesx, with 20
beins the first 44K board (the one enabled when RESET is pressed, see
below), 21 beins the next board, etc. If these addreses conflict with
I/0 devices used in vour svstem, thev mavy be changed with imPunity, as
Toneg as the memary confisuration for NOS/MT is changed to asree with
the addresses on the boards. Users of the Disc Executive and Release
1 of the Network Operatine Svstem» which dao not use the bank select
feature of this board, need only make sure that the bank select port
address selected does not averlar any other I/0 address in the svstem.

i Initial bank selection

The pair of DIF switches at the risht of the board select which banks
of memory will be selected when the computer is reset. This selection
will stav in effect until the first outPut is done to the bank select
port. The lesend at the risht of the board indirates the effect of
the switches. Each switch controls initial selection of a 4K brte
area. The top switch controls the resion from 0000 to OFFF, the next
switch 1000 to 1FFF, etc., to the bottom switch which controls FOOO ta
FFFF. If a switch is "off" (or "oren"). the correspondine 4K block
will be enabled (in the memory mar) when the svstem is reset. If a
switch is "on" (or "closed”), the block will be disabled and will not
resrPond to memory read or write sisnals from the comPuter.

In a swvstem consisting of the MY900 CPU, the PROM/RAM board, and the
44K board, with no ather memories or memorv-—marpred I/0 devices, the
initial bank selection switches are normally all turned off, emceprt
for the switch controlline the pase FOOO to FFFF (the switch closest
tao the edse connector)s which is on. This setting enables &0K of
memory from 0000 to EFFF, and disables the last 4K in which resides
the MPP00 CPU I/0 area, and the PROM and RAM of the PROM/RAM board.

Svstems which have other memorwy boards (for example, a separate PROM
board or static RAM used for OMA transfers), or memorvy mapped devices
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such as video interfaces, should set the initial bank selection
switches to disable the areas of memory accupied by those devirces.

In svstems with more than one MPP00 44K board, the normal
contisuration is  all 40K enabled on the first board, and all storase
initially disabled (all switches on) on all the other boards. After
beine loaded from disc, the operatine svystem assumes software control
of the memory bank selection and the initial switch settinss become
irrelevant.

2.2, What does the LED indicate?

The most commonly asked aquestion about the M2900 44K RAM is the
significance of the LED (lisht emittine dicde) on the risht side of
the board. This component is pPresent Primarily for its electrical
properties rather thanm as an indicator, but it will be illuminated as
lons  as the bank selection set in the initial bank select switches is
in effect. As soon as this initial selection is overridden bv output
to the bank select port, the LED will be extinsuished and will stav
out until the computer is reset and the switches become effective
again.
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2 Bank select prosrammins

This section of the manual explains how to control the bank selection
af the MP?00 64K board from software. In moest applications of the
board, the bank selection will be done by the operating swvstem without
the user’s knowledse. This section is a suide to those develoring
their own orPerating syvstems or pPrograms which access multieple memary
banks, and will also aid in understanding how to confisure NOS/MT for
use with the 44K RAM board.

The bank select port is a 14 bit pParallel ocutput port, implemented as
an S—-100 I/0 part. The M2%00 CPU is able to perform 14 bit transfers
an I/00 cwveles as well as on memory cvcles, and the 44K RAM board takes
advantase of this to permit the entire memory marp to be set bv one
aoutput instruction. The output port controlline the bank selection on
the board is set bv the bank select port DIP switch as described in
the configuration section earlier in this manual. This pPart is
written bwv - a eProgsram by moving data to the memory marrPed address
associated with this port. The memory marped address is computed b
the formula:s

MMA = OFZOO+I0%2

i
&

where

I & the I/0 address set in the switches. Far example. if the
bank sel

i
ct Port were set to 20 hex, its I/0 address would be:

v

OF200+020%2 =  OFZ00+0100 = O0OFZ200

Hence, if one wished to store the value in resister zero (RO) into the
bank select pPart, one would use the instructiaon:

MOV RO, OF 3200

The value loaded into the bank select port is a 14 bit value with each
bit controlline selection of a 4K bwte block of memory. The least
significant bit 2Z##0 (1) controls the bank OQO000-OFFF, 2##1 (2)
controls 1000-1FFF and so an, up to 2¥#15S (3000 hex), which controls
the Page from FOOO-FFFF. The new bank selection will take effect
immediatelv upon completion of the I/0 transfer to the memorw  board,
a0 the user should be careful to execute the code switching banks from
an area of memory not affected by the changse in memorv mae.

The only restriction in prosrammine the bank select port.is that at no
time mawv the same address ranse be enabled in more than one memarwy
board. If this is dones. no damase will occur, but the opPeration of
the svstem will be unpredictable and undesirable.
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4. Theory of oreration

This «chapter of the manual explains the detailed operation of the
M>200 64K RAM beard. This information is  intended to be used in
caondunction with the schematics to 2ain a better understandins of the
desien and operation of the board. and as an aid to troubleshootins.

4.1. Overvieuw

The MZ200 44K RAM is a &4K bvte bank switched random access memory
orsanised as 22K sixteen bit words. The timins of the memory board is
desianed ta take full advantagse of the M?700 CPU s sixteen bit mode of
oPeration wherebv a complete memory cvcle requires only two clock
cvioles instead of the six clock intervals required by two normal S-100
2 bit transfers. The memory mav still be intermixed freelvy with eisht
bit memor+ with the only restriction beinsg that twoe boards mavy not
simultaneously occupy the same address spPace.

4.2. Bank arganisation

The initial bank enable/disable choice for each 4K bvte pase of the
memory is set manually via a row of sixteen independent switches. An
additional row of eisht switches allows an I/0 address to be used to
dvrnamicallw adjust the bank selection. This I/0 port is sent a
sixteen bit mask in a single I/0 transfer, where each bit in the mask
enables a corresponding Page in the memorwy of that board.

4.2, The memory arravy

The memory itself is a 22 chiep arrav of 411é—tvpe 14K  dvnamic memorwy
circuits, eenerally acclaimed to be the most popular L3I component
ever. This circuit requires a few well chosen timine sisnals with
which the circuit has been found to be very reliable.

There are three power connections (+12, +5, and -5) plus sround. and
three control sisnals are required. As used in this application, the
data in and data out pins are tied tosether and used as a single
signal (in each of the sixteen bit Positions, two chips share a sinale
data bus). The remainine seven pPins of each chipP receive seven common
addressing sisnals as provided by the 3242 address multirplexar/refresh
counter circuit.

4.2.1. Timine si=anals

The three timins sisnals are RAS—, CAS-, and WRITE-, all low active
(the trailing minus sien indicates a low active sisnal in this
manual). Row Address Strobe (RAS-) is used at a nesative transition
to latch in  each chip seven bits called the row address. While the
actual circuit inside the chir mav varvy, one may think of these
address bits as selecting one of 128 rows of 123 memory cells each.
This process of activation must be repeated for each row with a
specified minimum repetition rate. If this "refresh" ritwual is not
perfarmed devatedlv, the memory will lose the data stared therein.
The MP200 44K RAM  board perfarms many more refresh cvcles than are
required kv the specifications of the memory circuits; this causes no
harm other than a small increase in pPower consumPtion. RAS— is
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required to be active low for a specified interval. If Column Address
Strobe (ZAZS-) remains hish and RAS- returns to the hish states the
memory  pPerfarms a refresh cveocle. The data—-in and data-out pins are
not used, and data stored in the memory remains unchansed.

For everv read and write cvcle, CAS- aoces low for onlvy one row of
sixteen chips or the other (dependine on the most significant address
bit from the processor). The other row of chieps will see anlw RAS-
and hence will simeply Perform a refresh cvcle.

After RAS- has captured the row address in each chir. the seven
address lines are chansed to present the remainine seven bits of the
data address, thus specifvinag one of the 122 bits in the already
selected row to be read or written. As CAS~ aoces low these remaining
address bits are latched and the address specification is complete.

4,3.2. Read / write determination

I+ the WRITE- input to each chip is active (low) before and throushout
the duration of CAS— low, then the addressed memory location will be
written with the value presented on the data—-in Pin.

If the WRITE- input remains inactive (hish) throushout the CAS— low
interval, the data held in the selected memory cell is presented on
the data-out pin (the data stored in the memory is unaffected).

At the conclusion of a cvcle CAS- must be hish a specified time befuore
RAS— ounes high, and thereafter RAS- must remain higsh an interval
befoare the next row address mav be strobed.

4.4, Address multirlexins

The 2242 circuit serves both to multiplex the 14 bits of address from
the bus to the 7 address pins on the memorw circuits, and to senerate
the refresh addresses and selectively PpPresent them to the memarwy
circuits. When the REFEBL sianal to the 3242 is inactive, the address
from the bus will be sent to the memory chips. Whether the hish 7
bits or the low 7 bits will be Presented to the chips is contralled bw
the ROWEBL sisnal. When REFEBL is active, the internal 7 bit refresh
counter within the 32242 will be placed aon the output pins. Each
nesative transition of the COUNT- sisnal increments the refresh
address counter.

4.%. Refresh timins

Refresh timine is simply derived from the main clack sisnal of the
=100 bus, PHZ(24). At every fallins edse, RAS—- is driven low. The
Tow interval can be extended with the settins of the 74L5121 one-shot
circuit as mav be required for orPeration at bus speeds faster thanm 2
Mhz. At 2 Mhz. 200 nanosecond memory chipPs reauire RAS to be 200 to
210 nanoseconds for pProper refresh operation. This should be adjusted
by observine the RAS- sisnal on Pin & of U3 on an oscillaoscopes and
adjusting the trim Pot until RAS- is low for 205 panoseconds. A board
so adjusted will operate at either 2 Mhz or 2 Mhz without eproblem. If
onlv 2 Mhz oreration is required,. the one—-shot circuit Ués  mavy  be
removed entirely (simplv pulled from its socket), in which case the
setting of the trim pot is irrelevant and mavy be isnaored.

— ey
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4,4, Memorv cvocle timing

If the RUN flipflop sets when clocked by PSYNC(7&4) from the bus, it
indicates the start of a memory cvcle. REFEBL is deactivated at the
3242 sa that the row address will be sated from the £-100 address
lines A1(20) to A7(33). The CPU is informed that the current cvcle is
a sixteen bit operation. and it abruptly chanses its state from the
middle of T1l, the SYND cwvcle, to the middle of T2, the second last bus
cvcle for the current memory operation. Bus clock PH1(25) sets CAS1
which disables ROWEBL in the 2242, thus presentine the column address
to the memory chips from bus lines AS(84) to Al14(86). Note that
address line AQ0(79) (which in eisht bit memories selects the odd or
even bvte) soes completelvw unused here. Address line ALS(32) is wused
to select which row of sixteen chips is to receive CTAS—. When clock
PH1(Z2S) falls, CAS2 and the nearly identical CASX are set drivins
either CASHI- or CASLO- active, thus activatins one set of sixteen
memory chiprs.

Meanwhile, sisnal DRIN is set if the board is invelved in a read
cvcles and WRITE- is derived from SWO-(97) if the cvcle is a write to
memarv. Sisnal DBIN enables the data read from the sixteen data cells
to be copied to the data in and data out buses of the 5-100 connector
as reauired by the MP900 CPIJ. The data remains on the bus until the
subseaquent rise of PH1(25) which clears RUN, which in turn clears CAS1
and DRIN if set. CASZ is also cleared. ending the column address
strobe to the memories. The subseauent fall af PH1(25) clears CAX,
and the rise of PHZ(24) concludes RAS-, at which time the memorwy is
idle, or RUN is asain set for a subsequent memory operation.

Nate that RUN and CAX conspire to inhibit thé sigsnal COLINT-. In this
wav a count pulse only oeccurs followine a refresh cvcle, and the

refresh counter thus reliably cwvcles throush all the reauired refresh
addresses.

4.7. Bank selection

The bank selection circuitry makes the decision whether to set RUN at
the cvcle start. The four most sisnificant address bits are used in a
74150 data selector so that if the selected input is hish., and if a
signal from the CPU called IO(?46) is inactive 1low. then the sisnal
SEL- is low and RUN will be clocked set by PIYNC(74) as already
described.

The flipflop IBS (Initial Bank Select), which is directly set by the
Power ©On Clear bus sisnal, FPOC-(2?2), when the reset button on the
mainframe is pPushed or the CPU executes an RSET instruction. indicates
initial bank select mode. This flipflop when set pProvides base drive
for the transistor. (The LED serves as a voltase drop, and also
indicates when 2lowineg that the flipflaop is still set). Collector
current in  the transistor circuit pPulls the manually switched 74150
inPuts low throwah isoclation diocdes, and this disables each bank of 4K
bvtes correspanding to a switch in the on state.

IBS is reset bv an output operation to the bank select port aon the
interface. WUll and M2 are arrangaed to aive the outeput Ull pin & hiah
whenever the I/9 address on the $—100 bus matches that set in an 2

position DIP switch on the board. An I/0 aoreration with the selected

-7 -
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address activates SIXTN=-(A0), Just as RUN does during memarwy
oPperations, to inform the CPU that the full sixteen bit data path is
active. S0UT(45) and FPWR-(77) from the CPU clock a sixteen hit
selection mask inte Wlé and U132 and also clear IBS.

With IBS cleared, the initial bank select switches have no effect, and

the selected inPuts of the 74150 selector are driven by the
now-enabled 74L5372 outputs. Additional ocuteput ocperations to the bank
select pPort will continue to adiust the bank select vector. and IBS

will remain off.
4.3. DMA inhibit loaic

Sisnal PHLDA(Z4) when active pPrevents PSYNC(74) from settins RUN. The
result is that the memorw does not make anvy attempt to respond to  any
Direct Memory Access (DMA) requests. DOMA will not be Possible to and
from this memory for that reason. DMA access is Prevented because
existing DMA devices reauire 3 bit data transfers which cannot be
accomodated bv the MP700 64K RAM board, and also because manvy D[MA
devices generate incompatible bus sisnals which migsht cause lass of
data in the 64K board, even if it were not beins referenced. The DIMA
inhibit logic allows the board to bhe unaffected by DMA transfers done
to and from 2 bit memory installed in the same machine as the 44K RAM
board. In order to use a DMA device in a svstem with 64K RAM boards,
a small (4K) 2 bit memory is usually installed, with the corresponding
bank disabled in the 44K RAM board. A1l DMA traffic is done to that
memoary Aarea, then corpied to its ultimate destination in the 44K RAM
board. The 44K RAM board was desisned to provide the orptimum
Pperformance with the M9200 CPU, and forcins it to accomodate DIMA
devices would have required a substantial (S0%) sacrifice of
Pperfaormance, and a larse increase in Parts count, comPlexitv, and
hence cost. The tradeoff chosen maximises CPU speed at the cost  of
somewhat greater overhead when usine DMA devices.

4.%. About alrha rParticles

Currently many pecrle are concerned about the "alrha rParticle problem”
in 14K RAM chips. As is freauently the case when technical matters
impinge on the arena of marketins, there is a larae body  of comment
about this toepic which tends to reduce. rather than increase, one’s
understandine of the problem. What follows is our own view of  the
situation.

Alrha Particles are helium nuclei (two protans and two neutrans) which
have not vet settled down to a sedate existence in the company of twno
electrans, but rather are still zieppina arcund with relatively larsge
energaies. These Particles are senerated by radicactive decay of heavy
nuclei such as wranium. pPlutonium. and thorium. Since thorium is
fairly common in the earth’s crust, atoms of it tend to find their wav
into the ceramic material used to Packase ICs. When a thaoriom atom
decavs, it emits an alrha Particle. If this pParticle harpens to slam
into the siliceon aof an IO, it will create a larse number of
electron—hale pPairs, which will tend to be swept into active resions
of the semiconductar. In older Parts, the seometrv of transistors was
larse enoush and the charse distinsuisins aones from zeroes was hiah
encuah  that the impPact of an aleha Pparticle did not make enoush
difference to cause an error. When 16K RAMs started to be arppPlied in

[ =
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systems., persistent "soft errors" were observed that could not be
explained bv conventional error mechanisms. These errors were
eventually traced to alerha particles impacting in either bit cells, on
the sense lines connecting the bit cells to the sense amplifiers, or
in the sense amplifiers themselves. The freauency of alpha-induced
saft errors depends upon  the desisn of the chip and the alpha flux
emitted by the packasins material in which the chirp is enclosed. If
vou take the measured soft error rates of current chips and calculate
the probability of error anvwhere in a treical memory of &4K to 254K
bkvtes, wou find that a soft error will occur, on the averase, once
everwy ane to three vears.

Now, ideallw, there should be no soft errors at all, but in general
this error rate is acceptable in most applications. Interrurtions due
to pPower failure are typically far more common than alrha errors. and
almoest alwavs far more serious. Tweical disc error rates are much
hiaher.

Initiallv, the alpha problem was thousht only to affect dvnamic RAMs
because of their storase of data as charse on a capaciter,. but a
recent report from Jdaran indicates that 4K static RAMs are alsao
vulnerable to alrha errors. Hence, the alpha eproblem is not a reason
to choose static memorwy over dvnamic memory. I¥ one wishes to avoid
alrha hits, the onlv available path is to use memories built from 4K
or smaller dwvnamic chips, aor 1K static chies (althoush current
evidence is that 4K statics are pretty safe, as well), oar to desian
sinale bit error correction into the memorwv. Neither of these orptions
leads to an inexpPensive bulk memorvy.

This discussion of alerha induced soft errors is intended to shed some
light on the Problem, not convince vou that there is no problem. We
feel that the pProblem is not worth worrvine about since its maximum
incidence is so much less than that of numercous mare serious pProblems
such as pPower outases. At this time,. all major semiconductor
manufacturers are investisating the eroblem and testins areatly
impraoved «chip desians and packazing materials. Already. new ceramics
have been developrped which reduce alpha flux close to the lowest level
that can be measured bv existing instruments. Consesuentlw, this not
very serious problem will soon be settine even less severe.
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