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4.12 01128 GENERAL INTERF�E - FUN:TIONAL DESCRIPI'ION 

4.12.1 Introduction 

'lhe General Interface Card (01128) is an cptional card for the Fair light CMI 
Series IIX. Please note that for use in the Series IIX machines a a«-2S rev-3 
rrotherb03.rd is required (or equivalently mcxti fied old m::>theIboard). 'llle General 
Interface Card is designed to harxile reading arXl generating of EMPI'E cooe and to 
centrol foor MIDI ports as well as centrolling the CLla< feature.  Because its 
min purpose is for EMPI'E and MIDI it is often ref erred to as the SMIDX Cam. 
In the Series IIX machines the card is pltlBed into the secom slot 00 the le ft 
between the Master Card and a (hamel Card. 

'lhe EMIDI card is connectoo to the General Interf ace SlJH?ort Card, the CMI-29 
via a 26-way cable. This card is hoosed in a bat bolted to the back of the CMI .  
'lhis sUfPOrt uni t has the cpto-couplers, am cpen collector mffers for 
receiving and transmitting MIDI as well as the analog circuitry for reading am 
generating 91Pl'E cede to tape. 

'lhe EMIDI card in general is a microcCllputer system with a lwbtorola 68000 
micrcprocessor, e i ther 8k o r 16k \>.Ords of OCM am ei ther 8k or 321< \>.Ords of 
static RAM. It is possible to extend this to 64k w:>ms. It has a I:MA interface 
to the Q.U with the capability of rMAing to ei ther PI or P2. In Series IIX 
machines the IMA is only on Plo The card has 4 ACTA's (68850) for the 4 MIDI 
por ts , tw:> 6ffi40 Pr�ramrnable Timer Modlles as well as associated cirOlitry for 
reading am generating SMPI'E cede and click/syrx:: in and nultiple syrx::s cut. 

4.12.2 Memory Configurati on 

There are four 28-pin sockets for OCM am static RlIM. The minimum cenfiguration 
is 8k \>.Ords of ReM (2 x 2764) and 8k \>.Ords of sta tic RAM (2 x 6264) . 'llle RCM 
can be crnfigured for 16k \>.Ords by breaking the link (I1<l) between pin 2i of the 
RCM am +5v am join the link I1<l. to A1S fran the prcx::essar and pltlBing in the 
apprcpriate t....o 27128' s. Similarly the RlIM can be arranged to accc:moodate 32k 
static RAM dlips (e.g., MK4856 pseudo-statics) by breaking the links U<2 am LK3 
to +5v and camecting Al4 and AlS to pins 26 am 1 of the RlIM chips (via IK3 am 
11<2), respectively. Further, there is an c:ption for 64k \\Ords of RlIM; by 
soldering two 32k RAM chips on tcp of each other except for pin-20, the chip 
se lect, Ywhidl �ld be ccnnec ted to the pads prOlided f ran  the select 
circuitry, thel;.N]j gates (DI2). All these memory expansions will depend on the 
avai labi li ty of-"these chips. 

let< 
NYI'Ei when plugging in the KM's, they shoold be labelled ' odd ' am ' even ' . The 
even one Shoold be plu:13oo into ES,6 (near the 68000) a m the cQd cne into E8 
( betweep the RAM chips ) . 
Memory address ing : RCM starts at $000000 and RAM starts at $000000. 
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4.12 01128 GENERAL INTERFlCE - FUN:TIONAL DESCRIPl'10N (ccntinuEd) 

4.12.3 68000/6809 [MA Bus Interface 

(Refer to Drawin:J 011-28 rev 2 page 4.) 

Conmunication between the 68000 processor am the 6809 cm is achieved by IJ.1A 
(Direct MellOry Access) en the system rus. '!he 68000 waits until 00 higher 
priority device is occupying the bus and then either 6809 (PI or P2) is 
temporarily Cun:J v.hile the 68000 exerutes a oorreal rus cycle writing to or 
reading frGm merrory or a peripheral on the bus. In this manner the entire 64K 
actlress space of each 6809 processor awears as a sreall slice of the 16 megabyte 
address space of the 68000. Software then defines various protocols for the 
different processors to pass rressages am data to one aoother by sirrply placirg 
them in system rrerrory. 

. 

The IMA interface prOJided on the 68000 SMPrE/MID1 Card is a very flexible one. 
It autorratically han:Ues either 8 or I6-bit data transfers (doing dalble cycles 
across the 8-bit G1I bus in the latter case) and can do so on either Pl or P2 
cycles, selectin:J any desired rrenory maWin:J \<obich has been set up en the Q256 
rrerrory card. 

IMA is initiated by the 68000 \<oben it accesses any address in the ran:Je $040000 
to $05FFFF. These actlresses are deccded by the LS259 (E12) en drawin:J 011-28-
1/7 am rerult in the CMI signal being asserted (low). Since the rest of the 
interface cirOli try is rot activated yet, PAC< (to be explainEd later) will be 
low am a low will be presented at the data input of flip flcp Cl2 (a) \\hose 
fuocticn is to synchrenise the transfer with the CMI rus. 
Mdress line Al6 is used to se lect \<obich 6809 processor's bus cycle( s) are to be 
usEd for the trans fer. '!he timin:J sigrals for both processors are inplt to 
LS241 buffer A7 v.hich is wired as a rruliplexer:-

If Al6 is low, P2i>2 is enabled thrCll<Jh to becare 
Pq$2, ADD2 becates PADD and so on. 

If A16 is high, Pl's timing sigrals are enablEd instead. 

By this means, the address rarge specified abOJe is split in t....o: from $040000 
to $04FFFF the transfer autorratically occurs en P2 rus cycles, \<obile from 
$050000 to $05FFFF it occurs en PI cycles. Refer to the 6809 CPU dcx:::urrentation 
for nore in for rratien en the interleaved Pl/P2 CM1 rus cycles. 
Thus at the beginning of the data cycle of whichever processor is selected, the 
P�2 signa l clocks the LS74, recording the fact that a IMA cycle is required. 

All CMA devices are interccnnected en the rrotheIboard in a "daisy chain". Each 
device is assigned a given priority in the chain and rrust wait until no higher 
priority device is already using the rus. '!he 6809 CPU is the always the last 
device in the chain. There are two separate daisy chains in the CM1 system, ene 
for each 6809 CPU. Since the 68000 SMID1 card can perform IMA en either CPU's 
cycles, it is a rrerrber of both chains. EI'Ll, EEL!' ard ROOl are· the chain 
signals for Pl, �, n:rr:;z, RtMA2 are for P2. Wlich set are used is again 
selected by the state of A16 at the time of transfer. 
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4.12 G1I28 GENERAL INI'ERFPCE - RJN:TICNAL DEfCRIPl'ICN (centinued) 

'!he selected EI'L (Enable '!his Level) signal is low when no higher prio rity 
device is occupying the bus. After the <MI signal has been latched, oothing 
happens until this signal is low, 'lhereupal the RmA (Request IMA) is driven low 
throu;h the selected LS12 gate. Arr:! IMA dellice pllls this cpen collector line 
low to to request bus access to the CEU. At the same time, the selected ENL 
(Enable Next level) signal is inhibited. Nornally, the low on M'L canes in arxl 
goes rut again on ENL to indicate to lower prio rity devic es that the bus is 
available but \then the 68000 requires a transfer ENL is held high to hold up the 
lower dellices. 
The CEU acknowled:Jes that it will han::J and release the bus for the next cycle by 
assertin:} Aa<l. or Aa<2; the selectEd Aa< �igml becomes PAC<. Wlen a request 
has been generated (Cl.2 (a) 0 hi) and this level is enabled (ENL 10), the, rising 
edge o f  PACl< clocks a low into flip flop B11(a) to generate OCY'CLE . This signal 
irdicates that the next rus ClICle is definitely goin;J to be a 68000 IMA transfer 
and remains asserted until the end of the address phase of the actual IMA cycle. 

'n1e other half (b) of B11 is also clocked by PAC< t o  generate the P1 or P2 � 
(IMA Claim) sigml as select ed  by A16. 'Ibis sigml gees to the 0256 RAM card to 
select the rrenory napping \\hich has been set up specifically for the 6 8000. In 
this way the 68000 may have access to part or all of the same ph¥sical merory 
space as the 6809 CPU or it may have access to an entirely different part of 
physical zrenory as required by software. The � signal is asserted during the 
data cycle prec a:iin;J the actual transfer. 
The address phase o f  the rMA cycle is indicated \then ATE (Address 'Ib Bus) is 
as serted by the LSlO BW. At this time the lower 15 bits o f  the 68000 ad:iress 
bus are enabled on to the <MI bus thra.xgh the t\tO LS244' s A2 and A3 to select 
the required location within the 6809 adiress space. VMA is driven high through 
LSl25 B1 to indicate a Valid Merory Mdress am the 68000 R/W line is driven 
thr ough the same 1::uffer to irrlicate a read or write cycle. -Wlen the 68000 
performs 8-bit zrenory accesses, the ODS" arrl rns signals (upper am lower address 
strcbes) irrlicate \thether an ellen or a:1d ad:lress is bein;J accessed. '!he sense 
of these signals are clocked into JK flip flop H12 at the be;inning of DCYCLE to 
generate HIBYTE ard IDBYTE. 'Ihe latter sigml becorres the least significant 
address line driven onto MAO thrrugh A3. 

In the case of l6-bit accesses, the haIdware autonatically requests tw:> 
successive J:MA accesses across the 8-bit CMI bus. Both UDS arrl LOS are asserted 
so that the JK Oltplts HIBYTE ard IOBYTE sinply tcggle en each access. It dees 
no t matter which byte transfers first am in fact this depems en the initial 
state of N6. IDBYTE dir ects the data to or from the a:1d or ellen adiress am· 
both signa ls  centrol whether the higher or lower 8 data lines are directed to 
the da ta rus. -
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4.12 CMI28 GENERAL INI'ERFPCE - FUN:::TICNAL DEs:RIPI'ICN (centinued) 

'll1.e data ros interface censists of Sdunitt bidirectioml rus transceiver LS640 
A6 and bidi rectional d riv er/l atches C5 arrl CG (LS646s) . The data phase of the 
J:MA transfe r is indicated by the assertion of D'.rB (rata To Bus) at the rising 
edje of BRA \>hen a J:MA cycle is in prcgress. 'll1.is is performed by f lip f lq> 
r-N4. � enables the bus trans:::eiver A6 arrlthe direction is determined by the 
68000 R/W si gm 1. 

If the 68000 is writing to the QU bus, C5 or CG simply act as buff ers to 
transfer the high or low 68000 data sigrals (PDQ-lS) thrQl.l3h to A6. HIBYTE or 
IOBYTE plus G1I being asse rted will drive the G input of the apprc:pria te LS646 
for the dJrat ien of the IMA cycl e (LS02 a� LS32 ga tes M2 am Ml.). 

\',hen the 68000 re ad s from the QU bus, C5 or C6 rust la tch the da ta in from the 
rus to rold it until the 68000 termimtes its own C'YCle am latches the data 
internally, abrut sOnS after the end of the rMA cycle. lOOnS before the end of 
the data phase, the CM I  timi1'l3 sigml CAS gees low, reeulti1'l3 in a risi1'l3 eege 
on�. rata from menory is guaranteed to be valid at this time. B10 
generates the IDATA ( la t ch rata) sigral Wlich is ANDed with either HIBYTE or 
IOBYTE to latch the data caning into the A side of C5 or CG. The Oltput of the 
latch (B side of the selected. LS646) is driven ento th e PO l ines until the 68000 
catpletes its cycle arrl ne:;} ate s CHI . 

Termina tion of the transfer after sing Ie or da.lble IMA cycles is centrolled by 
the tv-o f l ip flc:ps in LS74 ClO: 

In the single (8-bit) transf er case, either lIDS or IDS will be low. This will 
cause the LSlO AlO to Oltput a high, arrl orAd<2 will be generated as soon as 
illATA occurs. The 68000 wil l then termirate its cycl e imme::liately, after en ly 
one IMA cycle. 

In the doJ.ble IMA cycle (l6-bit) case, roth UDS am LOS are high so orAa<2 
will rot be generated. until the first f lip f l cp in ClO is set. Initial ly this 
flip flop is reset. At the first illATA p.1lse a high is clocked in but lJI'Ad<2 
is rot generated bec ause of the prcpa:,3atien delay thrQl.l3h to the neKt f lip 
flop. Since orACK2 is not asserted, the 68000 still waits with address am 
ad:1ress/data strcbes asserted. If writing, the data rerrains asserted by the 
68000 but both addre ss arrl data are renoved from the CMI bus \'.hen ATB a.rx1 orB 
are na:Jatoo re spective ly . If reading, the first byte read in is latdloo and 
held by C5 or C6. Since CHI will still be asserted am PAa< will have been 
na:Jatoo, the wh::>le process of \>8iti1'l3 f or  daisy chain priority am IMA 
requ esting ba:Jins a gain in order to perform a secad IMA cycle. The secad 
cycle can be held t:p irrlefinitely by higher priority d9llices using the bus 
afte r the first cycle. \'hen the secc:rrl illATA edge cares alo1'l3' the high on the 
LSIO Oltput is clocked into the secad ClO flip flop am IJI'JlCK2 is asserted. 
On the next falling edge of OCIK, the 68000 reccgn is es that IJI'ACK has been 
asserted. en the secom fall i1'l3 ed3e of FCI1< the data is latchEd in terrally 
fo r a read, and the address am strci:>es are re leased. The low en BAS resets 
the flip flcps at CIO. 
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4.12 a.u28 GENERAL INI'ERFPeE - FUN:TICNAL DEOCRIPl'ICN (cO'ltinued) 

4.12.4 Debugging Notes for the � Circuitry 

If the timing circuitry of the rMA inter face is faulty, the nost likely remlt 
is that DrJl.CK2 will never be generated and the 68000 will simply 'han; Which 
makes debugging easy. I n  this case, meeK first that the address deccdil'l3 i s  
generating '00", then that th e  daisy chain signals are present. Then J..odc for an 
800rJiS pulse on OCY'crJE ,  indicating that IMA cycles are actua lly c:x::urring. 
Continue thrrugh to the ATS, 1'Y:rB am IllATA signals, dlecKing rot only that they 
are generate1 rut also that they get to th eir respective destimt ims in the 
circuitry. 

If the rMA cycles are being syrx::hralised am timed correct ly check that the 
affiress buffers am data l:uffer/latmes are being enablm am c lcd<m at the 
correct tirres. 

If all timing circuitry is correct, the last possibilty is data or address bus 
shorts, cpen cir cuit s or faulty drivers. Special test R:Ms are available Which 
cause the 68000 to repet itively ccp.{ bytes am w:>rds from one lc:x::atiO'l to 
another in CMI menory. The 6809 nonitor can then be used to deduc e \\hich da ta or 
ad1res ses cause prcblems. 

4. 12. 5 SMPl'E/MIDI Card P eriphera l Cir cuits 

There are frur different peripheral circuits O'l the g.fIDI car d. Firstly, the re 
are the frur PeTA's (G7-11) \\h ic h are the MIDI ports A,B,C, and D. Then there 
is the Tiner (bottom rev .2 (15,6) \\him is usEd in c m jucticn w ith the 901PI'E read 
am genera te circuits (v.hich are the other tw:> circuits) as well as the Click In 
am <Alt. 

'!he PCIA's am. Ti ners work from an 8-bit data bus with (asyrchrcnOls) 
interf�ing circui try. '!hat are driven also by the E (enable) sigml fIOm the 
68000 • The frequency of this clock is ene-tenth of the 68000 clock (lOMiz) with 
a 60/40 dlty cycle (6 clod<s high, 4 c lod<s low) 

Initially the flip-flops (F2) are cleared causing a high DI'ACK3 Oltput se tting 
the LS646 transceiver (G4) into the transparent mcde. '!he direct ia'l of data 
flow is determined by the R/w line with the ID selected. Withrut 10 line 
selectEd it awears in write mcde. '!he peripheral is selected by the LSl38 

enable1 by the CS"' signal. The first flip-flc:p F2(a) is clockm on th e first 
falling Edge of E wit h the 10 select am the data strobe high (ie either tJ'5S:'or 
� low). The Q rutput o f F2 (a) is applied to the � gate (G3), asserting 
CS'.; Se lecting the pe ripheral at this time enSlres that the per.ipheral has 
crlequate ad1ress setup time. 
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4.12 CMI28 GENERAL INl'ERF.PeE - PUN::TICNAL OEs:RIPTICN (cootinued) 

On the next falling edge of E, the Q Oltput of F2 (b) is clocked low asserting 
lJI'FlCK3 am latching data in the trans:::eiver (G4). The asserted lJI'PCK3 signal 
desele cts the peripheral by causing � to go high. Flip-flop F2(a) is cle ared 
by 10 goin:J low Wlen the access termimtes. Clearin;J f lip-f lcp F2( a) als::> 
initializes the interface circuitry for the next access. 

'!he .PCIA' s are selected by E 1 0 am awear at a<Xlresses� $600�, $6003), $60040 
am $60050. They share a cam'On interrupt level - level 3. Their transmit am 
receive data lines are wirErl to the 26-way cmnector to be cmnectErl to the MIDI 
drivers am cpto-cOlp ler receivers. 

The progranmable timer (<15,6) appears at the general address $60000, am has an 
interrupt level-2 to the 68000. 

IW1 is fast enoogh (150ns) to oot need a delay Ol the Dl'JSCK line, s::> that when 
RAM is selected lJI'FICK is also enab led. No t so with R:M, a delay is needed am 
is providErl by the LS161 COlnter (F1) Wlich delays the enabling of the lJI'ACK 
line by 12 prcx:::essor cloc:K c:ycle s. 

4.12.6 Interrupts 

'!he 68000 has seven levels of in terrupts. The priority for the interrupts is 
made by hardw:lre throogh the 741..S148 ic (C2). The lowest level interrupt (INT1) 
am the tMI (!NT') are enabled am cleared by th e  CMI thrrugh the cootrol part 
(B4). INT2 is for the 68840 Timer, INl'3 is for the .PeIA's. "'004 is for reading 
a �E 'one I ard INTS for a 91Pl'E I zero' am are cleared by addressing location 
SMPI'EWR on i. c. ElO (LS138). INT6 is for 91PI'E generatio n am is cleared by 
writing to the mift registers (C7 ,CS), i. e. by signal 91PTEru5 .  

4 .12 . 7 EMPI'E Gene rat in;J CirOl i try 

An oscillator (3.84MHz) is dividErl by 10 (G2,Gl.) to prOlfide a stardard fo r  
generatirg the 3 different rates of a.1Pl'E ccXle (24, 25 am 3) frames per 
secaxl) 0 All three are denaninators of 3 84, 000. Further division, depending 00 
the frame rate select ed, is dOle by the Timer (<15,6) giving the sigml CI1<2, 
which is the bit rate for a SMPI'E 'o ne' (ie 160 bits p er frame). This is in 
tum divided by 2 (Cll) givin;J CIKl. Wlic:h is the bit rate for a SMPI'E 'zero' (ie 
80 bits per frame). \'hen a SMPI'E word is ready it is written to the Parallel­
In-Serial-<l.lt raJisters (C7,CS)at ad1ress $60070 (thrOlJ3h B9,88 am B 7). \'hen 
this writing takes place the interrupt 'IN'M' if it h as been asseX:ted is oow 
cleared. '!he data in the shift raJi sters (C7, CS) is clocKed Olt by CLKl, a4-
bit cOlnter (011) i s  also clocked Wlich causes the interrupt on level-6 (INTG) 
Wlen it reaches its termiml camt of 16. l!bw, if a 'zero' is shifted Olt from 
CS the flip-flop C1.1 is tcggled a t  the rate determined by CI1(2 ,  but if a 'one' 
is mifted Olt from C8 the flip-flcp Cll is t.o:}:JlErl at the CI.Kl. rate. Tl'us, the 
word st ored on the shift reg is ters is Oltputted in SMPI'E form. 
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4.12 CMILB GENERAL IN'I'ERFOCE - FUN:TIONAL DESCRIPl'ION (ccntinued) 

4.12.8 SMPl'E Reading Circuitry (Pefer to Timing Diagram) 

91PI'E cooe comil'l3 from tape, beil'l3 cawertEd to TTL signal le.rels by the 011-29 
board, is received by th e CMI-LB thI'Olgh pin 17 of the 26-way cauiector. The 
cirOlitry ccnsistil'l3 of the EXOR gates (Cl) ani the resistcr:-capacitor 
carbination creating a pulse (at pin 6 of Cl) for e.rery up ar dc:wn transit ion of 
the irx::omil'l3 signal. 

. 

The required rutput from this 91PI'E data separator is to have one interrupt 
ecrur far €Nery a4P1'E I one I read am arother interrupt far e.rery SWl'E I zero I 
read. This precess can be followed tlu:cAlgh with the timing diagrams . The 68840 
tirrer is set, according to the frame rate, of the f:MPl'E beil'l3 read, to 3/4 of the 
time for ooe bit cell. The circuit then detects \rbether there has been a 
transitioo in that time or rot. If there has been a transisticn then a lone I is 
read, if no transition cx::::curred then a I zero I is read. 

4.12.9 Syre In am Olt 

The s.1IDI card also takes care of scne of the syrx:-ing fun::tions of the system. 
en r€Nisims 1 (rno:li fied) and 2 of the CMI-28 SIDI beard there are two 68340 
pr03'ranmable tirrers (each with 3 tirrers inside), cne wired on tq> of another. 
The inp.lt cloc:k of 3rd tiner in the bottom 6EB4O ( tirrer a) is wired to the 
Click/Syn:: :input socket 00 the suJ;:POrt bot nounted to the rear panel of the 
mainframe. The wt:r;:u.t of this tiner is fED into the inp.lts of the three timers 
in the top i. c. (timer b) prOlliding a cascaded timer system. These four rutputs 
are fED to the CMI-29 in the support box, to a 5-pin DIN soc:Ket via cpen­
collector buffers. 

I ---timer 1b--> Syrx:: 1 rut 
Click/ I 1 1 
Syn: IN--> I timer 3a 1-----> I --timer 2b--> Sync 2 rut 

I 1 1 1 ------ 1 I --timer 3b--> Syrx:: 3 rut 
1 
1 > Syrx:: 4 rut 
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4.12 G1I28 GENERAL INTERFFCE - FUN:TIONAL D�RIPI'ION (coo.tinued) 

4.12.10 General Interface Support Card CMI-29 

This ci rOJ it board ccntains th e arelc:g cirOJitry rEqUired for the I/O for SMPI'E 
am MIDI. There are 3 MIDI inputs (A, B & C) am 4 MIDI ootputs (A, B, C & D). 
PrOl is ien has bem made for a frurth MIDI irplt (D). '!he 91PI'E irplt has a 
balaoced l i ne receiver. The s ignal is then f ilterC9d am ccnverted to 'ITL 
corrpatib1e sigrels throu:Jh the IM311 conparator. '!he 91PI'E rut s igral is 
ccnverted from a 'ITL to a balaocEd line signal. The 91PI'E in am rut signals 
are received am transmitted. via two 3-pin XLR soc:Xets am are cennectEd to the 
bc:ard via the 2Q-way scd<et. The MIDI I/O circuitry is the stamard current 
locp drivers (c:pen�ollector bu f f ers (UlO) am receiv ers (fast cpto-cOJPl ers 
(US-US)) • 

There are tw:> o ther cutput (5-pin DIN) soc1<ets. One i s  the CI.CXl< cutput, 
centainin:;r the Cr..cx:::K, RESEr/START am IUN/S'IOP TI'L conpat ible s igrals. '!his 
CLOCK rutput is designed to centrol Polam-type drum machines, etc. The other 
is the rrultiple SYNC rutp.lt. A click or syrx:: sigral received throu:Jh the CLla< 
input is fed to the 68840 Timers (see a.bole). The OltputS are camected to the 
DIN sod<et driven by c:pen�ollector ruffers. Yru will ootice that the SYNC rut 
4 signal is the sarre as that of the CLOCK am of CLIa<. cut. 
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4.12 CM[28 GENERAL lNI'ERFJlCE - FUN:TICNAL DEs:::ru:PI'ICN (cootinued) 

4.12.11 Pin Camect i Ois for the 26-way Ccnnector between the 011-28 am 011-29. 

Pin 1 
Pin 2 
Pin 3 
P in 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 
Pin 9 
Pin 10 
Pin 11 
Pin 12 
Pin 13 
Pin 14 
Pin 15 
Pin 16 
Pin 17 
Pin 18 
Pin 19 
Pin 20 
Pin 21 
Pin 22 
Pin 23 
Pin 24 
Pin 25 
P in 26 

N:JI'ES: 

MIDI oot A. 
+5 volts. 
MIDI in A. 
SYNC rut l. 
MIDI oot B. 
SYNC rut 2. 
MIDI in B. 
SYNC rut 3. 
MIDI out C. 
Digital Grrund. 
MIDI in C. 
Digital Grrund. 
MIDI oot D. 
RESET/STARr. 
MIDI in D. 
RJN/S'IOP . 
SMPI'E effie in. 
Digital GrOlnd. 
g..wrE ca:le 00 t. 
CLIO< rut; SYNC rut 4. 
CLIO< in. 
( orr 29) Ana l.c:xJ Groum. # 
(Q1I29) +15 volts.#: 
«J1129) -15 volts. #: 
(Q1I29) n/c.#: 
(G1I29) n/c. # 

(01128) n/c.* 
(CM[28) cm Halt SNi tch. * 
(01128) Digital Grrum. * 
(CM[28) CPU Feset SNitch. * 
(CMI28) Digita l Groom. * 

#: th ese coonections a re from the CMI29 board to the Audio Beard cnly. 
* these ccnnectiOis (from the CM[28 board Oily) are for debu:J3irg p.1rposes 
only. If tv.o push-button switches are ccnnected between pins 23 & 24 arrl pins 
25 & 26, they can be used to nanually halt am reset the 68000 prQ:lessor, 
respectively. 

C M I Mainframe Sel:Vice Mirual 



4 .12 CMI28 GENERAL INI'ERFJlCE - FUN::T:n:NAL DEOCRIPI'ICN (ccntinued) 

4 .12.12 Pin ccnnecticns for the 20-way ccnnector (01I-29 board) 

Pin 1 n/c 
Pin 2 Aralcg grOlrrl 
Pin 3 -15 volts 
Pin 4 +15 volts 
Pin 5 Analog groorrl 
Pin 6 n/c 
Pin 7 n/c 
Pin 8 n/c 
Pin 9 n/c 
Pin 10 Aralcg grOlrrl 
Pin 11 SMPI'E in+ 
Pin 12 EMPI'E in-
Pin 13 SMPI'E out+ 
Pin 14 EMPI'E Olt-
Pin 15 Click/Syrx:: in 
Pin 16 Aral� grOlrrl 
Pin 17 S yrx:: --4 ru t 

Pin 18 Arel� grrurO 
Pin 19 Key + (MIDI 0 in) 
Pin X> Key - (MIDI 0 in) 

C M I Mainfrane Service M:lrual 
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GENERAL INTERFACE CARD (SMPTE/MIDI/SYNC ) SOFTWARE DOCUMENTATION 

Introdu ction 11 march 1985 

The General Int erface Card (CMI28) is an optional card f or the 
Fairlight CMI Series IIx. Please note that f or use in the Series 
IIx machines a CMI-25 rev-3 motherboard is r e quired (or 
equivalently mo difi ed old motherboard). The General interface 
card is designed to handle reading and g enerating of SMPTE code 
and to control four MIDI ports as well as controlling the CLICK 
f eature . Because its main purpose is for SMPTE and MIDI it is 
often r�ferred to as the 'SMIDI C ard'. In the Series IIx machines 
the card is plu gged into the second slot on the left between the 
Master Card and a Channel Car d. 
The SMIDI card is connected to the General Interface Support 
Ca rd, the CMI-29 v ia a 26-way cable. This ca rd is hous ed in a box 
which is either bolted to the back of the CMI , or used as a 
remote unit. This support unit has the opto-couplers, and open 
collector buffers for receiving and transmitting MIDI as well as 
the analog circuitry for reading and g enerating SMPT E  code to 
tape. 

The SMIDI card in general is a microcomputer syst em with a 
Mo toro l a  68000 microprocessor, either 8k or 1 6k words of ROM and 
either 8k or 3 2k wo r ds of static RAM (though it is possible to 
extend this to 64k words). It has a DMA interf ace to the CMI with 
the capability of DMAing to either P 1 or P2. Though in the 
S eries IIx machine the DMA is only on Pl. The card has 4 ACIA's 
(68B50) for the 4 MIDI ports, has two 68B40 Programmable Timer 
Modules as well as associated ci rcui t ry f or reading and 
generating SMPTE code a nd f or Cli ck/sync in and multiple Syncs 
out. 

CMI to SMIDI Card communication - the control latch 

There are two v ersion s with diff erent control latches. Revisions 
1 and 2 of CM I 28 have a set of 6 D-flip-flops (74LSl74) while 
rev. 3 has an 8 bit a d dressable latch (7 4LS259) . T he reason for 
the different la tches is t hat in rev.s 1 a nd 2 there is the 
possiblity of rac e  conditions occurring if the latch is addre ssed 
by diffe rent pro cessors whereas by using the 74LS259 only one bit 
can change at any one t ime so avoiding any race conditions. 

Writing to the Control Latch (LSl74) ( re v. s 1 & 2) 
Writing a byt e to the location $FC AO by the sy stem 68 09's, or to 
location $05FCAO by the SMIDI processor itself, wil� set the 
con trol la tch. 
Bit 0: normally high, a low will e nab le the INTI inte rrupt 
Bit 1: normally high, a low will clear the SMIDI-CMI inter r upti 
Bit 2: Sync switch; low -> Click In=Sync 4 out; high ->timer 
Bit 3: 68000 Halt; low -> halt enabled, high -> unhalt 
Bit 4 :  68000 Re set ; low -> reset enabled, high -> disable reset 
Bit 5: normally high, low will enabl e the INT7 (NMI) interrupt 
Bits 6-8 not used 
#Notei the SMIDI to CMI interrupt on th e Rev. s 1&2 is on PI level 
a only. The rev. 3 card has two SMIDI to CMI in te rrupts . 

Writ ing to the Control Latch (LS259) (re v. 3) 
Writing a byt e to the same location as above has the f ollowing 
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effe ct. Bits DO-D2 act as a bi t address and bit 03 d ete rmi nes 
whether the bit add r essed w ill be high or low. 
$00 -
$08 -
$02 
$OA -
$04 -
$OC -
$06 -
$OE -
$03 -
SOB -
$05 -
$00 -
$07 -
$OF 

INTl lo w (lowe st priority interrupt on 68000 enabled) 
INTl high 
SMIDI to CMI in terru pt PI l ev el 0 disable (high) 
SMIDI to CMI in terrupt PI lev el 0 enable (low) 
SMIDI to CMI i nt e rru pt PI level 3 disable (high) 
SMIDI to CMI in terr upt PI level 3 enab l e  (low) 
Sync switch low - Syn c Out 4 = Cli ck/S�nc In dire ctly 

Sync switch high - Sync Out 4 = (Cli ck/Sync I n)/timer 
INT7 l ow (68000 NMI e nab led) 
INT7 hig h 
HALT low (68000 hel d in halt mode - halt LED on) 
H ALT high (u nh alt - LED of f) 
RESET lo w (68000 hel d in reset mode - reset LED on) 
RESET high (release from re set - LED off ) 

Memo ry Con fi gura tio n  

There are four 28-pin sockets f or ROM and static RAM. T he minimum 
configuration is 8k words of ROM (2x2764)and 8k words of static 
RAM (2 x6264). Th e ROM can be configured for 16k wor ds by breaking 
the li nk (LKl) be tween pi n 27 of the ROM and +5v an d join the 
link LK1 to A15 fr om th e process or and pluggin g in the 
appropriate two 27 1 28 's . Similarly the RAM can be ar rang ed to 
a ccommodate 32k s t a ti c RAM chips (e.g.MK4856 pseudo-s tatics) by 
break ing the links LK2 and LK3 to +5v and connecting A14 an d A15 
to pins 26 and 1 of t h e  RAM chip s (via LK3 and" LK2), 
respectively. Further, th er e i s an o ption for 64k words of RAM; 
by soldering two 32k RAM chips on top of each other except for 
pin-20, the ch ip select, w hi ch sh ould be connected to th e pads 
provided from the select circui t ry , th e AND gates (012) . All 
these memory expans ions will depend on the avai lability of the s e  
ch ips . 
Note; when plug ging in th e ROM's, they should be labelle d 'odd' 
and 'even'; th e even one should b e  plugged into E5,6 (near the 
68000) and the odd one in to E8 (between the RAM chips ). 
Memory addressin g: ROM st arts at $000000 and RAM starts at 
$ 080000. 

68000/6809 DMA Bus Interface 

Commu nication between the 68000 processor and the 6809 CPU is. 
ach ieved by DMA (D ir ect Memory Access) on the sy�tem bus. The 
68000 waits un ti l no higher priority device is occupying th e b us 
and then either 6809 (PI or P2) is tempor arily hung while the 
68000 executes a n o rm al bus cycle writing to or reading fr om 
memory or a p erip her al on th e bus. In this m anner the entire 64K 
address space of each 6809 processor appears as a small slice of 
the 16 megabyte add r ess space of the 68000. Sof twa re then de fines 
various protocols f o r the different processors to pass messages 
and data to one a noth er by simply placing them in system mem ory. 
The DMA int erfa ce provided on the 68000 SMPTE/MIDI Card is a very 
flexible one. It au tom atic al ly handles either 8 or 16 bit d at a  
transfe rs (doing double cycles across the 8- bit CHI bus in the 
latter case) and ca n do so on e ithe r PI or P2 cycles, selecting 
any desired memo ry mapping which h as been set up on the Q256 
memo r y  ca rd. 
DMA is init iat ed by the 68000 wh en it accesses any address i n  the 



range $040000 to $04FFFF ( ie. P2 DMA -n ot f or Series II)  an d 
$050000 to $OSFFFF ( ie. PI DMA). 

SMPTE/MIDI Card Per ip heral Circuits 

There are four different peripheral circuits on the SMID I card. 
Fi r st ly there is the f our ACIA's (G7-11) which are the MI D I  ports 
A, B,C, and O. Then there is the Timer (bottom rev. 2 GS,6) which 
is used in con juc t ion with the SMPTE read and generate circuits 
(which are the other two circuits) as well as the Click In an d 
Out. 
The ACIA's and Timers work f r om an 8- bit data bus with 
(asynchronous) inte r f acing cir cuitry . They a re driven also by the 
E (enabl�) signal f rom the 68000. The f requency of this clock is 
one-tenth of the 68000 ClOCK (10MHz) with a 60/40 duty cy cl e (6 
clocks high, 4 clocks low) 

The ACIA's are selected by EI0 and appear at addresses; $60020, 
$60030, $60040 and $60050. They share a common in te rrupt level -
level 3 (iNT'1). Their transmit and receiv e data l ines are wired 
to the 26-way connector to be connected to the MIDI drivers a nd 
opto-coupler receiv ers. 
The programmable timers (G5,6) appear at the general address 
$60000, and $60010 and have an interrupt level-2 ( INT2) to the 
68000. 

Interrupts 

The 68000 has seven lev els of in terrupts. The pri orit y fo r the 
interr upts is made by hardwa re through the 7 4LS14 8 ic (C2). The 
lowest level interrupt (INTI) and the NMI (INTi) are en abled .and 
clea re d by the CMI thr ou gh the control p or t (B4). !NT7 is for the 
68840 Timer, INT3 is f or the ACIA's. INT4 (re v.2 , YNTb f or rev. 
3) is for reading a SMPTE 'one' a nd � f or a SMPTE 'zero' and 
are cleared by add res sing l ocation SMPTE[D on i. c. EIO (LSI3 8). 
INT6 ( rev.2 INT4 for rev. 3 )  is f or SMPTE generation and is 
cleared by wr i ti ng to the shif t registers (C7,C8 ), i. e . by signa l 
SMPTEWRO. 

SMPTE Generating Circ uitry 

An oscillator (3.84MHz ) is divided by 10 (G2,Gl ) to provide a· 
standard for gene rat i ng the. 3 dif f erent rates of SMPTE code 
(24,25 and 30 fps) All three are denominators of 3 84,000. Further 
division, depending on the f rame rate selected, is done by the 
Timer ( G5,6) giv ing th e sig nal CLK2, which is the bit rate f or a 
SMPTE 'one' ( ie 160 bits per f rame) . This is in turn divided by 2 
(Cll) giving C LKI which is the bit rate f or a SMPTE 'zero' (ie 80 

bits per frame). When a SMPTE wor d is ready it is written to the 
Parallel-In-Serial-Out regis te rs (C7 , C 8) a t address $60070 
(through 89,88 a nd B7). When this writi ng takes place the 
interrupt � if it has been asserted is now cleared. The data 
in the shift registers (C7,C8) is clocked out by CLKI, a 4-bit 
counter (011) i s als o clocked which causes the interrupt on lev el -
6 (INT6) when it reaches its ter minal count of 16. Now, if a 
' ze r o ' is shifted out f rom C8 the flip-f lop CII is tog g led at the 
rate determined by CLK2, but if a 'one' is shif ted out f rom C8 
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the flip-flop CII i s toggled at the CLKl rate. Thus, the word 
stor ed on the shift registers is outputted in SMPTE form. 
Timer l a  is used for the SMPTE reading. ' It is configured f or 
sing le-shot d oubl e 8-bit mode MSB=$Ol and LSB=$C2 (24fps) :  =$BB 
(2 5 fps ) ; =$9B (30fps) . Timer 2a is used for SMPTE generation and 
i.s confi gured in the continuous l6- bit mode : MSB=$OO LSB=$3l 
( 2 4fps ) ; =$2F (25fps): =$25 (30fps) . 

SMPTE Read ing Circui try (Ref er to Timing D iagram ) 

SMPTE code coming fr om t ape, being convert ed  to TTL sig nal l evels 
by the CMI-29 boa rd , is received by the CMI-28 and f ed through a 
data sepa ra tor. 
The required o utp ut from this SMPTE data separator is to have one 
inter r upt occur for every SMPTE �one' read a nd another interrupt 
for every SMPTE 'zero' read. This process can be f ollowed through 
with the ti min g diagrams. The 68B40 timer is set, according to 
the frame r ate of the SMPTE being read, to 3/4 of the t ime for 
one bi t cell. The c ir c uit then detects whether there has been a 
transi tion in that time or not. If there has been a transistion 
then a ' one ' is read, if no transition occurred then a 'zero' is 

read. 

On the CMI28's rev. s I & 2 the SMPTE generate ha s the priority 
over the SMPTE rea d. A SMPTE 'one' read triggers I NT4 and a SMPTE 
'zero' read triggers INT5 while the SMPTE generation is on INT6 -
i. e. at a higher priority to the read. It was found that the 
re ad would lose f r ame s if SMPTE generation was occurring a t the 
same time. In ter rup ts INT4 and INT6 were swapped f or re v .  3 of 
the CMI28 and t he probl ems with the read were av oided. 

Sync In and Outs 

The SMIDI card also takes care of some of the sync- ing f unctions 
of the system . On rev isions 1 (modi f ied to rev.2) and 2 of 't he 
CMI-28 SIDI board th er e are two 68B40 programmabl e timers (each 
with 3 t imers inside), one wired on top of another. The i nput 
c lock of 3 rd time r in the bottom 68B40 (timer a) is wired to the 
Click/ Sync inp ut socket (on support box) . The output of this 
timer is fed into th e inp uts of the three timers i n  the top i. c. 
(timer b) pr oviding a cascaded timer s ystem .  These four outputs 
are fed to the CMI - 29 in the support box, to a 5- pin DIN socket 
via open-collector buf f ers. 

I- -- -timer lb-- - > 
Click / I I I 
S y n c 2b- - -> 

I I I I 

� � � at."'-
I I-- -- timer 3b-- - > 
I 

in�me r  3a I- ----- -- >I-- - -time r 

.. r-- ------ - ----- ---- ---> 
No te; timer l a  and t i m er 2a 

are used for SMPTE 

General Interface S up port Card CMI-29 

Sync 1 out 

Sync 2 out 

Sync 3 out 

Sync 4 out 

This circuit board contains the anal og circuitry required f or the 
i / o for SMPTE and MIDI. There are 3 MID I inputs (A, B & C) and 4 
M IDI o utp ut s(A , B, C & D ) ,  though there is provisi on for a fourth 
M ID I  i nput (D). 
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/" There are two other output ( 5-pin DIN) socket s. One i s  the CLOCK 
outpu t, con taining th e CLOCK, RESET/START and RUN/STOP T�L 
compatible signals. This CLOCK output i s  designed to control 
Roland drum machines, etc . The other is the mu ltiple SYNC 
ou tpu t . A click or sync signal rec eived through t h e  CLICK input 
is fed to the 68B40 Timers (see above). The outputs are connected 
to th e DIN soc ket driven by open-collector buffers. You will 
notice that the SYNC out 4 signal is the same as that of t he 
CLOCK and of CLICK o ut. 



, 
QUICK REFERENCE FOR SMIDI ADDRESS MAP CMI-28 

� $000000-$002000 - EPROM (8k words) 

' . $020000-$03FFFF - unused 

$040000-$04FFFF - P2 DMA (available on Series III not IIx) 
$OSOOOO-$OSFFFF - PI DMA 

$060000-$06000F - Timer A - SMPTE read & write 

$060010-$06001F - Timer B - Multi-sync 

$060020-$06002F - ACIA 1 

$060030�$06003F - ACIA 2 

$060040-$06004F - ACIA 3 

$0600S0-$0600SF - ACIA 4 

$060060-$06006F - SMPTE Read Interrupt Clear 

$060070-$06007F - SMPTE Write Shift Register'Load & INT Clear 

$080000-$082000 - RAM (8k words) 

$OAOOOO-$OBFFFF - INTC - interrupt CMI (Series IIX only) 

$OCOOOO-$ODFFFF - SMPRST (for drum machines, etc) 

$OEOOOO-$OFFFFF - SMPR/H (for drum machines, etc) 

Note: When reading and writing from the peripherals remember 

that they are on an 8 bit bus and word operations need to be 

done in separate byte instructions or MOVEP instructions. Note 

in particular that when reading from a peripheral an ODD address 

must be used, though for writes ODD or EVEN addresses are o.k. 
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