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( Gen era al
. The DUET desk system is specifically designed so that hardware and
___functional boundaries are the same, i.e. a printed circuit card has a

specific overall function within the system and is sel@-contalneo. Hith

__the _exception_of_the_ program _card an{ plug-in card can be {g@oved
he

without affecting the operation of r part% of the system. It is
___therefore _advantageous_to_describe each printed circuit card or L

peripheral unit separately.

2. Thz heart of the system is the microprocessor with its supporting’
__logic, all of whicn_ is contained.on the processor motherboard (Section

2 Chap. 2). A bus system on the motherboard connects to all the plug-ir
circuit_cards _and_these, where applicable, separately connect

printed_ ppl
~ Wwith interface sockets at the rear of the desk. Front panel controls”

connect to the motherboard to interface with the mlcrooroccssor.

.__3¢_ﬂAll_system options, whether plug-in orlnted circuit cards or
separate units are described in this section. The OPTIONS section
—should be_consulted to ascertain whether a particular option_ is

( applicable or not.

._vae1s of IOQLC used

4, Levelgdbf logic in the DUET desk fall into three categories and the
__specific circuit diagram should be consulted to determine which is

applicable. Circuit diagrams show the operative edge of control

__uaxeﬁgzmﬁhﬂhatg_gppropilatea,IhQ_LhIEQWF§£?90fl§§ are : .

__(a) TTL logic where levels of >+2.4V and <@.4V apply : ;m'_

(b) CMOS logic where levels of +5V and OV (nominal) are used and _
(c) __certain analogue, nultlplex/demultlplex circuits which use +I5V an

ov. T

5. Addltlonally analojue levels produced vary between OV and *5V

— limits whlch _respectively, represont zero and fullmmehmmmlmesqxeme\
T OV Lo —lOY

C:05 Technoloqy ) S

( _ 6. The DUET system makes considerable use of complementary metal oxid
seni- conﬂuctor (CMOS) technology. Briefly this means that logic gates
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are constructed using the complementary operation of cascaded paits &6
—_npn and_pnp field effect transistors. -
___ZLM_Tbg_maigjwpgimopt_EQEQQQly‘advantaqe of this is the low power
consumption. Any gate of this ﬁ}ﬁé.bohéGﬁEEWHB“56WE?_WH§HMTH“€_§5fﬁléH"
-—state, only at the time of switching is current drawn and power
consumad. Power consumption increases as operational speed increases”
—————but_with modest operational speed heat condition s_are minimised and
design density can be increased. N.B. CMOS devices are extremely stafic
_______sensitive_and—shauld“onlx;be‘haDdled_iD_LthQrQﬁQZLQQQ_EaQQQE;,EQLM'
details consult the static senstive warning in the oreliminary pages.
Hayadecipal numbering o
8. A hexadecimal system of numbering (i.e. counting up to 18) has been
—adooted for DUET. Whilst this is mainly conc
addresses and is therefore
— —on.certain_of_the circuit d
chapters.
9. Thare are

erned with spec

of four _lines.
but i~ heradecinal

primarily a programming tool, it does occur

1fying
lagrams perteining to the following

16 address lines which can be considered as fo

ouc_biwary lines can be expressed indeamal as a
10 fo IS5 are abbresioted & one
—Hexadecimal counting _follows a
pregressing from #¥-9 and continui
are_thus expressed as

ur groups
count- from O-IS;
aroctec. = '
/s _a_simple alpha-numeric sequence
ng from A-F. 16 binary address lines
four hexadecimal digits. (Table 1)
Addcess afeas Multiples olL | K Addresses oithin eacl K
Addtess B no. & 2o g |9 7| ¢lsl4[3]2T71 Jo
B‘.“““) Ojojojofo b frqvvfefrlvl e b
H@J(O»Clﬁccmou(. ' o - | ' F E
T“{Dle L. ”exédecma( Conversion example ,
1. In comparing hexadecimal numbering'with K areas of address detedina
(those areas of 1924 addressable bytes of dat
memory devices) it is the
areas. Jiultioles of four;
designate a 1X block. For
— to M3FF and the |
1843

a most_commonly handléd_é@
second heéxadecimal digit which counfts 1/4 ¥
4,4,8,C in this second position therefore

example the OK address area exte
X address area from (494 to U7FF. The
Table 1 is thus the highest address in the 1K are

nds. from #4337
a.

Issue |
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Motherhboard bus e
SNSRI ). _Intercommunication_between‘the microprocessor . and

' program, memory and interface cards ’ - is:
motnherboard. bus syatem, This has_twelve identically

——.—conducted along the _ e 1d
wired card slots which allow considerable interchangability of cards
— within the twelve slots. .. . e
) CAFL\(:L‘T:-) ’ N

___m_uiz._mpﬂéitionsw7,8mﬁnd"Q_aneuallpcatgg"fop"memopy_cagq_usgﬁstartinq
with 47]in position 7 and building up to 24Kﬁmpadﬁichdhms7¥5ahm4f&6@ll
FQSitionS.13111“§QQWLZ_BEQ;3119C§ﬁedwf9fn9baﬂﬂel cards on a progressive
basis, starting at position 1%. Unused slots at this end of the bus, =
LQQaﬁbah_ﬂltbﬂ§lgiﬁﬂlzé_§ﬁD_PEHQEEQWQX_QDYK%?rgméﬁuﬁeqUired'
olparf -

13.  Full details of pin_to pin wiring, the signals carried and a

descriotion of their use is given on the block schematic diagram at the

__ __beginning of._the CIRCUITS section.. __
(
(

Y%03 e
sve
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. The principal element aﬁ‘Eﬁé“ﬁathé%béafd‘ig‘the“ﬁiafoﬁrocésSor“'
__“Hhich,runs_themgystem_control program. This progran is contained in
’ permenant memory on a plug-in program card. Battery maintained ~*"
—__read/write memory cards can _also be added to provide lighting memory,
as can channel output cards to interface to external dimmerg, — - -

2.‘”£E§6€Yé£éd’QEEH‘Ehé"BEE}Bpfzkéégéf“dﬁ“the"ﬁbtHe?ﬁdﬁ}d are switch, ™
__“_Lamp“amd_display_interfacggmto allow the_pperator»communication with

the control program, and an analoaue fade processing network ts ="
calculate and output the playback fades.upgsqription'of these areas

also includes their associated panel controls and wiring. —

—_— ———— I e

3. Motherboard description is written with reference to the

——mnotherboard funciional,blockAdiagram*ﬁfjg.Z.2.41_apg“t9_§h§_gbree
sheets of motherboard circuit diaagram, Text Support 1llustrations are

___ingLudad_whetemconﬁidenadmnecessarxtn_

e

HMICROPROCESS [NG. mruuthQsml____“___kmm_ﬂ
Concents ________‘______;;mﬁ__m_“___m_h_ﬁ___ |

{_4. Ibgmmigzogr9g§§§qr_<MPU.,IC@?l_supPorti_the control bfquémv with

read-only memories (ROY) holding program instructions and random access
mgﬂggig§_£35ﬂl"g§§g_£pr_ﬁgmpgrary storage and retrieval of data. A

peripheral interface adabtbr'Uhif_(PTAY'ié“UééH”fB_Bfiage between the = ~
micropr9£g§§9£_§nd the processing logic.
N —\g*“h —————————— \ -

5. The MPU and P

the relevant descriptivs areas with particular emphasis on their use
within DUET. Product information on the microprocessor system used
(Motorola 83%G%) is contained in the APPENDIX section: -

6. " The MPU can be lobggd upon as the master controller,executing the
program by performing a series of tasks involving both T6gical
decisions and calculations. To this end it produces (and varies through

the program) addressing sequences.

7. The PIA is subsidary to the MPU ang 1s used by sub routines
associated with the fade processing. :

4 9. The memory devices are'faily straight forward in operation :

Lal__A_RQM_CQnLain5“iix§dMQ§La at each of its addresses, which can
only be read outonanromdestructive basis

(b) A QAM;Qan_hay&_dﬁig_yritten into it and read from ity but this
data is only held as long as power is maintained.

Microorocessor interface

9. The MPU generates an address bus of 16 bits, it inputs and outputs
___a_data_bus“ofma_biiﬁ_gnd_aLsg_gqggggds to_and_generates a variety of

control lines. Microprocessor interfacing is at standard TIL levels.

-_—

I#. Microprocessor control inputs and outputs, as used by DUET, fall —
___iDtD_IEO_CateQOIiQSi_ﬁhOSGWUSedﬁim_ihﬁﬁg@ﬂttgl_qﬁmthe“QIQCQSSQt_}tSe¥

and those generated by the processor on the control bus. In the first —
___gatgggzy_ﬁzgnihg_plocking_ﬁimiﬂgmaﬂd~£§§€$téﬂq Signals provided by the

system and applied to the microprocessor, In the second Category are
__;th§§_§igoaLshgithuyhigh»thg_MPUqunﬁrolsyﬁggj_ip controlled by, the

‘arious parts of the overall system. These twg categories are not
__;QQmQLQtelM_§QlE:QQQLaiﬂGdNQQd_thgunﬁxt~$HOMP§I§9faPUSNLHEXEUNEi%P_EQQSEN

signals) include duplications.
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A CIonrncassor _contral siqnpals

— : 4 S - P —
1. (2) The clock for the svstem operates at a minimum period of l.)uQ.
~It_consists of two phase, non overlapning pulses - 4| and 92,

(5) Zzs2t initislises the microprocessor (as well as the

Interfaces) and forces a restart of the program at the user
————Interfaces) and_forces
defined starling address.

—_—

(¢) Qgtgjhﬁghﬁnﬂglé (DRE) removes_the data bus from its high™™ - —
_______hm__,__impedan;g.mode-_li“i§”th?wcompleme”t of the @ clock.

- ~Hipracsacscanr Hus control

——12. (z) Clock for the. micraprocessor bus. is a buffered version of the
system - gegnerated (2 clock. T
——— {5} Rgset is reguired by the. system tg_insuremaq_ptganisgd restart.
{c) Hali, synchronised by the clock generator, can be used to stop -
——————--—-lhe.microprocessor, and place the _data, address an d relevant
control linzs into a high impedance state, allowing an -
———  _external devics to QaiD_QQOtTQl_Qi_thg,byizh‘“wn__
(¢) Ipterrunt reauast (IRQ) is aenerated when an external device
"____;;_ﬁ__“_meveat“occurs,,requiriqgwihehnormal_prggram_tgmpg_;gterrupted
and a special service routine to be performed instead. The upU"~
. _“____%1ilL_mormallymallow_theuinterrupﬁmﬁt,the end of its current
instruction, out this is controlled by bit 4 of the condition =
————— - —¢ode register (pera 13(e)), o
(2) Kon-maskable interrusnt (NYI) 1s similar to TRQ except That the "
— - MU must allow_the interrupt at the end of its current cycle
' (oara 13(e)), ST T e o
_ (£) Readlwrits (R/4) defines the.direction of data transfer.
(¢) ¥a2lid memoryv addrassg ViiA) 1ndicateshthat;éfﬁéEéMffgﬁgfé?"Will'“
——————_t2ke place on _the current cycle. ,
(n) s avallable (R4) acknowledges that the data address and
- -—~tontrel lines ere in their nigh impedance mode.

—_— —_—— -_— e

jift:jj“*sssor,r?ﬁfsfeziﬁm__ : _
13. Th2 “Pg“gggggins"EQrgg 16-bit registers and three 8-bit registers

11 of which are used in tﬁéwexecGEIBH“dT“fHé“DUET“5?6§?§ﬁi Ihese are =—

(&) Proaram coUnter, T6=Bifs— which points to the nmext prograii
— . _Instruction address. . - .
; (D) Stack pointer, l6-biﬁ§TfWETEﬁTEBﬁfETﬁ_EH§fEBHF€§s of thé next
avallable memory location in the stack. This stack, located in
RA¥, is used to codfETH“EEE—?EEG?H‘EHHFEEE_?BF‘EUB routines —
~and_also the oriqiggl_g;gggg;or state whilst servicing
interrupts, T T y T
‘"_h_~7€3_253§i_?EGEEEEE:“15}bits, which is used to store the mem&ry

address for indexed mode addressing.
\'l\"‘___———_‘—'_"" ‘—_""_ S e —%'_“"’——‘ﬁ“‘h Y A — " e e———
(c) é&ccunmulators A ang 8y 8-bifs_each, ars used to hold operands »
— ond _results of an arithmetic.calculations. .

(e) Condition code registers, 8-bits (#=7) with bits 6 and 7 at
_vlggi__lL_Iﬂii_QDQQEQFQE_PHE~EQEH£§§_9‘_§D~arithm??i? .
calculation as follows :— ' o -
Bit 9 = Carry {fron bit 7 of the accumulators)

S

Bit 1 - Overflow.
Bit 2 = Zero e o o

Bit 3 - Negative
__________,811_5_:~Half“carry“(

from bit 3) e
Additionally, bit 4 is the interrupt mask bit, ¥ = (RO and | =

Yhig

G _______Mupﬁi_ipata“JZJdl_ﬁndnfslll_

7803 : : ’
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Cleock and reset

4. Clocking is based upon a crystal oscillator operating at 14 Hiz.
—This_is_ followed. by a_divide-by 16 countér (IC78) operating together
with divide-by-two D-type bistables (IC73,74) and discrete components
__m_io_ptoduae“two_amti—phasedl_non:overlappinngV/5VLlecks,desiqn%d 41
and 2. €1 1s solely for microprocessor use while ¢2 is used bo h by
the nicrcprocessor and._the_rest _of_the_ system. Data bus enable (DBE),
used by the micropreocessor, is at TIL and is produced by IC74 from the
— %% clock timing._.

;

12.__Tne _reset pulse is the product of a compound voltage sensing

circuit (VI58 to VI64) monitoring all the motherboard (and system) dc’
——=susnliss (+15V, -15v, +5V). Failure of any suoply thus causes a reset

action. This is the casz at the time of switch-on. Hanual reset can
——also bz _effected by pressing the PRESET push on the motherboard. An LED

within this switch indicates?, however the reset is incurred.

3Uus cantrol

I6. Microprocessor generated address lines AO-Al5 togather With o
4 _Qsmjxpi_ﬁlgﬂaLi_tﬁﬁdéﬂtliﬁ_iﬂlﬁ)n_ﬁﬂgmlﬁilg_mgﬂgfy_éﬁﬁie55 are under

t

© the control of the micreprocessor - produced signal!, bus available (BA)
L1065 75 34). During microprocessor operation BA keeps the bus lines

open. Only when the microprocessor receives the HALT signal (IC73) does

BA become active and release the address and data bus, R/# and VifA.

I'7. The data bus on the motherboard is gated at two junt tions to ~
orgzinse-correct_directional flow of _data in accordance with the
rea/write cycle operation. These two junctions are where the data bus
is—aCCGSFej,by_ihe.EPUML1063+64)_andnwheﬁa,ﬁhﬁﬁg§ﬁﬁ~QH§_E§WQEE€§§?qmpY
thz motherboard periph2ral devices (IC56,57). In this latter case

—  address bits_Al2_to Al5 inhibit motherboard data bus_gpcessmqt addres_;~

locations above those allocated OK-3X (para 2@).

. .. Addrsss bufferina

8. Address buffering separates the address bits -9 (specific .
~——>addressing within each 1K block of addresses) used by the motherboard
peripheral devices from the address bus (IC37

,43) . The address Bus —
—( 1tself is buffered from the MPU by_the BA controlled gate, (IC65,75,8%)
(para 16). ' ”

Address dscodina

19. Address decoding for the motherboard Uses a section of a 4=1ine to ~
____lﬁzline,decoden_ﬁl@S@)marranqu_asvam2flin¢ to 4-line decoder. Add ress

bits AlY and All are daoded from the binary representation of the 0K to™ ™

____QK_agggessmatea_jpﬁgAfour_LK_adg(strageg_gpntrol lines. Address bits

Al2 tec Al5 inhibit motherboard operation at higher addresses.

20. Within the motherboard the following address block allocations -
e BDR1Y .. ~ . :

!

Contacts, mimics and display_interfacing
Fade processing interface '
-Random_access_memory for general MPU use

D= N L
AR s
!

o
AN
|
[
M

7%03 &su@§



UUC_'/T Pq’g\gi “S'@_/z

Rapion_access memory. (basic nroaram)

" 21. Tne motherboard contains 2K (blocks OK and 1K) of 8-bit Tandom
( access menory (IC35,41,42,48) which_igmuseﬁ_gx_the microprocessor ‘in
"”"_Eg?fyiﬁg out the basic program. Data arszas contain ™~~~ - T
~{a) Channel stores (A,B,T and S etc.)

L) Stack dats e

{c)__Temporary data areas (flags,partical products,etc)

COHIRALS AN MIHICS : Circuit diag. Sh.2

U —

Control and mimjc adddyress decods

Lontrol and mimic address decoding consists of a strai ghtforward

22, e 2 el Bl O W
4-line to 16-line decoder (IC38) gated by CLK and the 3% address area
——1inc. It decodes the binary address lines_AO, Al, A2 tog etner with R/
so that, of the 16 outputs, the seven associated with the mimic
—displays (M1-)7) operate during write-time and the eignt associated

with contacts (CON % to CON 7) operate during read-time. Tne zero Iine
— output is usea a5 a test pount. .

\

“ontact se2lection (push _switches)

23. Szlection of reguired opefations 1is carried out from the front
——>anrel._In the interest of descriptive continuity, control selection 18
considered here (as well as in the front panel description, chap. 2.9).

24. The front panel motherboard contains a seven by eight diode |
matrix, CQ.l 2 to COM 6 is applied to this matrix in the seven bit plans
and output, CO4 D 9 to CON D 7, is taken from the eight-bit plane.
——Hridging the matrix_intersections are the push_switches, each with a
series diode to prevent reverse_current flow. CON O-7 (via puffering,
VIS5 -~ VT12, and a data gate, IC 17,18) are put onto the data bus DO -

D7. Thus there are sevan bytes, each of eight bits which carry the push
switch selection information. An eighthbyte, contiguous with these

seven and gated by CON 7 is used by eight bits representing wheel
movenent (para 31). : _ ' -

ithes) oneration

( ' :
© 25. An encoder, contained within the front panel wheel assembly

producss, when the wheel is rotated, two square wave outputs 92" apart,

from the timing relationship of these two signals can be detérmined
mhgthe[_;hewwhggi_ig_quiQg_gg_i@way from the operator) or down
(towards the operator). The repitition speed of the pulses represents
____the_speedmof_wheﬁl“mgvgmen&,mgndng_coungngfwzﬁg_pylses determines the
~ amount of movement. Thare are 256 cycles per complete revolution of the
whﬁe*_providingnjou;we¢geﬁwpeg“gycgemwhiqh'enables 256 pulses to be }
derived from a 93° quadrant of whesal movement. Based on thése ~an T
parameters, logic on the motherboard encodes whe¢l movement intoAS—bit

275 complement value. — . R

7&03

[ssve _
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Wheel movement calculation

B R SR

C 26. ilheel calculation logic is independently clocked at & fréquency of
——~0KHz,_a pefiod of 24uS. The incoming Y1 and #2 signals are square waves
phased 9%° apart. By checking the continuing relationship of "0l to %2
——and_conparing_the_directional changeAofwgwygyefqrm”quguqimggg ]
against the steady state of the other it is possible to build up 3™~
truth table defining forward and reverse wh eel movement. '

A e 1 STEADY STATE - — N
— | ¥ CHANGE|_ @1 = 1 | vl =g o Pe=1 | __@#2=w]
ane N |  BE¥ FaD ~
NOT VALID - e T
— e sepo | FWD _____REV |
42 up f FiD [ REV. [ 5 .
= s ———  NOT VALID ——}——
- )_®2 poan REV __FiD_} | - __ -

Table |~ TWneel movement tTUth table

27. The 16 sections of table T are converted fﬁmﬁinar?‘fbfﬁ‘b?_ﬁéThg*_'
four clocked latches (IC66). Two latches give a first-sample of the two

inputs and then feed back to the other two which give a sécond Sample
when next clocked. Four outputs giving 16 comparative possibilities are
thus produced and are

used EB_EHGYE§§_fﬁB‘ﬁUTfTETEYEFEWTTC6@767TT_'

28. These multiplexers are used essentially as decode switches,
applying the OV input to either an UP rail or @ DN rail. ThRe eignt
invalid comparasions of table | (when like is compared with like) are
not connected on the multiplexers. ] '

29. HNext comes two serially = connected up/down counters (IC44,5T7,
wired to count each time they are enabled by the UP or the DN rail.
Count direction can be rever:sed by DN, UP being the natural mode. The
- —count _output is ip 8-bit binary form. When counting down the starting
state of all 9/s changes to all 14s and subsequently bit 7 is used as
the direction bhit (] = down) . ’ ) o

3% Wihichever direction of count is defined it must not exceed the

counting capability of the counter. Exclusive — OR gating (IC45),
——linked_in with the counter enable 1i ne (IC52), ensures this and

prevents counting beyond 12 pulses in either direction, '

31. Data is gated out through transistors VI19-26 by CON 7 to share
———the access path to _date bus with the contact selections (para 24). The
trailing edge of CON 7, via C5 and R14%, is Used to resat the up/down —
counters_so_that each access_reads the count of the wheel movement

since the previous access. o B

Buii&tijm and_data _gate

32. The eight bytes containing frod:)panel switch selection and wheel
——movenent _data _are_buffered by transistors VIS5 to VT2 and gated onto
( the data bus during read-time when the MPU is operating in the 3K
address_area.

7€0 3
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-.LB2ta latches for mimic and displavs

,Himicsqaodwdisplaysﬁgnnﬁhe_fKQD:t_FﬂﬂﬁlﬁéfﬁwdfiY?DLQHE?QQﬁﬁKitE.w_
time in the 3K address area. Address _decode lines M1 - }¥7 are applied
.___iCL5£xan_multiple‘latch_glementgnALQVZSJZQJQLJQEJAgaﬁjjﬁﬁJéi)mpn their

( —_33,

clock inputs. Each element contains four or six latches with Commen
____aiocz_sojihatwé_orhahdatambipg_gng;;ggghed at the seven addresses. It

should be noted that coding of mimic drive is arbitary (to aud the
orogran) and in most cases differs from the contact coding of the same’

_____iudction”(seewadﬁrﬁssnmaQNLD_ERQQRA¥_§eCF19“)-

NIy ~~

— Diszlay drivers

34.-- lilmic.outputs. (those front panel pushes which have Internal

illumination) are transistor driven following data latching. Numeric ~
displays . are_driven by 4-line BCD to 7-segment decoders (1C39,46 1 53) to
drive each segment of each numeral. The hundred figure of tha — — -
channal/nemory_control number is_transistor driven as are the two parts

)iz
i

f the plus and minus cnaracters.

r Blink Drive T T

35. The blink function is a mimic bit which is continuously cycled by ~
____ibempﬁ%tamwand-Qateg_ﬂithmtbe_apPIOinQE?_PafﬁiﬂghﬂiﬂiqwqﬁiY?E to cause

the warning mimics to blink. Transistor drive (VI31,32) applies it to
+ha_wa£ning_ii£iangle)_LEDﬁindicatoympghghghﬁfonﬁwggﬂgl and the decimal
points of the channel/memory numberic indicator. Tha blink program ~~

output also gozs to ths circuits providing channel decode and drive to

thi2 channel mimic LED display, and“$6”%Hé‘EBhEFEI"BGE“f6f"G§é“BV“thé“__‘
VEJ.

. B2 _PROCESSING

Quiline reaquirement

36. . Tne requirement of fade_.processing is to. effect a smooth

transfer of stage lighting from one lighting state to another. One
lighting state may be Zero, in which case a straightforward fade is

executed, either up or down., Where two lighting states are defined,
nowiever, the process of bringing the new state up while taking the old

state down must be achievable without causing a “dip”/ in overall stage
1igbt1ngt_Ibi§_i§_gggug_a§_§_dioless crossfade, ‘ :

—37. A particular structure accommodating the manual (A and B) and

timed (T) faders into a program controlled system.culminating in the
——outout _(grand master) fader control is used. Additionally, flash (full

or out) and_external manual fader wing provisions are incorporated.
Fig. 2.2.1 shows a broad outline of the system structure used by DUET, —
It should be noted that as the hardware operates under program control,

utilising the same elements several times within a routine, Fig., 2,271

fader channel is shown in Fig. 2.2.2.

is highly idealised. The calculation performed sequentially for each

(Fﬂs 2.2. & 2.2.2 1 ge in ~Cext  as néa¢ heve as
POSSLé(e ,)

%03 |  fgsue
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The pe ioheral interface adaptor AR —

38. Fade processing revolves around fhe peripheral interface adaptor —
_ (PIA) and a seguence_of 13 program addressed digital to anologue
conversions.. A channel sequence of operations has to be evolved and =~
_fitted into an overall fade processing cycle so that individual channel
requiraments can be implemented whilst also being sub jected to levels
___set by the_faders.. ;. B o

___39.._ . To accomplish these objectives the PIA uses 1its peripheral
interface bus A to output the current channel number being processed
(CHHf = CHH:O)“aQq“its_peripherelm;nteyfqpe_pqs_B as individual
input/output flags. Bits Bl to B5 of this highway are outputs which
control fade processing and bit 7 is an_input used in analogue to
digital conversions. Both highways interface (via internal control and
di;ggglggngg}stgzgl_yiﬁn_ghe_qgggwbus D3 to D7 and hence with the main

progran.

4%. The PIA ooerates . , . . at four Sddresses in the upper half of
ng,ZK_éddrﬁﬁﬁwarea-”Aﬁﬁfgﬁé,biE*L_Qefi”es whether the data bus is

routed towards peripheral bus A (Al = ) or peripheral bus B (Al = D
_ggQ_ngge§§_Q;§wﬁ,U;o_cquunctiog_witb bit 2 of the control register,

o

“which is programmed (para 42,46), determines infternal direction and
routing. Data handlina reglsters within the PIA make its operation, as
viewed from the microorocessor that of four memory locations which are
treated in the same manner as any other read/write memory. lhese

registers are -

(a) Peripheral register A (PRA) /Data direction register A (DDRA)

(b) Control register A (CRA) ,
(c) Peripheral register B (PRB) /Data direction register B (DDRB)

(d) Control register B (CRB)

__ pPerioheral_register A

41.  PDA is the channel number register, with all bits programmed as
outputs. It contains the channel number of the channel currently being
-(-e¥eeessedw—During—a_iadempnocessinqmroutine_ii_is_iniiiﬁlly_lgﬁﬂﬁg_ﬂith
the too channel, then successively decremented until it underflows-
-—__Lbus_indicaiing_that_ihe_last_channeLmhas_been.ngcessed and
transferred. (N.B. Channel 1| — all @’s) :

42. The bits loaded into CRA as part of program routine have the
____following functions : B : :

Bit Set _to _ Function

g, 3,0 Not used :
(2 @)D Data bus accesse s DDRA_to control the

' “transfer direction of subseguent byte
' through the PRA -

X 2 ' ] Data bus_ accesses PRA for transfer
 3.4,5_ _1,8,1 __  Produces _ CA2 at_read-time to generate a
( ctrobe to accompany the PIA bus A. This
: _ strobe_signals that all the fade processina has.

been comp leted for this
 channel, Yhat the analogue levels have
o ave

settled and that the channe number is
“temiit +A ha Aarrement ad




Data djﬁqgtinn rggjsters A _and B

43. Tne DDR’ are used to establish each individual ‘peripheral bus as
— _either input or output._This is accomplished by having the program _
( write # or 1 into the eight pos itions of the DDR when switched by bit
_ 2 of .CRA/CRB._#.or_]_causes the corresponding peripheral data line to
function as 1nput or output, respectively. A

44, DORA u11] thus always be loaded with elght 175 and DDRB with seven
— 1’s_and a.@ . in _the _bit_1_position. ___

-. -Peripheral register B . ...

—A45._PaB..is..the flag .register with bits ¢-6 programmed as_outputs and
bit 7 programmsd as an input. It is loaded with the flag store for each
channel before_ it _is processed. The use of these eight bit is fully

covered during description of the fade processing routine and its —
___implemzntation. They are only briefly mentioned here.

Bit 7 . is the result of the comparison of the output D/A level
and the current analogue 51qnal ‘The comparison is

oo digitised 3 @ if D/A > analogue, | if D/A < analogue.

} (para 48)) ; T
M Bit 6 Program_ use

Bit 5 All channels with this bit set are under channel control™
.and are set to blink on the LED mimic. (para 67,70)

Bit 4 Is set to denote a down-fade for the particular -
channel. (para 55)

Bit 3 : These bits specify which Tader analogue or stadge -

Bit 2 level is to be digitised by the program (para 66, table
3). T

Bit I Set if the channel is ON (> 1% lighting required) and

used by the LED mimic card to illuminate the ED for the~
particular channel.

Bit ¢ CHANNEL tost P\mnt‘ K&LJBDCUOL selection Cl‘ﬂ'\h-et number 7;/“9
QQDLLQL_LQQLQLQL_B

46. The bits loaded into CRB as part of program routine have the
following functions 3

Bit Set to . FEunction

3,1 1,4 CBl, resulting from the system 4mS timer

: - multivibrator (but inhibited by CB2, see Dbits
3,4,5), produces IRQRI, thus interrupting
other system operations to update the MPU with
a real time clock.

(_2 @) Data bus accesses DDRB to control the transfer
direction of the subsequent byte through PRB

2 1 Data bus accesses PRB for transfer
3,45 Eﬁlqj " _CB2_is produced, This is used externally to the
: PIA to inhibit the 4mS timer mult1v1brator
from producing CBI and prevent the

multivibrator from retriggering until CBZ2 1is
released so that any waiting interrupt 1is

accepted. This inhibit is used so that PRB can
be read_as part_of _the A/D process without

1nadvertantly clearlnq an interrupt request.

- 33445 1,141 ____ See above. The next interrupt 1{_the rbsylt of
( the 4mS multibrator. S i
—_— 6 = .. Not used. e
T - Used to indicate the productlon of TRAQGI (see
_above). CBI sets bit 7 to 1 which in turn scts

IROB1. It is cleared by reading PRB.
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E_fi"{Q DIrocessi ng rout ine

—41._ _Every_ fade.processing cycle (which starts up to 36mS after the
start of the previous cycle and takes as long as necessary) goes
—through a. fixed routine to update the level of each channel in use. It
is noéessary to understand this routine before contemplating the fade
processing. _logic,._as_ the purpose of this logic is to support the

recutinz.

The following paraagrapnhs and Table 2 explain this routine
_which 15 butllt_ground _ancl . v.M'oleme nted _TAIOL%K“_GJ\C\(‘C& wate _structure _of___*

13 anal ooy we n—e,ﬁ\'s“cers (Parc\.. 56) .

___(_'Embl,&_l b be wsected as near £ ¢re_as_posschle )

48. Firstly the fader FULL reference level is output then the current
—tader-levels are digitised. This is donz on a bit-by-bit basis for the
A/8 UP, A/3 DN and the T faders through a selection circuit uUnder the
——brogran_control of bits 2 and 3 of PRB within the PIA (para 66). This
successlive approximation digitising process is the comparison (PRB™7)
——of ths_analogus level (fader setting)against each digital bit level,
starting at bit 7 and proceeding in steps to bit @. If the fader —
—setting 1s above 53 % of full then bit 7 will be set as a | for
sebsequent tests, if less it will be set as . Similarly bit ¢ —
(representing 25%) will be tested with or without bit 7 as above and so
onto bit ¥ which represents ¢.4% aoprox. 1hus an accurate S-bit digital—
——Tepresentation of the three faders is built up in only 24 tests and

retained in program storage.

~

49. " Next these digital representations of fader levels, together with =
their complements, ate te-output to six of the fade processing analvgue registers

0s the ourrent fade pr?$355 . . and held for the duaration of
the cycle. _ _ B

58. he PIA and fade processing logic now goes through as many channel
cycles as there are channels, starting at the top channel and ending T
after channel 1 is processed. Each tim e the flaa yA B, Tamd S stere contents for et
chasnel are Browght fromtheir locadions tn R&M ond owtput (InTAt Q}Zé}),"ﬂ"e‘)’_&530 to

— hair fude processing regtsizrs Consing the Uossfade alwlations oecac., (F‘u? 2.22) The output of Thas
calculation {s applied to the top of the G fader Which delivers a
SIAQE_lgygl“applipabLe_to”that channel, This becomes the channel
analoque level associated with that particular channel’. It alge (s ~
digitised if necessary, either as part of a regular 14 channels per
system cycle to maintain a current stage storé for Use on thHe VDU ~
mimigjhprmggng_rggp;agmggggnggr cycle basis for the particular channel
being metered. Digitising is d5ﬁ€"5Y~fHE_EEﬁE“5FbEE§§"é§‘G§éﬁ"6y’thé”"
fader levels (para 48). : : '

. Sii_mﬂbgn_ajlmgh@nnelsvhaye_begnhthyg_proceséed the fade processing

routinz completes and the microprocessor attends to its other program —~—
— _fequfements, ' '

7603 | (SS&QM
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Hardwarz descrintion

€

Clock. control
_egistess are .
52. The fade processinq(nwlbguarkaﬁdressed in the lower half of the 2K

address area. Processsing timing is-controlled by two monostables
(IC12) of 1uS and 3uS duration such that

(a) The SYJIC pulse ensures that the CLK pulse is stretched to at
_leaS_t__LU;S. T}\.IS ‘PfOUideS o de{an '/AS befween_ 'f#\e add‘re’ss Ca;{t.l\ CAG\'\ﬁ’Q;

CLJ!\\’:’/A Controls the anaJoDma mul‘fl‘P(ﬁ)terS) ond the data lotck C/\an@é,
(_w)\tdx d\auﬁes the anovl03ue, &’,ua@). :

(b) Thg 35S mono stable -Sf’fé{’Ci(,e,s 7‘7!\@ bh/‘\tl‘nt o,\"('/l\é'/ O.noloju.e, "ﬁal:sé@f
multiplexers, These are mlj owﬁ‘?uf{' once. per Cydé So Aat 77e anwg%
fevel has setiled before bél.ng sampled., '

Addnﬁss_and,data latches

___53.__ _Address_and data information_ for fade processing is latched (IC
24,21,22) under the control of the SYNC luS monstable or the stretched

— CLX-resulting therefrom (para 52).

—Address-—decoding

— B4, Address..decodi m (ICT13,14,15) tonverts he add fe,s-SQS_.A_ (;ﬁ_:_A_S, (e C}\Qd_gg Iczo,
o approjiiale conteol Cod2 fer U100 The address decoding can be considered in
___three parts. ;

(a) Addresses @-7  are wsed -to " set up the system
paraneters used by each channel.

(by Addresses £,9,8,8 ase owtput tack cycle with The sfore Levels for
AB,T,S.  When owtpwt n 77\:_;.‘{” ord er 7’/\63 allow the Cross“la.de, codesd it
fo occwr. Multiplecer 1€ selects the appropriake masterng Level

‘ whdst T¢9 allows the eaclier Ao T reswlt fo Ae added to the
next owtpub. Demultiplesecr ICIO 's enabled to save e resunlt.

(¢) Address C (s used as ‘z‘Le i'm;J awépeot_ —{w CoMPafcs.a,\ wifh

tho selfe koo ana/03ué lovel fev D/A conversion . Addhcsses d st
are unnsed and acddregs F ;s used ‘o P-ou;cte, a @St Scéna;(. 6""@-’3

system 'cac,(g: Aoc oScCLLoscDPg, t“;gj@—ﬂrg-
55. \Sn axoL@- 1"0 Z2aSure ﬂua,t a cl\annaé of\'i',{_q, 40;4.\. Péh{' oi’i?’n Mane,

uos&fn\ Aers (s correctfj Oon%r*élleo!,, e PIA @ loaded with the f/&.j 5

(f the clannel iy on o DOWHN 71;,15(_&) andl Cemses mWéét;éstzQ_r raleX

( W swtcdl & ‘[,-{_a Correct %ad@; ma,s‘f,'-é’,ftr.\ﬁ.

- .
i i em

. Ii"A_ oy s

20> .
7 ° ' 'ISSV‘QW



(P

(ﬁg 2.2-3 to go n& near /-\u\e a8 Possré/e)

__—“BISIEBE to 56516565 r/jéaé"reglsters— Fag 2 ey 3

( 56. Tnis is ba,lcally a configuration of 16 analogue registers, shown
_____as.one_block on_the functional bleck diagram fig. 2. 2 4 and eXpande in
fig. 2.2.3. It is advantageous to consider it as one entity, as it is

. the_central hardware structure conc“rned with supporting the fade

processing routine. T

57. Qerrlnq the fade oroceséof cycle routine (Table 2) to the
__hardware (Fig. 2.2.3), the first consideration is the digitising of the

ci N

faJQf levels. ultiploxer 1 (1CT8) is addressed so that the FULL ~
. reference (SVL_is_choseQ,and_us 2 as a digital to analogue controller

for ICTI6 which is input by all 1/s from the prograﬂ. The analogue”
output_ thus_represents _Zfull’ and through a summing circuit (VTI,2 IC4)

1% apalled to demultirlexcr 1 (ICQ) IC9 is addressed so that the

T faocrs Tno fader levels are d1q1t13ed u51nq ‘a successive
approximation technique (para 48) and placed in program store.

58. HNext the digitised settings of the A/B faders and the progress of

the T/5 crossfade (togsther with their complements) are successively ™
utput fron the program. Then they are dlgltal to analogue converted

T (ICJI6Y, individually selected by demultiplexef ITand the analogue

leve;% Ieli_on their individual storage capacitors for the remainder of

the cycle (Cl4 — CiI9). The meter level for the currantly selected ™
channel is similarly treated.

59. Having set up the cycle parameters using 8 of the analogue

registers the other eight (demultiplexer 2, ICTJ'and multlploxpr 2y

IC7) are now used repetitively per channel
____as described n paca S4. . Channel crossfade
~ calculations (fig. 2.2.2) are performed at this stage.

for

. 60. Six steps occurjzach channel. fistly he e flag Sfore ts loaded tnto the PIA PRB e

tbis output from the proagram and ° 'multiplied by either A/8 UP or A/B DN.
Multiplexer | €¢IC_8) is acddressed so that the appropriate multiplier 1is

____applied to the ref. input of the D/A converter (ICI6) to perform this
step. The result (A X A/B) is temporarily stored on C 22 by

_~_<;L,m~(_l_t1pl exer 2 ( I(‘_IQ)) -

-t 61, Next_the B store_ ls_ouiput flpm_ihe_prpgxgm and thls is similarly
multiplied by the agproprlate complement fader level, A/B UP or Al DN
~ throuch..IC28 and IC_16._The result (BX AJB) now has the previous result
(A X A7d), passed by multiplexer 2 (IC 7), added to it by |
_IC 4, This _gives a. flnal A/B product of (A X A/B) +
(B X A/P) which is passed throuqh demultiplexer 2 (IC 19) and stored on
c21l

.___;62f__steps_{our mand“ffua_perform_ibe_ﬁame calculation for the T/S fade
calculation, its output being stored on C2@8. The two results,

—_—representing.fade _proqgress_from_A to B and from T to S _are combined on

a highast-takes-precedence basis (IL%) and applied to the GM (output)

fader—as--ils-Lop.reference.. lBVLl o o

____63*__F1nally“th° resultant output from the GM_ fader is digitised and
placed in program store in order to keep an uo to date record of the
— STAGE level. Because this is. a. lengﬂg) process in terms of channel
time only 19 channels are selected for this process each cycle,
_together with_the currently metered channel. Qutput level d10111f1nq>“"
uses the sam2 process as the fade dlo1t151nq (owra 57) 5 FULL is
__selected as the D/A feference and 1/2 LSB offset used in the successive

approximation techique (para 48).
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64, Fader controls on the front panel have their drive (top) levels ~
~___adjustedmbymthewprocesseswdescribed“inﬂﬁhcWPteyipuswparangphgi
( wiper levels are Input to the motherboard and undergo the follg
' processing. ' o

_Fader _
wing

65. Tne A/B UP, A/B DOWN and T fader levels ara all applied directly
——to a multiplex.selection.stage (1CC6) while the output (GM) fader,
after heing conbined on a hiqhest—takes—precedence basis with the
~——-analequez output fronm the manual fader wing (if applicable) (ICT5)
become the channe] analogue signal. Channel analogue is the prime
—-—0output along with the_current channel number and is passed to the
channel boards to be demultiplexed. It is also knowA as STAGE, and as
——such is also.applied to_ICT6,

856, The mUltiplexm5§l§qtion,orgéﬂi§ﬁdmbx_lﬁ:@"iﬁmaddﬁessed by bits 2
and 3 of peripheral bus B of the PIA (Para 45 and Table 3). The ~ ~—~———

——Trequired fader level is thus selected for the digitising process at the
A/D conparator (ICZ3) using the successive approximatioh"tethiﬁﬁé“1paré"

_“__48LLNIhe”companison_iswsensed_at_byhbitmzwgt_BRB.pfnjﬁg PIA.

—f———PRE OF. PIA

. “‘”““‘““'5;;Liaé?fitni"ifﬁﬂi“iiitiri?féi&i?f?iﬁ“‘“““““““‘“““ T
- |-BIT. 3 | BIT 2 oo e a I
—t—% |4 | STAG Flevel, whose parameters have Just

, ' been output
—t—Y {1 | A/B UP fader

I 2 A/B DOIN fader [ -——
—d T feglor, o o S
Table_5“__WBEQTEIEQEEBF"EEIEEETBH‘EBH?EEEEanm“

. Flash facility

operation is encoded (by transister VT 27 on the motherboam into the

___Irgnt_paneL_maﬁtix”format,“and_henqehrgggugg_gmggqtggtnpy the program.

| It thereby allows the bringing under control of all those channeis

“5_7_._4'-'-&1en,,_me_j__l.a_s_h_s_uitch___,i_s,__e_ngaqe_q,.,gi_tner_Ey LL or OUT, the

e channe
neediug_;o_ﬁﬁ_ilaShed-"Bii_SMQnmihemgﬁfjﬁbﬁzél_?us B of the PIA,

representing the channels selected for channel controi, gates the ffggﬁ——

comnands (ICl1). FULL is aoplied tothe GM TOP line and OUT 1is appfféai”“‘
to the Gi FADER wiper line. . ,

Program Cycle

68. . A fade processing recurs up to every 36mS. This
is controlled by a 4mS multivibrator IC 27 which provides a regular
——Lnterrupt via CBI and PIA action for fade timing and cycle timing

control, Normally, at the completion of an output cycle, I to 2 periods
——L4=8nS)_is allowed for other processing (e.g. contact / mimic, VDU
updating etc.) before the next output cycle is commenced. PIA CBJ

_f?_outputwis»usedmto_inhibii_IhewmuLLiuthaiﬁr_

and_interruot triggering
during an A/D conversion.

(
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. Channel Strobe. ' i

(

69. lonostable ICC24, triggered by CA2 from the PIA, produces a 744S
pulse timed to_start 2uS in advance of the channel bus lines being
changed. This signals that the analogue levels have settled for the
—— channel number _now_outout, but both will shortly change and should be

latched now. At the end of the 72uS the new channels number and level
will-be_set_and sampling. may_commence.

—=Hinic=0n-control

18+ LED. mimic displays are driven by program control of bits 1 and 5
of peripheral ous B from the PIA which contains the flag store for
——each-channel._These_bits designate,_for _each_channel, that the LED

mimic display should be on and whather " it should blink.
\
(
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_ Contents
Para
General L ]
Detailed description 3
- Illustrations -
DUET desk : SK 'Erogr‘aFn"é:_érJ"i"""”“"""“_F'i'EJT .
——.functional_block.diagram ... 2:3-1 L
- . . Iables _ N
Table -
Address area sslection . e
Gaparal | —-
lL.__Th2re is _ong program card used within the DUET desk system. It

olugs into the motherboard bus structure and provides all the”
—_1ins tructLon data to enable the microprocessor on the motherboard to
perform its normal control oroqram. The program card is normally
— pluggeed_ into_slot | but can be plugged. 1nto_apy_of the twelve slots on

the motherboard, bearing in mind that slots 7,8 and 9 are also “memory
__cord allocated. awd slots 12,11 and 12 are also channel card allocated
(Chap. 4,7) but may not all be used for these purposes.

the program card is made with reference to the

_fig.. and to the circuit diagram.

2. Description of
2.3.1, ¢

__ functiopal block_diagram,

ailed _descrintion.

3. Address block selectlon for the program card is achieved by

AlS w1th wired llnk selectlon AP]3 "AP14, APIS thereby allowing card
operation within the dessignated 8K address area, normally E@@J = FFFF
(Teble 1). When the address matches and valid memory address (VMA) is
true, clock (CLK) with read/write (R/W) enables two thlngs to occur
during read-time:

(a) the OK to 7K decoder (ICI) is enabled,

appropriate PROM to be addressed
(b) the output control gate (IC15,16)

thereby allowing the

is opened thereby allowing

PRO: data onto the data bus. DO-D7 ™

Table 1

78032

Address area selection

Address Patch AP15 AP 14 “API3
E@us - FFFF OPEN COPENT T TOPEN |
Chus — DFFF OPEN OP EN LINK |

[ssue
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(
4. A threc-line to eight-line decoder (ICl) decodes the ;
______mircroprocessor_address_lines Al®, All, Al2 to the appropriate one of
" eight integrated circuit PROM’s (IC3 - ICI#). One PROW is thus enabled
____to._output the_data programmed at the address defined by bits A9 - A9.

5. The_PR0#’s used. '~ __are_electrically programmed and can be
erased for re-programming by strong ultra-violet light. To aviod this
- _haooening.do_not_sxpose_the PROM’/s_to strong radiation, sunlight or
otner source of ultraviolet. The PRO!M’s are supplied pre-programmed.
when on_a card_referenced 16%1_S _they contain the standard facility

7%03
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Sect 2 _Chap 4 _ KEMORY CARD (1642) -

_ | . . __ Contents . - bara

g Ge. %tal - — ‘ -_'_\m\'__
Detailed description 5 :

- Illustrations . Fig. T

DUET desk : 8K memory card

— functional block d lagram = 2-4-1

—
Tables - -Lable
- Memory card positions T T ——mem e, P ——

Ganaral

. HMemnory cards come in two capacity options, 4K and 8K, an&MHSFhélly
«accommmodate_émbiis“oimmemory"Qn“data_lingg_D;:QZ,,Ibgy_are_allocated
three slots within the motherboard bus structure, these being positions
—43,and. 9. So_a_memory. capaci Ly _ranging_from 4X mi nimum to 24K maximunm
1s possible. #iring on the motherboard decides the order that the three
-—mcards“positionshana»decoded_within_the_micropngggﬁsor adgressing area,

and thus makes slots 7,3 and 9 unique when memory boards are plugged =~

____ . —_—
_——_2,MmMemory_cardsmmustmbe"inserrad“as_iﬂvlablg I

\

—_—

. [ Capacity Posn 7 8 9 e
‘_‘4;\;——‘—“ T 4K oI T o
- | _ 8K 8K = _ .

12K 8K 4K - -

— 8K 8K 8K = - }
24K 8K 8K - 4K o .

| 5k 8K 8K 8K -
=l
Table 1 Memory card positions I | __ ““

\ / . ___~OR
o ‘\. 5 "ﬁ.*——'_ - —“".*-"— Ty L T s ety AL e T —, e
r 3, The motherboard wlring, in conjunction with exclusive|gating with
each_mggg1y~ggggi_§3§g£g§m§j@j the cards commence to be &vailable at
the following addresses _ ' _ e

Card Slot B — .- Starting address

\g\;\gg K (4003) o
8 : 24K (6009) - - )

—_— . 32K (804
) . . *%\\“‘__“"

4, Description of the memory card 1s made with reference to the -
functional block diagram, fig. 2.4.1,and to the circuit diagram.
=k 0NaL 9.0t ~-t 2 S0 20 the clrcuit o

(,£03 [sswe
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Detajled descrintion

> 5. _Address area selection is achieved by exclusive -OR gates IC5

conparing the microprocessor address with wired parameters from the

-motherboard and_thereby only_allowing card operation within the
designated 8K address area. #then the address is within this area,

—claock, . tagether_with valid memory address (VMA) enables three things to

occur

(a) the 0K to 7K decoder, (ICIl) is enabled, thereby allowing the
RAI to.be _addressed_ _ T _
(b) the input/output gate (IC3,4)f brought under read/write (R/N)
———control thareby connecting_the RAM with the data bus, D4-D7

(c) A 1uS monostable IC2 is triggered to slow the microprocessor.
This.allows_for the slower response _of the memory devices.

6. The RAY _array is organised as eight 1K addressed columns by eight
|-bit addressed rows. For a 4K card only the first columns are filled ;
for an 8K _card all colunns_are filled. Columns_are selected by the
appropriate output of the 3% 8 line decoder ICIl and address lines A4
—( _to A9 are wired_to all positions.

L. _Fach row is wired to one dataline, D3 to D7, but since the usual

memory requirement is only 6-bit, rows providing D4 and DI are left  ~—~——
—hnfilled. There are pull-up resistors on the memory device output lines

and non-inverting data bus gates are used, causing the device data to
be low-active. This ensures that missing devices return 9“s whe
addressed. : .

8. Power for the RAM is backed up by three nickel cadimum rechargeable
batteries which provide 3.6V. In_the event of power failure or shutdown
they ensure that memory contents are retained and data is not

—— corrupted.

9. ¥With +5V available it is applied through a series switch VTII to
provide the supply designated + BATI. Upon power failure VI9 and VIIY

act to switch off VTIl and the supply is now provided by the battery

via_D8. At_the _same time VIO switches off VTI2 which provides, via_
VI14, a power fail drive which operates on the reset line. This
A ~Iphibits the_strobing of RAM addressing _and the writing of data into

RAY. o

19. VTI3 and associated circuit senses the _ ~level of the +5V
——supply._ Should_this fall below +4V (approx) VTI3 switches and, via
- VT4, produces power fail drive.

1. BSEE;ry charging is achieved from the +15V sdpply via D4 and takes ~
—place whenever power_ is_applied. Charging takes approximately 12 hours

from a completely discharged state. Batteries are subsequently kept

—_topped up_by the normal process of having the equipment running -and

will last fora mnimum of | month without power.

7¢07 lssue . _
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_Sect.2_Chap 5_ . SCRIAL LINK CARD_(16%5) N L
( Contents L Para
... General . — _ L .
Dzatailed descrlotlon T
o Control functions . . 4 )
Indort — ACTA operation 9 T
e [ Riggecs interface cocd A B - N S L
e e . Illustrations Fig.
— DUET desk_: _serial 1ink card : e e _
functional block dlagram 2:5-] T

General

1. There are two types of serial 1ink card, F or R, which are
_within-desk options needed to interface the asynchronpqg data from the

floppy dlsb unit or riggers unit ootlons with the mlcroprocessor

— Pfogrom._Asyncnronous data can be considered in this case to mean

serial data of an intermittemt nature organised by an independent
syncnronsiing _standard. Both cards.are functionally the same, the only

diffarence he1nj thc program fitted and the baud rate selected.
Descrintion is made with reference to the functional’ ‘block diagram and
the c1rcuwt diagrams.

2. The serial link card can be plugged into any of the twelve slots on

the motherodoard bus structure, bearing in miid two considerations ¢

(a) positions 7-9 and 18-12 are assigned to memory and channel
cards, hut vacant spaces at this end of the bus could be used.
Positions 1-6 are multipurpose, non-allocated slots.

(b)_the ten-way flat cable from the desk rear connector must

connect with the card.

3. . The card contains an asychronou% control interface adaptor (ACIA)
— which transaits and receives serial data and control signals. 2K of

program in two 1K PROMs provides a control program which is specific to
____the_gxternaL_dayigg_belng_lﬂtﬁrfaced .

Datailed descrintion

Cnnftn] functions

e area _SeLECLlOD_ﬁDL_tbQ_SEKJQL_LLDk card is achleved by

: exclu51ve -0R gate (IC6,7) comparing microprocessor addresses AlI-AlS

____witb_ylred_llnk_seLactlons AP11=API5S therehy allowing card operation
only within a designated address area. Address area selectlon enables
thres things to occur

(a) tha_dk_QL_LK decode _of the card program is enabled and thus the
program instructions can be read from PROMs IC 14, (5,

(b) the card data input/output gatlnq is brought under road/wrlte
control

(c)__the ACIA is partially addressed at CS7,1 so that it can
subsequently be addressed at CS2. (para 5) o

5. In order to economise on address decodlnq the ACIA is addressed in_
— the last = 8 bytes of the 2K _PROM area and will _respond to any of these

adircsses. This area 1s defined by address bits A3-AlJ as apolied to
( _the_id-gate (part_IC2) which proluces CS2 and cowolates the ACIA
addressing. At this time the card PRONs are inhibite

7@02 ’ I((‘nr.‘-
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—, .. .Card program, presat into the two IK PROMs, is output to the
microprocessor forallbutthe last § butes of the 2K address arca. The =~

microprocessor can read and write the required data and control when

the ACIA is addressed at the final 8 bytes. o -

7. Data qatlnq out of and into the card "is on a read/write basis” aL
clock (CLX) time during the selected address blocy (ICI, 2,12).

Ry I -

8._ _Cleccking, for_tne ACIA_to handle the data to and from the external
serial lins device, Pternally generated., A crystal oscillator, ~—~—~°

— followed by divider stages (IC|3% ,19 ) produces nine baud rate
frequency options which can be selected by links via a de-multiplexer

IC20. _Full details of baud rates available and the links needed to

select thesm are on the circuit diagram.

ACIA oneration

9. Tha ACIA operates when its address.inputs CS%,1,2 are satisfied =~
— (para 4,5) and_thereafter_the microprocessor can_ converse with the ACIA
on a rﬂﬁd/,rllbe basis at two addresses defined by AY. The
microprocassor_sees the ACIA_as _two memory locations tobe treated in

the saine manner as any other read/write memory. AW and R/# define the
following_internal registers_within the ACIA :

;=

(a).._control register . - ‘write - A0 =0

(b) status register - read — AG =93 -
(c) _transmit data register - write - A0 = 1|

(d) receive data register - read - AU =1

1¢. The control register is an eidHE"bit write only buffer which
controls operation of the ACIA receiver, transmitter, interrupt

enables and the request-to-send control line. 1Ihe projgram sets uUp and
controls this register as required.

11. The status register is an eight bit read only buffef which informs
the microprocessor of :

(a) the state of the input lines CIS and DCD
\ (b) the status of the transmit and receive data reﬁlsters and
. (c) the interrupt state of the ACIA.

12. #ihan A% = 1 a data byte for outputting can be transfered from the
microprocessor to the transm it data register during write—-time. It 1%
subsecuently converted from parallel to serial form for output.
Conversely, during read-time, a byte of data previously converted from
serial to parallel form and held in the receive data register, is
passed to the microprocessor. ithen a .complete byte has been received
from the_paripheral unit it generates an interupt regquest (IRQ) thereby
asking the microprocessor to accept the data. By inserting link INTP

—  this can bscome_a non-maskable interrupt (NMI) which establishes it as
a higher priority, if required.

- e

3. Output to and imput from the serial data interface unit Is uia
bufter stoges IC 21, 22. '

Rigqess interface cacd
C 4. An additional interfece cord | locotted on the rear F{U\QC s used

Cor\Juthlor\ lulfh /4{7 (Q) \}e,fs‘(oﬂ Cbl 7%{5 Cacd . 'r/ws maotcles 1 ,"\L_ 3V O}:Qraf(r\\)
levels of e fggers control wilh Swjhai and. threshold lovels of o ACTA (see
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Sect 2 Chap 6 -~ VDU INTEREACE CARD (Iguiy ————— S
TR — ————
- Para
-~ .
General

Video display concepts i
Detailed description

- . - \\\5— y .
Hicroprocessor interface 12
Two-paqge organisation

—— 13
Internal timing -
Character generation and output 27

\\

Figo,

) - Lllustrations

Composite video output 2.6.1
DUET desk : VDU interface card : o
functional block diagram 202 B :

. . — . lables

Line and frame £EEEEg T
—Character _generation PROM contents

Leneral :

e

S .\A_V_D;U__i,oht_g,nf;a_cg&cgr_q_,_i_s,__;_, iired to fee | min formation from the
microprecessor routine out to a video dis 1t, 1T the System o —
chlude§m§hi§_particulazﬁggﬁigp, szhicroprocessor address/is allocated

to this particular operation  tn which _—_fﬁsfrdéffBH‘aéfé—ténjﬁé‘?ééd“énﬁ_'

charecter data can be written for display on & uniquels address ed
position on the screen. The display consists 6f*¢HaHﬁéI"dété?“fbgéther """"

%Vﬁdl_Q@§KﬁiﬁatUS<lDiQI@QEJQDJ_Qil_Qi_ﬂﬁiEﬂ_iﬁhSQQYerted by the card t

a standerd video output,

2. The VDU interface card ig_inserfga—into one of the ETBfEmTv'i"fﬁ_i'ﬁ“t’he"~
mOthQLQQQrd_bg§~§££H£§9£9;_AQX_EJQE;E?ﬂmée used, bearing in mind two
considerations . T

(a) positions 7-9 and 10-12 ares aSsidﬁga_fg_hemof?fgﬁafEhanneI'-—”““'
_______Qélgéi_pHﬁ_!égéﬂﬁ_§R§9?§m§ﬁmﬁﬁi§_ﬁQQMQf_ED? bus could be used.

Positions 1-6 are multipurpose, non-allocated sIots.

(b) _th“ng§g_gg§py§mg§pLgﬁfrom the desk interface socket must

connect with the card, I T

3. Description of the VDU interface card is mads
functional block diag ra

with reference to the —
m_and to the circuit diagram. ‘

.¥lQiQ_dl§QLQM=QQQ£§QLEN__

4 Th@.MiﬁéQ_EQ_Qﬁ_diSPl§X§Q“i§_9§9
Dy the VDU interface card. T
——Mmonitor with its own pos

the following functions
= e —
(a) At its allocated_address area

§D1§EQMQXEED€_QTPGF?TMaPQWRIES?UEQQN_
he disolay unit . is simply a CRT video
VeF_EHPQAXL“IDE-XQQ_QDEE££QEENQEId undertakes

TJYfoﬁ?_fﬁEm?iﬂ§Péi?f“§i5?€???ﬂ§6vVDU'“'
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progran 1s read by the microprocessor, B B
—.{b)_ _The _’_”i_C}fOp_lf_Q_CAe_SSQr"_ﬂ_C_i(_)vu'jIlC_)_L_J”_t_eS“ the data required and deposits it

as a character code in Fandom accesé""m‘ém'é'f;}“_dh"‘lﬁ'é'"'cfé'fEJT'“'\““"“~—“‘
\___(_c_)_wlnt_urna__l_h_-_’g_»_iminj,V_~y:‘r_11'___c_h_def‘i‘_n.es line and frame scan\timing, also
co-ordinates data Memory storage and retrieval ang ‘then conteolg T
_(.___\it,s,_appli_cq.t;,i_o_n_ _t_o_..th_e_,,_c_b_a.,r_a_g_ter_,g,ﬁfﬁ_?rf?.tﬂ_-__ﬁéﬁ display is now
Indepenient of microprocessor control. I
___(,gj_)_____C_harva,ct__eAr_s,_“_a_r_g»__pu_t_py_t_____@___sﬁ__a__ series of dots in sychromism with

line and frame time and are output to be built up by the CRI faste;"

————in_the video disp lay_unit. .

—-5.—_Display organi sation_should be_consid ered_on_two counts; the

conposition of individual characters and the data presentation over the —
——=~entire face of _the CRT.

—_—

—_—

seven nigh. An extra dot space 1s added for vertical characfer
\sapar_ation,,am_Lthr_ee_,_l,i,_o_e___s_rg_a,c__e__§ are _added (one above and Ltwo below)

for horizontal separation. Total character space is thus & dots wide
and 19 Jines high, - o

. B
7. DUET vi deVo__dLsQlj}_..y_U.D.iLD‘I’E'_S_G_D_’CS\_Zf}_I‘QW5 of data, each row

—

containing up to 64 cheracters. Thus the usable CRT frame consists of

—~ 743 lines, each line h aving 384 dots.
: -_—

— ~—Vdideo presentation_(wh en_53 Hz i S _the input supply) i S__
traditionaily 425 ] ines of interfaced information, i.e. odd lines are
—P¥esented.on one frame_and th €.even lines presented on th e next frame

thus giving two interfaced frames of 312 1/2 lines, When 64 Hz is used

— 225 lines of_interfaced presentation is the norm.
on_is —nere.

— 9., DUET does_not_use interlacing; it refreshes the entire presentation

eévery irams. The frame thus consists of 312 lines from 50 Hz, or 262
__LLD_E_S_f_I'_Qm_Q’_E_ﬂZ_.“AS_Z‘P@ lines are required for d_a_t_a_gresent_at_ign (para

—6.__Individual characte Ls_are bullt up as_a dot matrix five wide and

7) there is (respectively) a surplus of 72 or 22 lines. & common line
time Of_é_‘l__,us._LS_Uieﬁ_-_.i..v_D_b_QfC_h‘,_C_E}_S\@S__a of which SusS (s used 4o dc'splav The
o4 (—Amac‘t@s’ The femal'h\;xg) {_—Uhe Befng talken B‘c) 20 durnrnj CAarA.d'e_rs.

19. So far overall times and uséfJlmE'i—'in‘e-s—’ﬁé_v"éwﬁﬁe'e'n_’_s—;iééi‘fi"éd""W'it'tht

—consideration_of the lost time incurred by line and frame flyback.

These are absorbed into the surplus time and blanked
1 time. Total times_are examin ed_in_ Table |

,wélth'With unused

C i . . , _ . _ -
Line T(m;,,\g : Frame, T«'m(ng (50 Hz.) - Frame -TI;T\U.\S (éo #z)
- .
e Mowhon | Sueth T Gty Rllocation
0-63 Dokan 0-23 Dota 0-23 Dato.
b4 -69 Space - Hankect | 24-2¢ Sro.re,— blanked 240, 24| Fran\o__ :t nc
' . ' L P\\(SQ -blanked
To -7 Linz SSAC‘PVJS& 26:0,261 Frame Swnc. Ler
~ blanked pulse ~Lla, ked | 24-2~26-2 Fljbz’ckk(l;’\e
76- %3 Fl:){w»ck_ time 26:2-271 Omutted Tante
- blanked, 271-2-29. F(L\)'oadc time
| = blankeq
( 29:2-31-2 Spore - blankel

Toble | . L(.ne and. fr‘ame t('rr\(;'\g
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——11...The counters_which define the parameters of line and frame must
also assemble the data for dismlay only at the valid times. It must ™ =~
( —._also,. .at the setting of a 54 Hz/64 Hz stiitch, be able to adapt the two
frame requirements to a common data handling format. The following
—__paragraphs descrtibe how this is achieved.

__De2tajled descrintion _ e o

. dicroprocessor interface

— 12, Links AP11=ARi5_(as_selected during commissioning) define the
address block within which the VDU interface card operates (IC3,5).
——itithin_this area read_and _write control (IC23), at clock time, allows

the card program data in PROY to be read by the microprocessor and the
— - required data from_the microprocessor to be written into the card RAM.

__ Two=paje organisation__

——13. Ihe oX of RAM 1is organised as two 1K pages each with-its own data

input/output gating and address line switching. The addressing is ~
( organised _so that alternate characters along a TV line are contained in

the alternate pages. This means that as character data is output along
a_line, it is taken from alternate pages each character, leaving the

other page frees for about 7847nS. During this time the other page is
available for writing by the microprocessor, and it follows that any

location in either page will not cause the microprocessor to wait more
—_than two character spaces before a complete character time is available
for writing.

T — e e . ~\
4. The locally generated bit CTR_9 is the controlling, switching and™
synchronising signal used during the two page operation. Ten two-way
address line switches (IC27 to IC31) controlled by CTR@ altemately
switch the two pages of RAMY betﬁééﬁ*ﬂT:KTﬁ‘éﬁa_CTRTﬁ:CTRTﬁwaéfE—ThEGT_'
and_output of the RAM nages are switched between pages by CTRO as is
the write enabling (WEJ, WEI) of the RAM pages. T

15, ¥iriting of a RAM page (ICIl,12 and 16) commences with the input of

a write request from the microprocessor on the R/W line in the defined

address aresa. Two monostables (IC16) are triggered; the first produces
——a sync pulse to 3.5 uS which it returns to the microprocessor,

N and the second produces a 20 nS write delay pulse which inhibits the
start of a write cycle until data is settled. Clocking is the result of
exclusive —OR gating A4 and CTRY by part of IC4. This synchronises the

— beginning of RAM page availability by clocking bistable ICI2. '

—+H6.—This-bistable, now clocked and set, _gates the write—time signal
from the character timing counters (para 18) and uses A{J to enable one

—of the two=page write enable signals (WEZ,KE1) (ICI1). WE® or WEl thus
latch the microprocessor data into the RAM, synchronised by the timing

—ofCIRP. when the write-time signal terminates the production of HEZ

- and #El it clocks the other bistable within ICI2 (previously primed as

—the first bistable sets)_and its_output_ terminates the sync pulse thus
allowing the microprocessor to proceed ICI2 to clear.

( %23 _
{sSne
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Internzl timing

i7. Th2 purpose of internal timing-on the VDU interface card is
( inraafold & - ‘
= T - — T “\__‘_ i

———{a)__it provides a character addressing sequence to extract
' - =S - T
cnharacter data Sequentially from the 2 page RAM
(b) it orovides line and frame -synchronisation for the CRT in the
Lovides 1int - 7 i &0 ENe

displé} unit ]
—{c)__it sdjusts the timing used for CRT drive and aoplies to it to

Gata handling (after it is read from the two-page RAM) in order io
it data presentation into the valid times (Table 1)

- _A _basic frequency of 7,875 #Hz is pr ovided (by a crystal

1 8.

cscillator) as the basic dot rate frequency for character generation. —
pasic frequency is applied to a + 6 counter (part 1C24) which T

ines the numpe(”oiujot§mwjﬁhinra”characte; width. A bistable (half

6) is toggled at this divide-by-six frequency to provide a

&

ce=time pwlse nidway in_a_character space.

s (IC32,33) provide a divide-by-84 count to defife the number of
Lers pet_rgwhhgg_gpynﬁanpfmthe_§4_arghgggerated as° CTRO - CTR5;

thesedefine . the vertical space into which data is to Bé’iﬁgéfféd;'ﬁmj

d_by the RAN _to provide the column addres s.for the character rea

- bezcoding of CTRY - CTRS and an overflow bit defines the timing of ~

asr events within a line cycl es i.e. flyback, blank time etc. (Table

vinqmdefinedﬂihennumber“of.dots,perwpharactpr the next two

are i3

5

|
i
|

bDistable (part IC26) sets at a count of 24 over the 864=count and —
s-down.the_line counters to start a new line. Another bistable
IC43) sets at a count of 6 over the 64-count to provide drive for-
lnes-per-character counter (I1C49) while simultaneously delivering

A
A
*

=

f o

D0 |-

T
1

[NV RN}

VUNE f" N

ine sync pulss onto a composite line/frame sync line.

[

21. The lines-per-character counter (IC4¥) Is WiFed to deliver a
—Li¥=count_to the character generator and EDED_EIEQQGZ“ED?‘*M“da"bwﬁwhmeC

counter CTR6-1d (IC41 and part IC26) which is used by the RAM to
provide the row address for the character read.

—22. To diffenentiate bstween 54 Hz and 64 Hz operation-<,
{ o eEERRE . o= L e i i .
E e o ‘a count jump is organised between

the second line of count 26 and 27 (50 Hz) or 24 and 30 (65 Hz)— Tn—
this way the line format is switched for 50/62 Hz operation while »

position,

naintaining the displayed data in a suitable

23. And-gate IC3573NHEEBHE§-Ether'row_EGUﬁf‘24“6F-26, as enabled by
cenirolled inversion of the 2/s count by 1C45/43. Frame blanking is

provided at counts over 24 b AllD-gate IC35/8,

SN

24. Thz tvo bistables within 1C44 are ciockad two Tine sync pulses —
later (which uses up the two extra lines within the frame). The two
counters (IC4Y and 41) are reset tdwfhéffjéngfIﬁﬁmﬁdiﬁf§”5ﬁm5ﬁ5“_“?::i
Oisteble wnile the frame sync pulse is produced by the other. 1C4375
conirols the timing and lenath of the frame reset pulses clearing them
at the end of45_TYH§_§§EE—EUIEE‘T55Y§~2JTT"TH§_ff5ﬁE“§§hE“561Se s
Ciiﬁlﬁg_iﬂ@_liD§_§XD€“QPLEE“EDﬁ@fﬂﬁlﬁmlﬁﬁ?ﬁ;_ugwmnﬁ e e

. | [ssue
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~—25. _Frame sync pulse is combined with the line sync pulses to produce a

comoposite sync line where line sync pulses are short (4-2.u5)
sync.pulses longer (54 _uS, approx).
( [C43/9 by line sync decode (

frame

para 24). ilnen frame sync is produced, the ™™
——setiing of 1C43/9 is extended, via its preset input, which is dr
sync plus a row character decode of

____gﬁﬂducadwfot“tﬂD_liﬁQ~SXDQ”QHLﬁﬁ_iOtQKY@lﬁJ“§fOP5

between character counts 64 and 75,
Lhis 1s so that line _sync_circuits in the VDU can be refreshed. even
thouch a frame sync is current.

12 at 1C35/12. Frame sync,

—netywork C27 and R44 and the exclusive —OR action of 1C34/8,

26._.iine blanking
frame blanking,

— are cgonbined by

Character generation and output

lefine

271. _Theo RAM information is refreshed-as required by the microprocessor

but is repetitively read out from the RAM every frame of CRT scan. CT

AL

e e
ined b
|1

and frame ™
_Composite sync_is produced at

iven by

The interruption is brought about by

y any count in excess of 24 character rows,
tQAgngngosite blanking instruction.

buOm&

defines which page of the RAM is gated out and whether the

RG™

, ~Microprocessor or screen display countrs address tha page.

—both pages are gated to

Outputs from™

gether and refered to as VDOZ@—VDOZ7 (video
data outputs). o
hddrass Chocactor Aderess |Chacacter | Address Character| Addiess | Chacacter
% a lo P 20 Space 30 @
[ A R 2zt 3 [
2 % b3 R 22 " 32 2
3 c 13 S 23 3 33 3
4 D T | 24§ 3 4
5 £ s u 25 % 35 . 5
.6 CF L e V2 & | 6
0 G 17 W ) s 37 1
% H 19 X 26 ( 3% %
5 1 19 Y 29 ) 39 9
A 3 IA oz 25 ' % 38 1
® K 18 - C 2.3 o+ 3 3
b e N e 3¢ <
) M 1 3 2D - 2D =
B N e N 2E K 3€ >
F © 1€ x<?m;€§ 2f / 3F 5
TO.B(-@ z CI’\arabt'er aQnera'fc.On PRrom tontents
74903 I

issue

— .,

—_——

d by any count over 64 character widths, and
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._SitsmVDQhﬂ:MDOq5_seleCtMOHO_quQﬂ_PTogfamm?d“Chafﬁgt?ESf_IheSe

2=, e LS
" consist of 28 lettars, Il figures 26 symbols and a space. Full details
___0f character_gen2rator coding 1s_given in Table 2. VDO bits 6 and 7

deiine special conditions which are prosram defined and_aye to be‘ .

__ aoplizd to the character define d by bits #-5. These special conditions
 ar B :
- e .t Bit 6  Bit 7
——— &) normal.video = g —e 9

{z) dim vidao 1 9 T
————-(c). blink.normal video —— % 1
(<) reverse video (black on white) 1 T

IC3%5,33) are used EEmkégﬁhEBHffélmﬁﬁa“ﬁéfé”éighgléw
S. VD "Qiﬁs>ﬁfSwﬁhgg_addrg§§_the character generator (IC39)
the ten-count output from tha line-per=character counter -
a_21)._Tne characte generator contains the information to

3 .
9
t

haracter, now that it knows wﬁich"éhéfgété?hismféquifed'and“
—1t 1s working on. It outputs, in parallel forms; the six dots
character lina, o

N 3. Two shift registers (1C46,47), serially connected, convert the ———
___thna;:a;_dgig_jgga_ggrsLLglhgoﬁggria}“jorm at the final output. These
rejisters parallel load the character generator PROM data for 6Ag bit ——
t;;gimibgg_§§i§§_5;9b;_jﬁgmtggg;ning bits for the next five dots while
the chzracter generator perpares the next character. — T
21. ©F the special conditions 558ET?EEH_Tﬁ_ﬁgfg_égf_bIiﬁtﬁ_fﬁﬁéfﬁéF“_"_“
#iiitlenping, inhibits the character gener ator, reverse

o

#Sive-0R gated to invert the serial pulses and  dim

2psiies en attenuation to the video at the output stage. In order to —
KeaQ_LQQ_Qim_aﬂd‘£§!§Z§9”Si90@l5_§XD9hIQD99§_ﬂlﬁh the video processing
tnzy 2re double clocked through sections of IC46 and 1036 respectively.

'foioutput is~TV*EE“7§ﬁ:“5§_a€TEVEFEH_5§_VTTT_VTQ“ETEEDs the
it_to OV at sync pulse periods : at other - times black level bias

/) is produced by R47,48, D2; peak white bias (1V) by R49,DT and '
—9:ih etienuation (2.6V peak) by R59,D3.

(FIG 2.6.1 GOES HERE)

-

7%03 | (SSMAZ
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Sect 2 CAEp. 7T T AL BAY CHAMME L CARD ( [673) T T T e e
T T e ~Contents ™ "7 o o o
— Para

____Gengral _ ' '
Detailed description s
Illustration B
Fig. T
DUZT desk : 48-way channel card : -
functional block diagram . Pedml o
- ©Legneral - _ ) - T

, l.- Chzannel cards provide 48 channel outputs from the motherboard

channel bus input, This _is achieved by sampling then holding the
multiplexed analoqgue output for each channel on a capacitor, this 15
— then _used,_wvia a buffer_amplifier, to drive the dimmer. The cards are
allocated three slots within the bus structure, these being positions
—+3ydd—and-12.The nunber _of boards used. obviously_depends on the
channel capacity of th2 perticular desk; 36 and 48 channels only nesd
——ona—soard,-64, 84 and.96_channels_need_two_boards whilst 129 channels _
reguirz three boards. . '

2. Motherboard wiring in connection with channel group selection logic
——on each channel card ensures that the following channel allocations

apply.
Card_slot Chanpel allocations _
) : 1 — 48 .
11 49 - 96
. 1.2 97"_' 129

3. Description of the 48-way channel card is made with reference to
_the functional block diagram, fig. 2.7.1 and to the circuit diagram.

Detailed descrintion

4. Channel group_selection within_the card is accomplished by IC2, a
four—-bit binary adder. The motherboard wiring provides a fixed count

—Tfor_each board. _jihen this_is_added to channel number (CHN_d - CHN_O6) -

... applied to each board from the bus, it off sets the count of bits CHN_

' ;;;:_Qﬁﬁ:émhnd_caggg§_§b¢m§QQg;m§Q_§tart at zero for channel codes of o, A
and 96. The binary decoder (para 5)is enabled at this time.” =~

5. Tha current channel number and analogue level are sampled on Cl to
— €8 until channel_strobe (CHN STB) occurs. This signals that the channe

nunber and analogue is now correct but will change in 2uS. CHN STB i
(7Ju5S_duration) freezes the current data and drives decoder [C6 which,
1f correctly addressed for these channels, enables omeof the six

( ——_denultiplexing switches IC7 - ICI2. These, in turn, enable one or the
output capacitors ClI6 - C63 to be chargedto the analogue level output
by IC5. This can bz between OV (out) and -18V (full),

jnr\ﬁ #
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£. At the end 6ffthe 74uS CHN STB pulse the demultiplex switch is

( opznzd causing the current level to be held on'its analogue "'sample " T
——C#pecitor and to drive the dinmer at this level until revised a
micronrecessor cycle later. The strobed gates ICl, IC3 aré now =
re-cnzned to sample the data for the next channel to be output.
/... Chanrnels are output in a downward progression starting with the
teo channel and dacrementing through to channel | (CHN = @), The —— ——
segusnce_then pauses for 4 - 8 mSAstartinq again.
T e h erg T s e e

jihﬁ_ﬁnelogugnﬁgmgLﬁjp}gxingm§irpuitﬁAgpgrgge from a negative supply

of —1tv provicted by zener diode bl. A Compoartison

with this -1V and a fraction of the =15V supply (=12.2V)"1$ made, S0
that 1f the —15Y supnly drops below -13.5V, IC5/1 and VT2 clamp the

analozue sample casacitoers to OV t6“fnhibit“éutphtihg“ﬁﬁa“ﬁ?afééthtﬁé“"_
dE?QA&%Pl?XQEELJiiEﬁE?W§}Qpﬁl_yia_VTl also resets the capacitors.

7%03 | ) ol (ssue
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Szzt 2 Cazp 30 LED MIMIC CARDS (1607, 1618) " o T
F T T T T T Contents '__.,___.u__ o T
\ B

. Para
ral o - o I '
= ilsd description, 83 way (1847) Y S
=zzzlled description 129 way (1615) 7.
—_— . :
Jllustrations
e e F i g ® e
————~—025Kk 3. 63 . LED mimic_card. s L
functiocnal block diagram 2.8.1
— =+ cask ¢ 124 LED minic card '
functional block diagram 2.8.2

i+ LED mimic cards are an option which, when installed, display by re
—-t=ination belox a_channel number those channsls that are Zon? ( l.c.

e- grester than 13) in the Selected playback (A,B or T) or at tne
——=-zzat (). In addition_any channel under con trol of the channel

cintrol section will cause its LED to blink, if the mimic is on. The
____:eﬁic_aenhalso.beaswiiched_by_themyi&ﬂ_pushei_ill_ﬁQ_iﬁmQQIarLLX___
Sis3ia2y the contents of the playback store or memory.

Z. Ths LED card comes in two types, 64 or 129 channel. For other
chzonel Capacliies, some LED’s are covered by the bezel. The card is
unt inside the desk behind the perspex bezel which show the channe

3. DUescrintion of the LED mimic cards is made with reference to the

fﬁﬁctional block diagrams (figq. 2.8.1, 2.8.2) and the circuit diagrams

22t=2iled descrintion, 67 way

Inceming channel bus data (CHN_Y — CHN_6 and CHN ON) is latched by
streobe signal CHN STB (IC17,18), CHN STB signals, at its leading
y that the channel number and on/off data is now correct but will
:2nze to the next channel in 2uS. Data input Tatching is timed by

Z1

.__Eouz_cbannaLS_Qf_mimig_gatﬁ_are_StOIQd_iD_I?ljv_Q following decode

of C=i 2 and | by ICI5. Each time CHN ¢ and | are both %
——— .-lziched_into _a different_one of 15 4-bit latches, defined by a

n

Szczode of .CHNJ2 - CHN.6 (IC12,14,16). T S
Ci4 and ICI6 do a 4 to 16 line decode of CHN2 4o CHNS (with

applied through TC12) selecting either 1C14 or ICT6.CHN 6
zfinz5 the upper._limit of operation at ICI2 whilst a third input

senting every fourth count (para 5) is also applied. C9, R77
~the timing for the data output latching.

2.
RS

VAR v [sswe
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Detailed descrinticn, 124 way

g___mY.-_Inccminq bus data (CHHCM - CHN_6 and ON) is latched by the strohe
signal CHil STB (1C36,33). Decode organisation is centred around a PROM -
——— (IC37)_which decodes the channel number address to row and column
address which follow the same structure as the LED configuration, {.e.
— 4 _rows of 3# columns.

8. _Tining sejusnce for the decode is established by two munostables of
2uS end 2puS (IC35) which, operating serially, define (firstly) row”
_oparation then_column operation. The PROM contains column drive

information in one half and row drive in the othér Ralf, tAe two hilves
being_addressed sequesntially as defined by the timing sequence line

wnich controls A6 address input.

9. Row descode from ths PRON is provided by data lines DF and DT which
azghprcked_Lthutyo,bistable,latcbes_(JC3l)._A three line to eight

line selection is achieved by IC34 to provide appropriate row ON drive
via VILQL_:_MILQ&myhaQWCHN_QNAis_setkangmrow OFF drive (four alternate

lines) when CHd Oi is clear. The ON and OFF drives are then diode gated”
[ ___onto_ihe“selectﬁd_bitjinputniroulhof_@ji_tha”j—pigm;atchg§_g§jying the

LED’s, prior to thes aporopriate column being clocked by the column
____dﬁ;gﬁe."Ihamgther_bjts_in«theﬂlatchmgfemlgft as set by their feedback

resistors setting thzir D inputs. .

2. Column decode data from the PROK has the CHN @ (Iatched) Input
added to it to provide a 32 line decode, the last two of which ‘are
unused. This is achieved by four 3 line to 8 line decoders (IC39 - 42)
decoding PROM bits DI and DY together with CHN_7 and decodesr selection
being done by 2 line to 4 line decoding of PROM bits D2 and D3 (IC32).
The 3% column drive lines each clock four latches.

I1. The mimic datae laiches are thus the focal point of a 34 X 4 matrix.
Hhen set, the letch outouts light their particular LEDs through

transistor drive stages.

goz
7 ,SS(&G -
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Fe.d Thea § . 0 FRONT_PANEL :

PANEL 2OTH=2R0A2D AND _OQTHER ITEES
(1656,1699,1619,1611)

Contents
Para
Cznszreal i 1 T
“ztzilesd descripiion 3
Illustrations L
Fig.
DUET desk ot front pzanel _motherboard and other
items ¢ Dblock diagram. ]
Bsrayral
This chapter deals with all thoss controls and displays which are
512z when viewing LDJET from the front. Most of these items are
nted on the front panel motherboard and apoear through appertures in

es¥ front. Otﬁcrqcuatndbpendent of the front panel motherboard
nically, but have their elegctrical connections to the system made

1
rcugn it. The nﬂmerical indicators are lik eﬂlse independent of the

front panel motherooard belnq mounted on their own small printed cards

which ars _slectricelly Qonnocted straight to the processor motherboard.

— 2. TDescription of the front panel items is made with reference to the
o diagram, fig. 2.9.1 and to the various circuit diagrams.

3. Functional description of front panel items is included in Sect. 2
—  Rhzp. 2 which._shows how the control and display functions interface to

the nmicroprocessor. The PROGRAM section describes how controls and
— displays _affect _thes program. The description here is limited to the

centrols and displays themselves.

4. Push switches Sill, Sil5 to Si#43, together. with the programming 8 way
Ko 7—‘w—11ne switch_SW2_and the fade-time switch SiW4 are all contdlnegw

within 2n address encoding diode matrix. Selection addressing of ‘the
«_is done_by. Cu4 Jd _to_CON_ 6 and the encoded selection is output on

o= Triv_is

*he POJ D M to CON D 7 llnes. Most of the push switches contain lamps
-are llt by pro"raﬂ control. Ihe fade-time swltch has two

A‘DJ-LtD 1nd1cptes an_invalid memo._ ‘ These LEDS ‘are on a'smalL

[55(\.0, .
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fage 2(2/s,
ur faders; A/B up, A/B down, T and output (grand master) are —
: itely mounted items which connect respectively to P17, PLG,
4 L3 on the front panesl motherboard. The wheel assembly 15'”“"_”
v mounted. It contains a drive which turns a regularly- slotted
slots providiing optical encoding for two light
ecelver devices. The positioning of the two optical encodbrs
as tha sguare wave output of the first must be 9@° T
the szcond (Sect. 2 Chap. 2). The wneel 1nformat10n connects

panzl mothsrboard through PL9.” T

)__4

teric dlsola/s are of the seven segment type with the first digit™
Pu:qno‘/namor/ indicator bennﬁ solely a 1 with + or - options,
Lnreﬁ digits having decimal point options. Drive to the 9=9-

is in binary cosed decimal form, the codina for each fiqgure
NG tne drive to 11uw1nahe the aoproollate sbgments. Both o

displays are -dunted on their own printed circuit card which

s 01rechlv T

to the processor motherboard.

~J
(o]

(55&&,@. -
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Contents i S
Para =

G;heral ]
__Detailed dascrinticn 4 .
Ganzral B ‘ —

1. The power supp ly for DUET is housed in a sub chassis at the back
— left of the desk. It _consists of a vower supply unit manufactured by
Gould which dellve;_ the DUET recu1rements of +5V+15V and -15V from &
——malns _input. Thne unii_is a type MGI 5-294 for ZZJV - 249V operation or a
type ¥NGT 5-20A for 113V - 123V operatlon. . T

2., Lanp suoply is produced by a lamp regulator card which is
—push=fitted to the chassis_at the rear in such a way that four LED

supply monitors (+15V, 15V, +5V, +LPS) and a lanp supply adjuster show
througnh ths chassis and out of the rear of the desk.

_~__3L__Da§gzigtignmgﬁ__he power supply 1s made with reference to the

circuit diagrams of the power supply and the regulator card.

a2tz2iled descrintion

FJ

4. The Gould power suoply unit is separately fused at 3.15A (for 220V)

- or 6.34 (for 113V), Mains_input is neon monitored between the line and
neutral aﬁo its three outputs are LED monitored on the lamp requlator
card. Fer furtner details of this unit, the manufactursrs information
should be consulted - APPENDIX section. '

5. The lanp regulator card uses and monitors (LED 2,3,4) the +5V, +15V
and —-15V delivered by the power supply unit. The lamp intensity control
— (RY1)_is part _of a resistive path between +5V and. OV and it applies a

voltage between 2V and 4.5V to the inverting input of an operational ~
—amplifier, IC1.-1C]_is slow _to react to changes of input due to

associated input resistor RI¢U and feedback capacitor C5. This ensures’
___Lnoa_sLab11lty

—6.—The following transistor stages (VT -VT4) driven by ICI can be

regardad as a unity gain amplifier prov1d1ng current llmltlnq betwesn
—3A-and 5A . for _voltages belween +2V and +4.5V when delivering the +LPS

output. The output is {edback to the non 1nvert1nq input of the
___oparational_ampliﬁien_tQ_estabLLinuth~[ggg;gﬁ;gp_lgggl_

7¢0%3 :
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