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DIGITAL IIITERFACING

FOR THE TYPE 7L],8 SPECTRUI'.I ANALYZER

The lnternal data bus of the Tektronlx Type 7Ll8 Spectrum Analyzer
plug-ln unit may be monltored externally to read out the significant
rtasuresrcnt parameters, and the data from dlsplay memorles A and B. It is
also possible to interpose external corrnands for the control of Time/div,
Span/dlv, Resolution bandnidth, Phase-lock and Band-select functions.

Ho{ever, external control of Center frequency (a direct analog func-
tlon not mediated by the 7L18rs internal microprocessor) cannot easily be
lmplemented externally, and such an attempt is not reconnended.

The 7Ll8's lnternal microprocessor operates from internal RS{ programs
and data tables to read the front-panel control settings and drlve the
appnoprl ate contrll circults, to conpute and implement the "auto" functions
and to read the cen ter-f requen cy control voltages and convert this informa-
tlon to frequency values for readout and dlsplay. There is no provision
for 'handshaking" with an extemal device for output of this information,
however: any external monitor must catch this data "on the fly".

There are tno odumpn comnands which will be recognized by the internal
processor to provide a burst of specific data on the 7L18ts 4-blt I/0 bus.

The first of these, a 'dump front pane1" cormand, will trioger a burst
of ten 4-bit words descrlbing Center frequency, Vertical rode, Reference'leve'l , Span/div and Resolution bandwidth.

The second cormand will provlde a dump of both display memories as a
seguence of 2948 4-bit words, issued at the rate of one every 8p (approx.)
mJcroseconds. A pair of 4-bit words forms the 8-bit vertical amplitude
value (rnost-significant bits ar€ sent first, then the least-significant
blts) for each of the 512 horizontal locations in each a.isplay.

In the 7L18, the converslon and storage of data from the analyzer to
the dlsplay rnmories takes place via dedicated hardware circuits rather
than vla the processor. Therefore, it is not possib'le via the accessible
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I/0 llnes to change the content of the 7L18 dlsplay menorles -- e.9., for
the purpose of displaying external 1y saved or generated wavefonns.

Although lt wou1d be possible to construct a dedicated hardware inter-
face clrcuil to read, assemble and output the panel and display data and to
lntnoduce external contro'l corrnands, the design and layout of such a system
ln 'random" logic is burdensone and inflexible, and would require an in-
ordlnate amount of ECB space and power.

Instead, a mi croprocessor-bas ed interface uslng Just 19 IC packaqes on
an ECB of about 6 x li, inches (as small as 3.5 x 7" lf wire-wrap or point-
to-po'lnt soldered handnlring is used) is suggested' providing fie basic 

.

capablllty of reading and interpreting all intevnal data transfers on the
7Ll8 I/0 data bus, and comnunicating with an external controller via a
parallel 8-bit duplex or bidirectional data bus with handshake facility.
The interface rcquires +5V at about 1A, easily obtainable from low-cost
regulated power-supply assemblies. The interface uses the l'lotorol a MC6802

miircproceisor (with on-chip clock and scratchpad RAt4)' l4C682p PIArs, an

Intel 2758 EPRoM (l/2 2716. A full 2716 nay be used with minor wiring
changes), and standard memory and SSI/I4SI Iogic chips. Total parts cost,
including power supply, is under $259 at the l-each distributor price
level.

The resulting assemb1y is then limited only by the EPR0M firrnvare in
the nurnbe r of functions which can be implemented with respect to retrieving
and processing available infonnation from the 7L18. Additional hardware
would be requir.ed, however, to implement a fulI GPIB (IEE-488) external
interface.

The following paragraphs discuss some of the basic constraints imposed
by the 7L18, and the approach used in the mi cr oprocessor-ba sed interface to
dea'l wlth them. Whether the user chooses to fol low this design or pursue
an independent course, the follovring note should be heeded:

NOTE

(a) The Type 7Ll8 is not sold wlth interfacing hardware (connectors
and cables) installed, nor are the internal Digital Storage Interface
circuits 1P0% tested for external interfacing tirning and logic com-
patibi'lity. Particularly with 7L18's sold before September 1978, some
'lnternal rodifications may be required for satisfactory interfacing.

(b) This interfacing infonnati on and prefabricated cable assembl ies
have been offered at no charge to selected 7Ll8 purchasers who have
expressed both a need for the information and confidence in their orn
electronic design and fabrication capabllities to undertake their orn
lnterface construction. No lnterface parts, boards or EPROM's are
avai'lable from Tektronix, Inc. The suggested interface has been
breadboarded Just once on perf-board to denronstrate technical feasi-
bitity. The inordinate cost of equipping manufacturing, applications

J.
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and serrice personnel thrcughout the world wlth conputer hardlrare and

sofhrare and'training to support such a devlce precludes any offering
of lt for sale as a kit, accessory or product by Tektronlx' Inc.

(c) No external interface facll lties wlll be supported by Tektronix
Seivlce centers. It is recormended that any 7L18 equlpped w'lth the
frcnt-panel Lemo interconnect have the cable and connector renoved
befort' submitting the lnstrument to a Tektrcnlx Servlce center for
calibration or repalr. Otheruise the cable and connector assembly
may be removed ani discarded by the Service center. Their operations
ari strlctly 't imlted to 'as shlpped" configurations of Tektronix
products.

l
l
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1. Access to the 7Ll8 Data Bus.

7Ll8 Digltal Interface

GENERAL INTERFACING INFORI,|ATI()N

Page 4

The 7118 mlcroprocessor I/0 data bus ls accesslble 9{ J4225 and J4239
on the 7L18 mother board (See Senvlce Manual schemattc QQ) *). By use of
'harnpnlcan connectors and tvo 7-wl re rlbbon-cables, thls-bus ray be
brought to a front-panel connector ln the OPTION position. The-panel .therels olnched to acceot a Lemo ilRA-C2314 panel-rrunt l4-contact polarlzed
connector (7 nale,'7 fema'le contacts). A mating Lemo #F-C2314 cable-end
connector ihen mai be used with a l4-conductor ahielded umbilical cable
to lnterconnect with the lnterface assembly.

Note: Because the 7L18's I/0 address and data llnes are un-buffered
llnes with passive pul1-up, the use of a long umbl1 lcal wllI intro-
duce crosstalk and 

's'l 
gnal -il setime degradat'ion, lnterfering not only

wlth external operations, but with the lntenral operation of the
7L18 itse'lf. Tio meters should be consldered the maxlmum usable
cable length, and one mter or less preferable.

In addition to the I/0 bus (4 address 'llnes, 4 data 'lines' an IN stobe
and an OJT strobe)' a sreep-rdnp output, tro sweep-69ntno'l lines and a
FR0NT PNEL INHIBIT contrcl Iine are also avallab'le at J4225-J4230' and

should be brought to the frcnt-panel connector. The sweep-6sntro1 and ramp

output llnes aie not used ln thls lnterface Implementatlon, however, and
mqy be onltted from the unbilical .

*Early lnterim serrylce manual schematlcs contain an error: the address bus

'2'blt ls at pin l of J4239; the o4" blt ls at pln 7 of J4225' rather than
as shown. Later prlntings show the correct connectlons.

2- Data Tlmino.

The data 't ines aval lable are those of the 32 nll0 ports" of the 7L18's
mlcroprocessor. The CPU contro'ls the four port-address lines at al I times.
Slxteen ports arc deslgnated INPUT ports, and 16 are designated 0tlTPUT
ports havlng the same 16 port addresses. Separate IN and OUT lines
itrobe the data for lnput or output operatlons respectlve'ly' creatlng in
effect 32 oports 

" .

For data output operatlon, the port address lines are set ?0 to 129 Ys
beforc the data llnes aI€ set. Approximately 0.2 !s after the data are
valld, a posltive-going OUT strobe of I to 2 ps duration ls generated by
the CPU. The traliing edge of the OUT pulse releases the data lines to go

hlgh aga'ln: valid dati ari on the llne only for I to 2 ps (and therefore

J

J Scan by vintageTEK - Your donations help support the museum - vintagetek.org



must be latched externally for recoqnltlon bv th
At a tlme between 20 and 329 ps aftir the OUi pu
chtn9e.

el
'lse

.. -Ior data lnput operatlons, the address ls set up Zg to l0g ls beforelne rN purse. However, the data are ln thls case strobed onto t'he data
lSPt:tlq IN pulse,-and so ar.e not va'lid unil] 9.2 to 0.5 ps after theleadlng-edge-of the IN pu'lse. The IN pulse ls I to 2 ps ln durailon: ihedata-varrd trme rs therefore only 0.5 to 1.5 ps. The iddress Ilnes may
change at any tlme from 32 to 12$ ys after ari tH pulse.

.If a.slngle external data latch ls used to al'low the I nterface pFoces-
pr.!rm-e to recosntze the I/0 pulse and read tne-daii (ait" iiiir,-i"iole"ea
bv the.rosicar 0R of the IN ani 0rr purses), tirrrg-iimitiiii.i-iiii'Bi'
apprcrlmately as fol I ows:

(a) tine to rccognize an address and start to rvatch for an IN or OUTpulse, 2p ps.

(b) _Time to rcad and process data after an IN or OUT pu1se, apprcxi-mately 44 ps.

(c) tr data are ratched and addresses are not, finr to r€ad addressand data, approximately 32 fs after an It{ puls6.

Sore typical timlng characteristics are shown in Fig. 2 belov.

CfiE BuI'letln 9781 7118 Digltal Interface
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FIGURE 2. 7LI8 EVENT TII.IING

A: Address change to IN or OUT pulse 2! ps mln.B: OUT or IN pulse to address chrnqe 3! ls mln.C: OUT to IN pulse 44.gs mln. ) -D: !f! to QUT pulse 100,rrs mln, ) Do happen together!E: M_to I! lSp,ps min except B, ps ln dita dunp.F: OUT to OUT 32? /s ,in. except 8F ps ln data iurrrp.
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2.1 Data Sequenci nq.

7Ll8 Digltal Interface (A)

- Except under specific clrcunstances, an extenral device cannot anti-
clpate the exact sequence of addresses and IN/0uT strobes which will occur.In the nonrnl course of operation, the 7Ll8 processor may sequence through
several consecutive addresses, thin stop at bne address,-issde an OUT com-
mand, and Fad il a sequence of words fror the sane or i different sinqle
address. For this r€ason, much of the data available from the IN ana iiurports is not externally usable unless the external pnocessor can follow
each step of the internal processor,s program, reading its data andanticipatlng.its decisions. (llote that thi ex[ernally"accessible bus is
the 7Ll8rs I/0 bus, not the interna'l prtcessor,s addiess and data Uusei. )

2. 1.1 IN Data.

In order to detennine the Time/div setting and to pe rffonrr substitutionof external cormands for the five externar 'ry-c6ntrol labie rrnltioni, ii;s
necessary to be able to read Port g IN through at least port 4IN.

. Data-from Ports 0 through 4 and g IN are usually read in consecutive
order on 6 consecutlve IN. pulses: ll, 1,2,3, 4, g. -nfter 

reaAing-po"t S
Il,l,_the sequence may be (hex notation)i C, O, E, A, F; or C, D; E; l, e, O,B. B, B, B, F. In the case of the longei siquence, Ottf prisei (n OUf)'a."
ln-terspersed with the B IN pulses as thi lnternat processbr iorrinar-ti"
DVl,l to step through lts dlqits.

ecause the external lnterface processor may Jump into the I/0 se_at any point without beinq able to antici-pale ihe lenqth of thece, the simplest algorlthm accepts alI Ill iata. storino .lt .in 
16utive merrory Iocations accordlnq to-th'e addresi which is on ifre-lZOthe tlme each.IN pulse occurs. In the nonnal operitirq ,oa" inot-a-data dump) there is about 150 ps between consecutive Il{ pulies __

,llTt ], which-to..compute a tocation and store the dati.- r?-i-ii.se
dant) number of IN reads is perforfied, at least one readinrl for eaih
umber is guaranteed.

,. ,.Ho*gr:f, this. scheme does not provide proper data for ports lp anrt
ll !A arld B). which may have-muTfi-word dati, bf wnictr onfy on"-noia-*ifr
De saved. Fortunately, the port l0 and port l1 data a"e not externallvsignificant.. Port l0 indicates DVi'l status; poit ii-outputi-OVi.r-riiiii'.
rcadings wtrich will be translated by the internat p"oi"iid" inloffi.-
frequency values. The translated iirformation ii ava.i'lable via itre-iront-Panel Data Dmp operati on.

.-__Pglt!-4 data co.ding is shown in Appendix B. In the suggested inter_lace tirmrane, the data are re-grouped to provide iust one oiianeter oerrord, and are transferred to and frbm the tont"oir"i-in-it.i-io-i-tr,En'
rc-translated to 7L18 form when used to control rront-fanei-rrn.tionr."ft,i,
pre-processing reduces the r€quired bit-manipulation iir the coniioire", anathus facilitates use of high-level language piograrninq of the controiier.

B
quen ce
sequen
consec
bus at
duri ng
enough
( redun
port n
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2.2 Dum Operatlms.

. - The- data-dr,mp operatr_ons tr{ggered by an extemar cormand rntroducedat Port 15 IN generate a deflned iEquence-oi aita on the bus.

2.2.1 Panel Dump.

rr, .[e1, 1^P3nel Dunp comrand (blt pattern lxxg) is recognized at port 15
!N' rlg /Ll8 prccessor will-rcspond with ten coniecuilve 4-utt woias-viaPort 15 PT, at approxlmately ebrrs tnierviis.- rn"-iia"";r-ii.;;';;;;;
change after the first r5 oui str'obe, so *ith-latcrrea daii, ii;-in;;;;;"processor has about 8p ps to read ani store each output dala wora ano qet
back-to rntch for the riext ouT strobe. ir'" iruiri[i5-iri"-iri*i ;l;":;,veriflcatlon for each word, and any other nouieie"pins *qri;;.- --''--

Interpretatlon of the panel Dmp data ls shown in Appendix A.

Typical tlming of the panel Dunp sequence is shown in Fig. 3, belovr.

8o),

r

Dh1-v DAfi D4TA ATN b+TD ar
oAl,

FIGURE 3. TIHING SEOUENCE .. PANEL DUI,IP
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*Planning value (actual may be longer). 0thers are observed values.
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2.2.2 DEILa Dunp.

7Ll8 Digital Interface (A) Page 8

When a Data Dunp conmand (bit patterfl !xxl) ls recoqnized by the 7Ll8
processor at Port 15 Il{, the prrocessor will r€spond after about 210 ys by
swltching the address lines to Port 8, and ahout 2p ps later will issue an
OUT pulse. After another 50 Is there will be a status word strobed at Port
8 IN, followed after about 120 Is by the 2948-word display-data stream,
startlng wlth the lowest location in Display l4emory B (left-hand side of
the B display) and continuing through Display Hemory A, all strobed at Port
8 IN at about 8p ps intewals. l,lhen the 1024th word of Display I'lemory A
has been strobed, the 7L18 processor switches the address 1ines to Port 15
and the OUT pulse strobes a status word (bit pattem 909L for a successful
dump or 9gl0 for an abort or "no request").

The 160 to 179 )ts taken in the data dump to output two 4-bit words
allows the interface processor time to assemble the two words into one
byte before storing in the interface memory, as rvel I as check address val-
idity and provide selective storage of A or B data on'ly, if the interface
processor is run at full speed.

If the 7Ll8 is not in the Store node. the status word at Port 8Itl
after the Dr,rnp command will havE-IEE leas[-significant bit high (xxxl), and
the 7L18 processor will abort the dump operation inmediately, issuing an
"aborto status word (9919) via Port 15 0UT, then res une normal operation.
By evaluating the Port B Ill status word, the interface processor can an-
ticipate the abort, and need not nonitor Port 15 OUT until after a com-
pleted dunp.

Typical timing of the start of the Data Dr,rnp operation is s hovrn in the
sketch on the next paqe (Fig. 4).

2.2.2.L Unaddressed Locati ons.

About 40 locations at the start and another 49 at the end of each dis-
play memory ane not addressed durino display conversion and storage, and
therefor^e contain randofi, non-siqnificant data. The sugoested interface
f I nmare clears the correspondinq interface memory locations after each
REC0RD operation, to minimize confusion. Sone experimentation with the
specific 7Ll8 to be used may suggest using a smaller or a Iarger number.

2.2.?.2 Scalins.

Neither the vertlcal (data dump value) nor the horizontal (menrory lo-
cation) information in a data dump is directly scaied in terms df ampiitude
or frtquency (span/div or center frequency). The controller must be pro-
gra[md to establlsh both vertical and horizontal calibration using the
CAL OUT and other standard waveforms, even to obtain the same accuracy as
specified for operator reading of the CRT display. For accuracy approach-
lng the resolution (P.5% FS vertical , 9.251, FS horizontal), calibration for
the exact span, center frequency and reference level used will be required.
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3. Cornand I nput to the 7L 18.

4. Control Output to the 7118.

7L1B Diqital Interface Page l9

The. cormand to.dump front-panel control infomation or di s pl ay<nemory
data must be strobed onto the TLlg data bus by the port 15 IN plls;, and 

-

must not be just'ieft hangingo on the data birs until a port lb tH itroueoccurs. Because there is not time (on1y zg ps typically) after the poit ts
address is valid to "tum around" a'periptrlril i-nterfaci'adapter ina oriprtthe comand, special interface hardwire is required to strobL tne co.nino
9n!g !1," data bus only.when the selected address and the Ilt pulse oicur.
Eotn tne comnand and the address may be preset by the lnterface processor,
after which.it need onry watch to sle thit the c6nrnand actually ippei"i-onthe bus. Thereafter it will have up to Zgg p to disable the ipecia] hard_
ware and start monitoring port 15 OUT or poy't g Ill for the requistea aaia.

- .. In the suggested configurat.ion, the added hardware consists of a CI\I0Stl-bit magnitude_ comparator ior address -re cogn i tion , and a tri-staie orosourter tor strobino the cormand onto the data bus when enabled by the
ccmparator and the Ill pulse.

Five functions control I ed- nonna I 1y by front-panel push-button orrctary $rltches may be contrclled remoieti. ttrtie are:

Time/div: lls/div to lps/div, Auto, Ext, Manual
Span,/div: 9, 5k{z to sglIr{z. Identifv. t4ax
Resolution Bandwidth: 3pilz to 3NHz, i\uto
Phase-Iock: Auto or Off
Band select: 1 to ll

__-_^Tl,gr. fi ve 
- 
fron t-panel controls are disabled by pul.ling high on the

FPDIS line (noninal-pullup current is +5mA to +5V; 6oieve","av iirAi i;'adequate for reliable contro'l ). when the controri are aisiulea, tn'6 i7odata lines-remain high during the port p thrcugtr port 4llr-puiiis-ana-iliv
be pull.ed low-by the external interface circuii to effect cbntroi oi-ttre
desl r€d functions.

Since-it ls not possible to disable indivjdua'l front-pane(the Port I control vord, for instance, sets hvo of the five bcontrol Time,/div and tvro of the five bits which control Span/d
control process must be:

I contro l s
its whi ch
iv ), the

J Ill Record the. present.control words, in the I nterface rEmo ry.(bl Read out the data to the controljer.(.) Change the required parameters ln-tire contro.l.ler.
- (d) Load the interface memory with the entire set of altered and un-altered cormands, from the contro1ier.(e) Substitute the entire set of ne!, cqmtands from the interface

j

-l

I
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while holding the FPDIS line high continuously.

Additional hardware will be required for this function, si
must go onto the 7118 data bus only during port g through p6rt
pulses.. Furthennore, the substTiilFed confrands must be firesentetime the Port p through Port 4 IN strobes occur. The ihternal
does not implement the conmands until after several successive
agree, but. they are not thereafter "locked in forever,, -- only
time as other readings are r€gistered consistently for severai

^ In. the suggested interface, this connrand-latching function .is per-
formed by a 4-bit-wide rrad/wri[e memory (a Tyoe 2101-was used. but'anv
memory of.5 x 4-bits capacitv with tri-itite irirtput'could be uied). T"tre
menory address lines are controlled by the TLlg I/0 address bus; lhe data_
il t$ql go-to the interface processoi data bus; tne aita-ori-iires-go-io
the TLIB I/0 data bus. The dita are written inio the iont"oi memoiv"uv-tneinterface processorr monitoring thr 7Ll8 addresi rines, and g"r.iitino uIfiITE to the control memory eaih tinre a desired addresi tuini up.-- " -
The data are read out of .the memory by a combination ot an itt plise, a Rort
addrcss lower than B, and an enabll line from the interta.e pr5;;;;;":

A latched control iine from the interface processor enabres the con-trol.msnory and asserts the FpDIS line to tne ZLfA at *e iame-ii;;: -il."
the interface processor has latched the cormand on line (and has ,""iri.a1I), It may rcturfl to other functions, such as recordinq data and output_ting it to the controller.

Page 11

nce the data
4IN
d every
processor
Ill readinqs
until such
passes.

5. External Di spl ay Generati on .

An OurPUT rcutine has been incorporated in the finrnvare to output the
B and/or A.displav data from the interface mnory repetitivery-uniii-inier-
rupted by the controller, for creation of an extlrnai rear-tiile iisprav.
l9 Oe-ngrate a horizontal .sweep for a CRT display from tfris ;"il,-;;E ;i'the following may be used:

. -(a) A conventional oscilloscope time-base, triggered from a retrig_gerable multivibrator having a.lpp us period (eirectiieiy-recog"Li"i i'n"6 ms intervai between dispriys) tire mui tivibritor in turi t"igde""a i"o,the SDAT handshake line.

(b) .A bucket- and-l a9]g- i n tgge ra tor (operational amplifier, diode andcapacitor) pumped.by the SDAV. pulie ind rcati by a .etrtise".bi; ;;iii_'vibrator as in (a) above, or by a comparato. s"-t to ttre 6iope" perl'riru".

.(S) .n 9-bit binary counter and ADC, clocked by the SDIV line (self-
resett'l ng ).

,-^- Il_t]t-:ases, and inexpensive g-bit DAC may be used with the amplitude
oaEa-DJrtes to generate the y-axis deflection.

I
J
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For all of these displays, the controller or the display clrcuit must
complete the SDAV-SDAC handshake to obtain a steady data-stream.

The L0AD operation in the interface f i nnvare (routine to load data
from the controller into the interface display-data nremories ) is included
to enhance the utility of the oUTPUT routines, by allowing the contrcller
to lntroduce arbitrary or reference waveforms for display via the OUTPUT

r.outine (0UTPUT may be commanded to alternate A and B displays).

6. Special Py ecautions.

protectl ve clrcuits are shown bn
face and contrc'l ler. Hovever, i
at clrcuit ground and the +5V su

6.2 Interface-to-Control Ier Lines. In the interest of simpl lcit-v, no
the 2F lines runn'ing between the inter-

n construction, each line should be clamped
pply bus by diodes, and at least 109 ohms

i-
erface/
er-type

serles resistance be added in each line between the clamps and the off-
board connection. The 14C6820 PIA js a MOS device and quite susceptible to
damage by static discharges or fault transients.

If separate input and output buses are selected, more rugged
buffers may be added to r€duce transient susceptibility. For a b
dlrectional data 1ine, however, additional steering Iog'ic and int
controller protocols would be required to pennit use of transceiv
buffers.

I i ne-

6.1 7118 Lines. As mentioned above, the 7118 I/0 lines are un-buffered.
If pffiThiinterface is removed'while the 7L18 is operating, the
intcrface will load down the I/0 lines and effectively disable the 7LlB.
This occurrence will not normally damage either the interface or the 7118,
but should be avoided on general principle.

There are no protective circuits on the TLIB I/0 lines. The 7L1B
clrcuits @nnected to these lines (mostly I or-power Schottky TTL devices)
are therefore subJect to damage from static electricity or fault transients
introduced via the umbilical. The user will be required to exercise par-
ticular care when connecting and disconnecting interface and controller
cables to assure that damaging voltages or curr€nts are notintroduced into
the 7118.

Scan by vintageTEK - Your donations help support the museum - vintagetek.org



APPENDIX A

TPANEL DUMP' DATA CODING

6 Vertlcal Mode

7 Reference Leve I

8 Span Uni ts

xxxp Reference level is uncalibratedxxxl Reference level is calibrated

0xxx
lxxx

dB/
d8/

19
2

l=2orAHz
9=s

39 Hz
399 Hz
3 kHz

div
div or LIN

\\\qv g00S-tttt. Value in dBm is (code minus
1011) times ten: Code gggg = -lU aBrr.

x 100 Hz
XlkHz
X l9 kHz
X 199 k{z

09
09
0p
99

99=
91 =
t0=
11 =

0199=xt
9191 =xt
0tt9=xt
0ttl=xO

MHz

0 tiltz
09 MHz or IDEI,ITIFY

Hz or MAX SPAII

9 Span l.lant I ssa 099
901
qpl

Note: After decoding the Span Units and llantissa
the controller should normalize the units aoain(e.9., I Mhz, not Lg x lgg klz).

x99l =
x919 =
xgTl =

| = 19, IDENTIFY or MAX SPAN

l9 *Res. Bandrvidth xlfil = 3P 1r^,
xlQl = 399 YY,
x1lP = 3 1411,

$xxx l4anua11y selected resolution bandwidthlxxx Auto bandwi dth mode

*Note : This is_the preferred source for resolution bandwidth data. ThePort 3 IN data will indicate the actual settinq onl-v if minuafiv
selected., indicating simply ,,Auto,, if Auto mode is ielectea. ftrL
readout here s hor,,,s both the mode and the va l ue at aI 

.l 
times.

I
T

I
I
I
I
I
I
I
I

(}1E Bulletin 9781 7118 Digital Interface APPENOIX A

. Data appear as l0 consecutive outputs to port 15 olJT after a ,panel
dtirp" rEquest externally introduced to port 15 IN.

Words Parameter Code

l-5 Center Frequency BCD, with MSD sent first. Code lglg represents
a leading zero (blank). For value ln iillz. out
decimal point after the second digit (nn.rinn).

Cal /Unca l

Auto or Manua l
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APPENDIX B

INPUT PORTS DATA CODING

2

t
I
I
I
I
I
I
I
I

. . .Tlr" suggested interface ne-gnoups port g-l-2 data as shorm in therrlht-hand colurnns. See followlng pages for detail codino.

-- 

7Ll8
Port Data

0 Time/div exponent

I Time/dlv mantissa +
Span/div manti s sa

Phaselock +
Span/Div exponent

3 Band

4 Resolution Bandwi dth

I nte rf a ce ------------r
llord Data Format

TTSS 1

Format

xTfT I Tlme/dlv

Span/div

Phase lock

Band

Res. b/w

DVll Status

DVM Data

Vert lrlode

RF Atten

IF Galn

Ext

99oEEfr4tl.

900EEfrlt1

9999P990

9DD9BBBB

0pppRRRR

09000999
99909990
09w9909

90999090

09990900

0099***

0900****

9990vxxu

0DDDxAM

909qc'F.Gc

9999ttrr

PSSS

BEBB

RRRR

L

3

4

5
6
7

5
6
7

I
9

ID

1l

t2

13

14

l5

( ttot read )

Storage Status

(Not read)

DVl.{ Status

DVH Data

Vertica'l Hode

RF Attenuators

IF Gain

External comand input

0000* 8 Stor. Stat.

I
I
I
3
1
I

*Always 9999 except inmediately after request for display data dump.*Two consecutive readings heri lf port ii ii to U" ."aa.*nFive consecutive readings here when reid.H*Invalid data (only one word saved out oi 2 or 5).

9

nnpl:tt l0

ryrnnnr 11

VxxV 12

xAAA 13

GGGG 14

ExxE 15

)
)
)
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(}{E 8ulletln 9781 7118 Digital Interface APPENDIX B

DETAIL INPUT PORT DATA CODIIIG

llord t ln i|emory D (From ports p & l)

ps or Auto
x lp ys or Manual
x 199 tts or External
ms

xl0ms
x 100 ms
s
x10s

l*lan t I ssa :

I'lord I ln Memory D (From ports I t 2)

Page 2

Foma t:
Exponent:

Fonnat:

I 99I019109 tLl99l ott r0
l ll

SPAN/DI V

,r? 
!rr", 

Hanual or Externa.l

r9 2tt 5

842t
9998

8421
EEMM

(Va'lues for hex notation )

9Hz
llote: SPAN/DIV data
are read from a
rotary switch usi no
Gray code. Just 23"of the possible 32
codes are used.
The control ler shoul d
use table-lookuo to
determine va I ues.

Hz
Hz

Hz
Hz
Hz
kHz
kHz
kHz

299
500
1k
2k
5k
t9
29
sp
199 kttz
299 kuz
599 Khz
I MHz
2 l4hz
5 lthz
l0 Mhz
?9 tfiuz
50 tlqz
199 Mhz
290 Nhz
590 MHz

IDENTI FY
t"tAx

/8firrl : I fr 11 
__ (varues for hex notation)

TII,IElDIV

0 9909p 99910 09trI09r9I9110I0tr1I919r0 9r900 rt99I rL9L
011119ltt9I r0r9I rgrr
01091
010991t099t t99tI l01lL t9rgr 1110
I tlllr llrl
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8421
0999

8421
0999

842t
9009

I
I
3

I
t
I
I
I
I
I
I
I
I
1

I
l
I
I
l

(}'lE Bulletin 9781 7118 Digital Interface APPENDIX B

Hord 2 ln Hemory D (From Port 2)

Fo rma t:

Auto phase-l ock.
Phase lock off.

Paqe 3

PHASE LOCK

liord 3 in I'lemory D (Fronr Port 3 )

Hord 4 ln Memory D (From Port 4)

Format:

D99g "0ptions"

84?L
P090
r909
0090

8421
BBBB

9901
09r999t7
91009t9t9Lt91999

GHz )
in b

0.s G

842t
SSSS

Bandl(1.5-3.5
(Band codinq 1-11
Band 1l (3P.5 - 6

39 Hz
300 Hz
3 kHz
30 kHz
390 kqz
3 I'lhz

AUTO

inary code )
Hz)

RESOLUTION BANDI,IIDTH

NO DATA

STORAGE STATUS

}lords 5-6-7 in Memory D (Frun Ports 5, 6, 7)

l.lord 8 in Memory D (From Port 8)

I I I 9 No dump command yeceived.

nn

L
L

n
L-l = Non-store mode (abort)

1= SAVE A is on
1 = MX H0LD ls on
I = Data dump 0K.

Note: Nonzero status word is not nonnally output during a read of INports. It is triggered on'ly by a Port 8 OUT conmand from the 7118's
processor, which is trigoered ln turn only by a "data dump" cornmand.

Forrnat:

BAI{D Sl,lITCI1

099r
l9ll

8421842t
0900 RRRR

Format:
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8421
F9g9

8421
0999

842t
9090

,I

{

I
!
,il

g

I
I
I
I
I
I
I
-t

I
I
l
r
1

o,lE Bulletln 9781 7Ll8 Digital Interface AppRtDIX B

lbd 9 ln ltemory D (From port 9)

lSrd 1! ln itemory D (From port l0)

Page 4

NO DATA

DVM STATUS

Fonnat:

Fonnat :

842t
SS9S
I I L-l = Counter ts at LSB

| .---l = Port 11 data lsvoltage valueL---..- I = Ready to send

t{ote: Port 10 data is not norrnalry usabre by an externar controlrer.The status information retaies i,iji io-in. po"t 1l data.
l{ord ll ln Memory D (From port 11) DVt{ RAU DATA

Sequence of 5 BCD diqits.
LSD first.

Note: _Port-ll data is not norfially. usable by an external controller.lor center-fr€quency data, use the',iin"i-a,.oip;"Oata.
tlo rd 12 ln ilemory D (From port 12) VERT I4ODE & CAL/UNCAL

Forrn t:

842t
DDDD

84
tlx

2t
xC

909
09r9t99tt
199
r9trt9

I = Calibrated Reference level
P = Unca I I brated*
I = 2 dBldiv or LIN
I = Ig dg/dlv

*Referen ce Variable contrcl.is out of its detent ,,Calibrated,, position.other possibte ,,uncal" conaitioii-.il iJi iiiiitJa r,"*.
Word 13 in t'temory D (From port 13) RF ATTENUATOR

Format:

t

842r
OAAA

9dB
l, dB
29 dB
3, dB
49 as
sp db
6, dB

842L
0900

Scan by vintageTEK - Your donations help support the museum - vintagetek.org
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I'lord 14 ln li,lemory D (From Port 14)

Format:

Page 5

IF GAIN

842L
GGGG

8421
0099

-1, dB

0dB
+1p dB
29 dB
30 dB
49 dB
s9 dB
60 dB
79 dB
80 dBI

r90r
1990
0ll19tt99t0t
919909Lr
90r9
000r
9909

T

I

J

I
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\
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7Ll8 uP Interface

Capaci tors

Di odes

PARTS LIST

$na I I signal ,
SmalI signal ,

I
49

iil

.il
i

I
I
I
I
I
I

c1
c2

I ea
I ea

29%
Eq

25U
190u

Tantalum Dip
Ceramic di sc

?uF
.99r

cRl
cR2-41

ea
ea

Sil icon, 3pV
Sil icon, 3PV

D0-35
D0-35 (Protective networks )

Rl lea
R2 lea
R3-22 29 ea

1/
r/
1/

Res i stors

t09k s%47k str
100 oln. 5%

Misc. El ectroni c

X1 lea Crystal ,4MHz

Integrated Ci rcul ts

Carbon fi lm
Carbon fi lm
Carbon fi lm (Protective netr^orks)

4 r,,

4l.l
4 1,,

Iatch, CI'i0S
I to 4 line decoder, CMOS
2-input NAI{D gate, 0l0S
2-input NOR gate, G'10S
bit magnitude comparator, CI"|OS

ri-state buffer (4 + 2), Ct"los

I

lea
1ea
I ea
1ea
3ea

L2 ea
3ea
lea
lea
lea

U1
u2-9
uu-12
uzt
u22
u23
u24
u25.28
u26
u27
u29

MC6892
21L92
HC682p
2L9tA
2758
494?
4555
49tt
499t
4585
89C97

I
o
2
1

1

I
I
2
I
1

I

ea
ea
ea
ea
ea
ea
ea
ea
ea
ea
ea

MOS 8-bit l4i croproces sor
lk x 1 l"l0S RAM, 35p ns
or MC682l MOS Peripheral Interface Adapter
256 x 4 ltl0S RAM, 359 ns
1k x B EPRoM, 5V, trlos
Quad
Dual
Quad
Quad
Four-
Hex tI

I
It

sr'11

J20
J( )
P( )

SPST N.0. Pushbutton (RESET)
Lemo #RA-C2314 I nterface- to-umbi I i ca l
DB-25S 25-contact I n te rface-to-contro'l ler
DB-25P 25-contact Inte rface-to-control Ier
4P-p'in sockets
16- p in sockets
14-pin sockets
22-pin socket
ECB

Regulated power-supply: 1I5VAC to 5V at 24.

I'li sc. Hardtrare and Assemblies
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7Ll8 uP Interface

F()RMAT:

Cormand

EXTERNAL CONTROLLER COI1IIANOS

RECORD

READ

LOAD

SUB

Cod i ng

0p09 DCBA

O99L DCBA

0019 DCBA

0011 lxxx
99rt 0x90

00rt 0xAB

01xx xxxx

llxx xxxx

1109 xxxx

1191 xxxx

lll! xxxx

1111 xxxx

I

I

I
'I
'l

I

I
*Firfirare as coded returns ENQ on recelpt of these instructjons.

The interface processor responds to slnqle 8-bit cormands from the
controller as fol I ows:

ffu#r.+ ffua.*h 
-- values for hex notation

I

0pcodes: 0909-llll as shown below.

0perands: Blts in the D,C,B and A
posltions flag one to
four interface memory
areas as operands for
the ccmnand opcode.

0peration

Transfer data frun 7Ll8 to interface rnnrory

Interface nnmory to contro ll er

Control ler to interface nemory

Substitute D merrrory for 7Ll8 panel contmls
Re-enable 7Ll8 panel control s

Contlnuous data output unti'l interrupted

Reserved for user-defined fun cti on s *

Reserved for user-defined functi ons*

No action (junps to CO{AND)

Resets PIAts, jumps to C0i4AND

Resets PIA's, jumps to CoMAND

Clears menory, resets CpU & pIA's.

OUTPUT

(NoP )

(NoP )

NOP

INZ

INZ

RESET
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Cormand 0peration

RECoRD (D,CrBrA) Interface r€ads data fron 7llg.

RDAC remalns low until operation is finished, or
error condition is encountered.

Returns status byte on output bus:

ACK
EilQ

NAK

$06):
$ps):
$ls):

(
(
(

0peration comp I e te.
Bad instruction, or questionable data.
Abort status frcxn 7LlB. t4ay not have re-
corded any data (B or A data only).

I READ (D,C,B,A)

LoAD (D,C,B,A)

SUB/OUTPUT

suB (0)

suB (D)

Interface reads requested data from interface memory
to external devi ce.

RDAC goes high as soon as instruction is received.

Bqlqfnt-A9r ($pO) before outputting data. Returns ENQ
($05) if invalid instruction (i.e.l nfno pp). Returns
EOT after 'last data byte sent.

Interface loads selected nemory or memories with data
from external devi ce.

RDAC goes high as soon as instruction is received.

Returns ACK.(ready to receive data) or El,lQ (invalid
instruction) when instruction decoded. Then accepts
the_proper number of bytes for each merlory selected,in D,C,B'A order. Issues another ACK rvh en last byieis recei ved.

Restores front-panel control of TLIB; issues ACK when
instruction recei ved.

Sets remory D to control five TL1B front-panel func-
tions; issues ACK when instruction conpleted.

Continuous display memory output.

I
I
I

oUTPUT (8, A)

OPERATIONS
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Operations page ?

RDAC and ACK issued when instruction is received.
If_A and/or B is-specified, will respond p"ope"iy.(lr only mmo ry C is specifled in the opeiani. theinstruction will be treated as SUB (g).)

Sets RDAC low, runs through B or A (or B, then A) dis-play nrenrory, sets RDAC high, waits 6 nrsr-then repeats.

Any cormand issued to the interface will interrupt the
output. during the wait period between displays, and
then the new cormand will be read from the b-us'anA
be implemented. If a bidirectional bus is used, the
external commnd rvo rd will contend with the lait
display_cycle on the bus. To avoid bus conteniion, theexternal device should wait for the RDAC line goirig
high.before putting the new command on the dat; bu;.
lhe interrupt is implernented by settinq the RDAV line
I ow.

During the display 0UTPUT, the external device must
supply a SDAC / for each SDAV\ transition on line. An
auto-response circuit may be enabled for this purposert desired to maximize throughput.

The maximum data output rate (50 usec or shorter SDAC
response) is a little over Li,'ggg bytes/sec or a 512_
byte display in about :e ms. 

-ililn i 6-ms wait be-
tween displays, the refresh rate is about 25 hz for a
single-remory display, or about 13 hz ii both A and
E rrenories are being output.

-o-

D l\lemo ry :
C l-temory:
B Mernory:
A Mernry:

16 bytes , front-panel settings.
l0 bytes, "panel dump" data.
512 bytes, display menory B.
512 bytes, display memory A.

If more than one memory-is referred to in a cormand,the order of reference is always D,C,B,A (REAn,
L0AD, 0UTPUT conmands).

J

I
7L18 Interface

:I
I
I

I

i

I
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7Ll8 uP Interface

RDA?E

120hv

RO/IC

SDA17

SDA C.

au'r Pt) r it(( t ( 6r.,+. A 
^t D

6 ns

iL
k BYl€9 5-'2 8y

I
HANDSHAKE DETAIL FOR OUTPUT OPERATIOI'I

0utput continues recurrently until controller interrupts
with new-conmand during the 6ms interval between displays,
when RDAC is high. RDAC signal can be used to reset thl
display-generator horizonta'l def lection systen.

SDAV

f,
L

,.T

1r

I
l
I
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7Ll8 uP Interface

R DATT RECoRO oR SUe CoriA AXD

RDAV

eDy{c

SDAV

SDATF

SDAC

RDn rn P€aD

feDAv

R DAC

srA1!?*

* AcE = AE.
N4k , A84cr
ENA = AU ERY

suv

RDAV

PDA C

s D4"a

L_l

'DA7A
/o ro /o21 B,?tvs

sDA C .r],,I-ij--u-

R.oATA LO AD lO t\t / 02 I Bv7-E s

Act<

MNDSHAKE DETAIL Fr)R RECORO, SUB, REATJ & LOAD

RDATA, mV and SDAC signal s originate from control ler.

AC

Mt<

SDAO

{

g

-il

I
-I
"I
I
I
I
T

I
I
I
-I

I
I

-I

-)

!

can Pl€l€' "1

SDA r'

(
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IB'-
ola

,<PrZ.

(t\ cile a?

zoo ?F -r
Soav >--l

R 0A.

e) gsrrrR-

56eV

eDdc.

(=\ ,UCt e €L A e,.. P ,a : E

RDn >--

Y

Pat-o >=--

o,!pF

xt_-.,-

>-2

I
I ,0.R,

DIA
{

-2

O, S '-l A.,

+z

Rl"n
Pat 2x

- Ar
t

'lllt
L'1, c s

t
<P

8. Ei
lelr l"

L

x

(-Y Dlsprn.r De,v€rQS

Frc-.-lLl 9VI fNr€<fAc€

c6/.t1€ 1-t4-78

to 8tl
8tru

cp

R

t C 4t
t: la

Ao )" ;c llrl

I
J

I
Y- rqx, S:

P8t-'l
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*IF7L18 Rev. 1.2
*August ?1, 1978

*
*
*IF7LI8: Program t
*Tektronix Type 7Ll*

tc0g-FFFF Page 9l

nterface and handle data to and from
pectrum Analyzer Plug In Unit.I

I
I

.I

I
I

I
I

oi
BS

*Progranr is for Type 6802 l4PU with program R0l1 at*addresses SFC09-$FFFF; I/0 at $8009-$Bgl0; RAH at
*$4099-$43FF and scratchpad (in CPU) at $0909-gg7F.

*

*
*
*

*Copyright C) 1978, Tektronix, Inc., Beaverton 0R 97977, USA.

*PAGE 9 REGISTERS:
*
*
9920
002r
0922
9023
99?4
9925
9926
9927
00?8
002e
9g2A
99?S
992c
992D
90?E
992F

RNB

Input conrman d.
Location in j ump-tabl e.

Reserved.
Bytes to be blanked in A & B mem
Temporary data storage.
PIA2B i/0 pattem.
Reserved.
Fi rst location for read/write.

Current working I ocat i on.

Last loc + I for read/r.rrite.

1st I/0 location (set by I0SET).

FC

90

BLAIIK
TEMD

IOI^IORD

14EIlAD

t,rEr'rL0c

14EI.lEI,ID

IOBASE

R],IB

RI'48

RMB

R},1B

RI"IB

RMB

RIIB

RI'l8

I

FF
FF

90
74
90
42
09
90
39
13

99
FF

09
02

9960

9D

a0

99

999979*
9989 99
9989 99

9989 09

$?9

$19

51p

$19

$4999
i4299

5Fc09

2

L

2

2

I *
*
0*
0*

939

95I

col'lr,rD Rt'lB

FUNCT RJ,IB 2

Stack area gDAaF b g0g30

Raw data for D remory.

IN Port data, re-grouped.

Panel Dunp data Hemo ry C.

Location for B Display Datn
Location for A Display Data

Start of interface pnoqram.

STACK RI4B

EMEH R}48

DMEM RJ4B

CllEl-1 RI,IB

BI'IEM EQU

Ar'rEM EQU

(JRG
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*IF7Ll8 Rev. 1.2
*August 21, 1978

FCp0-FFFF

*RESET is entry point after power-on or restart.*

Start of buffer area.
Clear all RAit except $Dggg-ggtF.
Step.
At I/0 area yet?
If not, I oop.

Top of PIA group.
l,Ji I I be clearing 8 locations.
C'lear control reg i s ters first.

xR now at $8ppp.
CB-2 high; CB-l + transition.
Di sa bl es control RAH.
C0-2 open; C0-t + transition.
PIAIB contro'l r€gi s ter.
PiA2A control register.
Bytes in display to be cleared.
Page P reference for RECoRD.

No i nterrupts.
Reset Stack Pointer.
Get start of I/0 area.
Lock DDR; CA-Z.open; CA-l - edge
PIAIA (receive).
Code to set CA-2 1o^r (RDAC).
Hatch for input IRQ.
llone? Loop.
RDAC Iw (cA-z).
Get cormand.
Save it on Page p.
Scrub off operand.
Starts as CCCC 0999.

FC09
FC91
FCAz
FC93
FCg6
FC08
FC09
FClc
*

9L
0t
9t
cE 0029
6F 99
08
8C 8990
26 FB

RESET

CLRII

8 IOSET

CLRP

#$9p29
$00, x

#$8999
CLRII

CLRP
IOBASE
#$3E
$97,x
#sl6
$p3, x
$p5,X
#$28
BLAN K

r{0P
NOP

NOP

LDX
CLR
IN)(
CPX

BI{E

*IoSET is reentry point for lll.ll or S!{I.*

*C0l'lND mutine inputs corrnand words via pIAI-A:*finds proper routine .in INSTBL junp-table.*

FCoE CE

FCll C6
FCl3 g9
FC14 6F
FC16 5A
FCIT 2E
FCIg DF

FC1B 86
FCID A7
FC1F 86
FC27 A7
FC23 A7
FC25 C6
FC?7 D7*

FC29 0L
FCzA gt
FCzB gl
FC?C gF
FC2D 8E
FC3p DE

FC32 86
FC34 A7
FC36 c6
FC38 6D
FC3A 2A
FC3C t7
FC3E A6
FC40 97
FC42 84
FC44 44
FC45 M

Co[''IAND

cotil{D1

LDX
LDA B
DEX

CLR

DEC B

BGT

STX
LDA A
STA A
LDA A
STA A
STA A
LDA B

STA B

NOP

NOP

NOP

SEI
LDS
LDX
LDA A
STA A
LDA B

TST
BPL
STA B

LDA A
STA A
AI.ID A
LSR A
LSR A

#$994F
IOBASE
#514
$Pl, x
#$34

ti58998
#$pB

899
08

90

FA

2E

3E

07
l6
93
0s
28
24

$p1,x
*-$92
$pt,x
$0p,x
c0l'HD
#$F9

il

J

l

I
I

Page PZ

Re-sync for runauray.

Optional breakarvay, if needed.

igp,x

094F
?E
l4
9t
34
0r
FC

9L
09
z9
F9
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I
-I *IF7Ll8 Rev. 1.2

*August ?1, l97B
FC99-FFFF

LSR A
LDX
STX
ADD A
STA A
LDX

LDX
,JSR

BRA

NOP

JSR
TST
BPL
CLR

CLR

RTS

*ERR0R outputs a llAK via pIAIB to the external device.

Fc59 86 15 ERRoR LDA A #$15 AscII '!NAK,: aborted operation.t
*STAT0. outputs one.byte from ACC A via pIAIB;
*then 'turns aroundr PIAIB to open-circuit stite again.*

FC46
FC47
FC4A
FC4C
FC4E
FC59
FC52
FC54
FC56
FC58
*

FC5B
FC5E
FC6g
FC62
FC64
FC66

FC67
FC69
*

44
CE FFEO
DF 2I
98 22
97 22
DE ?L
EE O9
A0 0g
29 Dt
0r

6F os
6F Dz
39

STATO

fINSTBL
FUNCT

FUI'ICT + I
FUNCT + 1

FUNCT

$gg,x
$pp, x
c0t"lAND

Page p3

Ends as 909C CCCA (opcode x 2).
S. A. of junp table.
For manipul ation.
0pcodeX2+LSB
Position in tabl e.
Location into XR.
Get routine address there.
Do the routi ne.
Get next cormand.

'First output' routine.
Wait for +SDAC from other device

0pen DDR for PIA1B
Change back to 8 inputs.
Return.

BD FE76
6D 

'g2A FC

*
*
*

ERR0RQ sends back ENQ to external device.

gg p5 ERRoRQ LDA A #595
29 F9 BRA sT;\To

ASCI I El{Q: Cornand er
0utput to external de

ror.
vi ce.

*ACK sends comand acknowledgement to external device.*
96
E.L

86
20

ACK

86 9q DONE LDA A
29 E8 BRA

ASCII ACK: "Roger".

#$94
STATO

ASCII EOT: "AIl done".

*RECORD gets 7L1B data from IN bus, panel Dunp or*Display memory, loads into interfice mennry.

*D0NE sends EOT to external device after READ.*
FC6F
F C7t*

FC73
FC75
FC77
Fc79
FCTA

96 cor'lND
#$0F
ERRc)RQ

Get corrmand.
Scrub opcode, get operand.
Record 09? Inval id cormand.

84
LDA A
AND A
BEQ

lr0P
NOP

20
0F
EE?7

01
91

RECORD

t
I
T

I
T

1
,I

FC6B
FC6D*

LDA A #$P6
BRA . STATO

FOUT

$p3,x
*-$02
$03, x
$92,x
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!
fl
J
I
I
t
I
I
I
I
I

FCTB
FCTC
FCTE
FCsp
FC8?
FC84
FC86
FC87
FC89
FCSB
FCSD

FCSE
Fc99
FC92
FC94
FC96
FC99
FC9B
FC9D
FC9F
FcAp
FCAl
FCA3
FCA5
FCAT
FCA9
FCAB
FCAD
FCAF
FCBq
FCBl
FCBz
FCB3
FCB4
FCB6
FCBS
FCBA
FCBB
FCBD

FCBF
FCCg
FCCz
FCC4
FCC6
FCCs
FCC9
FCCA
FCCC

IOBASE
i07 ,x
#$FB

NOP

LDX

LDA B
AI{D B

STA B

ORA B

PSH B

LDA B

AND B
STA B

PUL B

STA B

BIT A
BEQ

LDA B

LDX
sTx
STX
CLR
INX
DEC B

BGT

LDA B

LDX
LDA A
LDA A
BPL
LDA A
PSH A
LSR A
LSR A
LSR A
LSR A
ADD A
STA A
LDX
PUL A
AIID A
STA A
DEC B
BGT

LDX
LDA A
AND A

2E

97
FB

97
96

5D

r9
9059
28
2A

9r
OE

E6
c4
E7

$07,x
*-592
$p4,x

#$
$p

ASL A
ASL A
LDA B

AI.ID B

9F
00

sp7,x
#596

Page P4

(0ptional breakaway).

Get PIA2B control code.
Scrub DDR bit.
Back into PIA2B control register
DDR lock; CB-1 + transition.
Save that code for 'later.
I/0 pattern for PIA2B.
l,lo outputs at 4 low-order bits.
Set data-direction reo ister.
Get saved code.
Lock up DDR.
Check operand: record D?

If not, check for C.
Recording D... 16 bytes.
E buffer for raw D data.
Start I ocati on
llorki ng l ocati on
Clear out any old data.
Step.
Count.
Loop until done.
To assure catching all ports.
Set XR for I/0 operations.
Clear any o1d IRQ's.
Look for IRQ (Ill pulse).
Loop unti l IN detected.
Get address & data.
Save it.
Shift address down to low-order.

Add to start of buffer (l-SB).
l.lorki ng I ocati on.
Get location in XR.
Recover da ta.
Scrub off address.
Into buffer.
0peration counter.
Loop until done.
$Q959, E memory.
Get Time/Div Exponent
Scrub extraneous data.
Shift left (also clears Carry).
ttotr 099E EE99
Time/Div manti ssa.
Scrub other data.

CA

37
D6 ?6
c4 F9
E7 06
33
E7 97
8s 08

IO!IORD
#$F9
$p6,x

,7
C6

CE

DF

DF

DREC

CLRE

I,IEXTD

$07,x
#$08
CI?EC

#510
#Er,rEl1

t'lEt1AD

I,IEILOC
$gg,x99

FA
49
?E

96
07

I

6F
98
5A
2E
c6
DE

A6
A6

A6
36
44
44
44
44
9B
97
DE

32
B4
A7
5A
2E
DE

2A FC

4

29
2B
2A

E3
28

A6 00
8a fit
48
48
E6 gL
c4 9C

CLRE

#$49
I OBASE

$06,x

NEXTD
MEI'IAD

iqg,x
#$07

HEHAD + 1

t"lEl.tLoc + 1

t4El'110C

9F
D,X

$pl,x
#$0c

*IF7L18 Rev. 1.2
*August 21. l97B

Fca0-FFFF
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FC99.FFFF

NOP

LSR B

LSR B

ABA
STA A
LDA A
AND A
ASL A
ASL A
LDA B

AND B

ABA
STA A
LDA A
AIID A

0t
54
54
1B
A7 19
A6 92
84 07
48
48
E6 9t
c4 03
IB
A7 tl
A6 92

$P1,x
#$p3

Page 05

l,Ja tc
llon e
Get
Chec

$lp, x
sgz,x
#$97

0990 w190
Shift down
ttow 9099 09ttt1
Assenble in Az 990E EEllll.
Into D register at 59069.
Get Span/div exponen t.
Scrub other data bit.
shi ft.
tto* 990E EE90.
l'lan ti ssas.
Delete Time/div data.
Assenble Span/div in A.
Into D register at $0061.
Phase- lock code.
One-bit code: 0Q09 PQp|.
Into D reg i s ter.
13 more bytes in buffer.
l4ove other data to D register.

AA
AB
AA
AA
x
Cts
T

84 p8
A7 1?
c6 9D
A6 9t
A7 13
08
5A
2E F8

ST
LD

TRAI{SD LD
ST
I l,l

DE

BG

$11,x
$92,x
#$9e
$12,x
#50D
$p3,x
$13,X

29
04
25
907p
?8
?A
F8
lc
9A
2E

05
FC

94
Ffi
F6
2A
9F

I
I
I

*CREC obtains a dump of front-panel control information.*
FCFI 96
FCF3 85
FCFs 27
FCFT CE

FCFA DF
FCFC DF
FCFE 86
FO99 BD
FD92 C6
FOoq DE

FD06 A6
FD08 2A
FDOA A6
FDOC 81
FD0E 25
FDlO DE
FDt? 84
FDI4 A7
FDl6 g8
FD17 DF
FD19 5A
FDIA ?E
FD1C 20

Step
Count
Loop

Get original conrnand.
Check for 'C' bi t.
None? Check for A or B.
Get S.A. of C register.
Start-po int reference.
trJork i ng Ioca t i on.
Port 15, coffinand 1009.
Output comland to 7118.
l.,li I I be getti n9 10 output words .
Start of I/0 area.

CREC LDA A COiII,ID

BIT A #$94
BEQ ABQP
LDX #CllEH
STX I.IEI,TAD

sTx I'tEt'lLoc
LDA A #$FB
BSR COI.IOUT

LDA B #$OA
NEXTC LDX IOBASE
ouTcK LDA A $05,XBPL OIJTCK

LDA A $94,X
ct'tP A #gFp
BCS OUTCK
LDX MEI4LOC
AIID A #SOF
sTA A $pp,x
INX
sTx I,tEilLoc
DEC B

BGT NEXTC
AEQP BRA ABQ

hf
?L
add
ka

or OUT pul se.
oop.
ress & data; clear IRQ.
ddress: 15?

09

?A

E8
57

If not, get next.
Addr = 15. Get reqister location
Scrub address data.
Store da ta.
l,lext I ocati on.
For next operati on.
Count
Loop
Done.GotoA-Bcheck.

I
I

*IF7L18 Rev. 1.2
*August 21, 1978

FCCE

FCCF
FCDg
FCD 1

FCD2
FCD4
FCD6
FCDB
FCD9
FCDA
FCDC

FCDE

FCDF
FCE I
FCE3
FCE5
FCET

FCE9
FCEB
FCED

FCEE
FCEF
* TRANSD
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*I F7L1
*Augus

ev. 1.2
1, 1978

FC?O-FFFF

STA A
LDX
LDA A
STA A
LDA B

BSR

LDA A
STA A
LDA ts

LDA A
CI,IP B
BCS

LDA A
STA A
LDA A
LDA B

BPL
LDA B

CI'IP A
BNE

LDA A
STA A
CLR B

LDA A
AND A
STA A
STA B

ORA A
STA A
LDA A
RTS

*
*COM0UT outputs cormand in low-order bits of ACC A to TL1B*to IN Port address contained in high-order bits of ACC A.
rSpecialized interface hardware puts data on-line to the
*7118 rvfien the 7118 address bus matches the ACC A address.*
FD1E 97
FD?9 DE

c0r.10uT Save cormand.
Get start of I/0 area in XR.
Code for CA-2 high.
0i sab1e comparator via PIA2A
Code for B outputs.
Set PIA2B control.
Get command (addr + data)
PIA2B data register.
Highest code for Address 0.
Clear any I ll IRQ's.
Check for a "P" address.
$10 or higher? Keep looking.
Code to set CA-2 low.
Enable address compara tor.
Get conmand aga'i n.
Watch for Ill pulse.
Loop untii IN IRQ.
Got an Il,l. Clear IRQ.
Check address & data.
llasn't shown yet? Get next Ill.
Code to disable comparator.
CA-2 high via PIA2A control .
09 for B inputs.
Get PIA2B control regi ste r.
Clear the DDP, bit.
0pens DDR.
Set I/0 pattern.
Set DDR bit.
Lock up DDR.
Clear any Ill IRQ.
Return.

BR
t2

FD22
FD24
fd26
FD28
FD2A
F02C
FD2E
FD3p
FD32
FD34
FD36
FD38
FD3A
FD3C
FD3E
F049
FD42
FD44
FD46
FD48
FD4A
FD4B
FD4D
FD4F
FDsI
FD53
FD55
FD57
FD59
*
rfl
*
FD5A
FD5D
FD5F
FD61
FD64
FD66
FD69
FD6B

A7 96
c6 9F
A6 96
El 94
25
86
A7
96
E6
2A
E6 96
AL 94
26 F6
86 3E
A7 95
5F
A6 97
84 FB

A7 F7
E7 06
8A 04
A7 g7
A6 p6
39

sets up

CE

B5
27
CE

DF

COMCHK

c0uEx

TEIID
IOBA-(E
#$3E
905,x
#$FF
BSET
TEMD

$p6,x
#$0F

TE},1D

i07 ,x
coNctiK
s06,x
sg4,x
c0HcilK
#$3E
$05,x

#Al.!EH

#$91
*+$95
#$43FF
I'IEI,IEI,ID

#BI,tEt'l

I'rEilL0C
#$92

B6
A7
C6

8D
96

25
2E
3E

05
FF

?L
25I

I
$06,x
s04,x
*-$04
#$36
sps,x

$fi7,X
#SFB
$P7,x
$96,x
#504
$07,x
$06,x

FA
36
9s
?5
07
FC

I

P REP

,I
'f
,I
il
I
,'l

Page p registers for RECORD and OUTPUT routines

I,IPREP

CE

DF
B5

4?99
OL

93
FF43

2C
40p9
?A
92

LDX
BIT A
BEQ

LDX
STX
LDX
STX
BIT A

Start of A reg i ster.
ACC A has cornmand word.
llot recording A? Skip next.
l,lill do A. Get end of A.
Set terminating addres s.
Start of B register.
lst working address always.
Is B bi t in cor,mand?

Page 06

ilI

I
T

n
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*IF7L18 Rev
*August 21,

FC90-FFFF

BNE

LDX

STX
RTS

1.2
1978

B REC0RD operation.

Page P7

If so, skip next.
A on1y. Get start of A.
Set operation-start reg i ster.
That's al I .

Get comrand word.
Recording A or B?
If either, do it.
Else, terminate operations.

B is "save" flag: I = no-save.
Reset XR (needed in loop).
Look for Ill pulse.
tlo IRQ? Loop.
Clear IRQ.
Get address and data.
Save it-
Scrub the data.
Check the addres s.
Not B? Srneth i ng' s wrong.

FD6D
FD6F
F072
FD7 4*
*A
*

BQ checks

26 g3
cE 42gg
DF 28
39

*+sp5
#ANEl.1

t,tEtlAD

COI',IND

#$93
DUIlP C

ACK

I'IPREP

#$F1
c0t''!0uT

IOBASE
s97,X
ABSTO2

$06,x
$04,x
TEI,ID

#sF0
#$8p
ERI?QP

FD75
FD77
FD79
FD 78*
*DUMPC
*
FOTE
FD80
FD82
FD84
FD86
FDSB
FDSA

FDSC

FDBE
FD9g
FD92
FD93
FD95
FD97
FD99
FD9B
FD9D
FDA9
FDA2
FDA4
*
*ABSTOR
*data
*
FDAT
FDAB
FDAA
FDAC

FDAE
FOBO

FDB2
FDB4
FDB6
FDBS

for A or

ABq

ERRQP

READS

LDA A
BIT A
BNE

JI.lP

96
85
26
7E

E6
2A
E6

7E FC67
85 gr
27 bs
7E FC59

29
03
03
FC6B

$05,x
*-s02
$94,x
5Q7,X
*-$92

$06,x
$04,x

0s
FC

94
07
FC

06
94A6

I
I
I

A6
2A
A6

sets up for display memo ry A or B recording.

DUMPC Set up pointers per corrrnand word
Port 15, connand 9091.
CO}|OUT sets XR to IOBASE.
l,latch for OUT pul se.
Loop unti I OUT detected.
Clear the OUT IRQ.
l.low, watch for IN pul se.
Loop unti1 next Ill.
Clear that IRQ.
Get the Ill data.
Save a copy in B.
Scrub off the data.
Check the address.
Port 8 IN? AlI's well.
Port 15 Ill?
Cormand ignored? Try aga i n.
llot 8 or 15? Abort.
Check status byte frorn B-Il,l.
Non-store bit I ovr? 0K.
l.lon-store bit high. Abort.

8D DA
86 Fl
8D 9A

BSR

LDA A
BSR

LDA A
BPL
LDA A
LDA B

BPL
LDA B

LDA A
TAB
AND B

CMP B

BEQ

O4P B
BEQ

JI',!P

BIT A
BEQ

JMP

CLR B

LDX
LDA A
BPL
LDA A
LDA A
STA A
AND A
ct'rP A
BNE

16
c4 F9
cl 8p
?7 07
cL F9
27 Et

#$F9
#s80
READS

#5F0
DUI{PC

ERRORQ

#$01
ABSTOR
ERROR

Display A or Display B memory
Registers B or A as full bytes.

inputs and assembl es
from TL1B and stores in

ABSTOR
ABSTO l
ABSTO2

I
I

5F
DE 2E
A6 97
2A FC

A6 96
A6 94
97 25
uFg
81 B0
26 EA

.l

,l
ll
ll
3j
I!'l
I
I

ERRORPI
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FC00-FFFF

LDA A TEI1D
ASL A

96 25 Address 0K. Recover data.
Shift data to llSD position.

Aet

ASL
ASL
STA25

07
FC

96
94
9F
25
2A
?8
9t

92
09

48
48
48
4B
97
A6
2A
A6
A6
B4
9B
DE

9C
26
EA

5D
27
A7

08
DF

9C
27
8C
26
DE

I
J
I
I

FDBA
FDBC

FDBD
FDBE
FDBF
FDCA
F0c2
FDC4
FDC6

FDCS
FDCA
FDCC

FDCE
FDDP

FDD2
FDD4
FDD5
FDD6
FDDS
FDDA

FDDB
FDDD

FDDF
FDE 1

FDE4
FDE6
FDE8
FDEA
FDEC
FDEE
F}F9
FDF2
FDF4
FDF6
FOFT
FDF9
FDFB
FDFD
FDFF
FEgt
FEPs
F$a
FEoa
FE0.A
FEoC
FE9E
FE lp
FEIz

A
A
A
A

LDA A
BPL
LDA A
LDA A
AIID A
ADD A
LDX

cPx
BNE

DEC B

TST B

BEQ

STA A
IIIX
STX
CPX

BEQ

cPx
lrttE

LDX
LDA B

BPL
LDA A
CMP A
BCS

LDA B

BEQ

NEG B

STA B

STA B

LDA B

STA B

ADD B

STA B

LDX
BSR

LDX
BSR

BSR

LDX
BSR

CI,IP A

TEI.lD

I'IEIlLOC
IIEI,!AD

"+$P3

TEIlD

507 ,x*-$92
$96,x
$04,x
#$9F

*+(
$99

04
x

llow DDDD 9090.
Park it.
Look for next Ill pulse.
llone yet? Loop.
Clear IRQ.
Get address & data.
Chop off address.
Assemble with llSD.
Get working I ocati on.
At start-recording point?
If not, skip next.
Set "save" fl ag.
Check "save" fl ag.
0? Skip the Store operation.
Data into reg ister.
llext'location.
For next go ' round.
54?99 or $43FF.
Clear B; don't store next block.
Past end of reg i ste rs ?

If not, keep on truckin'.
Hit $44pp. End of operations.
llatch for an 0tlT pulse.
l,lo IRQ? Loop.
Get OUT data.
Address 15?
If not, keep I ooki ng.
Get # of invalid data locations.
None? Do nothing.
Get compl ement.
S.A. for end-register cl eari ng.
Also for A register.
2nd-half addresses , B register.
l4El.lLOC nor $41nn.
llow $43.
l4EllEND now $43nn.
Start point for cleari ng.
Clear (BLAl.lK) bytes, start of B.
(BLANK) bytes from end of B.
Clear end of B register.
Now the start of A register.
Now the end of A reqister.
Do it.
Check that "15 0UT" word.

E6 os
2A FC

A6 94
81 Fp
25 F6
D6 24

2A
2C
c6
4499
c2
?E

LrEr.lL0c
IlEIIEND
ABSTOI?

#$449fr
ABSTOl
IOBAS E

$05,x
EI'IDCK

$04,x
#$F9
EI{DCK
BLANI(
ABEX IT

r'1Et4L0C

IlEMEND

#s41
I4ENLOC

#$92
14Et.lEilD

#Bl.rEr1

CLREIID
14Er,rL0c

CLRETID

CLREIID
I'tEt'lEilD
CLREIID
#$F2

ABDONE

ENDCK

+1
+1

c6 41
07 2A

27 tc
50
D7 ?B
D7 2D

cB 9?
07 2C
cE 4099

8D 9F
DE ?C
8D 9B
81 F2

8D 15
DE 2A
8D 11

ABEX IT

Page 08

I
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FEI4 ?7 8E

FC00-FFFF

BEQ

O.IP A
BNE

JI,IP

FE16
FE 18
FElA
*
*CLREND blanks (BLAI'IK) consecutive bytes, per XR.

Page 09

'Abort' code? Issue a l.lAK.
Check for "0K" code.
llot 0K? Send out El'lQ.
l,las "0K". 0utput ACK; return.

Get # of invalid data locations.
Clear l l ocati on
Step
Count
Loop
Return.

Byte count (16).
S. A. of D register.
Output transl ated buffer.

Get corrman d.
Check for 'C' bit.
None? Try B.
Byte count (10).
S. A. of C register.
0utput lP bytes.

8l
?6
7E

D6 ?4
6F 99
08
5A
2E FA
39
9r
9r
9L

CLREND

CLRE 1

READ

LDA B

CLR
INX
DEC B

BGT

RTS

NOP

iloP
r10P

LDA B

BIT B

BNE

JI.1P

LDA A
BSR

LDA A
BIT A
BEQ

ERRORP

#$F I
ERRQP

ACK

BLAN K

$gg,x

CLREl

c0HND
#59F
*+$05
ERRORQ

#$96
FOUT

c0r'fi,1D

#$08
CREAD

cot.lilD
#$94
BREAD

#$9A
#ct1Eil
CONTO

*
FE lD
FE lF
FEzI
FE2?
FE23
FE25
FE26
FE27
FE28
*

F1
83
FC6B

?g
0F
03
FC67

40
2Q

98
97

*READ outputs content of Registers D, C, B and/or A to*the external device via PIA1B, per externa'l device comnand.*
FE29
FE2B
FEzD
FEzF
FE32
FE34
FE36
FE38
FE3A
*

D6
L)
?6
7E
86
8D
96
85
27

96

*DREAD outputs 16 bytes from D register.*-
FE3C C6 t0 DREAD LDA B #$tg
FE3E CE 9g69 LDX . #DMEt"t
FE41 8D 46 BSR CONTO*
*CREAD outputs 10 bytes from C register (pane1 dump data).*
FE43
FE45
FE47
FE49
FE48
FE4E
*

?9
04
97
9A
9970
39

LDA A
BIT A
BEQ

LDA B

LDX
BSR

Get command.
Check for operand.
Got one? 0K.
0perand 0. Inval id coflmand.
ASCII'ACK..
RDAC +; set outputs; issue ACK.
Get cornnand.
Check for rDr bit.
tlone? Try C.

:I

.I

.l
,I
I
I

96
o(
27
c6
CE

8Dt
"l

I
I

*BREAD outputs data from B register $4090-$4lFF (512 bytes).*
FE59 96 29 BREAD LDA A COttND Get command.
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FC99-FFFF

FE59
FE62
FE64
FE66
FE69
FE6B
FE6E
*
tETg
FE73
FE74
FE 75
*

FE76
FETB
FETA
FETC
FETE
FEsg
FE82
FE84
FE86
FEBB
*

96 2g
8s ot
27 9A
cE 4499
0F 2C
cE 42p9
8D ?9

DE 2E
c6 14
E7 0r
C6 FF

6F ol

AREAD

FOUT

FOUT 1

CONTO

BIT A
BEQ

LDX

STX
LDX
BSR

LDA A
BIT A
BEQ

LDX

STX
LDX
BSR

{$02
AREAD

#Al,1Et'l

I'IEI,IEND

#Bt1Eil
ilEr10

COIIND

#$91
EXREAD

#s4490
r4EriEtlD

#4ilEil
t,lEil0

DOIIE

OUTl

Page 10

Check
None?
S.
Lim
Sta
0ut

Code fo
Open DD

Set out
Code fo
Lock DD

A.
it
rt
pu

for 'B' bit.
Try A.
of A regi s ter.
for output.
point.

t the da ta.
*AREAD outputs data from A register $4209-43FF (512 bytes).*

I
,I

*F0UT releases RDAC; sets u*outputs character in ACC A*
p I outputs at PIAIB;
; leaves outputs set at PIAIB.

Get corrrnand word.
Check for 1A' bit.
tlone ? Exit.
End of A register + 1.
Limi t.
Start.
Output data.

0utput EOT; r€turn to C0llAND.

Get start of I/0 area.
CA-Z open; CA-l - transition.
PIA1A control : release RDAC.

7E FC6F EXREAD

9L
9L
9r

JIIP
NOP

NOP

t,r0P

r8
Ro
put
rC
D.

iOBASE
#$ 14
$01,x
#$FF
$93,x
$92.-x
#s26
$93,x
$02,x

E7 g2
c6 26
E7 g3
A7 92
39

LDX
LDA B

STA B

LDA B

CLR
STA B

LDA B

STA B

STA A
RTS

BSR

INX
DEC B

BGT

RTS

outputs.
n B si de.
s.
B-2r /SDAV after vrrite
CB-1 + edge.

FE89
FESB
FESC
FESO
FESF
*

*COllTO outputs (ACC B) characters per XI? to externa'l device.*

0utput character; set /SDAV.
/SDAV will be released by CB-l +

0utput character in ACC A.
Step
Count
Loop
Return.

0utput I character.
Step

c0ilT0

rl,lEl'10 outputs data to external dev.ice, per XR up to llEl.lEilD.*
FE99
FE92

8D 06
98

D CD

INX
OUTl

*IF7L18 Rev. 1.2
*August 2L, 1978

FEs? 85 92
FE54 27 0A
FE56 CE 4?09
FE59 DF 2C
FE5B CE 4999
FE5E 8D 3p
*

t
t

I
I

I

8D 0D
98
5A
2E FA
39

I ILJ IU
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*
FE98
FE9A
FE9C
FE9E
FEAo
FEAZ
FEA4
FEA6
FEAB

*IF7L18 Rev. 1.2
*August 2L, 1978

FC90-FFFF

FE93 9C 2C CPX t4EuEHD

FE95 26 F9 BilE MEtlO
FE97 39 RTS
!t
*OUTI outputs 1 character per XR, via PIAIB.

Page 11

Get corrnand word.
Check operand.
l{ot 0? Go.
Inva li d cormand. Output EllQ.
Output ACK.

Get cornrand.
Check for 'C' bit.
I'lo C? Try B.
Count for 10 bytes.
Get S. A. of register.
Input the data.

LDA A
STX
LDX
TST
BPL
STA A
LDA A
LDX
RTS

*L0AD inputs data from external device via PIAIA,*to be stored in interface memory registers.*
FEAg D6 29 LOAD LDA B COI.IIID

FEAB C5 9F BIT B #$PF
FEAD 26 93 BNE *+$05
FEAF 7E FC67 JI,IP ERRORQ

FEB? 8D 72 BSR ACKP*
*DLoAD accepts 16 bytes for D register.*
FEB4 96 ?0 DLoAD LDA A C0MHD
FEB6 8s 

'8 
BrT A #$08

FEBS ?7 O7 BEQ CLOAD
FEBA C6 lp LDA B #$10
FEBC CE 0969 LDX #DMEil
FEBF 8D 2F BSR CONTLD*
*CL0AD accepts 10 bytes for C register.*
FEC1 96 2O CLOAD LDA A COI{ND
FEC3 8s g4 BrT A #$p4
FECS 27 07 BEQ BLoAD
FECT C6 0A LDA B #$pA
FECg CE DgTg LDX #Ct4Eil
FECC 8D 22 BSR CONTLD*

OUT 1 $0p, x
MEILOC
IOBASE
$93, x
*-$92
$9?,x
$02,x
t',lEtlL0c

I
t

*BL0AD accepts 512 bytes for storage in B register.*
FECE 96 20 BL0AD LDA A C0NllD Get comrnnd.
FED0 85 92 BIT A ll$02 Look for 'U' bit.
FEDZ 27 9A BEQ AL0AD ltone? Try A.

At Iimit?
If not loop.
At limit. Return.

Get character.
Save XR va'l ue.
Get start of I/0 area.
Check for +SDAC from previous.
l.lait for it if not here.
0utput PIA1B data.
CIear IRQ.
Recover XR.
Retum.

Get cormand.
Check for rDr bit.
l,lone? Check C.
Byte coun t.
S. A. of Register D.
Input 16 bytes.

t
T

I
I

t

A6 09
DF 2A
DE 2E
6D 

'S2A FC
A7 02
A6 92
DE 2A
39

I

I

!

I
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FCOO.FFFF Page 12

FED4 CE 4299 LDX #Al'lEll Limit for input.
FEDT OF 2C STX I,,IEI.!ENO

FED9 CE 49W LDX fBl.lBl Start point.
FEDC 8D 18 BSR l.lEllLD Input data.*
*AL0AD accepts 512 bytes for storage in A register.
*
FEDE
FEEq
TEE?
FEE4
FEET
FEE9
FEEC
*
FE EE
*

29 36 ENDLD BRA ACKP Output ACK; back to C0l'lAND.

*CONTLD stores (ACC B) bytes per XR from external device.*

%29
85 9t
27 0A
CE MOq
DF 2C
cE 4299
8D 9B

DF 2A
DE 2E
86 14
A7 ot
85 34
6o 01

ALOAD

IN1

LDA A
BIT A
BEQ

LDX
srx
LDX

BSR

sTx
LDX

LDA
STA
LDA
TST
BPL
STA
LDA
LDX
RTS

c04ltD
#$01
ENDLD

#$M99
t,tEl'lEil0
#Ar4Etl
I'IENLD

8D 11 CONTLD BSR IIII
A7 00 sTA A $rg,x
O8 INX
5A DEC B
2E F8 MT CONTLD

39 RTS

8D 

'E 
iIE,lLD BSR IIII

A7 9p STA A $$p,X
98 rNX
9C ?C CPX I.lEt"tEilD
26 F7 BNE I,IEI.ILD

39 RTS

6et cornnnd.
Check for 'Ar bit.
l,lone? You' re done.
Limi t.
Start poi n t.
Load $4209-$43FF.

Get input byte.
Store per XR.
Step
Count
Loop
Return.

Save XR.
Start of I/0 area.
Code for CA-2 open circuit.
Release RDAC.
For RDAC low; CB-l - edge.
Look for /RDAV.
Loop until recei ved.
Set RDAC lov.
Get input character.
Recover XR.
Return.

I
I
l
I

*!.lEl4LD stores data per XR up to l{ElJEllD, from external device.*
FEF9
FEFB
FEFD
FEFE
FFOO
FF02
*

FEFO
FEF2
FEF4
FEF5
FEF6
FEFS
*

FF93
FF95
FF97
FFW
FF9B
FFPo
FFgF
FF 11
FF 13
FF 15
FF 17

$01,x
#$34
$01,x
*-$92
$pl,x
$00, x

FC

0t
09
2A

A
A
A

r1EilL0C
I OBASE

#$ 14

2A
A7
A6

A

DE

39

A
I"tRrL0c

Get input data byte.
Store per XR.
Step
At Iinit?
If no t, 1oop.
Done.

*Il',11 inputs I character from external device via PIAIA.*
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FCog-FFFF Page 13

*

;i::-:i::;il,iH.8;i:l?ld"l;t.lJI 
ililf; 

,Bi 
:,.:Tt{3, I;"11"'.*functions under control nnrr, ioiJeJ i""i fiJiili"."-o-tiun-ol.

FF IB
FF IA
FF IC
FF IE
FF2g
FF22
FF24
FF26
*

A coililD
A lI598

PLOAD
IOBASE

*PL0AD_Ioads Control RAlt rvith-contents of Register D; disables*five 7118 front-panel controri-ini";;.;i.;';;;;.ot RAl.

96 29
85 ou
26 gB
DE 2E
E6 9t
CA 38
El 9t
7E FC6B

8s 9e
26 g7
7E FFB3

SUB

ACKP

PLOAD

PLOADI

LDA
BIT
B,II E

LDX

LDA
ORA

STA
JIlP

BIT A
BNE

.JTIP

IIOP

NOP

NOP

tl0P
LDX

CLR B

LDA A
ROR A
ROR B
ROR A
ROR B
LSR B

LSR B

LSR B

LSR B

STA A
LDA A
AI'ID A
ABA
STA A

#s98
PLOAD 1

OUTPUT

ACK

#EilB'l

$lp,x

B

B

B

FF29
FF?B
FF2D
FF39
FF31
FF32
FF33
FF34
FF37
FF 38
FF3A
FF3B
FF3C
FF3D
FF3E
FF3F
FF 49
FF4I
FF 42
FF 44
FF46
FF4B
FF49
FF4B
FF4D
FF4E
FF4F
FF5T
FF53
FF55
FF57

$07 ,x
#$3B
$p7,x

509,x
$11,X
#$93

$91,x
$ll,x

x
x
x
x
x

Check cor.mand for SUB D bit.
Got one? Do it.
llo SUR D. Do OUTPUT.

59

9t
0L
9r
9t
cE 90
5F
A6 tg
46
56
46
56
54
54
54
54
A7 99
A6 1l
84 g3
1B
A7 9t
46 tl
44
M
AB 12
A7 02
A6 13
A7 g3
A6 14

$12
$92
$ts
$ps
$14

LDA A
LSR A
LSR A
ADD A
STA A
LDA A
STA A
LDA A

Raw-data reg i ster.
B will get rnantissa.
Time/Div from D req i ste r
lias: p00E EEllli
Ilantissa bit from Carry into B.
lhil!-qgqil, nantissa io Carry.
\: 9999 9EEE; IJ: t.ltigl Dpgg.Shift B data to LSD

B now 0009 tt49\
Tirp/div -exponent in E register.
C'et Span/div: gggE Eiln1
Scrub exponent.
Assemble mantissas: 0gg0 IISS
Into E reg i s ter.
Get Span/div aqa i n.
Shi ft out manti s sa.
A nov: 0009 1EEE
Add in phase-lock bi t.
Into E register.
Resolution bandwldth code.
Intoo E regi ster.
Band switch code.

I

Get cornnand.
Get operand; ignore any C bit.
D, A or B? Skip next.
SUB p = restori front-panel.
Get PIA2B control reqister.
Set CB-z bits trigh.
CB-2 high; control RAt't disabled.
Issue ACK; return to COltAllD.

I
,l

t
t
a

t
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Page 14

Band code i
Reload XR f
Set worki ng
For trans fe
Get data (i
Onto stack.
Step
Co unt
Loop

Addres
Cl ear
h'atch
Loop t

FF59
FF5B
FF 5E
FF 60
FF62
FF64
FF65
FF66
FF 67
FF69
FF68
FF6D
FF6F
FF77
FF73
FF75
FF76
FF78
FFTA
FFTC
FFTD
FFTF
FF81
FF83
FF85
FF87
FF89
FFSB
FFSC
FFSE
FF 99
FF92
FF94
FF96
FF98
FF99
FF9B
FF9D
FFg F
FFAl
FFA3
FFA5
FF A7
FFAS
FFAA
FFAC
FFAE
FFB9

A6 9q
36

9s
5A
2E F9
DE 2E
D7 ?5
AG oq
84 Fg
E6 94
c4 F0
11
?7 F9
D1 25
26 Ft
32
A7 tD
D6 25
cB lg
c1 5g
25 E4
c6 36
E7 g7
5F
DE 2E
D7 25
A6 96
A6 97
2A FC
A6 oc
16
c4 F9
cl 25
?6 FL
DE 2A
u0F
Ar 09
26 84
98
DF 2A

PLOOP

PLOOP 1

PLOOP2

STA A
LDX
sTx
LDA B

LDA A
PSII A
DEX

DEC B

BGT

LDX
STA B

LDA A
AND A
LDA B

AND B

CBA

BEQ

CI',IP B

BNE

PUL A
STA A
LDA B
ADD B

cl'tP B

BCS

LDA B

STA B

CLR B

LDX
STA B

LDA A
LDA A
BPL
LDA A
TAB

AIID B

O,IP B

BNE

LDX
AI\D A
CI,IP A
BNE

INX
sTx
ADD B

CI,IP B

BCS

JI,IP

$04,x
#EI'IEN
l.rElrL0c
#$05
$p4,x

PSHD

IOBASE
TEIID

$94,x
#$F0
$04,x
#$F 0

A7 g4
cE g0s0 PL0AD?
DF 2A

ACC B is now 0.
B is address counter.
Get address & data.

Get preset address.
Next address ( in tlsl't ) .

nto E register.
or r€peat ops.

I ocati on.
r of 5 r.rords.
n inverse order).

09-$49 (Port 1-s).

I l,l pul se.
you get one.

a.
nd data in B.
a.
or address chanqe.
? Keep l ooki ng.
nge. Right addres s ?

ne we want. Start over.
ress. Get PSHrd data.
Bnln enables RAll /IIRITE

T 95c6

T

PLOOP2
TEIID
PLOOP 1

Scrub dat
Address a
Clear dat
Looking f
llo change
Got a cha
llot the o
Right add
Address $

upt
If n
Code
ToP
StarCONF

c0t{F1

$10,x
TEI!D
#$19
#$s0
PLOOP

#$36
$07 ,x

IOBASE
TENt)

$06,x
$97 ,X*-$02
$p4,x

#$F I
#TEIID
c0ilF2
l,'tEilL0c
#soF
$00,x
PLOAN2

r''tEriL0c
#510
#$5p
CONF 1

ACK

o address 5?
ot, go again.
for CB-2 low; CB-l + edge.

IA2B. t{il l enable RAl.l.
t confirmation ro uti ne.

Start of I/0 area.

CONF2
s$
IRQ
for
ill

CB

cl
25
7E

L0
s9
E9
FC6B

Get Il.{ data.
Replicate in B.
Scrub off da ta.
Check addres s.
llot the one? Loop.
Got a match. Get E register.
Scrub off address.
Conpare to E register data.
llo match? Start all over.
l4atch. Step to next E reg loc.
For next operati on.
Step addres s.
Past 540?
If not, keep checki ng.
Al I done & confi rrrred.

I
I

I

l
l

FC09-FFFF

PSHD

I

I
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FC0g-FFFF

*
*0UTPUT provides continuous output of B and*to extemal device via PIAIB, with 6 ms wa*
FFB3
FFB6
FFBS
FFBB
FFBD
FFBF
FFCI
FFC3
FFC6
FFCS
FFCA
FFCB
FFCC
FFCE
FFD9
FFD2
FFD4
FFD6
FFDS
FFDB

FFOD

UIT

93,X
92,X

Set l.lEllAD & l.lEl4LoC per ACC A.
ASCII IACK"
0utput ACK; 'leave PIAIB set.
Clear any old RDAV IRQ.
Code for RDAC 1ow, CA-l -edge.
Into PIAIA contro l .
Startinq point.
Output menor.y up to tlEllEllD.
Start of I/0 area.
Code for RDAC high, CA-l -edge.
counter. 0 = 256.
Counte r
Done? Run another di sp lay.
Set RDAC high. (Helps fitl time)
Check for in terrupt.
I'lot interrupt? Loop for 5. 86 ms.
Got interrupt. 0pen DDR.
I inputs on B side.
Reset Stack Pointer.
PIA code for C0lillD1.
Read new cqnnand.
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A register data
betvreen repeats.

RECORD

REAT)

LOAI)

SUR/OUTPUT

ll0P (0ptional instructions )

NOP

il0P

iloP

NOP

ll0P

/orit
BD FDsA
86 9a
BD FE76
A6 90
c6 34
El ot
DE 28
BD FE9O
DE ?E
86 14
5F
5A
27 EF
A7
6D
?A

FC

73
FE

29
FE
A9
FF

l8
FC

67
FC

67
FC

67
FC

67
FC

67
FC

67

OUTPUT

IIEXOUT

EXOUT

INSTBL

JSR

LDA A
JSR
LDA A
LDA B

STA B

LDX

JSR
LDX
LDA A
CLR B

DEC B

BEQ

STA A
TST
BPL
CLR

CLR

LDS

LDA E
JI'1P

IIEI!AD
t'lR10
IO6ASE
#$ 14

$p
#$
$9

9,X

IIPREP

#$06
FOUT

u
I'X

$01,x
$01, x
I.IAIT

}IEXOUT

6F
6F
8E
c6

b
$
#
#
C

$994F
$34
0r'[]D I7E

0L
9r
F7

93
92
904F
34
FC3C*

*
*
FFE0
FFEl
FFEz
FFE3
FFE4
FFE5
FFE6
FFET
FFES
FFE9
FFEA
FFEB
FFEC
FFEO
FF EE

FFEF
FFFO
FFF 1
FFF2
FFF3

FDB

FDB

FDB

FDB

FDB

FDB

FDB

FDB

FDB

FDB

$FC73

$FE29

$FEA9

$FF1B

ERRORQ

ERRORQ

ERRORQ

ERRORQ

ERRORQ

ERRORQ

I

I

J
I

1

T

I
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FCqg-FFFF

FDB

FDB

FDB

FDB

FDB

FDB
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ll0P

il0P

llaskable interrupt (not used ) .

Softvrare lnterrupt (not used ) .

l{on-maskable lntemupt.

Pover-on r eset.

FFF4 FC
FFFs 67
FFF6 FC
FFFT 67
FFFS FC
FFFg 29
FFFA FC
FFFB 9E
FFFC FC
FFFD 9E
FFFE FC
FFFF 99

II?Q

sr.rI

lil.tI

RESTAR

ERRr)Rq

ERRONQ

cr}rAiln

IOSET

I OSET

RESET

I

I
It
1
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