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DS2OOO KSR CUSTOIV]ER IVIAINTENANCE IVIANUAL

P reface:

This DS2000 Customer Maintenance Manual provides technical information
about the circuitry of the DS2000 KSR terminal and presents a step-by-step
troubleshooting guide. The DS2000 has been designed in a modular arrangement,
and the troubleshooting guide is designed to isolate problems to specific
boards whenever possible. When the defective module is located, please contact
the factory (or authorized HAL distributor) so that arrangements can be made fo!"
repair of the module, This approach should expedi te repairs of units and reduce
the danger of shipping damage that might occur if the entire terminal were
returned for repair. Since special test fixtures are required to test circuitry
on each board, it is highly recommended that repair of the boards themselves
be left to the factory or authorized-distributor technicians,

This manual is organized in six sections, presenting a discussion of the
circuitry, disassembly procedures, specifications and limitations, trouble-
shooting, adjustments and options, and schematic diagrams. lt is recommended
that you give all sections at least a cursory reading before beginning any
Les ts or measuremenLs.

The troubleshooting flow diagram has been prepared to utilize on-screen
symptoms and l,z0 tests, minimizing the amount of external test equipment
required. A good 20,000 ohms-per-volt VOM may be the only piece of test equjp-
ment you need! An oscilloscope is not required by the procedures given, but
may prove usefu I .

Problems with the D52000 can be placed in three general categories: those
due to internal component failures, those due to a hostile environment, and
those due to operator nisunderstanding. As with al1 electronic equipment,
some failure of internal circuitry may occur, particularly during the first
few weeks of operation, However, the factory "burn-in" testing and the
conservative design of the DS2000 have shown this mode of failure to be rare.

Equipment failures due to application of improper l/0 connections or
voltages, lightning strikes, or a hostiie environment (water or excess heat) ,
vary with the user. Experience has shown thbt the DS2000 problems can often
be traced to these sources.

Experience has also shown that improper operator understanding of the many
features of the DS2000 is often interpreted as an equipment malfunction. Please
double check your operating procedures before 'rdigging-intorr the troubleshooting
checks -- you may save yourself a lot of time and effort! lf you discover
a potentially confusing instruction in any of the manuals, please let us at
the factory know so that future versions may be ammended. Use this DS2000
Customer l',laintenance Manual in conjunction with your DS2000 0peratorrs Manual
and 0peratorrs Guide.

ltt
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THE DS2OOO KSR COIvll4UNICATIONS TERI4INAL

1. SYSTElvl DESCRIPTION

Circuitry of the DS2000 KSR is contained primarily on three printed
circuit boards (two, excluding the MR2OOO option). These are the power supply
board, the logic board, and the MR2000 Morse receive board, Fig. l.l shows
the basic interconnections between these subassemblies. Each subassembly has
a numerical designation, which is used to identify it. These designations
appear on each pc board to help make identification easier.

l.l System lllock Diagram

Fi9. 1.2 contains a functional block diagram of the entire KSR,
including the MR2000 option. Like other HAL terminals, the DS2O00 is designed
around a dedicated microcomputer, the heart of which is a type Z-80 B-bit
microprocessor lC. The Z-80, along with i ts associated anci I lary devices,
controls all KSR operations. The kinds of devices directly interfaced with
the Z-80 in the DS2000 are as follows: Read-0nly Memory (i,Ou), Random-Access
ttemory (RAM), Cathode-Ray-Tube Control Ier (CRT Control ter or CntC), Keyboard
Matrix, lnput/0utput (l/0) lnrerface Circuitry, and the MR2000 Morse Receive
Circuitry. Other devices, such as the line buffer, character generator, and
video combining circuitry, are interfaced directly with the CRT controller,
which can directiy access memory, as necessary, during video display routines.

Communication between the Z-80 and its ancillary devices is through
the bi-directional data bus, address bus, and control signals such as l/0
Read/write and Memory Read/write. Operation of the z-80 central processing unit
(CPU) requires that a multitude of commands, data and address information be
communicated on a common mul ticonductor data bus. A system of tri-state
buffer/driver devices actuated by commands from the Z-80 and gRT Controller,
along wi th two types of interrupts, ensure that inter-device communications
are carried out properly on this rrparty line,r, The two types of interrupts
used on the z-80 CPU are software maskable (lNT) and non-maskable (Ntii-).
Maskable interrupts can be " i g no reTil-6!--il-e CpU if rhey happen at other than
specific times during program execution, whereas non--maskable interrupts must
be serviced by the CPU as soon as it completes the current.program instruction
being executed. lnterrupts will be discussed in more detail when the circuitry
that generates them is analyzed.

The DS2000 KSR operates differently than all previous HAL amateur
terminals in that the Z-80 shares control of the address and control buses
with the 8350 CRT Controller, ln this system, the CRTC is said to be operating
in Direct-Memory Access (OUn) mode when it takes control of the buses from
the Z-80 CPU. How this system operates is explained in more detail in the
sections of text that deal with the CpU and CRTC.

1.2 CPUIMEMORY SECT ION

The CPU/Memory section of the
form in Fi9. 1.3, and schematical ly in

KSR circuitry is shown in block-diagram
Fis.6.l.
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I . I)roc_l t-,ti I fleficry

l"i1 op-.craticn5 prIformed by ihe DS?000 circuitty are deternrined
by sc(rirl,r'ri ial stcps in the 1,.:, r. erl prcgra . Thir Prcgranl, v"iliclr c()niains all
necessarv insiruclions for the tricrcpr,rt:cs-.or, li a(irltained in Pro'lrartlrlabic
ile ai-0rly Henrory (PRoM) . Iar1y DS20C0r LonL;ri]r 1-(rui J,;'pe 2;CS tra:.rirl(. PllC11i,

while the neu,Jesl versions conr-ain ar single masl.-1;i-C1t r;rrrr:rabit: R0l'1 T;oica1
sL!!rout incs ihal arc slorcd in lhe KSR PR0il arr; l<er'iboard (iacod;nq, charar:ler
siorage, speeC clranlie. c.-.de conversion, stal us iriocessor, :nd test flle:sage
generation. The p i-,.,,g rail irifcrmation stored in ircntory devicc.' is L-ften referred
to as "sof tr^riii-e" to distinguish it from the harcj-r.iired or "lrard,.'areI part cf
the system. The software in the DS2000 is iirstalleC in pluq-in !ockets,
as:,uring simpii replacernent if future sof i!i.lr.i-' upcli]le! aie rraLlc a"railable .

2. Text 5 toraqe liemory

The DS2000 KSR Iogic board conlains 3 kilobytc , of R.tndom-Acces:l
to store all text in the vicleo bul-fr:r (1728 cira;ac*.er:)

hidden buffer. six static RAl"1 lCs (each 1k x E l-.its)
whether it is being dispiayed or stored ;n the

Menro-y (RAM) , wh j ch
along l.rith the text
are used to store al

s used
n the
text,

h idden i i-ansm i t buffer.

3. z*80 cPU

The D0TCLK siqnal f rorn the CRT Controller is divided do!',/n to
generate the Z-80 clock and IIT signals. The fr equency of the non-maskable
interrupt is 2.1328 kHz, pr-oviding an interval of approximateiy 0.47 mS betv/een
NMls. The DS2000 software prograrq is interrupLed each time an N14l occurs,
providing a regular time-referenced "stopping point".

Two_Algna I s interface the Z-80
BUSEN. The H0LD signal is generated by
This signal goes to the BUSRQ input on
being performed and then removes itself

along with another Z-80 control signal
are used to enable or select al I ancil
from the l..1R2000 board is connected to

CPU with the CRT Controller: H0LD and
the CRTC to request control of the buses.

the Z-80, which completes the instruction
from the buses by tri-stating (going

-- ll0 Request (l0Rq) -- and address 'l ines
lary devices. The INTRP contrcl line
the maskable interrupt (tUf) on the Z-80.

to a high impedance) at all address- and data - bus connections. After the Z-80
has gone tri-state, it acknov./ledges the bus request with a BuSAR signal that is
used to enable the CRTC as a BUS Enable (AFSEN) signal.

Additionai control signals from the Z-80 are used to create Memory
write (tlEyWR), Memory nead (MElln) , t/O wri te -(10!ln), and l/0 nead (l0RD). These,

r.3 INPUT/OUTPUT SECT ION

(A b lock diagram depicting
is contained in Fiq. 1.4.)

Keyboa rd

ln the DS2000 KSR, the
memory device. Performing a part of
software, the Z-80 scans the keyboard
of the data lines, representing a key

the l/0 section circuitry in the DS2000

keyboard is treated as a read-only type
the main service routine in the system
natrix looking for a logic zero on one
press oo a specific key. lf a key press

4



FROM CR]

OOT CLK

cRr2

*l TO CRTC

t0 R0

ADD. BUS DATA BUS

EKBSW
(T0 r/0 sEcTt0N)

MEMB

INTRP
(FBOM MB2O()t))

MEMW

IO RD

IOWR

r0 R0

FlG. 1.3 -- CPUlMemory section of DS2000 circuitry.
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is detected during the matrix scan, the program instructs the CpU to rrread
auxilliary'r by enabling the HIIIT control line. When this line is enabled
(active low) , the SHIFT and CTRL key switches are l/O read via two of the data
lines, The practical effect of this operation is that the keyboard is continually
being scanned for keypresses, and that when one is detected, the CPU checks to
see if it was combined with a SHIFT or CTRL keypress. The software keyboard-
decoding routine then assembles this information to determine the desired
characte r or funct ion.

2.

to gene ra te
the p rope r
bell-tone,

l/0 Connect ions

'The I /o I,/ r i te (JbIJ-wR) s i gna I

an enable for the l/0 latch
level s, as determined by the
cw-keying and TX-loop keying

Receive-Loop De te ct

is combined with address I ine CA6
used to set the various l/0 ports to
data received from the data bus. The
circuits are all driven by this latch.

3.

The output from the RX-loop detection circuit is fed to the same
drivers that place the keyboard-matrix information on the data bus. Thus, the
RX loop is read for high or low condition each time the keyboard is scanned.

r.4 V I DEO GENERATOR SECT ION

Fig. l.! shows the video generator section of the 052000 circuitry
in block diagram form. The main cornponent in the video circuitry is the
8350 CRTl,ontroller, which is interfaced with the CPU through control signals
such as H0LD and BUSEN (bus enable). Since the CRTC is capable of operating
in Direct-Memory Access (OltA) mode, there must be some way to remove the Z-80
CPU from the address and data buses when the CRTC requires them to do its job.
'hen the 8350 requires the next Iine of video information for storage in the
line buffer, it sends a HOLD command to the CPU, which sees this as a bus
request. After the Z-80 completes the instruction being performed, it tri-states
effectively removing itseif from the buses, and acknowledges CRT bus controi
by sending a bus enable (BUSEN)signal to rhe CRTC. The 8350 rhen accesses
memory to obtain the necessary text for the line buffer, When it is finished
using the address bus, the CRTC removes tf'" IbII- command, returning control to
the CPU. Since the CRTC and CPU use the IIID and BGEI- commands to "agree" as
to which device has control of the address bus, it might be said that they,shake hands, via Lhese two lines. The I6LD and EISEI' commands are therefore
referred to as "handshaking'r signals.

When the CRTC addresses memory, the ASCII codes for the next character
row to be TV scanned are loaded into the line buffer, which feeds display
data to the character generator. The generator receives several timing
signals from the CRTC, as well as the DCTCLK signal. \.,/hen a new character row
of codes has been loaded, the character generator outputs the dot patterns for
the top scan line of the character row, fol lowed by the patterns for the
successive scan lines in the character row until the complete row is displayed.
Then, the next character row is loaded, and displayed scan-line by scan-line
as explained above. This continues until the entire contents of memory have
been loaded and displayed, after which the process is repeated.
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FIG. 1.5 -- Block diagram of video section of DS2000,
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Flc. 1.6 -- Block diagram of l'1R2000 circuitry.



The serial stream of video (dot/no dot) information from the character
generator is inverted when a CURS0R signal is present, providing a reversed
character (black on white) at the position of the xmit cursor. output video
from this stage is combined with sync-signals in the video combiner, where
bright/dim .ontrol is supplied, as derived from display data line seven (DD7).
A delay in the bright/dim control line synchronizes the control with the video
informat ion.

A line-frequency control pin on the CRTC is connected through a
rrpull-up'i resistor to +5 volts (logic one) for 50-Hz operation. For 50-Hz
operation, this'l ine should be jumpered to ground, providing a logic zero
(lumpei 'rB" -- see section 5.3).

I .5 AUD IO INPUT IIITERFACE SECT ION (MR2OOO)

A block diaqram depicting the Morse audio processing circuitry in
the MR2000 is contained in Fig. 1.5. The circuitry is shown schematically
in Fig. 6.5. lncoming audio is heterodyned with the local oscillator, with
the sum of the two frequencies going through band-pass filtering.centered at
9000-Hr, Band-pass filter output is fed to a phase-locked looP (PLL) tone
decoder that is designed to detect ! kHz input signals' PLL output is low-
pass filtered before passing through a slicer stage, where the on-off keying
information is "squared uprr for use by the microprocessor. An edge detector
generates an output for each transition (leading edge or trailing edge). These
transitions are used to generate interrupts (lH-fRp)to tf,e processor. \{hen the
processor receives an trufhp command, it generates l0RD and selects address lines
two and three. These enable a multiplexer/dus driver used to place cw key-on/
key-off information (oAfA) and timing bits on the data bus. The local
oscillator generates a clock signal that is gated to a l5-bit counter that
provides the timing bits to the data bus. lOWR combined with address iine three
resets both the interrupt latch and the counter, while overflow from the counter
generates an INTRP command to the processor.

The balance of the KSR circuitry is contained on the power supply board
and in the cabinet wiring. This portion of the DS2000 is shown schematically
rn l-rg. b.q.

10



?. 'l ln the even t

) DISASSEMBLY OF THE DS2OOO

that you need to open the KSR cabinet to check voitages,
perform any other servicing function, BE SURE T0 READ THE

FIRST:
check connectors, or
FOLLO\,'I NG I NFORMATI ON

* >'.

,, WARN I NG ! )k

,t ALWAYS UNPLUG THE PoWER CoRD 7t

,.. FROM THE AC PO\,JER SOURCE BEFORE *
* OPEIIING THE KSR CABINET FOR ,K

;! SERVICING. *

Before beginning any disassembly of the DS2000 KSR, first disconnect
all external equipment by unplugging the l/0 connector, Morse AF input connector
(if MR2000 is installed) and the coaxial connector attached to the video output.
Turn off the KSR power switch and disconnect the captive line cord from AC power
source. Place the KSR on a protected work surface and remove the four phillips-
head screws that secure the KsR top section to the bottom chassis. Each of these
screws should have an internal-star lockwasher on it (early version KSRs rnay be
missing these lockwashers -- contact the factory or your distributor to obtain
these if your unit does not have them). Set the hardware aside and lift the
KSR top section straight up and off of the bottom chassis and lay it keyboard-
side down on the protected work surface. Use caution to ensure that none of the
interconnecting cables are strained during this operation.

2.2 Removal of the MR2000 l'lorse Receive Board

To remove the MR2000 from the KSR, set the bottom chassis of the DS2000
on its side with the bottom facing away from you (see Fig. 2.1). Unplug the
ribbon-cable DIP header plug from the socket on the DS2000 logic board, and
disconnect the powe r connectors (six-pin Holex) connecting the MR2000 to the
power supply board. Next, remove the 6-32 hardware (four sets of screw, spacer,
lockwasher and locknut) that secure the board to the 0S2000 bottom chassis.
Now the 14R2000 board can be removed from the 052000.'

z. t Removal of the Power Supply Board

To remove the power supply board from the 052000, unscrew the four
phi llips-head screws that attach the board to the four stand-off sPacers on the
bottom chassis. Then disconnect the two cables going to the MR2000 and KSR logic
boards, disconnect the cable going to the transformer, and disconnect the cab'le
going to the pass transistor mounted on the rear panel. The power supply board
should now be free of the DS2000 bottom chassis.

2.4 Removal of the Logic Board

To remove the KSR 'logic board from the DS2000 top cover, unplug the DIP
header plug from the socket on the logic board, and unplug the power supply cable.

l'l



Flc. 2.1 -- Chassis Position for installation/removal of MR2000'
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Next, remove the l/0 connector from the DS2000 rear panel by pressing the
retaining f'laps in (toward the connector shell) so that the connector shell
pops out through the hole in the chassis. Then fold the retaining flaps back
the other direction and feed the cable and connector back through the back-panel
hole to the inside. Now the top cover should be completely disconnected from
the bottom chassis. Remove the four screws that attach the 'logic board to
the top cover. Put them aside along with the four internal-star lockwashers
used between the pc board and stand-off spacer at each screw Iocation.

2 .5. Reassembly of the DS2000 KSR

ln general, any subassembly of the KSR that has been removed can be
reinstalled in the KSR chassis by following the above instructions in reverse
order. The following are special instructions concerning instal lation of
certa i n subassemblies.

l. [./hen instal I ing the l'1R2000, use caution when plugging the Dlp
header into the DIP socket on the logic board. Be sure that all of the pins
are Iined up with the socket holds before pressing the header into place. Also
be sure that the header is oriented properly with respect to the sosket (match
the colored dots, or align the beveled corners).

2. When installing the logic board i'n the KSR top cover, initially
do not tighten the four retaining screws all the way. Turn the top cover over
and inspect the key tops to ensure that they all actuate freely. lf some of
the key tops rub against the edges of the keyboard cut-out, adjust the spacing
by moving the keyboard assembiy slightly. When the proper spacing is achieved,
tighten the four retaining screws completely. Check key tops again to ensure
that they do not bind against the metal cover cut-out edges when they are
dep res sed.

13





3, ]/O SPECIFICATIONS AND L]IlITATIOI\S

Before making any connections to the DS2000 KSR (other than standard
RTTY or C\,/ interfacing as outl ined in the Ownerrs Manual) review the foilowing
specifications.

'! ;'r
., CAUT I 0N ! 

,,i

;1 IMPROPER CONNECTIONS MADE *
,, TO KSR I/O PORTS MAY CAIJSE ,,.

,,! DAMAGE TO INTERNAL PARTS- ,K

lnput/0utput Data: (See Fig.3.l)

Loop current input (pins 1 and 4 on l/0 connector)
200 V max i mum.

120 mA maximum, lB mA minimum.

Morse audio input (pins I and 2 on audio connector)
10 V RMS maximum; 0.5 to 1.0 V P-P optimum.

Morse keying outputs (pins 7 and 9 on l/0 connector)

Transistor switches to ground, keying positive (cathode)

and negative (grid-block) voltage circuits simultaneously.
Rating: +150 VDC; l!0 mA maximum.

KOS output (pin 6 on l,/0 connector)

Transistor switch to ground, keying positive voltage circuits.
Rating: +200 VDC; 100 mA maximum.

Video output (s0-239 UHF connector)

75-ohm, 1.0 V P-P composite video output, compatible with
EIA RS-170 standards; peak video bandwidth = 5.1 l.1Hz (8-MHz

video bandwidth monitor recommended for good resolution).

15
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4, TROUBLESHOOT]NG PROCEDURES FOR THE DS2OOO KSR

As explained in the preface to this manual, it is important for theoperator to rule out rrcockpit errorrr as a possible problem before trying to
troubleshoot the KSR. ln the event that your DS2o00 KSR develops a maliunction,
the first stgp to take toward getting the unit repaired is to careful ly noteall of the symptoms of the problem, This suggests that a logic-based ilow
chart should be used to determine as closely as possible whai portions of thecircuitry are working, and at what point there seems to be a ,breakdown,, in
system operation. This section contains sufficient information to allow the
operator to verify proper operation of portions of the DS2O00, and through
simple checks and the process of elimination narrow down the anomaly to a
single section of the KSR circuitry.

4. r lnitial Connector Check

.,- I MPORTANT !
^''i
,! ALWAYS UNPLUG EQUIPMENT :t
,. BEFORE OPEN ING CAB INET. ,'.

:K LETHAL VOLTAGES INSIDE! ;t
,t ,! ,. >! >t rk )k,t it ?t * * 7t * * >l :t *,t ,'r ,! ,'< rr ,r >'. ,t *

.The first thing you shoujd do if a problem occurs
cabinet (see section 2) and verify that all connectors are
includes all molex-shell connectors, and the ribbon-cable D

t1R2000 is installed. Inspect the KSR interior visually for
or dang I ing wi res.

lFor unj.ts purchased fron a HAL distributor, a1I references to the rtthe
in context with returning equipment or getti.ng technical assistance or
should be interpreted as rrthe distr.ibutor uhere purchased.I

s open the KSR

n p Iace. This
P header if an
any loose ha rdwa re

\.2 Re tu rn ing Equ ipment

The following flow chart indicates specific subassembl ies that should
be returned to the factory when problems are encountered in KSR operation.l
Always obtain prior authorization from the factory before sending any equipment(complete unit or any subassemblies) back for repair. Refer to iection 4 of
the KSR Ownerrs Manual if any difficulties are expertenced with the DS2000.
eart 4 . 3-! pEEr-fiiaTil-cove rs repair and return procedures. ' [lioniaur, nny
KSR problem that is suspected to be the result of lightning damage may involve
more than one subassembly. The entire DS2000 KSR
instal led -- should U" .eturned 1offi

factory'r, when used
replace|nent parts,
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lJsing The FIow Chart

The chart in Fig.4.l generally flows from left to ri9ht, and top to
bottom. A key provides identification of symbols and abbreviations used in
the chart. ln most cases this diagram should narrow down KSR problems to
a specific subassembly, eliminating the necessity of returning the entire unit.
However, some malfunctions cannot be isolated in this fashion. ln these
cases, where pc-board circuit tracing or other specialized troubleshooting
techniques are required to affect repairs, the customer should NoT attempt to
repair the KSR. ln any instance, do not perform troubleshooting beyond the
scope of that indicated in the flow chart. Any damage that is determined by
the factory to be the result of unauthorized troubleshooting will not be repair-
ed under warranty, and may void the warranty.

4.4 Troub Ieshoot i ng Guide

The fol lowing text is provided to supPlement the information contained
in the flow chart. Each vertical flow section -- where a problem is indicated,
causing a branch-off from the main flow -- is explained in sequence. Until
you become familiar with Fig. 4,1, use this text in conjunction with the flow
chart when doing troubleshooting.

V ideo 0n Screen?

lf no video appears on the monitor screen when the DS2000 is
first turned on, there are several obvious possible causes that should be

checked out. ls the DS2000 KSR power cord plugged into a "hot" (active) ac
power out'let? ls the moni tor also connected to ac power? ls the video cable
properly connected to the video output connector on the DS2000, and terminated
properly (proper impedance) at the monitor video-input connector? Are the
contrast and brightness controls on the monitor set to the proper levels? Be

sure to check the video cable for continuity and short also. After these things
have been checked, continue with the decisions on this branch of the flow chart.
lf possible, verify that the monitor is operating properly by testing with
another video input. lf another monitor is available, connect the DS2000 video
output to it. A good display indicates that the original monitor is at fault.

lf a bad fuse is replaced and continues to blow, D0 NOT keep replacing.
Under no circumstances should the fuse be replaced with one that has a higher
rating than stated in the 0wnerrs Manual. Power sup!ly voltages should be

checked next.

>'.Jr)tr'<*t 7tr.*rt:t**'-r*rr:'rx;t:!ii;t**:'i*:t*)tJ.rt
**
-" cAUTloN! *
* LETHAL VOLTAGES ARE EXPOSED *
,. IN REAR SECTION OF KSR NEAR ,t
,t POWER TRANSFORMER AND FUSE. *

AII power supply voltages can be tested at the 6-pin Molex connectors
on the power supply cables. Refer to section 2 (assembly/disassembly) before
attempting any troubleshooting INSIDE the KSR cabinet' Check the plus and

minus l2-volt and plus a4d minus 5-volt supplies at the Molex connector on
each power supply cable.l Pin identification is suppl ied in Fi9.6.4, as well
as wi re color codes.

1So,ne later production versions containing a sin91e 52I32

minus 5-voIt negulator circuitry in the pouer supply. In
only. 19

R011 instead of foun 2708 EPR0lls nay not have

these units, test +12-voIt and +5-voIt supplies



The reqular circuits in the KSR power supply are designed to "shut
down" when excessive currenI is drawn. A short c i rcu i t or defect ive component
on the logic board or l'4R2000 board could cause this to happen' Verify
proper power supply operation by disconnecting the power supply |4o1ex
connectors and testing the power supply outputs with no Ioad attached. By

the process of elimination, the power-hungry area (it any) can be isolated.
This is done by testing voltages with individual boards connected.

2. Typical Display?

An atypical video display may be caused by a misadjustment of
one or more circuil.s in the video monitor, This should be checked before
continuing. First, check to see that the video-input impedance switch is
in the proper position: 75-CHl1, N0T the Hl-Z position. Set the brightness
and corrtrast contr"ols vrhile the screen contains both transmit and receive
texi (some bright characters and some dim) for reference. Adjust the
l-,rightness first, reducing it until the raster (scan lines that cover the
.rntirc pictui-e area of the tube) just disappears but so that both bright
ancj dinr ch;:i-acters are still visible. Then adjust the contrast control for
.:,ptil*i resclutior'r and minimum blossomirrg" of the bright characters.

l\ display that looks skevred and unreadable may be the result of a

misaligned lgl;On t a]_&]9 control. A video picture that rol ls or f I ips
along its vertical axis is probabi;, the result of an out-of-adjustment
';ertical hold conirol. lf text Iines ai the top of the screen are eiiher
s.*ll"r "r larger in height than thosa clo:er tc the bottom of ihe screen,
an ad.j ustment of the 'lertical linearity conirol is incl icated. lf ihe
verLical Iinearity conlrol is moved from the factory setting, an adjustment
of the vertical size contrci rnay be necessary. All cf the above controis,
along w-iT6--IiG-Ticui cont.ol are located on the rear pane! of the ESf4-914
monitor. Thus, it should not be necessai'y to open the cabinet to perform
any of the above adjustments. Refer to the 0perator's l"tanual included v.iith
;,our ESM-!14 (cr other ironitor) when rnaking any adjustments.

lf the 0S2000 KSR video display is abnormal (irratic behavicr'
suclr a: cilaracters appearinE and disappearing r^rithout reason, or the cursor
jumping randomly) ihe softvrare program inay not be executing properly. A
failure of the program execution may also cause a partial or cornp)ete lack
of response to the keyboard, or an inability to receive properly. Usually
this type of problem is caused by a defective part on the DS2000 lcgic board.
Hor,rever, it is possible that a problem on the MR2000 Morse receive board is
disturbing the data and address Iines on the logic board" Disconnect the
DIP header connecting the MR2000 to the KSR logic board. lf the difficulty
persists, the defective part is probably on the Iogic board. lf the trouble
clears up when the l'4R2000 board is disconnected, then it should be returned
for service.

3, Loop KOS and CW Lines Key 0K?

The 0S2000 logic board contains the microprocessor and support
circuitry as well as all video generation, loop sensing, sidetone generation,
CW keying and loop keying circuitry. Problems that are encountered i; any
of these areas would therefore indicate a possible malfunction on the Iogic
boa rd.

20



RX Morse 0K?

Morse receive problems are usual ly caused by a defective component
on the MR2000 board, Before you decide that the MR200O board is the cause
of a Morse receive problem, check your CW RX cabling and audio source (receiver
audio output). Also inspect the MR2000 ribbon cable to ensure that the
DIP header is properly mated with the socket on the KSR Iogic board. Test
the MR2000 audio input signal with an oscilloscope or ac voltmeter to see
that the level is proper. The receiver audio going to the MR2000 should
be between 0.5 and 1,0 volts peak-to-peak, and should not exceed l0 volts
in any case,

4.

Proper tuning of the signal and a'l ignment of the MR2OOO circuitry
with the available audio from the receiver are also necessary for optimum
C\,/ reception. Tuning of CU signals is covered in the KSR Operatorrs Guide
and in the 0wner' s Manua I .

As discussed in section 1.5, the audio input interface circuitry
for Morse reception heterodynes the incoming audio with a local oscil lator
and the sum of the two frequencies is fed to a bandpass filter centered at
approximately 9000 Hz. The local oscillator is set at the factory so that
an 800-Hz audio input provides a mixer output that is centered in the band-
pass filter, The 800-Hz note is chosen because it ma IZIE- E audio frequency
available from most receivers when a signal is tuned to the center of the
receiver i-f f ilter pass band. for reiiiviritGaptoviae other center
ffio or 1000 Hz) , the MR2000 circuirry can be
adjusted so that the center frequency provided by the station receiver will
heterodyne up to the frequency required to pass through the center of the
bandpass filter. This is done by varying the local oscillator (L0) frequency.

To obtain proper alignment of the MR2000 pass band and center-frequency
audio note from the receiver, follow the procedure beiow:

1) Turn on receiver xtal calibrator or other stable, constant-
level A0 emission and tune receiver for maximum S-meter reading
on the signal. (tfris centers the signal in the i-f filter
pass band. )

2j Turn on DS20OO/MR2000 and select Morse riode. -Be sure to
type a RETURN key to put the DS2000 back in the receive mode.

3) lncrease audio level to MR2000 input until asterisks (,!r,*)
appear on DS2000 video in bottom right corner.

4) Decrease audio Ievel until asterisks just disappear, then
increase sl ightly until they reappear.

5) Adj us t the sma I I
connector ho le at
range over wh ich
to center of this

potent iometer (accessable through MR200O
rear of DS2000 cabinet) to determine the

asterisks remain visible. Then set control
ran9e.

lt
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6) Repeat steps 4 and 5 until no appreciable change in potentiometer
results. The center of the MR2000 pass band is now aligned
with the audio note that results when a signal is tuned to
the center of the receiver i-f pass band (optimum condition).

Bel I Tone Okay?

An i ntermi ttant

c

caused by defect ive wi ring,
Lhe problem area, check the
located on the loqic board
(See Fi9. 6.2 for schematic
signal is deLecLed at this
testing for audio prior to
capac i tor).

The s i detone audio
to the power supply board.
brown wi res are soldered.
up to tne speaker, test the
verify operat ion.

or inactive sidetone or Bel I signal can be
speaker, or Bel 1-Tone ci rcui try. To determi ne
audio output from the Bel I-Tone current ampl ifier

to see if a signal is present at that point.
diagram of the Bell Tone circuitry.) lf no

point, check for a defective potentiometer by
the pot (i.e. at the negative end of the l0 pF

is routed to the speaker through cables connected
Check for audio at the foil pads where the

lf sidetone audio is present at all points
speaker with an alternate source of audio to

6. 0ther P rob I ems

lf problems not specif ical'ly covered in the troubleshooting
section deveiop, contact the Customer Service Dept. at the factory for
assistance. Be sure to obtain prior authorization from factory personnel
before returning any equipment to HAL for service.

\.5 RF- lnduced P rob I ems

The DS2000 KSR is designed to operate in-close proximity to radio
frequency transmitting and receiving equipment, Particular attention has
been paid to the shielding of the KSR circuitry through the use of an all-
steel enclosure and good common grounds. However, under certain conditions
in an rf-saturated envi ronment, the 0S2000 KSR may be susceptable to rf-
induced interference. This may manifest itself in any of a number of ways,
such as partial or complete lack of response to the keyboard, or erratic
behavior of the video display.
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The first thing that should be checked if rf problems are suspected
is the ground system. The transmitter should be properly grounded for rf
(in addition to electrical ground) and all other station equipment grounds
should be connected to the transmitter chassis. The rf ground should consist
of a short length of heavy copper wire or braid terminated at a good earth
ground (ground rod or copper cold-water pipe). lf a water-system ground is
used, be sure that the pipes are 100 percent metal from the point of connection
to the water mains -- plastic plunbing will break the ground path. lf the
distance between your transmitter and ground rod or water-main ground is more
!.han ., quarter r^ravelength at the highest operating frequency, make the ground
rvi re a half-wavelength, or a multiple of a half wavelength long. lf you plan
to operate on l0 and l5 meters you may need to run a separate ground wire for
each band if the distance requires the use of ha'l f-wavelength wires. For
exanple, if the distance from the ground point exceeds about 8 to I0 feet, a

l0-meter half-wave ground wire (16 feet long) and l5-meter half-wave ground
vlire (22 to 23 feet long) would be used. Consult any of the amateur handbooks
or antenna books for a more in-depth discussion of grounding techniques.

' The best !^/ay to confi rm that a problem is being caused by rf induction
ls to temporarily eliminate the source. This may be done in stages, starting
with a partial reduction in exciter drive, and ending with transmitter shut-off.
Since rf energy can be induced in the DS2000 circuitry through several different
paths, connecting the transmi tter to a dummy load may not eliminate all rf
reiated problems, al though this is an excel lent first step in verifying rf
prob 1ems.

Radiation of rf energy from linear amplifiers, antenna tuners, coaxial
swi tches, monitor scopes, and interconnecting coax-cable jumpers is also possible.
ln fact, it is this type of radiation that is most likely to be coupled into
nearby l/0 and power cables going to the 052000 KSR. To locate the point or
points of radiation, experiment with different cable arrangements to see if
the rf-induced problem can be eliminated by reducing coupling between any of
the DS2000 cables and nearby coaxial I ines carrying rf power. Fi9. 4.2A
contains several cable arrangements, both bad and good, showing how to keep rf
coupling to a minimum. The drar^ring in Fig. 4.28 shows the use of high-mu
(950 or 2000) farrite toriods or rods to choke the flow of rf on audio and
control I ines.

lf cable rearrangement doesn't yield positive results, then begin
eliminating pieces of equipment and sections of coaxial cabde until the trans-
mitter is connected directly into a shielded dummy load. As each piece of
equipment is removed from the transmission line, check to see if the rf-related
problems have diminished or disappeared. lf the rf problem persists with the
exciter connected directly to a dummy Ioad reduce the drive ievel to see if
that eliminates the problem.

lf operation into a dummy load does not significantly reduce the rf-
related problems, disconnect all l/0 cables from the KSR. Test the DS2000
operation while it is connected only to ac power and a video monitor. At the
same time, enable the transmitter so that it sends a CW signal into a dummy
load. lf rf problems are still present, then rf energy is probably being
introduced to the 052000 through the power cord by means of the common ac
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power line. This is usual ly indicative
transmitter power supply section, Fig.
used in many transmitters. The drawing
filter that can be added to transmitters
flow of rf on ac power lines.

of poor ac-line filtering in the radio
4.lA shows a common bypass-fi lter method
in Fi9, 4.JB depicts a brute-force ac-line
or other equipment to eliminate the

Rf-induced problems that cannot be cured, or ones that appear not to
be the fault of inadequate transmitter filtering should be referred to HAL
factory Customer-Service personnel. ln cases where this is not feasible, or
where station rearrangement is necessary to affect complete elimination of
the rf problems, the information in the fol lowing section may be of some help.

\.6 Minimizing Rf-Related Problems Tlrrough Antenna Selection & Deployment

ln addition to the liberal use of rf bypassing capacitors on
station equipment, the use of certain antennas wi lloffer reduced levels of
rf in the radio room in many cases. Whenever possible, use resonant Yagi,
quad, dipole or vertical antennas, and try to achieve a good impedance match
at the antenna instead of relying on an antenna tuner, Random-length wire
antennas and others that require tuningfrom the shack are more likely to
create high levels of rf within the vicinity of the operating position,

The location of the transmitting antenna with respect to the radio
room also has an effect on the rf energy that is coupled into interconnecting
cables. Apartment dwel iers may have the most difficulty achieving a good
installation since many times an indoor antenna is the only type al Iowed.
Where outdoor antennas are a'l iowed, they shouid be placed as high as
practicable. Not only will this provide for better reception, but it will
also reduce the level of rf in the shack. Excellent antenna-instal lation
information can be found in many radio E electronics handbooks, antenna
theory/construction booklets as well as in articles published in electronics
periodicals.

ln most situations, coaxial cable feed line is preferred over
open-wire, twin-lead, or singie-wire type feed systems as its self-shielding
property reduces the chance of rf coupling.

Rf energy may also be conducted back to the station by coupling of
rf between the antenna and the outside shield braidof the coaxial cable.
The use of a balun on a center-fed dipole fed with coaxial cable may also
help reduce coupl ing, and therefore reduce RFl. An rf choke constructed by
winding five or six turns of coaxial cabie in a coil approximately six inches
in diameter may also help reduce the flow of rf currents on the outside of
the coaxial-cable braid. lf such a choke is used, it should be wrapped
with electrical tape to hold the windings together, and be secured as close
as possible to the feed-point of the dipole (or driven element if a beam
antenna is used ) .

Try to dress coaxial cable feed lines so that they drop perpendicular
to the dipole wire and not parallel to the radiating wire. ln some cases,

26



it may be necessary to run the coaxial cable straight to the ground and
bury it for the run to the transmitter to reduce the coupling between
the outside shield braid of the coaxial cable and the antenna. lf thereis a moderate Sl,iR on the line, try adjusting the coaxial cabJe length so
that a low impedance (high feed current) is presented to the transmitter.
This may help reduce the level of rf in the vicinity of the transmitter.
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5, ADJUSTIJIENTS AND OPTIONS

The foliowing are adjustments that can be made and options that
can be selected by the KSR operator. Read all of this information carefully
before attempting to make an adjustment or se'lect an option on the KSR, as
physical damage or improper KSR operation may result from placing a jumper
in the wrong location, or turning the wrong potentiometer.

.,- CAUT loN !

,K DISCONNECT KSR FROM AC ,I
,t POWER BEFORE OPENING ,!

'k cAB |NET. :k

5.1 5 idetone Adj us tmen ts

Sidetone volume can be adjusted by turning the potentiometer
provided on the Iogic board. (See Fig. 5.1) AII KSRs leave rhe factory
with the volume pot set for maximum audio output. lf a lower Ievel is
rlesired, adjust the potentiometer unti I the requi red level is reached. To
monitor the sidetone during adjustments, hold do'rn the 'rTUNE,, key to
generate a continous sidetone output, (tfre lUnf key is located between
the RETURN and SHIFT keys.)

Sidetone frequency is not adjustable in the DS2000 KSR. However,
if the frequency must be changed, the values of two resistors and one
capacitor may be changed to alter the frequency of the oscillator. See
FiS 5.t for the location of these parts, and Fig. 5.2 for suggested values
that would provide different sidetone frequencies. The sidetone osci I Iator
circuit is shown in schematic diagram form in Fig.6.Z.

5.2 0pt iona 1 Sidetone 0utput

lf an auxiliiary sidetone audio output is required, a wire jumper
can be added between the speaker terminal on the powe r supply board and an
unused pin on the MR2000 audio connector. Solder one end 6f a l0-inch
length of insulated hook-up wire to the speaker terminal (narked rr5,r) on
the power supply board. See Fig. S.J for location of this circuit boardpad, Solder the other end of the l0-inch wire ro the unused pin (pin 3)circuit pad on the MR2000 pc board. FiS. 5,4 shows the location of thispad. The audio level available at pin three of the |4R20OO audio connector
after this modification has been made cah be adjusted via the sidetone level
pot.
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DSzOOO KSR SIDETONE FREqUENCY DETERMINING COMPONENTS

APPROX II,IATE FREqUENCY (HZ) RA ( oHMS ) RB (o HMS ) c (I]l-.,

500 6.8 K 27K o. 047

6oo 2,2 K 120 K 0.01

700 5.5 K '100 K 0.01

8oo,r 2.2 R 18 K 0.047

r 000 8.2 K 58K 0.01

1200 5.8 K 56K 0.01

1400 8.2 K 47K 0.01

;! As set at factory. :'t:t (J5g rnyl6t" or polystyrene cap,

Fic. 5.2 -- 555 oscil lator componen't selection chart.
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5.3 Modification for 0peration with 50-Hz Line Frequency

The DS2000 KSR can be operated at 110-U/220'V and 60-Hz/50-Hz.
operating voltages are selected by changing the transformer wiring, as

\- described in the Ownerrs l'lanual, section 3.5. 0peration on 50-Hz line
frequency requires the insertion of a wire jumper on the DS2000 logic
board at location rrBrr. Jumper location rrBtr is indicated in Fig- 5'1.
This is the only modification that is required to operate the DS2000 with
50-Hz line frequency.

5.4 Modification for 0peration with 69-Character Video Line

The 052000 KSR video line can be se'lected ei ther for 72 characters
or 69 characters in length. Line length is selected by changing the jumper
at location "C" as indicated in Fig. 5.1' The absence of a jumper at this
location provides the DS2ooO video at 72 characters per line, and the
addition of a jumper wi ll provide 69 characters per line. JumPer,location
rrCrr is also shown in the schematic diagram of Fig. 6'1, near the 8350 CRTC.

32



?
_tr

o
o-

a
U
L

o

ao
:J
o
I
c.)c
o
o.)_o

oc
o

d
o

o
c

.9
tg
(.)
o
J

I
I

(!
1.':

a\

I-t
I

{

k

33



c
o-
L
o

C)cc
o

fo
a
o
I
(.)
c
o
(.)

:

oc
o

o-
o

o
c

.9

o
o
o
J

I
I

<5

z
o_

3\



6, ILLUSTRATIONS - TABLE OF CONTENTS

F I GURES :

6.1 CPU/Memory Schematic Diagram (A-1352) .36

6.2. fnput/0utput Schematic Diagram (4-1353) ,37

6.3 Video Generator Schematic Diagram (A-1354) .38

6.\ Power Supply Schemaric Diagram (4-1355) .39

6.5 MR2000 Audio lnput lnterface (A-1354) .40

6.6 DS2000 External View of Complete Unit. .41

6.7 Cabinet Top Removed From Lower Chassis .42

6.8 Lower Chassis with Top Section (logic board) Removed ,43

6.9 Top View of Logic Board, Showing Keyboard. .44

6.10 Bottom View of Power Supply Board. ,45

6.ll View of Back Side of MR2000 Board, Pot C E Connector .\6

35



<a<<<<<<<44<
,y

f
o

!

sr
9
0

ts

o
lr-

-:l5\
4n

al
o
z
lrl
{
J
A-
{

o
o
0
N

A
J

r
I

o

9

t:
li
g

E

-, lg5B

;lHr'
r il-B

-t -

el$ ffi i P *re l$ tratE
oie0
Nl

50



.-i. u.s -.;

I
IL

q sso I J{ ',r

..r I10;r:-ij ;p!

?
5
D.
VJ
o

\&
2
H

o
o
o
c.{

I

I

'!

,f '.:"'" ?*6f
12*': {: L,,i
",=-;. 1" !",2yz-.-,'li't e'n*

u
I

t; 'a

Hj

i
;0

_ffi
;;

r6; i?
9;iod

TgiEE
!E&;s
i v-? "

r,.1:r.-l-l;T1lilf:r-r-
c;";E?

I

l3
x

; d j's JFIA1! ?

\0
o

F

l{;+:q

I

.Jr*^. I S'tr !

":14

1A

E

ll
L,

t\
g
7
4

a

2

,03',iljl"

?1



a:

t,
\t

!

t_

{I
7

*

$

i

d

l$

5
F I

l,
l9

tl
T

. \9
!-J o

, t. d

o

#

M

P

UJ

!J
\r
o
ul

2

0
o
o
ot

.s;

s
l1

;E i

q Fr E *!!o Ii AJ Y;.qi4Y Y

o"!lnop.tssg i :, lJ\)iy.,'i-":ji !g 3 Zli I

38



hrH
.si I
I
tt_

E e !,
" iitu .:^.1 ,r i&i

\
o-
D.
5

s.l
l1l

3
&

o
o
o
c.l

I

r)
A

1=
o 

.-,

I-:

7o

!r!

r:g{-=

,i
d

t--
)

h
I

2
a*.

aI\"rzd.
xqei :t 4'3 U

aazz z
l)a4 i
a = D a ,J

1>t>7""t9 3

IT

t i*
tt49
sZr

-.i
v

J
b '".

od.
A*

,
E

T
3rj
rt

I

)
C

{

,i'h.i vt

s !u$

p

=

_t 4l
lrr -\ E

|'4<
i!=:

fr
lr, 3 s

trI, I
J

o
I

v 0 o c c

39



I

=

!
C
o

!9

I
_tL

- ..j
\Ci

qL, --t ;

Oo!
J

J"4 llil

ril'_n

d

" <t?1 '.
.-. c E. ,:i;a aSl

++g --. I lq'l ;
x? H*rkf"rrufr?,

li i;""

rL"

12
l{;i:tF"

,3t
ot:c

'1i

.:
J

11

8

;

;
r1I

s-

a

,..I

!

F

iq

.3

;A

d

oo

_Ft,IHI

i+
+

:
U

{

I
t-

{+{

;lH,

:.F

1,5

t.t '3,,,
e)rl ri I "r'i :, + -

L1 ,'L a

;.q

\n\

rt l
B

.1H,,

Fq

*+

o
Ll

i,c
l

l
F

.tp

_\

tl

.q\E
Ipi

,+

f-

:p
?:

m
l!l

Bqt

40



c-
o
o
o-
E
ou

o
3
o

oc
C)

x
rrJ

ooo
N
a
I

\o
\o

<,
t!

,<z

'* f o

ho

ri0

4l



o
_c

L
{.}

o

E
o

q-
-q
o
o
E
oI
o
o

(.)
C

-oo

I
I

F\
\o

(,

\2



_o
o
o
o
L

-o
L
o
o
-o
O

(n
o

E
o

()

o
o

-g

3

o
Eo

o
3o
J
I
I

@
\o

<,

\3



t

illr
1t e
1r
1t
Jl

,

1

t

_g
L
a
on
o

o)c

=o

o
o
-o
()
qr
o

o
3
o

o-
o
F
I
I

o\
\!

;

4t)



_a

o
o
!

o-
o-
:,

L
(.)

3
o
o-

o
3
q)

E
o

o
6

I
I

o
\o

<5

tt5



L
o
o
occ
o

-o
C
r0

o
6-

_o
L
o
o
!
o
OoN
t
=
o
C)
!

o
_o

o

C)

i
I

\o

(9

LL

46


