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WARRANTY

For 2 period of one year from the date of its purchase new and unda '
monts Lid., POLAR INSTRUMENTS LTD. ot&swmwmm&l WM@
WaW&kWWM&W&&b@mm matedals or workmanship,
m#www INSTRUMENTS LT0. abWWaW
;x mevie;h ooordancs mgwmwﬁm; M&St‘rm
not having been akered mmymm mﬁm Wm
been repaired or attempted 10 be T?tﬁ R INSTR LTD. or
its authorized distributors. EXCEPT FOR £GOING EXPRESS WARRANTY OF RE-
PAIR OR REPLACEMENT POLAR INSTRUMENTS LTD. MAKES NO WARRANTY OF ANY
KIND, INCLUDING BUT NOT LIMITED TO, ANY EXPRESS OR IMPLIED WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE, AND POLAR IN-
STRUMENTS LTD. SHALL NOT 8E UABLE FOR ANY DAMAGES, WHETHER DIRECT OR
NOT OR OTHERWISE, BEYOND REPAIR OR REPLACING THIS PRODUCT.

OPERATOR SAFETY

WARNING!

Failure to comply with the following instruclions could cause the instrument to become unsafe under
cerain condifons,

POWER SUPPLY

This unit is to operate from either 100-128 voits or 200-250 voits, S0/60 hz a.c. source,
oon;&etemﬂx ground. Befora swilch-on, make sure that it is sot 1o the correct range (see rear
pa

GROUNDING

Tm;::ﬁ:amm(eammtm pmm conductor of the power cord. Thig is the
wite on instruments supplicd without ump%ug.wa.mb&mmwwm

WW[M}MMO!% piug used.
The mains plug shall only be inserted in a socket ouilet pravided with a prolactive ground (earth) contacl.

WARNING!
mmmdmmmmmwmmmmwamwmam
protectiva ground {earth) is likely to make the apparatus dangerous. intentionalintesruption is prohibited.
FUSE

To avoid a fire hzard, use Only a fuse o1 1he correct type and rating as specified onthe rear panel acjacent
10 the: fuse holder. pe

SERVICEABLE PARTS

This unit cONtaINS NO USBY serviceable parts. When it is connected 10 its supply, the opening of Covers o
removal of panels is likely 10 expose ve {dangerous) voliagas.

To maintain operator safety, do not operate the unit unless the enclosure is compiste and securely
assombied.



DS 102 ~ Dusoriphon, Comeris

03102 DESCRIPTION

This instrument is designed 10 give digital siocage feahwes on any standand
analogue conventional oacilioscope. It contains two high speed analogue 1o digital
mm(sammupia 10MIRZ) and two 2048 byte memories 1o store the sampled

The output may be taken 10 an oscilloscope or anslogue piotier. In addition an
optional RS232 adaplor is available.
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Q8102 - Bpecibcabon

SPECIFICATIONS

VERTICAL:

2 channais
AC or DC couplod
& mVdiv 10 5 Vidiv in 1-2-5 seguence

5% ity Sk, 30% in nonssinre. (+15°C
0 C)
It impadance 1 Megohm//25pF
Macmuom input voltage + 300V (DC or DC plus
peak AC)

HORIZONTAL:
Timaidiv | BO svdiv 10 20 usidiv

TRIGGER:

intarnal - CH1 only

Extarnal - raar panel via BNC input {TTL
compatible - LEVEL to be sel fully anticlockwise)

DIGITAL STORAGE:

Memory — Each charnel 2048 x 8

Vertical rasolution — 8 bit

Sampling - 10 Megasampios/secto
sec

samples!

Save - halls acquisition of CH2 in Refresh
Hotd - halts acquisition of CH1 and CH2 n alt
modes

MODES:

Refresh — 80 s/div to 20 us/div
Rolt - 80 s«div 10 5 mediv
Single Shat - 80 S'Civ 10 20 x8i0iv

PRETRIGGER:
0%. 50%, 100% in Single Shot

REAR PANEL CONNECTORS:

{) Ch1oulputlo 'scope {0.2 V/idiv, Oto +2V)
(i) Ch2outputto ‘scope (0.2 Vidiv. 0 lo +2V})
{iii} Trgger oulput 1o 'scope ~ TTL negative edge
1o trigger extemal 'scope.
Also functions as & Plotter pen lift— TTL low
for pen down.
{iv} Extemalyiggerinpit (TTL compatibla). Slope
setby SLOPE switch. v
LE’?E‘LmugtgefuﬁymﬁMm. Maximum
(v} Expansion port for use with RS232 intertace.

mEa0 2

EXTERNAL ‘SCOPE REQUIREMENTS:

Dual {or single) channel at 0.2 Vidiv
Timebasge 8t 0.1 meidiv
External irigger input, negative siope

PLOTOUTPUY:

{i} Ch1orCh2outputs used for signai at
0.2 Vidiv (OQuiput iom O 1o 4+ 2V)
{it) Piot $mes selected by 10 x TIME/DIV swilch
{i) Pen &t~ TTL high. pen up;

-~ TTL low, pan down

{front panel LED on}

ENVIRONMENT:

Operating: 0°C 1o +40°C
Storage: «25°C to +55°C

Waeight - 1.8kg
Dimensions ~ 260 x 260 x 97 mm (including
handie)

ACCESSORIES:

Supplied with OPERATOR MANUAL

Optional Accassories: -1 matre BNC to BNC lead
Service M .



SECTION 1

CONNECTING THE D8102 TO AN OSCILLOSCOPE

1 Wiathiyour ‘scope switched on and powered, set

it up as follows

(2) VERTICAL
— Dual Channol
~ ALT {il seloctabie)
~ 0.2 Vidiv (both channelg) -
~Vadables (i presant) in CAL
- DG eoupling (both channols) .-

(b} HORIZONTAL
-~ A {or main) swooep
- 0.1 meidiv
-~ Vanabie {if present}in CAL
- MAG (if present) OFF

(c} TRIGGER
- EXTERNAL
~ DC coupling

SOUICEe

Ensure the controls
— -G Sl0pe ara for A {or main)
- AUTO mode sweep
—LEVEL in mid positions

() OTHER
- INTENSITY well up
-BANOWIDTH LIMIT (if present) use lower
setting

position conirols will move the traces arxd

position both traces just below the botiom

gbﬁom, {not the centre Ene}. Note the
102 is NOT connected for this adjustment.

Now switch the "scope to NORMAL trigger (it
presant]. Note this is liksly 1o cause both iraces
o disappear from the screen.

Scope settings shoukd notbe alterod, apart from

minor adjustmonts 10 INTENSITY, FOCUS elc
as required.

2 With the DS102 powered anc swilched on, set
it as follows -

{a) ROLL button IN
ALL other buttons OUT

(b) AN three variatie potentiornatars at mid
position,

¢y TIME/DIV at 0.1 s {about 11 o'clock)

sue

5102 - Coryvecting te DS 102 jo an Ostloscope

3 {a) Connect CH1 and CH2 outputs on the
DS 102 rearpanel to CH1 and CH2 inputs of
the ‘scope.
{b) Connectihe SCOPE TRIG on the DS102
rear panet iy the EXT TRIG input of the
scope.

(¢) Adjustithe ‘scope TRIGGER LEVEL fora
triggered display.

4 The ‘scope should be displaying twa traces
{Channet 1 and Channal 2). Check that using
the DS102 position controls, the traces can be
moved off tha top and bottom of the screen.

Possible problems/solutions
i, Whola irace moves up and down with 08102
position:-

{a) Chock DS102 ig not in NON STORE and
TIMEDOIVig.18.

{b) Check ‘scope triggering (aspecially siope
#. Discontinuitias in displays=

(a) Chack ‘scope imabase selling - .1 madidiv.
MAGNIFIER x 1.

{b} Chack EXTERANAL trigger selected on
‘SO0pE.

. Insufficient position range~
(a) Check 'scope /P setling — 0.2 Vidiv

CALIBRATED.
{b) Ground 'scope P and check traces ase just

below bottom graticule fine.
{©} Chack ’mmmmm



CHANGE OF POWER RANGE

(8) DISCONNECT UNIT FROM POWER
SOURCE

{b} Remove the base by unstrewing the 4 strews
through the feet on the enclosurebase.
9%@%#%:&&&9&12&

made by pch links which are marked adjacent to
the transformar.

{d) Change the primary conneclions s roquired.
g}itmw V - windings in parallel {2 finks on
For 2200240V - windings in sedes {1 link on pcb)

(8) Change the rear panel fuse 1o the raling as
stated on tha rear pans!.

{g) Repiace the base careiully ensuring that the
rear panel ls slotted in the cass and that the
fiexible scraen over the VOLTS/DIV switches is
tucked into the enclosure side.

lasnsn2

DS 102 Service - PowerRerge
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SECTION2

FRONT PANEL CONTROLS AND FEATURES.

1 Vertical {Y) Amplifiar (CH1 and CH2).

(a) VDIV =~ Two 10 way rotary switches
that oontrot the vertical gain of the amplitiers -
arrangedina 1 -2 -5 ssquence SmV o 5 Vidiv,

{b) POSITION ~ Two potentiometers,
concentric with the V/DIV switches which vary
e DClevetofihe PRIOR to digitisation.
ie they behave as vertical position controls on
ﬂwlNPU?ioﬂwmmwmgdamm

¢y AC -~ - Two push-push switchas
MWW&%M&QW%&
blocking capaciior in AC, otdmymptaztm
DC 10 the input amplifier.

(a) mm& = Two sockets for the

gignals.
mm1mwhm3,
capacitance 25 pF (approximately).
Maximum input voltags +/~ 300V, (DC or DC
plus paak AC}

2 TRAEDIV ~ Acontinous rotary switch with
20 marked calibrated positions. [t adjusts the
rate at which the input signals are sampled and
digitised. This affectivaly vanes the time/
ghvision of the “scope display batween 8081020
us/diy,

Soe saction 4.3 for further details, including its
use lor selting the Piot time when PLOT is

The anticlockwise position adjacent 10 40 s will
cause an offective display of 80 a/dw.

The clockwise pasition adjacent to 208 is
salected when the expansion port is usad with
the RS232 adaplor.

3 Trigger

() TRIGGER (CH1)LEVEL ~ A
poientomeler thal controls the J

voltage fovel on Channal 1 signal at which the
intemmal trigger signal is genaratad. It must be
tully anticlockwise it EXTERANAL triggeris being
used.

DEI0R ~ Frond Paned Contros and Faanees

{p) SLOPE ~ A gwitch that
selects the slope of the signal {+ or—) on which
the LEVEL control generates the irigger signal.

{c) ARMED -~ AvyedowLED forusein
SINGLE SHOT mode. It is itwhen the unit is
rendy 10 accopt aWM{mma
the RESET batton] and is axtinguished whon

the single Irame has been acquired.

() TRIGD -~ AgreenLEDlorusein
SINGLE SHOT and REFRESH modes.

it is §itonce a trigger signal has occurred and is

mmmmdm&am

NON-STORESTORE - A push-push
switch. In the STORE position (button out) the
CH1 and CH2 signatls are directed fo the
mm;mmmmwm
siorage

In the NON-STORE position (button in} the
verical signals ane picked off aftor the vortical
ampiiker and directly connectsd 1o the
ogcilloscope. Thers i3 no Storage in this position
AN BOCUACY I8 4w 20%.

MODES (also 50 saction 4)

(a) REFRESH ~ A push swiich D select
REFRESH which is cancelied by ROLL or
SINGLE SHOT.

Following a trigger pulse the input signals are

digitised and writien into the . The

memory is continuousily displayed. Eachtime a

trigger pulse oocurs he process is repeated, ie

g&mmmwamm
refroshad

{(b) ROLL - A push swilch to salect ROLL
w is cancefled by REFRESH or SINGLE

For use at slow speads {0.1 s and slower} thia
simulates a chart recorder mode. The input is
continuously sampled, digitised and digplayed
on the scope with the current sample on the
right of the CRT, 16 the most recent information
appears onthe tight of the CRT and then moves
10 the laft as newor information (samples)
appear on the right.



D8102 Service - Schematic Descripion

| {coraponant
operation Is m""‘a: R ol
triggerpick off.

mmmammmmm
VOLTS/DIV  swich. Inpul
Wmmm&dmwm

in 5mV o 50mV, there is no attenuation. In
1mv:omw R102 and R103 form a X10
avenator

associated compansating
cwamcws In 1V o 8V, R104

and RI0OS form a X 100 attenuator with
compansation trom C105 and C106. C102 and
C104 provide inpat normaksation o allow the
input W v be matchad belwesn

ranges.

The output of the attenualors is coupled via R107
and R10B {protection components) to IC145
connected as a ursty gain ampiifier.

The naxd stage of 1148, its gain
being set by R109 - R112 which are sslected by
the VOLTS/DIV switch.

muampauapoﬂuonmwwaus
which i added % the signal cumenl. R124
balances iC148,

The oulpat stage C148 containg the overall gain
adjustment {R140)} and is configured as an
inverting amplifier with an adjustable gain of
approximately 3.

The ovoral gain from BNG input 10 IC145 pin 7 is
approximately 40 %0 50.

Tha Wrigger pick off (Channal 1 anly) is appiied to
i coupled vis R173. H172

IC147. The 8
provides a p de offsel 1o minimise trigger
changs with position. IC144 is a ocomparator

m&ﬂwwmﬂammmmm
ocour when the signal vollage equals the
TRIGGER LEVEL voltage.

kCi43 EXTEm. M?’!’TL input

mmmm.m&mmwm

of trigger signal is applied o the
W@MMM&M&Q

issuel

TIMING SIGNALS

Schematic 3 shows details of the TIME/DIV
switch and other signals required for timing.

IcY heanﬁgmd mmm
controlied by wstal. This W
WMuMﬁw -{he bDasic
samplo rale selectedby the T V switch,

A separale 2MHz ouiput is taken 0 a
cloekhthe&ahitomﬁmc M
Two other outpuls, 10MHz and IC1 11 ave
mmmmmw on schematic 2, pin

The folowing description partans to schemat

1. Overview
mmonmlocuom © the
Thia samole m,‘:t. Bk o
T e e o o e
stored in mamory IC14.
The data is read back from the memory IC14

mwmwmw
m analogue converter {aleo in IC11),
ommnﬁ BW{ mdisplé

Channel 2%@%:@&%5“ g%
ocperates ssChannel 1.

iC21, 1G22 and 1023 are a synchronous
wwwm&a%%swmg
‘aoqu&kim memory), ie

Mkamwmbwwgi‘:gm
address when reading the daia memory
mﬂhétﬁ&mmxmw

IC27 and IC28 are connected as oompm

the diepiay acdess. Thi e beed 1 SINGLE
SM?&M&WW and also
IC32 controis the amfmm
The oulpuls, as we

Lwammm ofw
Wmﬁusﬂeﬁeﬂm

&1



msmu&wamm
WM!@W&W

IC24, 25 and 28 control whather the write
counter or read counter has accass o the
addrass bus.

2. Retresh

Whiitt data is being output 1o the "scope 1038
pin 5 ie low. mmmm,msm

hﬂ\tnmmmmmm.

mmmmmmwm

Counter IC29 runs continuously but the wrile

counters take prionly whon they need access

fo the memorias. The write counters only run

mmammhmaam
‘mw They are then held

mm«mmm
pﬁnu
3. Single Shot

Blocks

o wwcmmddlw w&gﬁb

and reading of the memories does not overiap.
Once the system i pressing the
SINGLE SHOT bution) m~:?~ma the
position as shown on schematic 2.

Once has occurred, data beging 10 be
writton ino memories at a rate delermined
by the TIME/DIV switch.

The trigger puise clocks IC32 removing the
rogot on counter JC20 which is clocked from
pin14 of IC24.

m::ﬁﬂmwﬁmmmmmnm

fiop 1C32 via IC13 10. This
keemto write counler {IC21, % 23) and

rovorgos the switch positions of IC31 putting
the display countar ciock 1o 2MHz2.

Compamiors IC27 and 28 compare the write
A S et
produces the SCOPE TRIG signal.

The display mode is maintaingd until SINGLE
SHOTis prassed or another mode selecied.

issue2

DS102 Servicw - Schematc Descripon

4. Roll

The read mm mm operan
wmzhmmmmmm
the ARMED and TRIG'D LED’s.

@mm&mm&

asending
data o he D ia& This is only &&euupud
whan the A 1© D nseds acceas when wriling in
4 new data byta.

The SCOPE TRIG signal is generated from
comparators IC27 and IC28 which produce &
puisa whan the read and write counders have
the same count.

This mode only operatas at TIME/OIV raies
below Smaxiv.

POWERSUPPLY

3 tarminalreguiators.

52



Thig is 8 cONtINOUS PYOCASS 3nd No triggers are
NeCOBSaTY.

(¢} SINGLE SHOT/RESET - A momentary
swilch to select SINGLE SHOT or RESET
which cancels REFRESH and ROLL.

A fuil description of this appears in section 4.8.

6 PRETRIG - Twopush-pushswitches
which atiow sslaction of 0% 50% or 100% pre
trigger in the singla shot mode. This enables the
user 30 view either 50% or 100% of the signal
oocuting before the trigger pulse. 0% causes
the digplay to start coincident with the trigger
puise,

7 SAVECHZ2 - Apush-push switch. Whana
pressed in REFRESH it stops the channet 2
mamory being updated, ie Channel-2 memory
becomes frozen or saved.

8 HOLD -~ Apush push switch. When
depressed in REFRESH, it stops both
memories {Channel 1 and Channal 2) being
updated. ie both memories hoid the current
wavelorms unitil tha HOLD is refoased.

8 PLOT

(@) PLOT - Apush pushswiich. When
HOLD has boen selected and PLOT is
dapressed, the outpul signals from the DS102
appear aftor a dolay st a rate delermined by the
TIME/DIV setting. This aiows the CH1 or CH2
BNC outputs 1o be connected to a plotter.

{b} PENDOWN ~ A yelliow LED which anly
opevatas f PLOT is selected. it is #luminated
when the DS102 is oulputting CH1 ang CH2
signals on iis BNC sockets. This is onincident
with a TTL low level on the SCOPE TRIG BNC
which may be used to drive the pen ontho
plotter. Nota that thare will be a delay between

ing PLOT and this LED iluminating.
(See section 7.2).

DE100 - Rvwr Parg Covrmcion

SECTION3

REAR PANEL CONNECTORS

1 CHt - Channel ! outins at 0.2 Vidiv.
{Ouiput between O V and +2V]

2 CH2 -~ Channel2 oulput at 0.2 Vidiv.
{Output botween OV and +2 V)

3 SCOPE TRIGGER - A negative going TTL
output pulse Gesioned 1o provide an

This can also be used for pen lifton a piotter, the
output level being kxgic fow for the durafion of
one output frame from the CHY and CH2

4 EXTTRIGUP - Anexternal trigger input,
TTL level compatible. The TRIGGER level
control must be set huily anti-clockwise and the
slope is selecied by the SLOPE switch.
Maxirum Jnpuf voltage +5 V.

5 EXPANSION FORT -~ A28 way connecior
mmmmpmmmw.&mmwm
RS232 adaptor is available.



DS 102 Service - Calbration Procedre

CALIBRATIONPROCEDURE

e m Calibrator (1kHz squarewsve
S out Somi and 1V,2 0.5%)- o

w 1kHz and
o scuarewave, output 0.5V, ‘W‘(W 8V, m
.:foona)

onbo MO 1% in parsliel wilh
me (pF)
g&, the m:dm is ot 3
(]
performance check but covers adjusiment of the
szmmummmmmm
© warm up for 20 minutes before
Wmﬁwmmm

smmmwmcmwmw
ﬁ (bc mpo a.zvmwm

wumm ammam
g}wms ofmmmm
channels, Adiust ‘scope  calibeation

mwmmd eror since this
mmm«m?mnmm
DS102 gain trinvnors.

Apply 1V, 10kMz 10 both ‘scope channels
g‘r?d check for & fial compensalad responze.
Adjust i nocassary.
gfwmmmm:smw

that the 'scope is calibratod and is ot mwc

WFNLGM?OMWMQ
T IN THE DS102 B8EING

INCORRECTLY CALIBRATED.

a.aumawoswamwm the
four screws mdlifw
WMMM

This oxposes pdnted cimais boards
mmmmmm

3. Connect he unit I m ‘scope as describad in
Section 2, Set up the 'scope asdommm
domnmummmm of this

Procodure.,
4. Settha DS102 as foliows:-
ROLL-In

Allother butions - out
TIME/OIV - 20ms

g&nm CH1 YOLTS/DIV betwaen SmV and
Vv and adjust R124 for no vertical trace

) m CH2 VOLTS/DIV betwgen SmV and
V and adiust R224 for no vertical race

NOTE:; Tuke care nof 1o rolate the POSITION
controls  when the VOLTSDIV
switches for this siop. if vertical hum o pick B&
causes a peoblem, terminale the input

with a 50 ohm terminalor,

asual

5, Setthe DS102 as follows:-
ROLL-in

Alfother butions - oul

TIME/OW - Sms

CH1 WCH?%W 10my

Set the Callbrator 10 50mV and
connectitio

{a) m R140 !et exacy § divisions of signal

(b} Amcmncm
and R240 for 5 divisions of
m exactly

8. Smmusmemm
REFRESH - in

Allothar bontons - out
TIME/DIV - 20us
CH1 VOLTS/DIV- 0.1V
cawox:rsmw v
the Squarewave Generatdr o 10kHz
(Wwww:wcm

Rﬁuﬂ Squarewave Generator for
(a’ wmma%m
maaaea L for a siable

Wwawmmmmw
Refer to figurs 1 mmmamm
capaciors.

{6} Adjust C103 for a flal, cloan response.
(c) Sat CHt VOLTS/DIV 10 1V and Increase
squarewave oulput so that 5 o 8 divisions are

mygwmam cloan response.
(d) Connect the squarewave o CH2 and
obsorva 5 %o 6 divisions of uniriggored display.
The DS102 can be riggered as follows:-

() Ui the swmummm«m; L

output synchronised to quarewave
wmnmmwwmwmm
“EXT TRIG ¥P" and the LEVEL control
tumed fully counter clockwise.

mm:mmm be
cm mmmucmm

amuwmaymwmmmorm

(o)wmcmsimw.csmm
(!}MWVOL?WV!QOWWW
squarewave 10 § divisions. Note that

the
usin ci-n d(i) above) for a tigoe,
chmm ra‘du‘gdw 0.1 )vmw

{9) AdjustC203 for a flat, clean display.

7. SetDS102 as foliows -
REFRESH-in
Allother buttons - out
TIMEDIV-02ms
CH1 VOLTS/OIV - 50mV
CH2VOLTSOIV - ¢V

Sa t:; 5 cmeoww o 1&3:{»6
conn ‘ a dummy probe (see
Equipmant Requived)

&1



{a) Sat tha Ganerator 1o § divicions amplitude
and adjust the TRIGGER LEVEL for a stable

display. Adjust the varisble capacitor in the
dummy probe for a clean, fiat display.

() Change CH1 VOLTSMDIV © 0.1V and
increass the signal 10 5§ divisions. Adjust C102
ior a fist, clean display. Reler o0 figure for

{) Increase CH1 to 1VDIV, increase the

DS102 Service - Catbration Procedire

the and CHa.
0 S e e

a8 descrbed n
ud}wmnmﬂwag{%hmmm
off before the probe ie the dummy

pvobe oulput should only go 10 CH2 © avoint
capaciive loading.

{0) Adjust C204 for a fim, Clean display.

{) Change CHZ YOLTSDIV © 0.1V and
reduce the squarowave OM o 5 divisions.

swwsawmwaﬁmcmwam {Reduce CH1 voz:rszow necessary 1o
cleandispiay. maintain a triggered

mmmammm

This completes adjustmant of the D5102 preset
vimmers.

pbiend

C03{C203)
o CWEICI05)

L, - craiceos
B,- C102(C202)

dem

ey
prang
g
oy
.
g
o

FIGURE 1
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08702 -Changs information

1. 1011,1C15(29.10.86)

changs oonceming the above IC's caused a change from part number UVC3100,
101 and UVC3102 10 UVC3120, Thesenumbers are printedonthe IC.

H it becomes necessary 10 replace one of the farmer part numbaers, then the replacement shoukt be
with UVCS120. Certain other changes will also be necessary o accommodate internal IC
diffarences.—

1. AAdZ4/Z2(2V5zener) acrossC12/C7.

2. AJdR3IV/R32(270R carbon film 5% rasigtod) frompin 2510 Pin 38 (K§VA),

These changes 81@ shown on schemalic 28.

2. C1B,R10(15.12.86)

C18 and R10 changed to 0.01uF and 10K respectively 10 raduce transienis when pressing the RESET

issus2



SECTION 4
UNDERSTANDING THE DS102

To obtain maximum banefit from the DS102, we
strongly recommend that you spand some time
:Mﬁsmm

musmmnwemw

displays it the conversion melhod is not

comaa As with all instruments. time invested
the product will be amply

rewmmm:h

4.1 Basic Concepts of Digital Storago
Oscllioscopes

This subsection covers tho principles
bymossoz ftis not intended a8

employed
a primor on goneral digital storags
0scEosCONes. .

Each channe! of the DS102 has threeo basic
soctonsg =~

{a) Analogue 0 digital corwarter (ADC)
{v) Digital Memory
{c) Digital 1o analogue converter (DAC)

The input is sampled a1 a spacitic rale
{sot by the TIME/DIV switch) and each
sampie is digifised, ie given an 8 bit number
reprasanting is ampiitude.

The digitised values are stored in sequential
tocations of a memory. 2048 samplos are
roquired to fill each memory.,

The DAC receives the stored digitised values
and conwerts them back inlo an analogue
valup, sutable for ultimately applying to the
WWWMWWW

Each sample of theinput signal is storedas an
8 bit word. This gives a maximum of 258
ditterent values.

n Minimum value 00000000
Madmum value 11111111

The 266 diftorent values cover a nominal 10
vertical divisions of CRT deflaction, giving 25
dots per division,

horizontal resolution. The unit is calibraled W0
produce a horizontal resolution of 200 dots
par divison (10 divisions will require 2000
words of samory giving an overall trace
iength of 10.24 divisions with the 2048 words
availabie).

018102 - Undeestancing The DST02

Although the display on the CRT is made up
of dots, they are sufficiently close that thoy are
untikety 10 be noticeable except when
magnitying the display. Thi DS102 containg
a dot joiner {linear interpolaton) 1o improve
the display quality & # is magnified.

It is worth mentioning here that the DS102
TIMEDIV controls the sampling rate and
hence the rate at whichihe memoryis filed. A
fixed internal clock determines the raie st
whichthe samples are read out of the memory
and applied to the DAC and then to the "scope.

This latter cisplay rate is sel 10 ensure that the
samples are applied 10 the "scope sufficiently
fast to rvoid flicker, The DS102 TIME/DIV
mmmmmaxmmmm
applied to the 'scope.” Hence the ‘scope will
always show a beight, flicker free display if itis
mﬁwwm{mmsmam
V.

When using the DS102 and viewing the
'scope display, it may be vsotul 1o imagine
that you are viewing the contents of the
memory NOT 1 vigwing the signal
being applied to the DS102. Conceptually this
is important because it holps to avoid some of

* Tha only exception occurs in PLOT when a8
plotier is usad to display the signais.

Block Diagram Description

Figure 1 shows 8 simplifiad block diagram
with only ong vertical channel shown.

The input signal is applied to a standard
vartical amplifier whose output goes to the
ADC input and also the STORE/NON STORE
switch. In NON STORE the user can view
directly in real time, the intemal vartical
amgplifier output. This can be useful i
interpretation of the stored waveiorms is
causing a problem, (eg it aliasing is
suspected).

The ADC samples the input signal at arate set
by the TIME/DIV switch. it procuces an 8 bt
word rapresenting the analogue sipnal valve
and applies this 10 the data bus feeding the
memory. The address at which the memory
slares the 8 bit word is determined by the
STORE ADDRESS COUNTER which is also
clocked by the outpitt of the TIME/DIV switch.



PARTSLIST

Order replacement by part number, ian and state instrumoant and serial number. The
wmw%m:mmnmmmmwowﬁanWm

Polar pant number Deascription

CVD12S 10pF (brown) variable
CvDi2s 5.5pF (blue) variable

DZA31 ZN&0O4, 2.5V relerence

ICA176 TMM2018 - S0 {RAM)

ICA185 UVC3120 - 08 (A 10 D conwerter)
LODI04 20MHz Crysial

MMP139 Shalt extender and coupling
SwB127 VOLYS/DIV switch

TXM113 Power ransiormer

lasin2 74
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Hence each clork putse from the TIME/DIV To retriave the dala for display, the memory
switch causes the ADC 1o produce an8 bRt dala is applied to a DAC coavedts the
1o place i i the correct addeess. On the next zero and +2 volts, The DISPLAY ADDRESS
clock puise, the ADC will peoduce a new 8 bit COUNTER delermines which address is read
word {dependent on ihe signal value at that by the DAC and the 2 MHz clock (as shown)
time) and the countar will place it in the next controls the rate of the readout to the DAC,

memory wilt be foll,

FIGURE 1 ~-BLOCK HAGHAM
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A 2 MiHz dock has 0.5 us period hence:—

Time to display Memory = 2048 x 0.5 us
= 1.024 ms

je One trace length of display (10 divisions] «
1.024ms,

Thus with the ‘scops set 10.0.1 ma/divthe
trace is 10.24 divisions ong.

The sbove caiculation is presented o
rewnforoe that fact that the DS 102 TIME/DIV
does not affect the rate at which signols are
applied to the ‘soope. The DS102 TIME/DIV
controls the rate at which signais are entered
intoits memory. The systomis only calibraled
if the external “scope is heft al 0.1 ma/div.

# mustbe stated thatfigure 1 isdrawn 0 give
a conceptual understanding of how the
dgiﬁsaﬁoumwmmmmwc
circuity is not necessarily constructed exactly
as the diagram.

Table1
05102 SAMPLERATE  TIMEBETWEEN
TIMEOIY SAMPLES
20 us 10MHZ A us
80 us 4 M2 288
100 usf A ma 2MHz Sus
200 usf2ms 1 MH2 1us
500 us/Sms 400 Kz 25u8
ims 200 KiH» 5u8
2ms 100 KHz 10 a3
5ms 40 KHz 258
10ms 20KHz 80 us
20ms 10 KH2 100 us
50ms 4 KHz 2650 8
100msi 18 2KH2 500 ;8
200ms/.2s 1 KH2 ims
500 msi Bs 400 Hz 25ms
is 200Mz s5ms
28 100 Hz 10ms
58 40Hz 25ms
08 20H2 s0ms
208 10Hz 100ms
40s 5Mz 200ms
80s 2.5Hz 400ms

e

D812 - Lrsdorstarsing The US102

4.3 TIME/DIV switch.

Reterence 16 figure 1 shows how this switch
controls the clock frequency spplied to both
tha ADC and the STORE ADDRESS
COUNTER. In this way it dotormines the rate
at which the input signal is sampled and
honce the effective time required 1o fill the
memory.

Since the “scope is displaying the memory
contents ovee 10 horizontal divisions, the time
o fill one tanth of the memory (200 words) 18,
inetiect, the time per divigion of the display.

Table 1 relates the switch setting to sampling
froquency, pericd botwoen samples, time to
£ 2000 addresses of the memory and e o

fill 200 addresses of the memory.

The memory, inpractice, has 2048 addrasses
rather than 2000. The last 48 giva an extra
2.4% locations and allow the mamory 10
produce 10.24 dhisions on the CRT display.

TIME FOR 2000 TIME FOR 200
SAMPLES (10DIVSY SAMPLES (1 DIV}
Z2ms 20us
Ams S0pus
1ims 0.ims
2ms G2ms
&ms 0.5ms
1w0oms ims
20ma 2ms
50ms Sms
100 ms 10ms
200ms 20ms
500 ms 50ms
is A8
2s 2%
58 5s
10s 18
208 23
80s 58
1008 10s
200s 208
4003 403
800s 80s



4.4

4.5

Thowavatorm {or random signal at ficst swilch
on)mwmmmy:smmﬂy
displayed on the 'scope in this mode.

Aftot a trigger signal is produced from the CH1
mex’t the ADCs (Channel 1 and

2) begin 10 write naw dala into their
memories, overwriling any existing data
storod inthem, mwutautomtbyw
TIMEIDIV.

ﬁm:mkmmagmﬁu
diferent signal being 1o the memory
from that proviously stored, then the user wilt
obsarve on the ‘scope the gradual
digsappearance of the old signal and & being
repiaced by the new one.

Once both memories are full the procass will
stop until a new trigger pulseis generated and
the cycle repeals.

ibaocoant sowiing (REFRESHING) of the
f

will not ba obsorved since the new
gignal baing written is exactly the same as
was proviously stored! Section 7 describes
how a bright up puise may be available 1o
show tha point deing written,

This mode operates in all TIME/DIV setlings
and also has a SAVE CHZ facility. [ the SAVE
CH2 button is depressed, thenthe Ch 2
memory contents are frozen {but stit

displayed} whereas Cht memory is slill
refreshed in the normal way.

Roll Mode

This is a free run mode - ie themamones are
continuously upaated by the ADCs and trigger

signals are ignoved. Again, as in Refresh, the

"scope is atways displaying the memories’
contents.

The mods simutales a chart recorder dispiay

whevre 3 pen continuously plols the ampiitude
of the signal on 8 moving stripot paper. Inthis
casathe "pen” is. onthe right hand side of the
CRT display and the “paper” moves fromyight
1o left! (Try to forget anything you know about
‘scope timebases and how the Swaap Moves
at this point!)

The effect on the display is thal the signal
moves from right to left the right hand side
being real time (t = 0) the tar left hand side
showing you what occurred 10 Civisions (10x
TIME/DIV setting) ago.

D512 - Ungarstanaing The DS102

This mode is uselful for cbearving real time
slow events, as they happen. The HOLD
memornas” contents to be frozen and

ROLL should not be used at TIMEDIV
settings above 5 ms—in factitis really only of
use al slower settings whare you have smeto
obsarve how the signal is behaving.

4.8 Single Shot and Pretrigger

inthe Shot mode, the display is
bwmmnmmmmm it
than swilches o display only and ths
moemoriss” contonts are held frozen. The
soquence of events is as follows:~

() When SINGLE SHOT is salected (or
RESET pressod) tha ARMED LED ig lit.
The display is blanked (nothing visiblc on
the "scope) and the memories begin to be
tilled with Ch1 and Ch2 ataralo
sot by the TIME/DIV awitch.

(i} Atriggor puise octurs some time laler

(ﬁm&m%z or EXT TRIG)

causing the TRIG'D LED to kght. Tiwee
PRE TRIGRER settings give the following
options:~

in 0% PRE TRIGGER, the mamones
Would than store a Surther 2048 samplss
of signal {ie 10.24 divisions) and ropze
their contams, which wouid be displayed
on the ‘'scope,

in 100% PRE TRIGGER the memories
freaze their contents and the display
would hence show what had been stored
in tha memories prior 1o the triggor pulse.

In 50% PRE TRIGGER, the memorios
would accept a hurther 1024 sampies of
signal betora freozing thoir contents. This
sifectively has the trigger point in the
middie of the CRT display.

PRE TRIGGER is a major feature of digital
storage sinoe il aflows the user 1o view avents
that occyred

belora the liigger signal. Conventioral
anabjjue scopes only offer 0% pretﬁggm

Tha Irozen memorias’ cordents ara displayed
until either anothar mode 18 selected or the
RESET is pressed which causes the singhe
shol action © repeat.

il



SECTION§

5.1 Aliasing/Display ecrors.
Symploms:
fa) mmwmwwm
much lower in frequency than expecied.

{b) The display ampiitude st low swoop
speeds varies with the TIME/DIV seiting.

{c) Ths display has snvelope modulation.

DSR2 ~ Possibia Probiony

Cure:
increase the TIMEDIV 1o a faster sampling
rate.

Explanation:
The input waveform is being pericdically

! & rate determined by the TIME/
E)Wswim if the sampling rate is lowes than
the frequency of the input wavelorm, then
successive samples taken from different
mdmmeMMm

not representative of the input.

Figure 2 illusirates this.

Noto ~ If aliasing is suspected, the NON
STORE foature can be used 10 make a real
ime meaasurement of the input pediod.

NPT
WAYCE DR

AP AYED
WAVER

FIGURE 2a - ALIASING m

FIGURE 2b - ENVELOPE MODULATION
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5.2 Single Shot Displays

Symploms: |
Ineither 50% or 100% Pratrigger, the display
hasgarbage or random resulis over part of the

Cure:
{i) Reduce the amount of pre trigger and
repeat measurement.

(i) Repeat the measurement yotil sufficient
time sispses between pressing RESET and

Explanation:
Tha following saquence of svents occurs after
pressing SINGLE SHOT or RESET.

i) The display blanks, the memories begin
10 fill with data and e ARMED LED is
Hluminaled.

The system continues to do this until a trigger

pulse is generated.
) Atrigger pulse occurs, the TRIGD LED
is Hominated,

(i) Each mamory cordinues 10 fill for a tiow
depending on the amount of pretrigger ‘
selected. i

ms«timmwm&mdam
50% - the mermory continues for 1024 counts
100% ~ the memory stops immediately

The *scope then displays he memories’
contents.

With 0% (ie no pratrigger} no problems should
OCCUt.

In 50% ot 100% there can be a problemifthe

D congition. Thig is the cause of
randiom rosulls appoaring at tho start of the
dispiay. A numencal example may help n
undergtanding this:~

Assume the TIME/DIV is set at 0.1 & (i@ it will
take 1,024 seconds to fill the memory) and
100% pre trigger is selected.

The RESET is depressod and the memory
hagins o filf but aher 0.6 second a trigger
puise occurs. Because of 100% pre trigget.
the mamary slogs filling and its conlents are
displayed.

seue

D3 102 - Possidie Prablema

Unfortunately only 0.8 seconds worth of
display is valid (the time between RESET and
a triggor puisa) - the ramaining 42.4% Is left

Hence for & valid display, the following criteria

The DS102 must be ARMED for a time equal
10 or greater than the pre trigger Eme selactod.

Pre trigger time is calcuisted by:—
Pre wrigger ime =

Pro trig % x TIME/DIV getting x 10.24
100

Pre rig at 50%
exampie rsu;gwm ms

thorofore: Pre Wrig time = 50 x 1 ms x 10.24
100

= 532 ms

5.3 Insufticient bandwidth

A common risconception is that 10 MMz
sampling implies that you can observe 10
MHz sinewaves. This is not the case!

A minimum number of samples e neodod
for each cycle bofore a senable dhsplay can
be obtained. 10 MHz gampling of 3 10 MMz
wave would give 1 sample per cycle!

The DS102 has sufficient banciwidth and
sampling speed to store and display a 1 MHz
sinowave without much distortion — howsver
the "scope witl nead 1o expand the displayed
trace aither using its MAGNIFIER andior
increasing the 'scope’s time per division from
0.1 ms, Remamber to retum the ‘scopa’s
controls fo the 0.1 ms condition after using
them for this purposs..

n



SECTIONS

GENERATING X-Y DISPLAYS

A common requirement, particulanty for
wansgdocer measuremeants, is 10 produce an
X~Y display on the 'scope. Provided that the
‘scope has XY faciities then this is quite
sasily achieved as follows —

{1) Putthe ‘scope in XY, both ‘scope
channels at 0.2 Vidiv.

{2) Ground bothCTh 1and Ch2 'scope inputs
and use its posiion controls 10 place the
dot in tha lower loft comar of the ckspiay.
Switch back %o DC coupling.

{3) Setthe DS102 TIME/DIVio 1 5. ROLL
mode, all other butions out,

The DS102 will now produce XY displays on
the screen. This can be observad by turning
the DS102 position controls and noling that
other horizontally.

msas 1

DS 102~ Goneraag X-V Dinghays

The display erases after 10 times the TIME/
DIV setting. You can vary the TIME/DIV-to
alter the erasure rate,

Notes:-
%

(a) HOLD will reaze the dispiay ang stop
erasure. _

(b} Take care 10 avoid oxcessve 'scope
INTENSITY levels.

{c) ROLL mode gives a continous display
with no triggering.

{d) H REFRESH is solocted, then a tngger
pulse {CH 1 or extemal) is requited belora
tho memorios can be filled.

13



SECTION?

PLOTTER OUTPUT

The rear panel CH1 ar CH2 outpuiscanbe
connected 1o an analogue plotier plottor bearing in
mind that the output signals are from @ Vo +2 V.

The lime 1aken for the DS102 W outpt its
mermories’ contents ig 10.24 timas the TIME/DIV

soltng.
Tha rear panet SCOPE TRIG can be used for pon
it koutputs a TTL low for pendown and the front

mw&mmmm@rmwm
when the unit Is outputting the mermory contents,

Note that PLOT willonly function it HOLD has been
selectod.

Figure 3 shows the sequence.

When PLOT is selocted, the memores’ conents
ara clocked out and appoar on the BNC sockeis at

& rata detarmined by the TIME/DIV | . Rowik
take 10.24 timeas the TIME/DIV setting to ot
the whole memories’ conlenis.

DEIL - Pptir, Exp. Pove

When PLOT is firet selectod, there is no way of
1he 9XACt enlry POt ito the memory
agmmmymmmxatmmfm
commencing near the end of the glored
wavetcrms. The PEN DOWN LED wilt be lt when
y contents are being outputted, After the
“waiting portod” {see Figure 3, equal 1o 10.24
times TIMEADIV setting] ha unid will start 1o output
tho stored waveforms from the beginning of
mamory — i@ a trus, full output will occur over the
foliowing 10.24 times TIME/DIV setting.

The “waiting period” is the same duration as the
*output perkod” eg 102.4 seconds at 108/div - 1o
mimmise this, the TIMEDIVcan be turned o a
faster speed until the “PEN DOWN" LED comes
on and then immediately urned back to the
dasiced rate.

EXPANSION PORT

A 26 way connecior is present on the rear panel for
usa by 1ha Polar RS232 interlace connector. This
allows data from the 05102 1o be downloaded into
a microcompriter using this extemal interface.

The cusiomer should not attempt o make any
connections 1o this port except via Polar
authorised products.

PLOT
SELECTED

cmm

FIGURE 3~ PLOTTER OUTPUT
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