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Lab 4
Using Test Equipment
1 Objective
Thislab will familiarize you with more hardware debugg nginstruments. Each station in 204B has atriple-
output bench paver supply, a digital multimeter, a pulse gereraor, and a100 MHz mixed sgnd

oscillosape. You will use each of these in this lab.

Test equipment can be complex. The oscilloscope has more than forty knobs and switches. Unfortunately,
missetting these can make the equipment appear broken.

If you suspect faulty equipmert, verify it with your T Al
When you leavethelab, please tidy up around your station.

Alwaysverify that your equipment iswork ing before usingit. Some specific items to check:
* Arethe power suppies autputing correct voltage? (chedk using multimeter)
» Aretheoscillosmpe probles working? (ched by conneding to power and gound)
* Isthepulse generator working? (chedk using oscilloscope)

2 Prelab

As wsuwal, readthroughthis lab. Most of this handout describesthingsto know, naot things to do. Andthese
shoud beeasy if youknow how to do them.

3 The HP E363QA Triple-Output Power Supply

Each gation has an HP E3630A triple-output power supply, whose three autputs an generate 0-6V, 0-20V,
and -20-0V, marked+6, +20 and —20respectively. Thereis aso aground connection labeled COM.

The E363A\'s outputs are current-limited for safety: they will supdy some maximum amount of current,
and will drop the output voltageto ensureit. In particular, if you short the outputs, instead of blowing fuses
or becoming arc welders, these sipdiespeacefully supdy the maximum current.

The E363A\'sthree knobs set the voltage on the +6 output, the voltage on the+20 output, andthe ratio
between the +20 and-20 outputs. Turn theratio clockwise (to FIXED) urttil it clicksto set the ratio to 1.

The analog meter on the E3630A can display the voltage of each output, selected by thethree buttons
labeled+6, +18, and -18. This is ugful for setting the voltages goproximately, butit isnot as acurate as
measuring the autput voltage with adigital multimeter.



4 The Fluke 801\ Digital Multimeter

Each dation also has a Fluke 8)10A digital multimeter, which can measure AC or DC voltage, current,
resistance, or condctivity.

Measuing Voltage

Press button marked V and select range with one of the grey buttons. Connect the COMMO
inpu (ablack lead) to the circuit's ground, and connect the V/KQ/S input (aredlead) tothe
voltage to measure.

Measuring Current
Press kutton marked mA.

Select thescale d current to be measuredby pluggng thered lead into either the "ma™ (0-2000
ma) or "10A" (0-10A) input onthe meter. Pressa grey button correspondng to the range desired.

To measure current, the meter must beinserted in series. Power down the circuit, break a
comection, and connect the redand black leads With the red lead conneded to the"more
positive" voltage, the current flow will show on the meter as postive.

Measuring Resistance or Conductance

Press hutton marked KQ/S. With the circuit power off, connect the COMMON (bladk) and Vk Q/S
(red) leads across the resistive element. To do this accuraey, theelement usually has to be
removed from the circuit, although ssimple continuity checking (determining if awire is connected)
canbe dore in-circuit.

5TheHP 8112APulse Gengator

The pulse generator can generate snde a periodic square waveforms with varying voltages, periods du
cycles, pusewidths, andslew rates. These
canbe wsed for example, asa dgital system's clock.

Theoutput of the pulse generator hasa  Q output impedance, and expectsto be driving a 5QQ load.
Thus, with high-impedanceinputs such & those on digital logic or ascope, the voltageyou obser ve will
betwice as brgeaswhat you st .

To produce asquare wave,

1

2.

Make surethe DISABLE button (in thelower right corner) is off (unlit).

Set MODE to NORM by pressing the button beneah it. (secondto left)

Set CTRL to dsabled (nothinglit). (fourth to left)

Pressthe kutton underneath PER until the PER lights, and st the period usingthe vernier buttons.

Pressthe kutton underneath DTY until theDTY lights, and set the duty cycle using the vernier
buttons (the duty cycleisthe pecertage of the period for which the signal ishigh).

Or, sat the pulsewidth (period x duty cycle) by pressing the same hutton urtil WID lights. Adjust
using the vernier buttons.



6. Pressthe hutton under HIL and set the high voltage wsingthe vernier buttons.

7. Pressthe hutton under LOL and se the low voltage usingthe vernier buttons.

6 The HP 54645D100 MHz Mixed Signal Oscilloscope

6.1 Oscillosaopes

Oscillosaopes can display very high-speed periodic everts. Thinkof the oscilloscope screen as a graph of
voltage (x) versustime (y). The HP 54649 combinesa digital storage oscill oscope with a logic analyzer
in one dhassis with extensive "mixed-signal” cepabilities.

Conventional analog oscilloscopes do bestwith periodically repeatingwaveforms which cantrigger the
'scope and gererate astable display. Events that rarely or never repeat can alsotrigger the'scope, but
theresuting sweep is difficult to see with the reked eye. Digital storage oscilloscopes and logic analyzers,
combinedin the 5464, solvethis problem.

Startingthe swee at theright timeis necessary for a stableimage. Figure 2ashowsthe dfect of choosing
thewrong times: many segments of thewaveform are siperimposed, reailting in an unreadable mess. If

these times are chasen correctly, i.e., at some exact multiple d the period of thewaveform, the traces
suprimposeto gveasingle, stablewaveform, as shownin Figure 2b.
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Figure 2: (a) Incorrect triggering. (b) Correct triggering.

Most oscillosaopes alow theuser to set a wltage level and adope (“rising” or “falling’) for the tigge.
For example, in Figure 2b (middle), thetrigger isthevoltage halfway between the two extremes, with a
fallingslope. Thusthewaveform isdisplayed withits left-most point falling through that halfway voltage.
For smple waveforms, this approach workswell by itself. For more complex waveforms, the “variable
holdoff” control can help. Variable hddoff setsthe time between the end o asweepand whenthe scope
begnsto look for the next trigger.

6.2 Digital Storage Oscilloscopes

DSOs, or digital storage oscilloscopes, digitize their inpus, gore them in memory, and recall them through
adigital-to-aralog converter

Using a storage scopeis much like using anon-storage scope: set the trigger to catch what you want and
view theresuts. Instead of displayingthe waveform for each trigger, however, a storage scope can await a
singletrigger, capture a short waveform, anddisgay it until you store another.



6.3 Logic Analyzers

Although four-channel scopes exist, most digital circuits have far more than four interesting signals, and
the “interesting" things on those signdls are too
complexfor an oscilloscope's smple trigger to find. Logic analyzers address these problems.

Logic aralyzers arelike many-channeled storage oscilloscopes with very sophisticated schemes fo
triggering. Somelogic analyzers have hundedsof channels,and the trigge's @n belittle programs
consisting of comparisons, loops and branches. Logic anayzers capture and store digital waveforms
only (typically two voltage levels), and are typically not as fast as oscilloscopes. But for finding subtle,
aperiodic bugsin digital hardware, they are unmatched.

TheHP 54645D is both a Digital StorageOsdlloscpe and a smple L ogic Analyzer.

6.4 5464 Controls

Figure 3: Groups of cortrols on the 54645D

The 54815D has someforty knobs, butons, and switches. Even for this lab, you needto know most of
them. Fortunately, usng ore oscilloscope is like usinganather, so leaming one isworth your time.



Hereisalist of controlsthat concern youfor thislab, grouped asin Fgure 3:
SOFTKEYS
The functions for these keys are displayed onthe screen of each particular mode of operation
DISPLAY CONTROLS
Brightness control adjuststheintensity of the display.
If nothing gpears on the screen, try adjustingthe brightness cortrol
Cdlibration Output
Thishook is usedto test probes. Whenever in doubt, attach aprobeto the cdibration output and hit
AUTO-SCALE button in measurement section. It should display anice 0-5V square wave at about
1.232kHz
AUTOSCALE

Thisbutton is located in the measurement section. Perhaps most frequertly used button. Scope
auomaticaly searches for a $gnal, sets time andvoltage rangesto place signal in middle of sceen.

IF SIGNAL DISAPPEARS, TRY HITTING AUTOSCALE
MEASUREMENT CONTROLS
Corsists of three buttons, VOLTAGE, TIME, and CURSORS. VOLTAGE and TIME will displa
optionsfor types d measurements (Vae Vp.p Freg, etc.) above softkeys. When selected, measurement
will be displayed at bottom of screen. The SOURCE softkey shoud be set on correct arelog source
chamel. The CURSORS button is usedto dspay or clear time and wltage measurement cursors which
are selected with and moved with ENTRY knob.
SAVE/RECALL
TRACE
Allows you to gore waveformsin two memories. Save and recal signals with softkeys.
SHUP
Allows you to und autoscaling, recover screens, and setup display defaults.
DISPLAY AND PRINT UTILITY
Sdtkeys set display and grid lines.

MAKE SUREMODE IS SET TO NORMAL WITH VECTORS ON.



ANALOG
VOLT/DIV
Incease gain & which dgnal is observed. Volts per grid block is given at top of screen.
Al, A2, and +-
Al andA2adlow youto turn onand off each channel. High or low passfiltering with softkeys, AC
or D_C_ c_oupiing canbeusdal to get rid f excess naise. But note: Noise reduction decreasestrigger
sensitivity.
+- allows you to do sumsand dfferencesof signals.
HORIZONTAL
DHE_AY knob movestime reference left or right.

Man Delayed

Horizonta mode should be set at normal with softkeys, the TIME REF softkey cortrols what

reference to usewhen zooming in with IME/DIV knob. VERNIER is used to minimize time gepsin
TIME/DIV knob.

TIME/DIV

Changestime per grid block in a1-2-5 fashion. Values are dsdayedat thetop of the screen. Try
Setting this to the smallest setting (~2ns) and zoom in ona signal. Hit the RUN/STOP hutton to
freeze the screenand witness the degradation of smoothnessin the signal. Can you xplain this?

DIGITAL

Label/Threshdd

Allows you to label one of the 16 probe leads of the logic analyzer. The threshold menu and softkeys
let you choosewhat type of logic. MOSor TTL shoud work fine.

DOD15

This button allows you to select which logic anayzer probeswill bedisplayed. Signals can be
selected with SELECT knob and turned on ff with softkeys

Paition
Letsyou reorder signals
TRIGGER
Ede
Letsyou pick trigger source and select risingor falling edges.

Pdtem

Allovs you to trigger on a paternof sgnals. Used with SELECT with digital signals and sdtkeys.



Analog level & Holdoff

Lets you seled voltage level to trigger at. It shoud be usedwith analog signals. Holdoff controls
amount of timeto wait before new screenis drawn. Should be set to minimum value

STORAGE

RUN/STOP

Startsandstops refreshon disgday and can be utsedwith TRIGGER to start automatically.
TIME/DIV dso determineshow much signal ill be storedon screen.

SNGLE

Taksa snde frame rather than looping like RUN.
AUTOSTORE

Supamposesprevioustraces.

ERASE

Erass stored or stopped dgnals, measurements shoud be restarted with RUN button.

TIPSON TRIGGERING FOR THE LAB

Totrigger off asignal edge:
Hit EDGE

Select achannel asthe trigger saurce usangeither th  SELECT knob or by pressing aTrigger
Saurce softkey.

Press one of the Edge softkeys to choose whether the trigger will occur on the risingor falling edge.
Todefine a pattern trigger

PressPATTERN

Rotatethe SELEC  knob througheach signal (D0-D15)and (A1 or A2), which isdisplayedabove
the Source softkey.

Then, pressone of the softkeys to set the condition the oscilloscope will recognize aspart of the
pattern for that chamd:

L for logiclow
H for logic high
X toignore this channel

fsing or fallingedge



7 Lab Assignments

7.1 Usethe Multimeter to Measure the Power Supply's Voltage

1. Usebanaraleadsto connect the autput of the power supgy to the inpu of the multimeter. Use
black for common, redfor power.

2. Adjust the suply to smultaneausly generate +12V, -12V, and +5V, and measure his with the
multimeter. Show your TA this.

7.2 Observe the Pulse Generator's Output with the Scope

1. Connect the autput of theHP 81127 Pulse Generator to Channel 1 of the scope using acoaxial
cable with BNC ends.

2. Setthe pulse generator to generate al0kHz, 4846 duty cycle, 4 volt peak-to-pesk, zero volt offset
(i.e., pesks at .,V) square wave.

3. Display this squarewave wsing the STORE mode of the scope. In the STORE mode, usethe
cursorsto verify the pulsewidth, frequency, andvoltages. Show your TA this.

4. Setthe pulse generator to generate al0 MHz, 0-5V square wave with a40ns pulse width.

5. Again, sorethe display, and verify the puse width, frequency andvoltages. Show your TA this.

7.3 Read the Contents of a Xilinx Design with the Oscilloscope

We have entered and compiled the circuit in Figure 4, afour-bit counter driving the addresses of thee
sixteen-bit ROMs. Your task will beto use both channels of the oscillosaope to observe the outputsof
ROM2 and ROM3 and deduce their conterts, usngthe contents & ROM1 as astarting point.

Fire upHwdebug and load the ROM circuit U: / W/LI B/ CS150/ LABAROM BI T. Openthe Corntrol

Pandl from the View menuandstart the clodk. If al goeswell, the fourth LED will light (the output of
ROM1).

Figure 4: Three ROMs



The counter counts 0000, 000}, ..., 1111, andrepeds.. Address 0000readsthe least significant bit of the
four-digit hex number in the ROM, address 1111 themost. For example, if one of the ROMs contained a
zeroin address00M andones in addresses 0001through 1111, the ROM contents would be FFFE. See the
ROM16X1 page inyour reader for more information.

1

Connect the BNC ends of the oscilloscope probes to the oscilloscopés Channel 1 and Channel 2
inpus. These are 10x probes, so the voltgdiv readingon the oscilloscope'sdisplay will be a tenth
of thecircuit's voltages.

Carefully connect each probe's "hook™ to one of the wire-wrap pins connected to aXilinx pin
comected to aROM's autput. Be ar eful not to short together two pins, and don't let the probe
bend the pin. Connect Channel 1 of the oscilloscope to the autput of ROM1, whaose contents are
000D (ignore the label INIT=000F h Fgure 4), and connect Chamel 2 to the output of ore of the
others.

Connect both probes aligator clips to aground referencein the prototyping areaof the board.

Set the oscillosaopeto trigger on Channd 1 (the output of ROM1), anddisplay both channels.
Turn onthevernier mode on the oscillosoope (MAIN/DELAY ED), and then adust the TIME/DIV
knob so that there is exactly two bits per division - adust it so eight divisons occur between rising
edgesin the output of ROM1.

Read off the bits from each ROM, moving the Channel 2 probe between pinsto view the contents

of thetwo ROMSs, andtranslate eachinto a four-digit hex number. Record these onthe checkoff
sheet andshow your TA.



7.4 Measure Propagaion Delay with the Logic Analyzer

We have entered and compiled the circuit in Figure 5, aeight-bit ripple adde sunming the output of a
four-bit counter and four switches. Y our task will be to measurethe worst-case delay of thecircuit.

Figure 5: An eight-bit adder



Theworst-case delay occurswhen a carry mustripple througheach dage, suchaswhen 1111111 and
0000000 are added Tofind this, set the switches to 000000d, and st the logic analyzer (Probes on
DIGITAL section) to trigger when the cunter hits 1111.

1

Fire upHwdebug and load the adde: U:/WVLIB/CS150ADD.BIT.

Sincethe outputs all go to LEDs, thiscircuit is an excellent one to single-step with the dock.

From the Readback Cortrol Panel, set the clock stepsto 1 anduse APPLY to step thecounter. The
adaer will still work even when the clock is gopped. Remember that the LEDs light when thei
output is low.

2. Connect thelogic andyzer's pod's black ground lead toa ground reference (e.g., one of the ground
pins onthe Xilinx), and connect seven of the eight inputsto the four courter outputs and three
adder outputs.

Be areful when connecting the probe leads. They are dHlicateand expensive, even more so
thanthe wire-wrap posts.

3. Set the switches © 00@O00L is one of theaddends. (SeeFigure. 5to determine which switch
shoud beleast significant)

4. Setthetrigger onthelogic analyzer to when the counter reaches 1111. Make sure that TRIGGE
MODE is set to NORMAL.

5. Measuethe dday from when the counter output charnges to when thefinal carry-out charges, and
record this on the checkoff sheet. Show your TA this.
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