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1. Digital Multimeter-HP34401A
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QUICK START

Turn ON the unit; the unit will test itself and will show Adds # 22. Also, will set to mV
(milivolts) which is the default.
DC (Default).
The unit will also be set at Auto Range (Automatic Voltage Reading) which will allow you to
check any voltage from 0 to 200V DC at the 200 V terminals, and 0 to 1000V DC at the 1000 V
terminals ( Red buttons at front panel).
Note: For any voltage over 30V, check with the instructor “BEFORE YOU ATTEMPT
TO MEASURE.
To measure AC Voltage, press the AC voltage button and be sure that the leads are now in the
correct position for the correct amount of voltage to be measured.
Note: See the Lab instructor if any doubt.
For DC current, press the blue (shift) button, then VV DC Volt button. Before this test, leads must
be placed as fallows:
Positive lead to the current terminal (Red button outlet) while the ground lead remains at the
same position.
Note: To measure currents, the meter must be in series with the part of the circuit

under test. Never measure current across a circuit component.
To measure AC Current, press the blue (shift) button and AC Volt button.

Remember, test cables must be placed in correct terminals to measure currents.
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To measure current at any part of your circuit on the board, connect the multimeter in series with
the components or wire in that part of your circuit. Do not connect the meter across (in parallel)
any component or wire. See your lab instructor for help.
NOTE: For any current over 1 Amp, see your Lab Instructor

for assistance, BEFORE YOU MEASURE!
To check Resistance:
First, be absolutely sure that there is “NO” POWER” connected to the resistance under test. It
is recommended to place the resistor(s) at an empty part of the Proto Board, not
connected to the other part of the circuit, to do the measurement.
Leads will be place as if were to measuring voltage, press the Q from the front panel
After the measurement has been made, reconnect the right resistance(s) back into the circuit, and
then, reconnect the power.
NOTE: Range at the resistance meter’s panel is auto, but can be adjusted manually

By pressing the arrows (A, V) at the front of the unit ‘s panel .

See below for more details.

Fat
L=

+ - Ry DM R4
m% ) @ 1k i 1k
it

]

Tk Ditifd 1

e Current Measuremerit
Resistance Measurement voltage Measurement

Figure 1: Measurement of resistance, voltage and current with a multimeter

Introduction

One of the most important functions of ECE Lab is to provide an understanding of the functions
of instruments. For ECE students, this knowledge is essential to conduct laboratory assignments
and develop independent design projects.

Currents and voltages are the basic circuit variables of interest. In this Lab we are mainly
concerned with accurately measuring resistance, DC voltage and currents using a digital
multimeter (DMM). We will use the HP34401A digital multimeter which is a high performance
instrument capable of measuring resistance, DC and AC voltage and current, as well as
frequency. The HP34401A has a built-in microprocessor, memory and other electronics
components that give it numerous features such as built-in math functions, recording and storing
up to 512 readings, giving the maximum, minimum and average of the readings. In addition, it
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can be remotely programmed using the SCPI (Standard Commands for Programmable
Instruments) language and read by computer via a General Purpose Interface Board (GPIB) port.

The use of the instrument for measurement of resistance, current and voltage is in principle very
simple. Figure 1 shows the set up for resistance, voltage and current measurements.

For resistance measurements, one connects the DMM over the resistor. Notice that for voltage
measurements one puts the multimeter in parallel with the circuit element so that one measures
the voltage across the element. In case of a current measurement, one must put the DMM in
serial with the element in order to measure the current through the element. That involves
breaking the circuit in order to insert the multimeter in the circuit loop.

The Front Panel at a Glance
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1 Measurement Function keys 5 Front/ Rear Input Terminal Switch

2 Math Operation keys 6 Range / Number of Digits Displayed keys
3 Single Trigger / Autotrigger / Reading Hold key 7 Menu Operation keys

4 shift / Local key

Resistance measurements with the HP34401
To Measure Resistance

Ranges: 100 , 1 k®, 10 kQ, 100 kQ, 1 M &, 10M L, 100MQ

Maximum resolution: 100 x & (on 100 obm range)

4 wire measurement

[”] HEWLETT 34401A

PACKARD  MULTIMETER nqw Sanoe/ input 4 Wil"eS

Mk R
LW Lty

200V
Max lx

FUNCTION MATH
Q E 9 1 LO
, . 500Vpk
Power pcVv AC V J w | Freq | Cont .:p‘ Null mm Tormlnals
| ax
[ | — e — - } ——— —
' MENU RANGE / DIGIT

= Off ¢ | Se | v ~ | Auto/ | Single Shift M. "ud o
e S e B = Rear Real Panel

CHOICES LEVEL ENTER TRIG LOGAL

Q4W Q2W Shift

Principle of 2 wire measurement

The DMM measures a resistance by applying a known DC voltage over unknown resistance in
series with a small resistance Ry, . It measures the voltage over the resistance Ry, as shown in
Figure 2. The DMM can then calculate the unknown resistance R.
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Vr

I 1iIIIrtnest

R = VERuM
Vieat- VR

ial

Figure 2: Two-wire resistance measurement

To use the DMM for resistance measurements, connect the resistor to the terminals labeled HI
(V Q)and LO, select the resistance measurement function by pushing the [Q] button (one of the
function keys) on the front panel as shown below in Figure 3. Please notice that the selection
keys are annotated in black and blue. To select the function in blue, please press the blue SHIFT
key.

oA Sense’ W O

DISPLAY HIO) Hi
. LO
oC 1 AC FU:(;EM Period  —p- dB Tﬁﬁ O LD
[Dcv] [Acv] [.n. 2wl [Freq ] [Curt l [Null l [h-'im'hfa.xi

O I

selkect for resitance
rmeas Urements

Figure 3: Function buttons to select resistance, voltage, current or frequency
Measurement errors and Null function.

If using DMM to measuring the small value of resistor with cables, the resistance of cables may
even larger than small resistor. The HP34401A DMM can overcome this problem by using the
Null feature. The front panel of the DMM (see Figure 3) has a “Null’ button. To null the wire
resistance, short the ends of the test wire and then press the ‘Null’ button. You can disable the
Null function by pushing the button again.

CAUTION: To test resistance, the safest way is disconnect all voltage sources before
connecting the DMM to the circuit. A large voltage input terminals of the DMM may damage
the meter.

Range selector
The multimeter automatically selects the range using the auto-ranging feature. However, you can

9
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also manually select a fixed range (e.g. 1KQ or 1MQ) using the Auto/Man button on the front
panel (under Range/Digits) buttons (Figure 4). The 'down’ arrow selects the lower range and the
'up’ arrow the higher range.

FUHCTION I:QEk o MATHT
DC AT I Period - dB

[Dcv] [m:vl [n 2w] [Freq] [Curt ] [Null ] [E“'T"’ﬂﬂ

] o/ RANGE T—.
: B AuboHd d
A'«*D] [Null l

Figure 4: Function, Math, Range, and Menu keys
Additional features of the HP34401A: average, max and min value

To find the average value, maximum and minimum values of variable test points, HP34401A has
built-in features. To enable this feature, push the Min/Max button (one of the Math buttons) on
the front panel. The Math annunciator will lit on, and DMM will make short beeps indicating it
is taking readings and storing the MAX, MIN, Average value, and the total COUNT. Push the
Min/Max button again to stop the readings.

To access these stored numbers, just turn the Menu on by pressing the On/Off key (SHIFT <) on
the front panel (see Figure 4). Then, use the > or < keys until you are in the MATH (B) menu.
You can now go down to the "parameter level” of the selected MIN-MAX menu by pressing the
"down" button until you see the desired parameter menu (1:MIN_MAX) displayed. Press "down"
button again, you are in the MIN-MAX menu. Please use the > or < buttons to scroll through the
menu and read the values. The menu is organized in three levels, as Fig. 5.

Press: e

)

[4:MEAS > B:Math > C:Trigger > D: System > E:1/D » F:Cal :ﬂsééi"’a

Y

1filter 2 | [1:Min-Max rznr?ac:1 Iuwel
W
Jrd level
|Min » Max » f&wg » Count | ITIEmnU

Figure 5: The front panel menu organization.

10
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The MIN-MAX feature can be used for resistance measurements as well as for voltage, current,
and frequency measurements.

The resistance color code and power rating

Resistors are usually color coded using color banding as shown in Figure 6. Two digits and a
power 10 multiplier determine the resistance value. The color band on the most left is the 1st
significant digit, followed by the 2nd digit and the multiplier. The fourth band is usually present
as well and indicates the tolerance of the specified resistance.

.
—
-

0 @ ~ @ b L0 N = O

| silver —I il "— 27.4 ohm
B oack _—I IIII_— 341 ohm
“ brown
B e _—HI'III_— 7.15K (7150 ohm)
B orenge
] yellow —I l l I I I— 568K (568000 ohm)
B oo
B o ——I I I ‘ I I 1.60M (1600000 ohm)
| violet +'
- gray 4th band = multiplier (or number of zeros added)
- | white 5th band = Resistance Tolerance: 1% shown

6th band = Temperature Coefficient: 200 ppm shown
tolerance

. _-reliabilty (often not presert) Tolerance:
GO0 =53
SILYER = 2103
FOME = £ 20 22

/

- \ mukilier
digit 11 Exarmple: orange-blus-orange-gold:
digit 2 A= 36 k2, 5% resistor

Figure 6: The 5% Resistor Color Code.
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Power rating of resistors

In addition to the value and tolerance of a resistor, the power rating is another important
characteristic. It tells how much power the resistor can dissipate before being damaged by
overheating. Resistors come in different power ratings: 1/8, 1/4, 1/2, 1 and 2 Watts are typical
values.

Voltage measurement

Ranges: 100mV, 1V, 10V, 100V, 1000V (750 Vac)
Maximum resolution: 100nV (on 100 mV range)
AC technique: true RMS, ac-coupled

HEWLETT 34401A {34W Sensal Ingut
Eﬂ PACKARD  MULTIMETER RAatio Red V-

_, —
my L d

Hi +

“wov | ACor DC Voltage

FUNGTION MATH Lo Lo —

. ) ; an

Fower DC v ALV 0 aw | Frag Caont 1) Ml m:—.‘ Terminais Maa Sl
=
MENU RANGE /DY
= on < > | L ~ Autas Single Shift Front Fusedon
= | i = Rear Raar Panel
CHOICES LEVEL ENTER TRIG LOGAL

Principle of measurement

A DC voltage is measured by using a voltage amplifier and an analog-to-digital converter as
schematically shown in Figure 7. A microprocessor further manipulates the data before
displaying the results.

voltage amplifier
ko dpalogrbo-di gital Measured volbage Vim:
u:u:_umfert g and Ri
P CEOPE DG B35 0F VIT=Ys | eer
Ri iz very large
= 10MR-10G A Rs

] —_
Bron() = gms

Vg Rs
T i
.

Circut under best

®100

Figure 7: Schematic of the DMM as a DC voltage meter.
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To measure a voltage, connect the nodes over which one wants to measure the voltage between
the HI and LO input terminals of the DMM (Figure 3). In order to activate the DMM for DC
measurements you have to select the DC Voltage function by pushing the DC V button on the
front panel (see Figure 3). The Math functions, such as Max/Min and average, can be activated
in a similar fashion as was done for the resistance measurements. Also, the range can be selected
manually by pushing the Man/Auto key in the Range menu.

If you have the probes connected for measuring currents and you try to measure the voltage of
low-impedance voltage source (such as power supply), you will blow a fuse in the instrument. In
order to avoid this, always remember to check the connection of your probes before making
voltage measurement.

Errors due to the internal resistance

An ideal voltmeter has an infinite input resistance so that it will not draw any current from the
circuit under testing. However, in reality, there is always a finite input resistance R;, as shown in
Figure 7. As a result, one has a voltage divider that will cause the voltage V, one sees at the
input of the voltmeter to be slightly different from the actual voltage Vs one wants to measure.
The HP34401A has a relatively large input resistance of at least L0Mohm (depending on the
selected voltage range) so that the error will be small as long as Rs << R;.

CAUTION: Do not exceed the maximum allowable voltage input (1000V DC). Also, never
apply a voltage over the current input terminal (1) of the DMM.

Current measurement

To Measure Current
Never connect across any component or supply!

Range: 10 mA ( DC only), 100 mA( DC only), 1A, 3A
Maximum resolution: 10 nA (on 10mA range)
AC technique: true RMS, AC-coupled

HEWLETT 34401A 24W Sense/ Input
ﬁﬁ] PACKARD  MULTIMETER Ratio Ref vf;—H*

% HI
BU.UUU;.J

HI

= 200v 1000V
Max Max

R

+

FUNCTION MATH e
: " 500Vpk 34
Power pc v | AC V l Q 2w 5 Freq Cont -HJ Null I\I\gl:x Terminals Max RMS AC or DC current
— = = [ | 3
MENU RANGE / DIGITS : I , -
= ——— - 2 : — = 3 T
a 0ff < i > v S | Autos | | Single Shift ‘_'me Fuetlion
=18 ] =] Mat it = Rear _ Rear Panel
CHOIGCES LEVEL ENTER TRIG LOCAL
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Principle of the measurement

An ammeter senses the current flowing through its input terminals. The ammeter (or DMM)
must be connected in Series with the circuit such the same current flows through the DMM and
the test circuit. The principle of the current measurement is quite simple. The ammeter has a
small resistance at its input terminals and measures the voltage that the test current generates
over this resistance (Figure 8).

| Dihd Lo

D_@mc .

+| ¥

—+—

Figure 8: Principle of DC current measurement.

To use the DMM as an ammeter, one connects the leads in which the current flows to the current
(1) and Lo terminals (see the front panel in Figure 3). To activate the ammeter, one must also
select the DC | key by pushing SHIFT and DC V button as shown in Figures 3 or 4.

Error due to the non-zero input resistance

An ideal ammeter has a zero input resistance so that it does not disturb the current under test.
The small input resistance will cause a small voltage drop which gives a small error. Fortunately,
the input resistance of the HP34401A is pretty small (Ro = 0.1Q for 1 and 3 A range, and 5 Q for
the 10mA and 100mA ranges) and can, in most cases, be ignored as long as R >> Ro.

CAUTION: Do not exceed the maximum allowable current input (3A DC). Also, never apply a
voltage over the current input terminal (1) of the DMM. This will cause a large current to flow
through the small input resistor Ro and can damage the DMM.

Frequency measurement

To Measure Frequency (or Period)
Measurement band: 3 Hz to 300 KHz (0.33 sec to 3.3 5s€ec)

Input signal range: 100 mVac to 750 Vac
Technique: Rrecip

14
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HEWLETT 34401A
[’?F PACKARD  MULTIMETER ﬂ;w Sense/ |np:|;+
atio Ref VG

R

+

HI HI
i AC or DC Voltage
FUNCTION MATH Low /=
500Vpk 3A

Powar DC V ] AC V ] Q 2w j Freq Cont 1) Null Min TareHale. Mt i

MENU RANGE / DIt ‘ ’J

T % A Auto/ ‘Single Shift % _ "
: T i ] : ] J Mool - :m' AHTaB:Pa::l

25 ]

CHOICES LEVEL

ENTER TRIG LOCAL

To Measure Frequency (or Period)

Measurement band: 3 Hz to 300 kHz (0.33 sec to 3.3 lsec)
Input signal range: 100 mVac to 750 Vac
Technique: reciprocal counting

Fraquenoy of Parlod
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Specifications (HP 34401A)
DC Characteristics:

o DC Voltage range and input resistance:
0.1V, 1V, 10V: input resistance selectable 10MQ or > 10GQ
100V and 1000V: Rin = 10MQ

e DC Current range and shunt resistance:
10mA, 100mA: Rshunt=5 Q
1A and 3A: 0.1 Q

o Resistance range: 2-wire and 4-wire method

= 100 Q, 1kQ, 10 kQ, 100 kQ2, 1 MQ and 100 MQ
= Input protection: 1000V

o AC Characteristics: true RMS
AC Voltage: from 3 Hz to 300 kHz (for accuracy specs consult the manual)
AC Current from 3 Hz to 5 kHz

Frequency and Period measurement:
Frequency range: 3 Hz - 300 kHz

Input voltage range: 100 mV to 750 V

16
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2. Programmable Power Supply-HP E3631A

Quick Start

Do not connect to your circuit yet!

Turn the unit On. The unit will self test and show you Addr )%, then will go to the default
setting: 6 VV DC (max). The unit is ready to operate. Power will be accessible from the 6 V outlet,
(+ -); voltage can be adjusted by moving the blinking digits with the arrows (— «)and turning
wheel from the from panel. Once the output voltage is adjusted, turn the power OFF, inspect
your circuit for any mistakes; then proceed to turn the output voltage ON.

NOTE: Turn the Output voltage OFF before you make any changes on your circuit board.

For higher voltage, use the £ 25 V (max) terminals. Sert the 25 + voltage first by pressing the
+25V from the front panel, turn the output voltage On , then, turn the adjusting knob to the
desired voltage. After reaching the desired voltage, turn the output voltage Off.

For the -25V (max), press the -25 V key from the from panel, turn the voltage On, them turn the
adjusting knob to the desired voltage. Then turn the voltage output Off.

Now, you are set to connect power to your circuit board.

Before turning On the output voltage, re-check your circuit for any problem; after that, turn your
OUTPUT VOLTAGE ON.

Make any measurements necessary, after finishing, PLEASE TURN THE UNIT OFF.

NOTE: If any problem occurs while working in your circuit, turn the output voltage Off,
re-check your circuit (more carefully), fixed if any problem and then re-connect
the power ON.

Also, make sure the supply is set for enough current your circuit.
See below for more details.

17
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Introduction

Hewlett-Packard E3631A triple output power supply It is a 80-watt triple output supply and
offers three independent 0 to +6V/5A and 0 to +/-25V/1A outputs. The 6V output is electrically
isolated from the +/-25V supply to minimize any interference between circuits under tests.
+/-25V outputs can be set to track each other. E3631A is dependable regulation and fast transient
response with built-in GPIB and RS-232 interface.

Basics of Power Supplies

A regulated power supply provides electrical energy which is precisely controlled. Power
supplies can be of the type Constant-Voltage, Constant-Current, and the Constant-Voltage
/Constant-Current sources. A Constant-Voltage (CV) supply provides a DC voltage that can be
set to any desired value over a specified range. An ideal constant-voltage supply has a zero
output impedance, as illustrated in Figure 1a. On the other hand, a constant-current (CC) supply
gives a regulated current independent of the voltage over the load (up to the maximum allowable
voltage), as shown in Figure 1b.

|
—>» + +
O g ! v
¥
.« @ _1_ . (D) v
5 L - Iz |
a. b.

Figure 1: Output characteristic of a constant-voltage (a) and constant-current (b) supply.

A more versatile power supply is the Constant-Voltage/Constant-Current supply which can be
used to provide either a constant voltage or a constant current. Figure 2 illustrates the I-V
characteristic of such a supply. The values Vs and Is are selected by the operator from the front
panel or programmed through the GPIB interface.

Y constant voltage

F Y / rnode

___Constant curent
miade

Wz

|
-

Iz

Figure 2: Output characteristic of a constant-voltage/ constant-current supply.

Let’s look at the operating modes of CV/CC power supply. Assume that one connects a resistive
load to the power supply as shown in Figure 3. The supply has been set at a voltage V=V and
current I1=Is. The current through the resistor: I=V/R. As long as the current is below the
maximum value ls, the voltage over the resistor will be constant and equal to Vs. The power
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supply operates thus in the CVmode as shown in Figure 3. However, if one decreases the
resistance such that the current exceeds the maximum allowable value s, the current will be
limited to Is and the power supply operates in the CC mode. The resistance R.=V/I; is called the
critical resistance and determines whether one operates in the CV (R >R;) or CC (R_>R) mode.

Y mode
¥ RL=Fc -
=Fc
—>+ $
Yz
i mode
s a
[v ] L
b _ RL=Rc I
e -
Iz

Figure 3: Operating point of a CV/CC power supply.

HP E3631A Triple Output DC Power Supply

The HP E3631A is a constant-voltage/constant-currenttype and can be adjusted to various range
controls of the power supply on both positive and negative voltages.

Figure 4 shows the front panel of the HP E3631A. Italicized print indicates the switch functions.
The shaded switches control more advanced features built into the equipment and will not in this
write-up.

HEWLETT EB3631A 0-6V,6A/0-%26V,1A :
K20 5RCkaRD  TRIPLE OUTPUT DC POWER SUPPLY ADJUST

=

(__Current

Local

+25V
com

Bv

Power

o ©e@ o900

+ zao vbc mMAX TO L

Figure 4: Front panel of the HP E3631A triple output power supply.

The power supply has a triple output: +6V/5A, +25V/1A and -25V/1A supplies. These outputs
(binding posts) are located at the bottom right of the front panel (see Figure 4). In addition, the
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power supply has an earth ground terminal (with L sign) which is connected between chassis and
earth ground by 3-wire ground receptacle. This is for safety considerations.

A Simplified View of a Power Supply

Let’s look at the power supply in the constant-voltage (CV) mode. A CV power supply can be
considered to be a "near-ideal" battery with a very low internal resistance. Its voltage will remain
constant if its current rating is not exceeded. Figure 5 illustrates this view of the power supply.
The +25V and -25V outputs have a common output terminal (denoted by "com™) which is
isolated from the case or chassis ground. The positive or negative terminals of each output can be
grounded or each output can be left floating with respect to the ground (must be kept within +/-
240V from the chassis ground).

earth graund

R IR RN

Figure 5: Simplified view of the triple output power supply

Figure 6 shows the case where one uses the +25V, -25V and -6V power supplies in one circuit.
All supplies have a common connection (the reference node) which can or cannot be connected
to the ground. ( For most circuits, our reference node is grouded).

reference node

(commen) 25Y & 20N £

-6% A
(%El R2 (%RE
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Figure 6: Power supply connection using the three power supplies; the top figure shows the

actual connection and the bottom one gives the circuit schematic.

Constant \oltage(CV) Operation

1.

2.

Turn the power supply on. Output of power supply is disabled as default. *OFF’
annunciator is on.

Enable the outputs by pressing the Output On/OFF key (see Figure 7) The CV and
+6V annunciators is on and +6V is selected. You can adjust the b/inking digit to
select the desired output voltage by turning the knob on the top right of the front
panel. The display is in the meter mode, and shows the actua/output voltage and
current.

To set up the +25 V power supply, press the +25V key to select the display and adjust
the +25V supply voltage, same way to adjust -25V supply.

To Set Limit Mode:

The next step is to select the maximum current (limit I). Setting the current limit will
ensure that the supply can provide enough current and does not go into the constant
current mode. It will protect your circuit from drawing too much current and from being
damaged.

1.

Set the display for /imit mode by pressing the Display Limit key. ‘LMT’ annunciator
is blinking. The display shows the actual voltage and current //mit values of the
selected supply.

Connect the desired circuit to the power supply's output terminals.

Press the Vol/Cur key. The second digit of the ammeter will be blinking. Adjust the
knob to set the desired current limit (make sure the ‘LMT’ annunciator is still
blinking). Using ‘>’ or ‘<’ buttons to switch to another digit.

When you press the Vol/Cur key again the voltage digit will be blinking. You can
now adjust the voltage output.

Return to the meter mode by pressing ‘Display Limit” key or let the display time-out
and back to the meter mode automatically.

G 4D

Cutput Yaltage
onaoff Cuent

Figure 7: Front panel selections
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NOTE: to check that you are operating in the constant voltage mode for the +25V or -25V
supplies make sure the +25V or -25V annunciator is on. For the +6V supply, the +6V and CV
annunciators will be on. If the CC annunciator is on, choose a higher current limit.

Constant Current (CC) Operation

The power supply can be used as a current source.

1. Turn on the power supply. The power supply's outputs is disabled (The annunciator
of ‘OFF’ is on) as default.

2. Enable the outputs by pressing the Output On/OFF key (see Figure 8) The CV and
+6V annunciators is on, +6V is selected. The display is in the metfer mode and shows
the actual output voltage and current.

3. To set up the +25 V power supply, press the +25V key to select the display and adjust
the +25V supply voltage by knob, same way to adjust -25V supply.

4. Turn off output by pressing ‘Output On/OFF’ key.

5. Connect the desired circuit to the power supply output terminals.

6. Turn on output by pressing ‘Output On/OFF’ key.

To Set Limit Mode :

1. Set the display for /imit mode by pressing the Display Limit key. You will notice the
LMT annunciator blinking to indicate that the display is in the /imit mode. The
display shows the actual voltage and current limit values of the selected supply.

2. You will notice that the second digit of the voltmeter is blinking. Turn the large knob
to set the desired voltage /imit (make sure the LMT annunciator is still blinking).

3. Press the Vol/Cur key. The second digit of the ammeter will be blinking. Adjust the
desired output current that the current source will supply.

4. To return to the meter mode press the Display Limit or let the display time-out, it
will automatically back to meter mode. The LMT annunciator will be off.

NOTE: To verify that you are operating in the constant current mode make sure the +6V and

CC annunciator is on if you are using +6V supply, the +25V or -25V annunciator is on if using
+25V or -25V supply. If the CV annunciator is on, choose a higher voltage limit.

Disabling the Outputs

Sometimes you need to disable the voltage or current outputs. This can be done without turn off
the power supply so that you do not lose the settings. To disable the outputs, press the Output
On/OFF key. The OFF annunciator will go on. To enable the outputs, press Output On/OFF
again.

Other features.
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The HP E3631A has several other useful features. They include tracking operation (the +25 and -
25V outputs track each other); storing and recalling operating states (up to 3 different settings
can be stored); system related controls, and remote interface configuration (GPIB and RS-232).

Performance Specifications

Output Ratings (@ 0°C - 40°C)

+6Y Output Oto+6WV : 0to5 A
+25V Qutput Oto+25V:0tc1 A
-25V Qutput Oto-25V:0to1 A

Programming A:curacym 12 months (@ 25°C = 5°C), (% of output + offset)

+BV Qutput +25V Qutput -25\ Qutput
\Voltage 0.1% + 5mV 0.05% + 20 mV 0.05% + 20 mV
Current 0.2% + 10 mA 0.15% + 4 mA 0.15% + 4 mA

Readback Ac::uracym 12 months (over GPIB and RS-232 or front panel with respect
to actual output @ 25°C £ 5°C), £(% of output + offset)

+BV Qutput +25V Qutput -25\ Qutput
\Voltage 0.1% +5mv 0.05% + 10 mV 0.05% + 10 mV
Current 0.2% + 10 mA 0.15% + 4 mA 0.15% + 4 mA

Ripple and Noise (with outputs ungrounded, or with either output terminal grounded,
20 Hz to 20 MHz)

+6V Qutput +25V Qutput =29V Output
\oltage <0.35 mV rms =0.35 mV rms <0.35 mV rms

=2 mV p-p =2 mV p-p =2 mV p-p
Current =2 mA rms =500 pA rms =500 pA rms

Common mode current =1.5pA rms

Load Regulation, £(% of output + offset)
Change in output voltage or current for any load change within ratings

\/oltage =0.01% + 2 mV
Current <0.01% + 250 pA

Line Regulation, (% of output + offset)
Change in output voltage and current for any line change within ratings

\oltage =0.01% + 2 mV
Current <0.01% + 250 pA
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3. Digital 2 Channel 100 MHz Osciloscope-HP54600B

QUICK START

Turn ON the unit, after the self test, this unit will display Normal Screen.

NOTE: Before any reading is made, press the SET-UP key, all the soft keys under the screen
are displayed now.

Press the default set-up key, then save the setting by pressing the save key from the soft key
panel under the screen.

Now you are ready to use this unit!

When the unit is connected to any Source, (or your circuit) or from the OUTPUT of the Function
Generator, it will display your signal at the scope. Pressing the auto range key, you will have a
better look of the signal at the scope

To measure the Amplitude of the signal:

Press the Voltage key from the from panel of the scope; all the soft keys under the scope screen
will change to:

Source(1 & 2), Vpp, Vayg » Vims are now available. By pressing any of these keys, the unit
will show them. Clear them (any measure you did) by pressing the Clear_Meas key; then the unit
is ready for new set of measurements instructions.

If any adjustment in the circuit is needed, turn off the power source, make the required change,

restart the power supply, and press the auto-scale key for a new set of measurements.
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To Measure Frequency:
Press the Time Key, you are now in time domain mode, all the soft keys under the screen will
change to Source (1 & 2), frequency, Period, Duty Cycle. All these measurements can be made
by pressing the key for the desired task. If new measures are needed, adjust the circuit (if
necessary), press auto scale key, and continue with your measurements.
Note: Change the source for the proper reading of your input (Channel 1 or Channel 2).
Other measurements possible with the scope are Voltage (eg, rms) or Time (T, and T,) can be
made by pressing the Cursor key and take the cursor to the desired type of measure (horizontal or
vertical value).
Accordingly with the Mode selected at the moment of this operation, you will be able to check
(Voltagey, ) if in Voltage Mode by moving the cursor knob for up or down. If in Time Mode, T
and T, can be measured by moving the left or right knob for T; or T, values.
Note: After using these units, be sure “ALL of these units are turned OFF” before you
leave the lab.
Before attempting to operate this unit as Spectrum Analyzer see your Lab Instructor
for HELP !

See below for more details.

Features
e 100 MHz bandwidth
e 2 Channels
e Sweep speeds from 5 s/div to 2 ns/div
e Up to 1.5 Million points/sec screen update rate
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Getting Familiar with the Scope

Front Panel Controls

Measure; Voltage, Time
Status bar: Trace/Setup Memory Autoscale, Print, Calibrate _
Vertical sensitivity —_ : 7 Display: grid, vectors, averaging
Sweep speed -
Trigger time reference
Channells} on
Run/Stop

Starage: Run, Stop, Autostore, Erase

———— Triggering;
Sources: Gh1, Ch, Ext, Line
Modes: Auto, Normal, TV

Sy Intit \, . Coupling: Slope, ac, dc
T

Calibration source — I'.! ath ON/OFF Hn!::?:tsa:renp Speed,
Line Power ON/OFF - Vertival gisiiian; saiistivity Sweep Modes: Delayed, XY, Rall

t=ll Reference
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Display Features

[ Vertical sensitivity of CH1| | Trigger slope |
is 1 Volt per major division is positive (rising edge)

Im [Biinks:il' no trigger]
t<0e—g 1> 0

N ST A Ty e is Channel 1
: - TR Scope is ready for trigger

| Ground (V =0}

[If dc part of CH1 signal is too hig,
ground arrow points off-screen.

. — i i If this happens, adjust vertical sensitivity]
| Horizontal sweep speed | | Readings scaled | (press l 1 | toview)
is 200 psec per major division for a 10:1 probe

Channel 1is ON

* The BMC shield is at earth ground. Use only the probe TIP for measuring
high voltages. Connecting the BNC shield to a high voltage will cause
a safety hazard.
* Make sure probes are compensated and set to proper scale (X1, X10, X100).
® [f you can’t get the signal on screen:
-Check probe connection
~Touch: SETUP, Default Setup
-Touch: AUTOSCALE
-Check for offset (ground symbaol). If offscale, adjust vertical sensitivity
If still offscale, touch:
-Trigger Source
-3et Mode Auto
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Set probe attenuation factor

pe P55 Channel Key for selected probe.

1 'lfﬁ']"-..: Toggle softkey for setting that matches probe

Probe matches display

List of Procedures

The procedures used in the processes of making measurements with the HP 54645A
oscilloscope in the various labs are listed in this section for easy referencing.

Adjusting the Oscilloscope Display

Anutoscale
e Press

OR
o Press |Display | followed by the Full softkey

Press and press the leftmost softkey until On is highlighted

Position the signal on the display using the position knob

Adjust Time/Div until at least 2 periods are displayed

Change the vertical sensitivity with the Volts/Div knob until the waveform fills the
display without clipping

Press =l and press the leftmost softkey until on is highlighted and repeat previous
Steps

Vp-p

1. Hook calibrator signal to CH1

| l]i:illl'lff
2. Press key

3. Press Voltage Key
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4. Press soft key Vp-p | — {"'"
5. Vp-p value will move toward to the bottom left on the screen.
Vims
1. Hook calibrator signal to CH1
|ﬂi5.pli\l
2. Press key
3. Press Voltage Key
4. Press soft key Vrms -
5. Vrms value will move toward to the bottom midle on the screen.
Frequency
|ﬂisnl_iv
1. Press key
2. Press Time Key
3. Press Frequency soft key
4. Frequency value will move toward to the bottom left on the screen.
Period
|ﬂi5nl_iv
1. Press key
2. Press Time Key
3. Press Period soft key
4. Period value will move toward to the bottom on the screen.
RiseTime
Display
1. Press key
l Time
2. Press Key
3. Press soft key
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pwidth  -width  IEETLETE FallTime
D e Bl 2

4. Press soft key RiseTime
5. RiseTime value will move toward to the bottom on the screen.

6. If answer needs more resolution, rotate for best display:

Time/Div

=,
“, Rotate for hest display
g

vy
-

1M hine

Offset

1. Press ‘%’ key

2. Press soft key Menu

3. Press Soft key Offset

4. Use the Cursor knob to adjust

Selecting the Trigger Source

1. Press (Source]

2. Press the softkey corresponding to the desired source

Setting the Trigger Mode

——
=
1. Press \mJ

2. Press the softkey corresponding to the desired mode

Averaging
To turn averaging on:

1. Press 2iPlY)

2. Press the Average softkey
3. Pressthe # Average softkey until the desired number of averages is selected.
To turn averaging off:
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1. Press Dislay]

2. Press the Normal softkey

Measuring Signal Amplitudes

Press | Voltage |

Press the Clear Meas softkey to clear the last measurement
Press the Source softkey until channel 1 is selected

Press the Next Menu softkey until the Vawr softkey is displayed
Press the Vawe softkey to display the amplitude of the waveform
Repeat for channel 2 (Don't clear the last measurement)

oarwnhE

Measuring the Phase Shift between Channels

1. Press TIME]

2. Press the Next Menu softkey until the Define Thresholds softkey is displayed on
the far left side of the screen
3. Press the Measure Phase softkey
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Taking Measurements (Examples)

Making Measurements: Vp-p

Measure Vp-p, using cursors:

Grid

2| |ﬁl:nll.\*. % Clear

Clear any cursors Cursors|
3 already an the screen C_l

4y 1] 1.__ Set for the correct channel

- R - Bgtive Cursar ---- |

5/ Toggle to highlight ".rz " oo
the V1 cursor, Rotate cursor = ,
knob for waveform minimum f_. L ;

B) Active Curser - |
vi [ T 712 Change to VZ cursar,

1 \ Use knob to set to
L: I— waveform maximum

OR: Measure Vp-p, the easy way: Valtage Measurement:
1 IH!I! Wavi Vrms

Simply select Vp-p Display, . —— = =—1

from the Voltage menu | o L‘

Making Measurements: RISETIME

MNext

Time 11 | Time

e
| (O

Timi MeEasuramnils

-
#Width  -Width FallTime

& & & &

If answer needs mare resolution:

3 Time/Div

Rowate for best display

Risetime Answer
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Making Measurements: RISETIME, Using DELAYED SWEEI

Main/Delayed

) Time/Div

11 Time/Div
= Rotate to show multiple
.) cycles on screen

21 [ Main_

alayed

Hanrantal Moads ------o-emee-

Main m Xy Rall
£ & A £

Time/Diw

-l\\ Rotate. See how upper
. bracketed part is exploded
J into lower window

3

FET
Making Measurements: FFT (Frequency Domain)

! Defaukt

Use Time/Div to set 1) o ( ..'!

FFT resolutan Tl g

scale

- Functhon 2 -1
of [T Menu
: — : sy
-— Fumction 2 |

[ Menu (Hit Menu Key)

B

Hint: To look ON

LY
at FFT signal
without time l 1
domain signal,

turn channel off:

Hint: To return to FFT
menu at any time,

use math key:

[ﬂllﬂn
[ S—

a Measurement/
Storage Module must
be installed on back of scope.
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1) || Aute- | Displays all wavetorms
Stare | |Good for loaking at jitter,
noise, glitches)

2) Example: Calibrator signal in CH1
Setup Default. Autoscale.
Touch Autostore.

3) Now move horizontal delay knob
and watch all waveforms stay on
screen, making an overlapping pattermn

4} { Aue- | Touching Aulostore again
Store | returns display to normal mode.

5) | grase Efase eliminates
the stored image.

Harizontal 11 Example: Calibrator signal in CHI.
delay Setup Defaull. Autoscale

Trace.  Save to Trace 1

Maw move wavelarm with horizontal

delay and vertical position knobs,

Mate that Trace 1 siill stays on screen,
allowing comparison with stored waveform.

Vertical Position

DCopyright 1994 Hewlett-Packard Co.
Printed in US.A, 10494
GO63-3TREE
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Specifications

HP 54600B Performance Characteristics

Form Factor
Bandwidth
Number of Channels

Simultaneous Channels

Simultaneous Maximum Sampling Rate/Ch
One Ch. only max. sampling rate

Max. Single Shot bandwidth

Max. Record Length

Min. Vertical Sensitivity

Maximum Vertical Sensitivity

Rise time
Number of Bits
Input Impedance

Input Coupling

Maximum Input Voltage
Main time base - lowest

Main time base - highest

Time base accuracy
Trigger Source
Trigger Modes

Trigger Sensitivity

Minimum Glitch Trigger

Display Type

Display Size

35

Bench top

100 MHz

2 ch

2 ch

20 MSa/s

20 MSa/s

2 MHz

4000 pt/sec

2 mV/div

5 Vv/div

3.5 ns

8 bits

1 MQ
AC,DC,GND

400 Vrms

2 ns/div

5 s/div

0.01 %

External, Internal
Auto, Single, Trigger
3.5mVv

1ns

CRT Monochrome

17.78 cm
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4. Function Generator/Arbitrary Wave Generator
- HP33120A

QUICK START

Turn ON the unit, it will self test and Addr 10 will come on.

1 KHz at 100 mVy, sinusoidal is the Default for this unit.

The shape of the signal can be changed by pressing the proper key from the front panel of the
unit.

To change the frequency: Press the frequency key, then, rotating the knob at the front panel
will adjust the frequency from 0.1 Hz to 15 MHz.

To change the magnitude of the signal: Press the Amplitude (Amp) key. Rotate the same knob
used to adjust frequency, and select the desired unit (Hz, KHz, MHz), until you reach the desired
frequency.

For Signal Modulation Mode (AM, FM, FSK):  Press the blue key (+ AM). From the
scope, rotate the Time/Division knob until the signal appears at desired shape. You can stop the
scope to have a better view of the modulated signal by pressing stop key from the front panel of
the scope. After viewing the signal, press the Run key.

To change the amount of modulation; while in modulation mode, press the (blue key + the Amp
(level) key). By rotating the adjustment knob will change the % of modulation from 1 to 120 %

of modulation.
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Note: When connecting the generator to the scope, be sure that the correct measurement is read,

adjust the Function Generator to High Impedance reading with these steps:

Press Blue Key then Enter
Press 3 times the » key
Press 2 times V key.

Press 1 time » key.

o w p e

Finally, press the Enter Key

The unit is now in High Impedance and in Sync with the scope!

Also, remember to press the Auto-Scale at the scope to reset the measurement.
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Introduction

The Front Panel at a Glance

@
® = =
aialalalala =

1 Functian / Mooulabon keys 5 Recal / Shore Instument slalks key
2 Menu oparation keys & Enler Mumber ksy

3 Waveform modify keys T Shifts Local key

4 Shga Jintemal Trigger ksy 8 Enler Numbsruris® keys

(Burst and Sweep oY)

A function generator allows you to create a wide variety of synthesized electrical signals and
waveforms. Figure 1 shows the most common functions such as the sine, square, triangle and
ramp functions.
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.................

tis) tis) (=Y tis)
SIME SOUARE TRIANGULAR RAMP
Figure 1: Waveforms generated by a function generator

Each of the waveforms can be adjusted through the front panel controls or remotely for
frequency, amplitude and DC offset voltage. For example, a sine function described by the
following equation,

V(t):VASi n(2*p|*ft) + Vorr

in which “f” is frequency, Vathe amplitude, and Vo if the offset voltage as shown in Figure 2.
Instead of amplitude one often uses the RMS (Root Mean Square) value to express the signal
voltage level. For a sine wave the RMS value is the amplitude divided by the square root of 2 or
Vrms = Va/l.41. The RMS is the most useful way to specify AC signal amplitudes.

iz 4 & & 10
time {s)
Figure 2: Sine wave with amplitude Va, frequency f, and offset Vorr

The generator can be remotely programmed and read by computer via a General Purpose
Interface Board (GPIB).

Basics of the Function Generator (HP33120A)

The function generator in the ECE lab is based on digital signal processing (DSP) methods. The
DSP is able to generate complex and arbitrary functions. A simplified block diagram is shown
in Figure 3.
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Figure 3: Block diagram of the HP33120A waveform generator.

Any circuit can be represented by the Thevenin's equivalent circuit. This is shown in Figure 4a.
Vgen represents the waveform (sine, pulse, etc.) and Ry is the Thevenin resistance (= output
resistance).

RT=50%

gen

ia) bl

Figure 4: (a) Thevenin's equivalent circuit; (b) voltage divider between the output and load
resistors.

Important is that this output resistance of the function generator is 50 Ohm. This implies that
the actual output voltage one measures over the load will vary with the load resistance because
of the voltage divider, as shown in Figure 4b. The output amplitude is calibrated for a 50 Ohm
load resistance, which means that the voltage shown on the function generator's display panel
corresponds to the actual voltage V| oap over the load only when the resistance is equal to 50
Ohm. In other words, the value of Ve, is double of the value displayed (or selected) by the
function generator. If the function generator's output is measured with no load connected (=open
circuit or infinite resistance), the output voltage will be fwice the displayed amplitude. Thus, be
careful when applying the output voltage of the function generator to a circuit which input
resistance is different from 50 Ohm.

To get accurate test result, you have to set function generator to high-impedance load
(High-Z) mode.

How to set function generator to high-impedance load (High-Z) mode, please refer 11.2.a.
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Functions and Use of HP 33120A

The front panel of the HP 33120A is shown in Figure 5. There are two outputs on the right of
front-panel. One is ‘OUTPUT ’-- the regular output terminal at which the specified waveform
appears. The other output ‘SYNC” is often used as a trigger signal. Both output terminals are of
the "BNC" type, which can be connected to a coaxial cable (a shielded cable).

HP 331204
15MHz D I SPLAY

FUHCTIOHAODULATION LEHU FMHz  SYHC
Ak Fhd FSk Eurst Sweep  app List  COn0Off mYpp

‘[r\Jl E[J_I_r] S[Nl "f[LfI l S[Nnise ] :[.-’-‘-rh ] [Enter ] :'Can"rms

IAMPM e  OUTPUT
Freq Leve ZDuby  Irkernal  Store Carcel dBim
- 1]
E[Freq ] T[Ampl ] E[Offsetl Q[SanIE] D[F!ecs“]oﬁurﬁrw ok Spas
HODIFY Local Recall Menu

Figure 5: Front panel of the HP 33120A function generator/Waveform generator

a. Front Panel Number Entry

To set the amplitude, frequency and offset voltage of a waveform, just enter numbers. Numbers
can be entered in three ways:

1. Use big knob. One of the digits will be blinking on the display. During you turning
knob, the blinking number will increase or decrease.

2. Use the arrow keys ‘<’, *>’, *N ) fv’,

3. Use the “‘Enter Number’ mode. Press ‘ENTER NUMBER’ key, followed by the
number (see green number keys on the front panel) and the units, and then press
‘ENTER’ key(see Figure 6). To cancel the number mode, press ‘SHIFT’ and
‘CANCEL’ keys.

IMHz
@ ® Wl
Fre) fmp) M
et i i i o o
| Enier - dglm
Murber E]E‘ k
ackspace
b I I?I IBI IEII IDI I.I I Reca]]pﬂenu
o

Figure 6: Entering numbers using the "Enter Number" mode.
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At power-on the function generator will output a sine wave of 1 KHz and amplitude of 100mV
peak-to-peak (for a 50 Ohm load resistance). You can select another function or change the
frequency, amplitude and offset voltage by pressing MODIFY keys.

b. Selection of a standard waveform

1. Press the key with the icon of the desired waveform (sine, pulse, triangle, or ramp) as
shown in Figure 5. An annunciator will show the selected waveform

2. Arbitrary waveforms can be selected, see details on coming section.

3. Press ‘Modify’ key to modify the amplitude, frequency (and duty cycle in case of a
pulse). See details on coming section

¢. Frequency selection
Procedure:

1. Pressthe ‘FREQ’ key (Figures 5 and 7).
2. Enter frequency with number key, the frequency annunciator will display.
3. Press one of the arrow keys to set the units (MHz, KHz, HZ).

Freq IIJlIIl'wIllille'll-.-'_vze|__\' FDuby
E[Freq ] ?[.&mpl ] S[Offsetl
KODIFY

Figure 7: Using the Modify Keys to select the frequency, amplitude, offset or duty cycle

d. Amplitude selection
Select the Amplitude Mode by:
1. Pressthe AMPL key (Figure 7).
2. Enter the number for the amplitude.
3. Press the arrow keys to select amplitude in (m) V peak-to-peak (VPP), in (m) V RMS or
dB.

Notice:

The function generator is calibrated for a 50 Ohm load which implies that the output voltage will
be different from the one selected when the load resistance is different from 50 Ohm.

The minimum amplitude is 50 mVpp and the maximum 10 Vpp for a 50 Ohm load (and 100mVep
and 20 VPP, respectively, for an open circuit).
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e. Offset Voltage selection

The waveforms default offset voltage is 0V, which means that the waveform will vary between a
positive and negative value. If you want to offset the waveform, you will need to add an offset
voltage as defined in Figure 2. To set the offset voltage:

1. Select the Offset Modify Mode.
o Enter the number for the offset voltage.
3. Press ‘ENTER’ key.

1. Duty Cyrcle selection
This applies to square waves only, and default duty cycle is 50% and can be changed by:

Press the key with the square wave icon.

Press the ‘SHIFT’ and ‘%DUTY” keys (see Figure 7).
Enter the number in %.

Press the ‘ENTER’ key.

el AN S

g. Output of an arbitrary waveform

There are five built-in arbitrary waveforms stored in memory. It includes sinc, exponential rise
and fall, negative ramp and a cardiac function (which simulates the heart beat of human), refer
Figure 8. In addition, one of five waveforms can be user-defined.

VA 1 I"":s, Vﬁ

[ S A LA o o

-Z0-i0 0 10 20 gyt K -
tis) tir-3 tir(-)
SIMC EXP_RISE EXP_FaLL
VA
n] 1] - o] —at -

I:I :I 1 1 5| 1 1 t I:S:I I:I 1 1 1 ~i 1 1 1 2 t
MEG R&aMP CARDIAC

Figure 8: The five built-in arbitrary functions
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To see the list of arbitrary functions:

1.
2.
3.

o s

Press ‘SHIFT’ key.

Press ‘ARB LIST’ key.

The first choice displayed is SINC. The display will show SINC for about 10 seconds.
Press the *>” keys or Round knob to change the functions (EXP-RISE, EXP-FALL,
NEG-RAMP, and CARDIAC).

When the desired function is displayed press the ‘ENTER’ key.

Now, the amplitude, frequency and offset voltage are able to be changed.

Once you have selected an arbitrary waveform, this function will be assigned to the
‘ARB’ key. Every time you press ‘ARB’ key, this waveform will be selected.

And then, the parameters of this function can be changed.

Arb List

] MENy

i Off

T o T ™
Shift [>]

<]

Figure 9: Selecting the Arbitrary Functions by pressing the SHIFT and ARB LIST keys

Front—panel Menu of the HP33120A Waveform Generator

a. Selection of the output impedance (50 Ohm or High 2)

To get accurate test result, you have to set function generator to high-impedance load (High-Z)
mode. How to set function generator to high-impedance load (High-Z) mode:

1.
2.
3.

4.
5.
6.

Press ‘Menu On’ (Shift-Enter). You can see ‘A: MOD MENU’ on the display.
Press “>” key three times, you can see ‘D: SYS MENU’ on the display.

Press ‘v’ key once, you can see ‘1: OUT TERM’ on display. It means ‘output
termination’—Resistance of your load.

Press ‘v’ again, you can see ’50 OHM’ on the display.

Press “>” key, you can see ‘HIGH Z’ on display.

Press “‘Enter’, the equipment is set as high impendence loads.

To get “‘High-Z’, this procedure must go through by manually each time turn on the HP
33120A.
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b. Advanced modification of a standard waveform

Modulation waveform using amplitude or frequency (AM and FM), generate Frequency Shift
Keying (FSK) signal, frequency sweep, or a burst waveform.

The menu is organized in a top down tree structure as shown in Figure 10. You move down the
menu tree using the “** or ‘v’ keys, and move within a level using the >’ and ‘<’ keys. The top
level lets you select the main functions, the 2nd level is the command level, and the 3rd level is
the parameter level.

| MENL
@ Press: CIROFF

O |

|ﬁ:Mu-:I Menu » B:Sweep » C:Edit » D:Suys = E:/0 » F:Cal | r:f;rlﬁivﬂ
v v v ‘
h' [ 1:5tart F ; ] 2nd [cormmand)
D&M Shape »2: art F » 1- 0wt Termn Znd o
A4 hd A4
levd menu

To enter command press:

¥
@ Enter

Figure 10: Menu organization

To turn the menu on press the *‘SHIFT” and ‘“MENU On/Off * keys;
Press the >, ‘<’ “*” and ‘v’ keys to navigate the menu;
To enter a command press the ‘ENTER’ key;

To recall the last menu command that was executed, press the ‘SHIFT’
‘RECALL_MENU’ keys.

Example: Advanced modification of standard waveforms

The standard waveforms can be modified to create more complex ones which can be used in
various applications. As an example, one can modulate the amplitude (AM) or frequency (FM)
of the waveforms in Figure 11 for an AM modulated sinusoid. The carrier frequency amplitude is
being modulated by the lower frequency - sinusoid, and is called modulating signal. The
modulating signal could be any signal (For example: a speech signal or music, as the case for
AM radio transmission).
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2 T T T — —— modulating signal
i 1 — carrier

Yout=[1+D % sin{20 fm.t)] % sin(2m fet)
2

D: modulation index (0<=D<=1.2)

frm: modulating fregquency

fo: carrier frequency

vout (V)

o1 0.z 0.3 05 1.0
Time {ms)

Figure 11: AM modulated sinusoid

To modulate a sinusoid:

™=

o ks

Select the sine function by pressing the key with the sine icon.

Adjust the frequency and amplitude using the modify keys.

Select AM mode by pressing the ‘SHIFT” and ‘AM’ keys (see Figures 5 and 12). AM

annunciator will be on.

Select the shape of the modulating waveform on ‘Menu’.

Press ‘SHIFT’ and ‘RECALL_MENU’ buttons, it will get in *“AM’ menu and displays
‘AM SHAPE’.

Press ‘v’ to select *‘SINE’ waveform.

Press ‘ENTER’.

Set the modulating frequency by pressing ‘SHIFT” and ‘FREQ’ key (Figure 12). ‘AM’
annunciator will flash.

Set the frequency of the modulating signal by number keys.

. Press *‘SHIFT” and ‘LEVEL’ key to set the modulation depth. The modulation depth is

between 0 and 120%. (Please see Figure 10 for the definition).

A4 Fi FSK

) L) 3l

%‘“m'ﬂ?‘ 2Dy

E[Freq ] ?[.&mpl ] E[Offsetl
MODIFY

Figure 12: Selecting the AM mode

Storing arbitrary waveforms

Once you have set up your arbitrary waveform such as the AM modulated waveform, you can
store them for later use and recall it any time. You can store them up to 4 waveforms. To store a
waveform:
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1. Pressthe ‘SHIFT’ key.
2. Press ‘STORE’ key.
3. Press the number (from 1 to 4) of the register where you want to store the function.

To recall the waveform:

1. Press ‘RECALL’ key.
2. Press number of the register.

Specifications:
o Frequency characteristics:

e Sine and square: 100pHz - 15 MHz
e Triangle and Ramp: 100pHz-100KHz

o Arbitrary waveform:

Length: 8 to 16,000 points

Resolution: 12 bits

Sample rate: 40 MSa/sec

Non-volatile memory (arbitrary waveforms): four 16k

o Output: (into 50 Ohm):
Amplitude: 50mVpp - 10 Vpp.
Offset: +/- 5Vpk ac+dc

Output impedance: 50 Ohm
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5. HP 53131A DC-225MHZ 10 Digit Universal Counter

P |

QUICK START

Turn the unit ON; the unit will self test, given Address 03 and will set to Channel 1

(Default).

Connect your leads cables from channel 1 to the circuit under test. See the counter manual for
how to measure frequencies below 100 Hz. The unit will show the exact frequency.

To select another channel, press Frequency button until Freq 2 appears. Connect the circuit
under test to channel 2 and read the measurements from the display of the unit.

New frequency checked will be held for convenience reading when needed.

Also, ratios from freq 1 to 2 or freq 3 can be obtained by pressing frequency button until the
desired ratio appears.

Note: Both channels under test “Must be connected” during ratio reading.

Other readings can be made, such as:

The period T; to T, Rise time 1, Falltime 1, (Positive Width 1, and Negative Width 1),
obtained by pressing the Time and Period button on the front panel until the desired
measurement is found.

Other measurements are possible, such as:

Phase of signal 1 to signal 2 (phase difference between both signals).

Duty cycle: defined as the positive pulse width divided by the period.

Also, Volts Peak: Voltage 1 and Voltage 2 for both signal strength.

See more details below.
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Key Features

® 225 MHz Basic Bandwidth on both channels

® Basic Universal Counter with Time Interval Capability
® 500 pixels single shot Time Interval resolution

®* GP-IB and RS232

® Fast Continuous-Count measurement technique

® Intuilink Software included
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14

The Front Panel at a Glance

Note: Unit shown with-Option 030.

Measurement funection menu keys
Limits menu keys

Math menu keys

Sign (+ or —) selection toggle key
Data Entry/Select (or arrow) keys
Enter numeric data (terminate) key

3.0/5.0/12.4 CHz RF input channel

(optional)
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10
"
12
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Recall, Save and Print menu keys
Cate and External Arm menu key
Measurement control keys

Channel 1 Trigger/Sensitivity menu
key and input cenditioning keys
Channel 2 Trigger/Sensitivity menu
key and input conditioning keys

Calibration menu key (Hold Scale &
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The Front Panel Indicators at a Glance

There are eight different groups of indicators or LEDs. They are listed and
described in the following table.

Indicators

Description of the Indicators

When one of these indicators is lit, it simultaneoushy

Osesizs

:“Hi Freq & :"-’i'ﬁmﬁ & I indicates which key's menu (for example, Time &
-#1+| Ratio %] Period Period key) and its menu item (for example, TT 1
to 2) is enabled.
34 Other )
/%] Meas
When these indicators are lit. the key's "enable”
:‘%f,_,[ Scale & | <3 1£] Limit menu item (that is, Limit Modes/T.IM TEST,
“7Iv| Offset | - |'{:[ Modes Scale & Offset/MATH, Stats/STATS, and
Save & Print/PRINT) is enahled.
Local
el stats | slelsaves
ey 1] Print
When this indicator is lit, it indicates that you are in
rigga:'"-"{l)!"i the Trigger/Sensitivity menu for the corresponding
"l

chanmnel.

When this indicator flashes, it indicates that the
arrow keys can be used to modify or enter data.

312 Stopl
-0 .-
fn"[ Single

|

When one of these indicators is lit, it indicates that
the Run or Single function is enabled.
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The Front Panel Indicators at a Glance (Cont.)

Indicators

Description of the Indicators

When this indicator flashes, it indicates that the
Counter is triggering on the input signal. If the
input signal is too high, this indicator remains ON.
If the input signal is too low, this indicator is OFF.

A
50 20T
M It

Attenuats

Al
X0 207 mlilkHE\,fJ

When one of these indicators is lit, it indicates that
the adjacent choice {that is, 5082, DC, X10, or
100kHz Filter) is enabled or active. Mote that when
these indicators are not lit, then the other choice
(that is, 1ML, AC. X1. or no filter) is active.

Remote

SRQ

A lit Remote indicator indicates that the Counter is
in remote mode (Note: In the remote mode, the Save
& Print key becomes the Local key.)

If fwhile in remote) an error occurs, the Remote
indicator will flash. The indicator will continue
flashing until the controller has read or cleared the
error queue, or until the front panel returns to local
muode,

An unlit Eemote indicator indicates that the
Counter is in local mode.

The SR indicator indicates that the Counter has
requested service from the controller. The SEQ)
indicator will remain lit until the controller has
recognized the service request and serial polled the
Counter, or taken specific action to cancel the
request (for example, *CLS command).
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The Front Panel Menus at a Glance
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The Front Panel Menus at a Glance (Cont.)

Print Sensitivity
] ] 1
* NOREGISTERS | [ SAVE: | [AUTOTRG: ON «— OFF |
¥ ¥ ] ¥
“TRECALL 0 | *[ UNSAVE: | [[LEVEL: 50PCT 0.000V |
L 3 ¥ E 3
RECALL 1 PRINT: afF SLOPE: PE'E
RECALL 2 oN NEG
¥ ¥ E 3
[RECALL 3 | [PRINTHELP? | seusnfrr.-if
RECALL 4 Llﬂ
RECALL 5 MED
S S—
: 6" COMMON 1: afF
RECALL 20 oN
500 Dc ) x10 100kHz
1ML AC Attenuate Filtar
1 ] |
UNTRE sagmu UNTEE c;: TCCHT: xmiArr TCH1: LP ;ur
1M OHM AC X1ATT NO FILT

¥ Thiz appears whan nothing can b= recalied,
4 COinly registars which can bs recalled will appsar in this menu.

% This menu item only appears if an instrumant sstup has basn saved.

& COMMOM 1 only appears when the Countsr is operating in the Time Interval measurement function

(TH1 T2

T Channel 2 is the same, sxcapt “CH 2% instead of “CH 17 is displaysd. Thess manus will tarminate aftsr

two saconds,
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Making Measurements

This quick manual is designed to give you hands-on experience in using the 53131A counter.
Universal Counter can make various measurements.

Required Equipments

1. 53131A Universal Counter
2. Signal Source ( Example: 33220A Function/Arbitrary Waveform Generator)
3. 1 BNC cable

Measuring Common Signals — That’s easy.

1. counter displays the measured frequency around 1 KHz. The frequency is not exactly 1
KHz, it is due to the calibration of both the counter and the function generator.

Notice that a few of the digits shown on the counter are changing.

2. Change the function generator output to a square wave by pressing the [Square]
button.

Observe that the counter's digits are changing less than before. This demonstrates the general fact
that counter works better with fast edge signals (square wave) rather than

slow edge signals (sine wave). This is due to trigger errors that are greater with the

slower edge signals.

Low Frequency Measurements — A little less automatic.

Let’s see what happens if we try to measure a low frequency.
Turn the power off on both the function generator and the counter.

Function Generator Set-up

1. Power the Function Generator on. The default frequency of 1 KHz appears.

2. Change the frequency to 2 Hz. First pressing ‘<’ and ‘>’ locate the digit you want to

change on the generator’s front panel. Second press ‘V’ and ‘A’ to change the value to be
2 Hz.

3. Connect the 33220A Output BNC to the 53131A CHANNEL 1 input BNC.
4. Power on the counter. It passes self-test, and displays --------- :
This is a problem sign which is typically caused by either no frequency signal or

an incorrect frequency signal that is not stable. You set a stable 2Hz frequency on
the function generator so...What could be wrong?
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Counter Set-up

Notice the 5 buttons associated with Ch 1 on the Counter.

5. Press the [Trigger Sensitivity] button. The display shows Auto Trg On. The “ON” is
flashing. Whenever a portion of the display is flashing, that means that there are choices
for the flashing element. This element can be changed by pressing one of
the arrow buttons just to the right of the display.

6. Set AUTO TRG: OFF. Auto trigger does not work at frequencies below 100 Hz. The
counter may be set at the wrong trigger voltage.

7. Press [Trigger Sensitivity] again. You can manually set the trigger level. The
generator is outputting a 2 Hz signal symmetric about 0 V (no offset) so an
appropriate trigger level is 0 V.

8. Use the arrow buttons to set the trigger level to 0V. Use the horizontal arrows to
select the digit. When the correct digit is flashing, use the vertical arrows to
increment/decrement the digit’s value.

9. Press the [Enter] button next to the arrows.

10. Press [Run] on the main keyboard panel. You will now get a reading around 2 Hz.
For low frequencies you should also use DC coupling. Here is how:

11. Set DC coupling for Ch 1 (press the [DC/AC] button near Ch 1). You should see a
good solid measure of the 2Hz frequency.

Time Interval Measurements

The counter can do time interval measurements between a signal edge on Ch 1 (start
edge) and an edge of a different signal on Ch 2 (stop edge). The counter can also make
time interval measurements on one signal. The start edge and stop edge are both on one
signal. To do this, the counter is set to put a single signal on both channels at the same
time by selecting “common” signal routing as explained below.

Cycle the power for both the counter and the generator to make sure you are starting
at a known state

Function Generator Set-up

Do not connect the BNC to counter, yet.

Soft keys are buttons just below the display. Their function / labels change depending on where
you are at within the configuration menu. When instructed to press a soft key , look for the label
in the display and press the corresponding button.

1. Turn the functions generator on
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7.

Select pulse by press pulse button.
Set frequency to 2 KHz.

Set amplitude to 1 Vpp. (Press Ampl key, press ‘<’ and “>"move flash digit and
set value by pressing ‘V’ and ‘A’)

Set offset to OV. (Press Offset key, change the value to be ‘0°).

Set pulse frequency to be 2KHz. ( Press Freq key, set value to be 2KHz)

Connect BNC to counter Chl.

Counter Set-up

8.
9.

10.
11.

12.
13.
14.

15.

16.

17.

18.

19.
20.
21.

22,

Turn the counter on and wait for it to complete the start-up sequence.
Press the [Time and Period] button. T1 to 2 is displayed.
Press the Ch 1 [Trigger Sensitivity] button. “AUTO TRG: ON” is displayed.

Pressing the [Trigger Sensitivity] button again, it shows “LEVEL: 50 PCT” Make sure to
set “50” by pressing [Enter] before continuing.

Press [Trigger Sensitivity] again, “SLOPE: POS.
Press again, “SENSTVTY: HI”

Press again to see “COMMON 1: OFF”. This means Ch 1 is not connected to Ch 2
internally inside the counter. Note that the “OFF” portion of the displayed message is
flashing. That means it can be changed by pressing one of the arrow buttons to the right
of the display.

Set “COMMON 1: ON” Now Ch 1 is connected internally to Ch 2 and they see the same
signal.

Press the same buttons (steps 10 through 15) for Ch 2 that you did for Ch 1 to ensure that
the settings are the same for both Channels.

Press the [Run] button. The display shows the time interval measurement between
the rising edges of two adjacent pulses in the signal. For a 2 KHz signal this
should be 1/2000 = 500 u sec. You are most likely seeing a time interval
considerably smaller than 500usec.

Press the [Gate and Ext Arm] button until it displays “DELAY: NONE” Note that the
“None” portion of the display is flashing.

Press an arrow button (to the right of the display) to display “DELAY: TIME”.
Press the [Gate & Ext Arm] button to display ‘TIME: .01000 s’.

Set the time to 100 usec using the arrow buttons. (set .00010s by using the horizontal
arrows to move digits, use the vertical arrows to increment/decrement numbers)

Press [Enter] located by the arrow buttons.
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23.

Note: You must press [Enter], otherwise, your setting will be lost.

Press [Run]. You should see a display of 500 usec.

Slowing Down the Display by Using Stats

Counter Set-up

1.

2.

3.

>

5.

Press the [State] button.
Set SHOW MEAS to display SHOW MEAN by pressing the arrow key.

Press [Stats] again and set N to 02
Press [Enter]

Press [Run]

Notice that the display has slowed down and is easier to read.

Totalize Measurements

The counter’s totalize feature simply means counting triggered edges. For instance, we
now have a signal from the 33220A that is a pulse occurring at a 2 kHz rate. So, if we
were to totalize this signal for 1 second, the total shown should be 2000 +1 count.

Counter Set-up

1.

a M DN

Press the [Other Meas] button once to display TOTALIZE 1. If you wait a moment, you
will see the display show 200. Now press the [Gate & ExtArm] button and see GATE:
TIME. Notice that TIME is flashing. Check the available choices with the arrow buttons.
The choices are TIME, AUTO, and EXTERNAL.

Set the flashing field to TIME.
Press the [Gate & ExtArm] button again to display .100 seconds.
Use the arrow buttons to set the gate time to 1 second.

Press [Enter].

Press [Run]. The display now shows 2000. That is, the counter is counting 2000
pulses in 1 second on channel 1. CAUTION here. The 1-second gate that you set
IS not very accurate. Instead of deriving the 1-second gate from the precision
clock time base, it is derived from the u-processor clock. Why the count that they
expected is not being displayed? The reason is, most likely because of an error in
the time gate, not the count mechanism itself. To make really accurate time gated
TOTALIZE measurements you must supply a precision time length pulse to the
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external gate.
Press [Gate & ExtArm] twice to display GATE: TIME (with time flashing).
Set GATE: AUTO using the arrow buttons.

Press [Run]. The counter counts and counts in a continuous mode until you Press the
[Stop/Single] button. Pressing [Run] again resets the totalizer back to zero. There is no
way to just pause the Totalize function; you must stop it and that automatically resets it.
The last choice, External, allows you to set a positive or negative going edge as the start
for TOTALIZE. It also allows you to set a positive or negative going edge as the stop for
TOTALIZE.

Limit Testing

It is possible to do limit testing with the 53131A counters. For example, you may want to know
whenever a measured frequency goes outside a predefined upper limit or lower limit.

Cycle the power on the counter and the function generator to ensure a known starting

point.

Function Generator Set-up

Turn the function generator on. It will be set to a default 1 KHz sine wave with an
amplitude of 100 mVpp.

Counter Set-up

1.

o M L DN

© ®© N o

Turn the counter on. After the start up sequence, the counter will read approximately 1
KHz.

Press the [Limit Modes] button. Note that the LIM TEST: OFF is displayed.
Press an arrow button to turn LIM TEST: ON.
Press the [Limit Modes] button twice to display SHOW: NUMBER.

Press the [Uppr & Lower] button and set the upper limit of 1010 Hz using the arrow
buttons.

Press [Enter].
Press the [Uppr & Lower] button again and set the lower limit to 990 Hz.
Press [Enter].

Press [Run]. The counter should be displaying a measurement of about 1 kHz.

. Change the frequency of the function generator to frequencies above and below the

limits. (Use the horizontal arrow to move digits, turn the knob to
Increment / decrement frequency).
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Note: The Limit light comes on on the counter display when the frequency is above or
below the limit.

Limit test graphic mode

There is a convenient and unique way to display in and out of limit conditions using these
counters.

1. Press the [Limit Modes] button until SHOW: NUMBER is displayed.
2. Press the arrow buttons to display SHOW: GRAPH.

3. Press [Run]. Notice that an asterisk and two colons are shown in the counter’s
display.
4. Change the generator’s frequency slowly so that it exceeds both the lower and upper

frequency limits. The asterisk represents the current frequency with respect to the limits
(two colons).

Legend
1 2 5 T a8
A | A || =>| "l T
3 ot 4 6 9 10 11
b AL
2] |"A e [ o[
1 Press key one time 4 Press and hold & Disconnect signal
and release 5 Result 9 Indicator off
2 Press key two times 6 Auto operation 10 Indicator on
and release 7 Connect signal 11 Indicator flashing

3 Repeated key presses

To Measure Frequency

POWER

Al O => [EEEEREREEEES:
- ™
SELFTET. PRSS
L
HP-1F§ HI 4
L
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Connect (for demonstration purposes) the Counter's rear-panel 10 MHz
Out signal to CHANNEL 1 input as shown in the illustrated procedure,
below.

9: => |/000u0guo0g:

The Counter will automatically display the measured frequency of the
input signal.

Disconnect the demonstration signal from CHANMNEL 1, and connect it to
CHAMNNEL 2 as shown in the following steps.

nwiig s Ll
e MAE Say

Hex) =) [FREGLENLY |

) => |FREBUENCY 2
\%
HOOnognoie
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Selecting Input Impedance

A cms=) [[H 2 50 OHM

Channel 2's input impedance is now set to 5002

The “arrow” keys can also be used to toggle the state of toggle keys
(DC/AC, 5082/ 1ML, etc.) as Indicated by the flashing indicator within the
arrow keys, However, for simplicity in this procedure, use the
corresponding toggle key to change states.

If vou want to change the input impedance back to the default
I MG impedance, perform the following step.

A O => [[H 2 1M OHY |
Y

‘ HOLOUHE oo
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To Set Input Channel Trigger Level/Sensitivity

Changing Trigger Mode

A| s =) [AUTD TRE ON |

Press any one of these arrow keys to toggle to the next state of
Auto Trigger.

03
A % =) [AUTD TRE OFF
[+

Modifying Input Trigger Level

A| e = [LEVEL T

The leftmaost "0” digit in the LEVEL display is highlighted, indicating that
if vou press the = key once the displayed value will increase to 1.000 volt
as shown in the following step.

A @ = (LEFEC 00
A| B = [[BEC 100 |

NOTE BE SURE to always press the Enter key to complete numeric data
entries.

Channel 2's trigger level is now set to +1V.
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NOTE

To set the trigger level to —0.05V, perform the following steps.

® LEVEL: U

LEVEL: [0

® LEVEL: 1§
O LEVEL: 115

O

AU
S 4¢3l

LEVEL: -O050Y

BE SURE to always press the Enter key to complete numeric data
entries.

Channel 2's trigger level is now set to —0.05V.

Selecting Input Trigger Slope

] HZH = [SLOPE NEE |

SLOPE POS
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Selecting Input Sensitivity

A | Owmds =D | SENSTYTY: HI
0
@@ == | SENSTYTY: L
0

(#)

A wgm =>

L3
Starting the Measurement
A%~ => [100000000000:

The Run key initiates repetitive measurements, and is described in the
section titled “*To Control Measurement” at the end of this chapter.

SENSTVTY: MED |

To Select Scale and Offset

The Scale & Offset key allows for multiplication and addition,
respectively, of the measurement by user-specified constants.
Modification of the displayed measurement by these Math operations is
represented by the following equation:

(Measurement » Scale) + Offset = Displayed Results
The Scale and Offset Math operations can be used, for example, to

subtract systematic errors or display the percentage difference between
signals.
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NOTE

Entering the Scale Value

A o= => [30AL I |

To demonstrate the Scale Math operation, set Scale to 100 as shown in the
following steps.

A ® = [AL 2 |

Press and hold the = key until the value of Scale is 10 as shown in the
following step.

2 = =» [3AL 0
A6 SCAL 1000000 |

BE SURE to press the Enter key to enter the value of 10.

The Scale is now set to 10, and MATH has been enabled.
The Scale & Offset indicator is now lit to show that MATH is enabled.
Since MATH is enabled, the results are being scaled and offset.
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Entering the Offset Value

To demonstrate the Offset Math operation, set the Offset to 1 MHz as
shown in the following steps.

A =) [0FFs 0 |

At this point, pressing the 4 key will cause the Counter to display the full
display of the Offset value as shown in the following step.

4] o [T \

Press the 4 key six more times to cause the Counter to display your entry
in Mega units as shown in the following step.

2| = = [T

The leftmost “0° digit in the OFFSet display is highlighted, indicating that
if vou press = key once the displayed value will increase to 1 Mega
ithat is, 1E6) as shown in the following step.

(]

O

=
=

Al
4 =

UFF5 1000000

NOTE BE SURE to press the Enter key to enter the 1 Mega value.

The Offset is now set to 1 Mega.
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Displaying the Math Results

A% => | 101000000000

The Counter displays the modified measurement results, which are based
on the scale and offset values that yvou selected in the previous steps.

That is, the 101 represents the original 10, scale multiplied by 10, then
offset by 1.

i(For more details and real applications of the Math Scale and Offset

operations, refer to the appropriate section in Chapter 2, "Operating Your
Universal Counter.”)

Disabling Math

20| sr) =) [MATH ON
()

©#m =) |MATH OFF
#)

Mote that the Scale & Offset key indicator is now off.

'\.|.I'

A% = [100000000000-

NOTE DO NOT cycle POWER because you will need to use these Scale and

Offset values in the following procedure “To Set Limits of Measurements.”
Continue to the following procedure.
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Disabling Limit Testing

@‘{ sl

*
() @)

=
=

LIM TEST [N

LIM Tesls UFF

The Counter is now making measurements without limit testing.

Disabling Math

S
g

el 1] scale &
"'.rp." Oitset

MATH [N

MATH [IFF

tobooagoon:

The Counter is now making measurements without the scale/offset values
calculated into the measurements.
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To Perform Statistics on Measurements
Sefecting the Type of Statistics (Stats)

Suppose you want the Counter to compute and display the standard
deviation of the current input data (which is the 10 MHz signal applied
to CHANNEL 2). Also, you want the Counter to make 20 measurements
before it computes the standard deviation. Perform the following steps.

of™ | ==> | SHOWN MEAS

MATH

Scale &
0

o[

RS

®
OE:R0 :> SHOW 5TD DEY
0

Updating the SHOW configuration caused Stats to be enabled. The Stats
indicator is now 1it.

e =) (N |
® = [N i
© = (N 7

| O = [N 20

NOTE BE SURE to press the Enter key to enter the value of 20.

AYIEN JELTIRNS
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The Counter is now set to make statistics based on 20 measurements.

IOING STATS .
!
0gozi:

In this case, the displayed standard deviation value is computed on all
measurements of the 10 MHz signal since no limits were set,

e

Disabling Stats and Math

= | => [STATYS ON
O

©%® > |5TATS OFF
)

alelseame &
"'n\“{ Offsat

=> |MATH ON

O
) 3 @) :> MATH OFF
#]

AN B

™ | => | 1 0000000g0o0:

The Counter is now making and displaying normal measurements
ithat is, the Counter is not showing statistics or scale/offset results).

To Control Measurement

Use these two keys to control the measurement of the Counter.
The Run key provides repetitive measurements, whereas the
Stop/Single ley allows you to make one measurement.

With the 10 MHz signal still connected to CHANNEL 2, perform the
following steps so you can better understand the Run and Stop/Single
operations.
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6. Function/Arbitrary Waveform Generator
HP33220A 20 MHz

Specification

HP 33220A function/arbitrary waveform generator uses direct digital synthesis (DDS) techniques
to create stable, low—distortion output signals and provides easy access to standard sine, square,
ramp, triangle, pulse waveforms, and also, you can create custom waveforms using the 50
MSa/s, 14 bit, 64 K-point arbitrary waveform function. It supports variable—edge pulse function
and create PWM. The 33220A includes USB, LAN and GPIB interfaces.

e 20 MHz sine and square waveforms

e Ramp, triangle, pulse, noise, and DC waveforms

e 14-bit, 50 MSa/s, 64 K-point arbitrary waveforms

e AM, FM, PM, FSK, and PWM modulation types

e Linear & logarithmic sweeps and burst operation modes
e Graph mode for visual verification of signal settings

e USB, GPIB and LAN interfaces included
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2 Agi
i Agilent

The Front Panel at a Glance

1 Graph Mode/Local Key

2 OniOff Switch

3 Modulation/Sweep/Burst Keys
4 State Storage Menu Key

5 Utility Menu kKey

6 Help Menu Key

T Menu Operation Softkeys

B Waveform Selection Keys

9 Manual Trigger kKey (used for
Sweep and Burst anly)
10 Cutput Enable/Disable Key
11 Knob
12 Cursor Keys
13 Sync Connector
14 Cutput Connector

Note: To get context-sensitive help on any fronf-panel key or menu saftkey,

press and hold down that key.

33220A

d

Qj»—ﬂf—-\r—-\

Mud‘ Sweep | Burst

Recall

20MHz Function / Arbitrary Waveform Generator

'
I-E evel LoLevel

™

A o ST
Sine Square Ramp Pulse | Noise Arb
&Y Tl ~ ) ) A
e

Store/
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The Front Panel Display at a Glance

Menu Mode
Maode Trigger Output
Information Information Units Status

) \ Display
Numeric I
Readout icon
Softkey Labels
Graph Mode
To enter or exit the Graph Mode, press the ke,
Parameter Parameter
Name Yalue
100, 0mYpp Signal
+0.000 ¥pe | Gr%und

In Graph Mode, only one parameter labe|
is displayed for each key at one time.

74



Florida International University ECE LAB Instruments Manual

Front—-Panel Number Entry

You can enter numbers from the front-panel using one of two methods.

Use the knob and cursor keys to modify the displayed number.

1. Use the keys below the knob to move the cursor left or right.

2. Rotate the knob to change a digit (clockwise to increase).

Use the keypad to enter numbers and the softkeys to select units.

1. Key in a value as you would on a typical calculator.

7 8 9

P z : 2. Select a unit to enter the value.
1 2 3 _ Select the units

L1} -

To Set the Output Frequency

At power-on, the function generator outpute a sine wave at 1 kHz with
an amplitude of 100 mV peak-to-peak (into a 500 termination).
The following steps show vou how to change the frequency to 1.2 MHz.

1 Press the “Freq” softlkey.

The dizplayed frequency is either the power-on value or the frequency
previously selected. When you change functions, the same frequency is
used if the prezent value iz valid for the new function. To zet the
waveform period inztead, press the Freq zoftkey again to toggle to the
Period softkey (the current selection is highlighted).

1.800,000,00 kHz [ \4]

\F

Period [HiLewel LoLewel
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2 Enter the magnitude of the desired frequency.

Uszing the numeric keypad, enter the value ©1.27.

a9

il

NHz  CANCEL

3 Select the desired units.
Presz the softkev that corresponds to the desived units. When you select
the units, the function generator cutputs a waveform with the displayed
frequency (if the cutput is enabled). For thiz example, prezs MHz.

Period [HiLewel LolLewvel

Note: You can also enter the desired value using the knob and cursor
keys.

To Set Output Amplitude

At power-on, the function generator outputs a sine wave with an
amplitude of 100 mV peak-to-peak (into a 300 termination).
The following steps show vou how to change the amplitude to 50 mVrmas.

1 Press the “Ampl” softkey.

The displayved amplitude 1s either the power-on value or the amplitude
previously selected. When vou change functions, the same amplitude 1=
used 1f the present value 1s valid for the new function. To set the amplitude
using a high level and low level. press the Ampl softkev again to toggle to
the HiLevel and LoLevel softkevs (the current zelection 1z highlighted).

__ 1§0.0mVy |

Period [HiLevel [LoLevel

2 Enter the magnitude of the desired amplitude.

Uszing the numeric kevpad, enter the value “507,

dBm  CANCEL
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3 Select the desired units.

Press the softkey that corresponds to the desired units. When vou select
the units, the function generator outputs the waveform with the displayved
amplitude (if the output 1s enabled). For this example, press mVpys.

[ gl
Period [HiLevel |LoLevel

Note: You can also enter the desired value using the knob and cursor
keva.

You can easily convert the displaved amplitude from one unit to another.
For example, the following steps show vou how to convert the amplitude
from Vrms to Vpp.

4 Enter the numeric entry mode.

Presz the key to enter the numeric entryv mode.

CANCEL

5 Select the new units.

Press the softkev that corresponds to the desired units. The displaved
value 1z converted to the new unitz. For thiz example. presz the Vpp
softkey to convert 50 mVrms to itz equivalent in volts pealk-to-peak.

Period |HiLevel |[LoLevel

To change the dizplayed amplitude by decades, press the right-cursor
kev to move the cursor to the units on the right side of the dizplay.
Then. rotate the knob to increase or decrease the displaved amplitude
by decadea.

Period |HiLevel |LoLevel
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To Set a DC Offset Voltage

At power-on. the function generator outputs a 2ine wave with a de offset
of 0 valtz (into a 500 termination). The following steps show vou how to
change the offset to —1.5 mVde.

1 Press the "Offset” softkey.

The displaved offzet voltage 1z either the power-on value or the offset
previously zelected. When vou change funcrions. the same offzet 12 uzed
if the present value 1z valid for the new function.

Period HiLevel

2 Enter the magnitude of the desired offset.

Uszing the numeric kevpad. enter the value "—1.5",

3 Select the desired units,

Press the softkey that corresponds to the desived units. When vou select
the units, the function generator outputs the waveform with the dizplaved
offzet (1f the output 1z enabled). For this example, press mVp.

Period HiLevel [LoLevel

Note: You can also enter the desired value using the knob and cursor
kevs.

To Set the High-Level and Low-Level Values

You can specify a =ignal by zetting 1ite amplitude and de offeet values, as
dezcribed previously. Another wayv to set the lumits of a s1gnal 1= to
specify its high-level (maximum) and low-level (minimum) values, This
1z typically convenient for digital applications. In the following example.
let's set the high-level to 1.0 V and the low-level to 0.0 V.

1 Press the "Ampl" softkey to select "Ampl".

2 Press the softkev again to toggle to "HiLewvel".

Note that both the Ampl and Offset softleys toggle together. to HiLevel
and LolLevel, rezpectively.
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3 Set the "HiLevel" value,

Using the numeric keyvpad or the knob. select a value of "1.0 V", (If vou
are using the kevpad. vou will need to select the umt,. "V", to enter the
value.)

[_

I gl
1 e o

4 Press the "LoLevel" softlkkey and set the value.

Again, use the numeric keyvpad or the knob to enter a value of "0.0 V".

[ +§ooo v £\

X Ampl | Offset [
e | e

Note that these =settings (high-level = "1.0 V" and low-level = "0.0 V") are
equivalent to setting an amplitude of "1.0 Vpp" and an offzet of "500
mVde",

To Select “DC Volts”
You can select the "DC Volts" feature from the "TUtility” menu. and then

set a constant de voltage as an "Offzet” value. Let's zet "DC Volte” = 1.0
Vde.

1 Press and then select the DC On softkey.

The Offset value becomes selected.

| +500.0mVye L)

Of fset

2 Enter the desired voltage level as an "Offset".

Enter 1.0 Vde with the numeric kevpad or knoh.

+ql. 00M|

DC

Off [l | Offset |

You can enter any de voltage from -5 Vde to +5 Vde.

To Set the Duty Cycle of a Square Wave

At power-on, the duty cyele for square waves 1s 50%. You can adjust the
duty cycle from 20% to 80% for output frequencies up to 10 MHz. The
following steps show you how to change the duty cycle to 30%.
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1 Select the square wave function.

Pressz the @ kev and then set the desiwred output frequency to any
value up to 10 MHz.

2 Press the "Duty Cyvele” softkeyv.

The displayed duty cvcle iz either the power-on value or the percentage
previously selected. The duty cyele represents the amount of time per
cvele that the equare wave 1s at a high level (note the 1con on the right
side of the dizplay).

3 . —

Period HiLevel LolLevel

550 % 1

3 Enter the desired duty cvele.

Uszing the numeric kevpad or the knoh, select a duty cvele value of “307
The function generator adjusts the duty cvele immediately and outputs a
square wave with the specified value (f the cutput is enabled).

o % [ L

Period HiLevel LolLevel ©

To Configure a Pulse Waveform

You can conflgure the function generator to output a pulse waveform
with variable pulse width and edge time. The following steps show you
how to configure a 500 ms pulse waveform with a pulse width of 10 ms
and edge times of 50 ns.

1 Select the pulse function.

Presz the kew to select the pulse function and cutput a pulse
waveform with the default parameters.

2 Set the pulse period.

Press the Period softkey and then set the pulse period to 500 ms.

500.00ms

(e
el |HiLevel Lol evel Dty :
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3 Set the pulse width.

Preszz the Width zoftkey and then set the pulse width to 10 ma. The pulse
width represents the time from the 50% threshold of the msing edge to
the 50% threshold of the next falling edge (note the display 1con).

18.000,00ms 7|

MEES | EEHE [ Edge

RENEEY Hilevel LoLevelDty Cvc| Time

Set the edge time for both edges.

Presz the Edge Time softkev and then set the edge time for both the
rizing and falling edgez to 50 ns. The edze time reprezents the time from
the 10% threshold to the 90% threshold of each edge (note the display lcon),

5.0 ns

| Edee |

Time

To View a Waveform Graph

In the Graph Mode. vou can view a graphical reprezsentation of the
current waveform parameters. The softkevs are listed 1n the same order
as 1n the normal display mode. and they perform the same functions.
However. only one label (for example, Freq or Period) 1z displaved for
each softkey at one time.

Enable the Graph Mode.

Prezs the kev to enable the Graph Mode. The name of the currently
selected parameter. shown in the upper-left corner of the display, and the
parameter's numeric value fleld are both highlighted.

f———500.00ms —H
. 0rs |

1.500 ¥

p— 0.0
Period Hilevel Lolevel Widih EERE

Select the desired parameter.

To select a specific parameter, note the zoftkeyv labels at the bottom of
the dizplayv. For example, to select period, press the Period softlkey.

*  Asin the normal display mode. vou can edit numbers using either the
numeric kevpad or the knob and cursor kevs,

*  Parameters which normally togele when vou press a key a second time
also toggle in the Graph Mode. However, vou can see only one label
for each softkeyv at one time (for example. Freq or Period).

* To exit the Graph Mode. press again.
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To Output a Stored Arbitrary Waveform

There are five built-in arbitrary waveforms stored in non-volatile memory.
The following steps show vou how to output the built-in “exponential fall”
waveform from the front panel.

1 Select the arbitrary waveform function.

When vou press the @ kev to zelect the arbitrary waveform function.
a temporary message 13 dizsplaved indicating which waveform iz currently
selected (the default 1 “exponential rise”).

2 Select the active waveform.

Pressz the Select Wform zoftkev and then press the Built-In softkey to
select from the five built-in waveforms. Then preszs the Exp Fall zoftkey.
The waveform 1z output using the preszent settings for frequency.
amplitude. and offset unless vou change them.

The selected waveform is now assigned to the @ key. Whenever vou
press this key, the selected arbitrary waveform is output. To quickly
determine which arbitrary waveform is currently selected, press .

To Use the Built-In Help Syvstem

The built-in help svatem 1s designed to provide context-sensitive
assistance on any front-panel kev or menu softkey. A izt of help topics
1z also available to assist vou with several front-panel operations.

1 View the help information for a function key.

Press and hold down the key. If the meszage contains more
information than will fit on the display, press the | softkev or turn the
knob clockwize to view the remaining information.

DOMNE

Presz DONE to exit Help.

2 View the help information for a menu softkey.

Presz and hold down the Freq zoftkeyv. If the messaze contalns more
information than will fit on the display. press the | softkeyv or rotate the
knob clockwise to view the remaining information.,

DOME

Prezz DONE to exit Help.
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3 View the list of help topies.

Presz the kev to view the list of available help toplcs. To scroll
through the lizt. press the T or | zoftkev or rotate the knoh. Select the
third topic “"Get HELP on any key” and then preszz SELECT.

ohn any front—panel

1 hiold down that ke,

DONE

Presz DONE to exit Help.

4 View the help information for displaved messages.

Whenever a limit 1z exceeded or any other invalid configuration is found.
the function generator will dizplay a mezzage. For example. if vou enter
a value that exceeds the frequency limit for the zelected function.
a message will be displayved. The built-1n help svstem provides additional
information on the most recent message to be displayved.
Press the kev. select the first topic “View the last message displaved”.
and then presz SELECT.

voUpper limit =

Cit b : aper imit for this
Thue

ual to the uppe

DOME

Presz DONE to exit Help.

To Select the Output Termination

The Agilent 332204 haz a fixed series output impedance of 50 chms to
the front-panel Output connector, If the actual load impedance 18
different than the value specified. the displaved amplitude and offzet
levels will be incorrect. The load impedance setting 1z simply provided
as a convenlence to ensure that the displaved voltage matches the
expected load.

1 Press .

2 Navigate the menu to set the output termination.

Prezz the Qutput Setup zoftkey and then select the Load softlkew.

DOME

3 Select the desired output termination.

Usze the knob or numeric kevpad to select the desired load impedance or
prezs the Load softkev again to chooze “High Z7,
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To Output a Modulated Waveform

A modulated waveform consists of a carrier and a modulating waveform.
In AM (amplitude modulation), the amplitude of the carrier 1= varied by
the amplitude of the modulating waveform. For this example. vou will
output an AM waveform with 80% modulation depth. The carrer will
be a 5 kHz sine wave and the modulating waveform will be a 200 Hz
slne wave.

1 Seleet the function, frequeney, and amplitude of the carrier.

Press and then press the Freq. Ampl. and Offset softkevs to
configure the carrier waveform. For this example, select a 5 kHz sine wave
with an amplitude of 5 Vpp.

2 Select ANM.

Press and then zelect "AM™ uzing the Type =oftkey. Notice that
a status message “AM by Sine” 1z shown 1n the upper-left corner of
the dizplav.

3 Set the modulation depth.

Presz the AM Depth zoftkey and then zet the value to 80% using the
numeric kevpad or the knob and cursor keys.
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4 Set the modulating frequency.

Press the AM Freq zoftkeyv and then set the value to 200 Hz using the
numeric keyvpad or the knob and cursor kevs.

T 20@] 00 Hz #98

2 Select the modulating waveform shape.

Presz the Shape zoftkeyv to select the shape of the modulating waveform.
For this example. zelect a sine wave,

At this point, the function generator outputs an AM waveform with the
specified modulation parameters (if the output 1s enabled).

6 View the waveform.
Preszs to view the waveform parameters.

g0.02 1

Type 3Source AN Ei
AM IntExt Depth

To turn off the Graph Mode, press again.

To Output an FSK Waveform

You can configure the function generator to “shift” its output frequency
between two preset values using FSK modulation. The rate at which the
output shifts between the two frequencies (called the “carrer frequency”
and the “hop frequency”) 1s determined by the internal rate generator or
the s1gnal level on the rear-panel Trig In connector. For this example,
you will set the “carrier” frequency to 3 kHz and the “hop” frequency to
500 Hz, with an FSK rate of 100 Hz.
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1 Select the function, frequency, and amplitude of the carrier.

Press and then press the Freq. Ampl. and Offset softkevs to
configure the carmer waveform. For this example, select a 3 kHz sine wave
with an amplitude of 5 Vpp.

2 Select FSK.

Press and then select “FSK” using the Type softkey. Notice that a
status message “FSK” is shown in the upper-left corner of the display.

3 Set the "hop” frequency.

Preszz the Hop Freq softkev and then set the value to 500 Hz uzing the
numeric kevpad or the knob and cursor kevs.

F=

:"5—4.“{\,"1‘"

1/F o

4 Set the FSK “shift” rate.

Press the FSK Rate softkev and then =et the value to 100 Hz uzing the
numeric keyvpad or the knob and cursor kevs.

0 Hz W)

F-:l \

1/FH .

At this point, the function generator outputs an FSK waveform (if the
output 15 enabled).
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2 View the waveform.

Press to view the waveform parameters.

Type 00,0 ]
Sk SrcInt HopF

To turn off the Graph Mode, press again.

To Output a PWM Waveform

You can configure the function generator to output a pulse width
modulated (PWM) waveform. The Agilent 33220A provides PWM for
pulse carrier waveforms, and PWM 1s the only tyvpe of modulation
supported for pulse waveforms. In PWM, the pulse width or duty cycle of
the carrier waveform 1s varied according to the modulating waveform.
You can specify either a pulse width and width deviation. or a pulse duty
cvele and duty cyele deviation, the deviation to be controlled by the
modulating waveform.

For this example, you will specify a pulse width and pulse width
deviation for a 1 kHz pulse waveform with a 100 Hz sine wave
modulating waveform.

Select the carrier waveform parameters.

Press and then press the Freq. Ampl, Offset. Width, and Edge

Time =oftkeys to configure the carrier waveform. For this example, select
a 1 kHz pulse waveform with an amplitude of 1 Vpp. a zero offset. a pulse
width of 100 ps, and an edge time of 50 ns.

Select PWNML

Presa (PWM 1s the only modulation type for Pulse). Notice that a

status message "PWNM by Sine" 1s shown 1n the upper-left corner of the
displayv.

Set the width deviation.

Press the Width Dev softkey and set the value to 20 us using the numeric
kevpad or the knob and cursor keys.
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4 Set the modulating frequency.

Preszz the PWM Freq zoftkev and then set the value to 3 Hz using the
numeric kevpad or the knob and cursor kevs,
P l:l'l’l' Sine

= W)

.000 Hz

2 Select the modulating waveform shape.

Preszz the Shape zoftkev to zelect the shape of the modulating waveform.
For this example. select a sine wave.

At this point. the function generator outputs a PWM waveform with the
specified modulation parameters (1f the output 15 enabled).

6 View the waveform.

Press to view the waveform and parameters.

20.00ps

Source
Int Ext

To turn off the Graph Mode, press LS.

Of course. to really view the PWM waveform. vou would need to output 1t
to an ozcillozecope. If vou do this, vou will zee how the pulse width vares.
in this case. from 30 to 120 p=. At a modulation frequency of 5 Hz. the
deviation 1s guite visible.
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To Output a Frequency Sweep

In the frequency sweep mode, the function generator “steps” from the
start frequency to the stop frequency at a sweep rate which vou specify.
You can sweep up or down in frequency, and with either linear or
logarithmic spacing. For this example, vou will output a swept sine wave
from 50 Hz to 5 RHz. You will not change the other parameters from their
default settings: internal sweep trigger, linear spacing, and 1 second
sweep time.

1 Select the function and amplitude for the sweep.

For sweeps, you can select sine. square., ramp. or arbitrary waveforms
(pulze, noise, and de are not allowed). For this example, select a sine wave
with an amplitude of 5 Vpp.

2 Select the sweep mode.

Press @ and then verify that the linear sweep mode 1s currently
selected. Notice that a status message "Linear Sweep” 15 shown 1n the
upper-left corner of the display.

3 Set the start frequency.

Press the Start zoftkeyv and then set the value to 50 Hz using the numernre
kerpad or the knob and cursor keva,
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4 Set the stop frequency.

Preszsz the Stop softkeyv and then set the value to 5 kHz using the numeric
kevpad or the knob and cursor keva,

Linear Sweep Internal Trigger

5.800,000,00 kHz _jj

L|||:| Center

At this point, the function generator outputs a continuous sweep from
50 Hz to 5 kHz (1f the output is enabled).

Note: If desired. vou can =et the frequency boundaries of the sweep
using a center freguency and freqguency span. Theze parameters are
similar to the start frequency and =stop frequency and are included to
give vou added flexability. To achieve the same results. set the center
frequency to 2.525 kHz and the frequency span to 4,950 kH=z.

5 View the waveform.

FPreazsz to view the waveform parameters.

To turn off the Graph Mode, press again.
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