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ATTENTION!

Measuring directly on the line voltage can be very dan-
gerous.

Despite the care taken for the compilation of this user manual, TiePie
engineering can not be held responsible for any damages resulting from
errors that may appear in this book.

Copyright (©2011 TiePie engineering. All rights reserved.
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If you have any suggestions and/or remarks regarding this application

or the manual, please contact:

TiePie engineering

P.O. Box 290 D
8600 AG SNEEK

The Netherlands

TiePie engineering
Koperslagersstraaat 37
8601 WL SNEEK
The Netherlands

Tel.: +31 515 415 416
Fax: +31 515 418 819
E-mail:  support@tiepie.nl
Site: www.tiepie.nl
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8.7

8.8

8.9

8.10

8.11

8.12

I/O connectors

Ch1-Ch2 BNC
Generator out BNC
Power 3.5 mm power socket
Extension connector Sub-D 25 pins female

System requirements

PC I/O connection USB 2.0 High Speed (480 Mbit/s)
(USB 1.1 Full Speed (12 Mbit/sec) compatible)

Operating System Windows 98/ME/2000/XP /Vista-32

Operating environment

Ambient temperature 0 -55°C

Relative humidity 10 to 90% non condensing

Storage environment

Ambient temperature -20 - 70°C

Relative humidity 5 to 95% non condensing

Certifications and Compliances

CE mark compliancee Yes

RoHS Yes

Package

Instrument Handyscope HS4 DIFF
Test lead 4 x low noise differential with 4 mm banana jacks
Accessories 4 x 1:10 differential attenuators

PS2 power cable

Software Windows 98/2000/ME/XP /Vista-32
Drivers Windows 98/2000/ME/XP /Vista-32
Manual Instrument manual and software user’s manual

Specifications E
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8.1

8.2

Specifications

Acquisition system

Number of input channels

4 analog

Ch1, Ch2, Ch3, Ch4

isolated BNC

Maximum sampling rate 12 bit 5 MS/s, 10 MS/s, 25 MS/s or 50 MS/s

14 bit  3.125 MS/s

16 bit 195 kS/s

Sampling source

internal quartz, external

Accuracy +0.01%
Stability 4100 ppm over —40°C to +85°C
Memory 128 kSamples per channel

(256 kSamples with disabled generator)

BINC inputs Chl — Ch4

Measure mode

Differential

Resolution

12, 14, 16 bit user selectable

Accuracy

0.3% £+ 1 LSB

Sensitivity

200 mV .. 80 V full scale

Coupling

AC/DC

Impedance

2 MQ / 30 pF

Maximum voltage

200 V (DC + AC peak <10 kHz)

Maximum voltage with 1:10 attenuator

500 V (DC + AC peak <10 kHz)

Maximum common mode voltage

200 mV — 800 mV ranges : 2 V
2V -8 Vranges : 20 V
20 V — 80 V ranges : 200 V

Common Mode Rejection Ration -48 dB
Channel Isolation 500 V
Channel Separation -80 dB

Bandwidth (-3dB)

DC to 50 MHz

AC coupling cut off frequency (-3dB)

+1.5 Hz

Specifications 33
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input is always connected to ground and the other side to the point
of interest in the circuit under test.

Figure 3.1: Single ended input

Therefore the voltage that is measured with an oscilloscope with
standard, single ended inputs is always measured between that
specific point and ground.

When the voltage is not referenced to ground, connecting a stan-
dard single ended oscilloscope input to the two points would create
a short circuit between one of the points and ground, possibly dam-
aging the circuit and the oscilloscope.

A safe way would be to measure the voltage at one of the two
points, in reference to ground and at the other point, in reference
to ground and then calculate the voltage difference between the
two points. On most oscilloscopes this can be done by connecting
one of the channels to one point and another channel to the other
point and then use the math function Chl - Ch2 in the oscilloscope
to display the actual voltage difference.

There are some disadvantages to this method:

e a short circuit to ground can be created when an input is
wrongly connected

e to measure one signal, two channels are occupied

e by using two channels, the measurement error is increased,
the errors made on each channel will be combined, resulting
in a larger total measurement error

e The Common Mode Rejection Ratio (CMRR) of this method
is relatively low. If both points have a relative high voltage,
but the voltage difference between the two points is small,
the voltage difference can only be measured in a high input
range, resulting in a low resolution

A much better way is to use an oscilloscope with a differential
input.

H Chapter 3

7.1.2

7.2

7.3

Power adapter

In case a second USB port is not available, or the computer still
can’t provide enough power for the instrument, an external power
adapter can be used. When using an external power adapter, make
sure that:

e the polarity is set correctly

e the voltage is set to a valid value for the instrument and
higher than the USB voltage

e the adapter can supply enough current (preferably >1 A)

e the plug has the correct dimensions for the external power
input of the instrument

USB

The Handyscope HS4 DIFF is equipped with a USB 2.0 High speed
(480 Mbit/sec) interface with a fixed cable with type A plug. It
will also work on a computer with a USB 1.1 interface, but will
then operate at 12 Mbit/sec.

Extension Connector

Figure 7.4: Extension connector

To connect to the Handyscope HS4 DIFF a 25 pin female Sub-D
connector is available, containing the following signals:

Rear panel 31
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Figure 3.4: Differential input

Standard oscilloscope probes and attenuators only attenuate one
side of the signal path. These are not suitable to be used with
a differential input. Using these on a differential input will have
a negative effect on the CMRR and will introduce measurement
erTors.

Figure 3.5: Differential input

The Differential Attenuator and the inputs of the Handy-
scope HS4 Diff are differential, which means that the outside
of the BNC’s are not grounded, but carry life signals.

When using the attenuator, the following points have to be taken
into consideration:

e do not connect other cables to the attenuator than the ones
that are supplied with the instrument

e do not touch the metal parts of the BNC’s when the atten-
uator is connected to the circuit under test, they can carry

H Chapter 3

7.1

Rear panel

Figure 7.1: Rear panel

Power

The Handyscope HS4 DIFF is powered through the USB. If the
USB cannot deliver enough power, it is possible to power the in-
strument externally. The Handyscope HS4 DIFF has two external
power inputs located at the rear of the instrument: the dedicated
power input and a pin of the extension connector.

The specifications of the dedicated power connector are:

Pin Dimension | Description

Center pin ?1.3 mm | ground
Outside bushing (3.5 mm | positive

Figure 7.2: Power connector

Besides the external power input, it is also possible to power the
instrument through the extension connector, the 25 pin Sub-D con-
nector at the rear of the instrument. The power has to be applied
to pin 3 of the extension connector. Pin 4 can be used as ground.

The following minimum and maximum voltages apply to both power
inputs:
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Front panel

Figure 6.1: Front panel

Figure 3.6: Sampling

The sine wave in figure 3.6 is sampled at the dot positions. By
connecting the adjacent samples, the original signal can be recon-
structed from the samples. You can see the result in figure 3.7.

6.1 Channel input connectors

The CH1 — CH4 BNC connectors are the main inputs of the acqui-
sition system. The isolated BNC connectors are not connected to
the ground of the Handyscope HS4 DIFF.

T~
L

; ] ) 6.2 Power indicator

T~
I

A power indicator is situated at the top cover of the instrument.
It is lit when the Handyscope HS4 DIFF is powered.

o
I
i

Figure 3.7: ”connecting” the samples

3.3 Sample frequency

The rate at which the samples are taken is called the sampling
frequency, the number of samples per second. A higher sampling
frequency corresponds to a shorter interval between the samples.
As is visible in figure 3.8, with a higher sampling frequency, the
original signal can be reconstructed much better from the measured
samples.

E Chapter 3 Front panel 27



H uoI32npoJIu| G J91dey) E

AAIOS(O ATUO oM TeD oM 0s ‘ZH ()00 T ST Aouenbagy Surdures oy) aseo
SI) U] “POONIISUOdSI 9q urd Aduonbeyy Surdures oy jrey uery)
Iomo] seuanbaly ATuo ‘[eudts ' Surdures Uoym ‘0I0joq pojels sy

Sutsery :g'¢ o1qeL

06L = 0<¢T - 000T 062e = 0921 + 0002 0002
09¢- = 0¢¢l - 0001 062z = 0921 + 00071 000T
04¢1- = 0<¢T -0 0621 = 0921 + 0 0

052¢- = 0S¢I - 000T- 09 = 09ZI + 0001~ 0001~
[eusis zH 0Gg1- eusts zH 0Gg1 Adusnboaiy 3urduwres jo sydiymin

reqep ndino oty ur jusserd o [[Im
sorouenbaIy [euSIs SUIMOr[0] o) ‘ZH (GG ST Aouenbaly [eusdts o) pue
ZH 0001 St Louenbory Surdures o) uoym ‘ojdurexe 10 -Aduenboiy
gurdures oty jo sejdiymnw pue Adousnboij [RUSIS 9Y) JO SOULIPIP
pue wns a1} 0} [enbo seuanbory yym Jndino oty ut readde speuss
‘Aouenboiy Surjdures ure)ron & M [RUSIs sofeue ue surdures uoy A\

Suisenly 1°¢°¢

“A[ySnoroyy
[RUSIS 97} SUIUIRXD 0 d[(R 9 0} popuauIuiodal a1e porrad 1od sord
-ures ()g 03 01 ‘eorjorad up -porred 1od sojduues g ury) 910U YIIm
reusts jndur o) JonIsu0da1 03 9[qIssod st 91 A[[eo1)01001 T, "Aousanb
-oaqy 9SmMbAN oY) poqres st sy, ‘[euss ndur oy} ur Aousnbay
1SOYSIY 9Y) Sow) g URY) IOUSIY o jsnw Aouenboary Surdures oy J,

Aouenbogy Surdures o) Jo 100F0 oY T, :Q'¢ 9INJL

]
/A
]/
]
]
I
/
]
]
I
!

i i
\ \
| \
| |
\ \
\ \
\ \
\ \
\ 1
| \
| {
\ {
1 \
{ \
{ \
| \
\ 1|
\ |
1 1
{ {
I {
i i
| |

0 = e e T T T




A

signals with a frequency ranging from 0 to 500 Hz. This means
that from the resulting frequencies in the table, we can only see
the 250 Hz signal in the sampled data. This signal is called an
alias of the original signal.

If the sampling frequency is lower than twice the frequency of the
input signal, aliasing will occur. The following illustration shows
what happens.

Tin=0.8 ms

>

Tsample =1 ms

Tapparent =4 ms

Figure 3.9: Aliasing

In figure 3.9, the green input signal (top) is a triangular signal with
a frequency of 1.25 kHz. The signal is sampled with a frequency of
1 kHz. The corresponding sampling interval is 1/1000Hz = 1ms.
The positions at which the signal is sampled are depicted with
the blue dots. The red dotted signal (bottom) is the result of the
reconstruction. The period time of this triangular signal appears
to be 4 ms, which corresponds to an apparent frequency (alias) of
250 Hz (1.25 kHz - 1 kHz).

To avoid aliasing, always start measuring at the highest sam-
pling frequency and lower the sampling frequency if required.

5.3

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished installing the software for:

] TiePie instrument
o
a=

Click Finish to close the wizard

Figure 5.4: Hardware install: step 4

The first part of the new driver is now installed. Click ”Finish”
to close the wizard and start installation of the second part, which
follows identical steps.

Once the second part of the driver is installed. measurement soft-
ware can be installed and the Handyscope HS4 DIFF can be used.

Plug into a different USB port

When the Handyscope HS4 DIFF is plugged into a different USB
port, some Windows versions will treat the Handyscope HS4 DIFF
as different hardware and will ask to install the drivers again. This
is controlled by Microsoft Windows and is not caused by TiePie
engineering.

Hardware installation E
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coupled to the input circuit. All signal components available in the 5.2.1 Found New Hardware Wizard
input signal will arrive at the input circuit and will be measured.
In the setting AC, a capacitor will be placed between the input
connector and the input circuit. This capacitor will block all DC
components of the input signal and let all AC components pass
through. This can be used to remove a large DC component of the
input signal, to be able to measure a small AC component at high

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

‘Windows will search for current and updated sof!
looking on your computer, on the hardware in:

resolution.
Can Windows connect ta ‘Windows Update to search for
. . . software?
9 When measuring DC signals, make sure to set the signal
€ Yes, this time only

coupling of the input to DC.

€ Yes, now and every time | connect a device

Click Next to continue.

Figure 5.1: Hardware install: step 1

This window will only be shown in Windows XP SP2 or newer.
No drivers for the Handyscope HS4 DIFF can be found on the
Windows Update Web site, so select "No, not this time” and
click ”Next”.

14 Chapter 3 Hardware installation E
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installation of a driver on a system and also to update an existing
driver.

The screen shots in this description may differ from the ones dis-
played on your computer, depending on the Windows version.

8 Setup - TiePie engineering instrument driver @ mi n

Welcome to the TiePie
engineering instrument driver
Setup Wizard

This will install TiePie engineering instrument driver 6.0.0.0 on
your computer.

It is recommended that you close all other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.

Cancel

Figure 4.1: Driver install: step 1

When drivers were already installed, the install utility will remove
them before installing the new driver. To remove the old driver
successfully, it is essential that the Handyscope HS4 DIFF is
disconnected from the computer prior to starting the driver install
utility. When the Handyscope HS4 DIFF is used with an external
power supply, this must be disconnected too.

E Chapter 4

5.1

5.1.1

Hardware installation

Drivers have to be installed before the Handyscope HS4
DIFF is connected to the computer for the first time. See
chapter 4 for more information.

Power the instrument

The Handyscope HS4 DIFF is powered by the USB, no external
power supply is required. Only connect the Handyscope HS4 DIFF
to a bus powered USB port, otherwise it may not get enough power
to operate properly.

External power

In certain cases, it can be that the Handyscope HS4 DIFF cannot
get enough power from the USB port.

When a Handyscope HS4 DIFF is connected to a USB port, the
hardware will be powered, resulting in an inrush current, which
is higher than the nominal current. After the inrush current, the
current will stabilize at the nominal current.

USB ports have a maximum limit for both the inrush current peak
and the nominal current. When either of them is exceeded, the
USB port will be switched off. As a result, the connection to the
Handyscope HS4 DIFF will be lost.

Most USB ports can supply enough current for the Handyscope
HS4 DIFF to work without an external power supply, but this is not
always the case. Some (battery operated) portable computers or
(bus powered) USB hubs do not supply enough current. The exact
value at which the power is switched off, varies per USB controller,
so it is possible that the Handyscope HS4 DIFF functions properly
on one computer, but does not on another.

In order to power the Handyscope HS4 DIFF externally, an exter-
nal power input is provided for. It is located at the rear of the

Hardware installation E



H uoijejjeisul JaAL(]

"Pa39919s 9q
URD IOALIP MOU 91} JO UOIje[[e)sul-oxd oY)} I0J UOIYed0] 9} ‘poroud
-91 ST IOALIP SUIJSIX0 oY} IO PUNO] Sem IDALIP SUIISIXD OU UYA\
‘[[oM S® [re] ARU IOALIP MOU O}

JO UOIJR[[RISUI YOTUYM IojJe ‘[Te] ARUI [RAOUWIDI SB ‘POPUSTITIOIDI JOU
st wor3do SIYJ, "IOALIP PO 972 JO [RAOWIOI ONUIIUOD PUR PIJIIUUOD
[[13S ST JUOWINIISUI Y} e} 0B} oY) OIOUSI [[IM ,S3L, SURPI)
WJLIN,, SULYOID AQ PONUIUOD 9 URD IQALIP

BUIISTXD 9} JO [CAOWDI 9} USYJ, 'POIOOUUOISIP 9C MOU P[NOYS
PUOUITLIISUI YT, "UdIDS snotaald o) yoe(q SULIq [[IM ,OAT,, SULYII)

Po109uuod TIPS ST JUOWINIISUT :[[RISUI IOALI(T :¢'F oINSI

ihemiue anuuod

I o

dnyag

'}l 303UU0ISIP 0} 34NS 33ElY 'WAISAS aY} 0} Paj0auUUDd JUSLUNLSUI 31dall B aq 0} sieadde |35 auayl

‘Kem Aue
SNUIIOD 0} Pas[se o [[IM NOx 'Sy} 31odal pue 91 9ZIUS0IAI [IM
AN [[RISUT ISALIP 97} ‘POIDdUUO0D [[I13S ST JUSWINIISUL 3} USYA\

g dogs :[ejsul IoALI(] :g'F oIS

|2auen __ <waN | sjoeg > g

‘[[a SE JUSLINKSUI 4] WOy Pajaauuoasip st dddns samod
[EwajKa ay) 12y) ains axeu “dddns jamod [BuIaia Ue LjiM Pasn s usungsul (ue uay

Janduioa ay) woy
P2j02UUDISIP S1E $301ASP JUBLNISU BuisauIBUS aigal | (1B 18L) SIns 3xew ai0jaiay |

Jayhdwos
a4 Woy pa|IEsuUILn g i SI3AUP (pjo) Bunsika ‘siaAup mau auy Bueisul aiojag

i ‘Buinunuod aiojaq uonewioju jueyodw Buojjo) sy peal asealy
uoneuloju|

R ] @ 13ALIP JuawN1suL BuL1aauLBua algal) - dmas 1

POYSIUL :[[BISUL IOALI(] Q' 9IS

1aAup Juawnnsul Bunaaubua aigal | Bulieisu paysiuy sey dniag

dmag ke ) Yy oI

Jandwog inod uo

pAezip dnias A9ALIP JUSWINASUL m f

BuiaauIbua aldal] ayl Aunajdwon

Ha

13ALIP Juawiniisul Suriaauisua algal) - dnjag (&




Jo

am..mm:.__- - TiePie engineering instrument driver

Select Destination Location
‘Where should TiePie engineering instrument driver be installed?

L Setup will install TiePie engineering instrument driver into the following folder.

To continue, click Next. If you would like to select a different folder, click Browse.

C:A\Program Files\TiePie\TiePie instrument-driver Browse...

Atleast 1.1 MB of free disk space is required.

_ < Back _— Next > __ Cancel _

Figure 4.4: Driver install: step 3

On Windows XP and newer, the installation may inform about
the drivers not being ”Windows Logo Tested”. The driver is not
causing any danger for your system and can be safely installed.
Please ignore this warning and continue the installation.

E Chapter 4

%mo»:v - TiePie engineering instrument driver

M=

Information
Please read the following important information before continuing.

On Windows XP and newer, the ins!
"Windows Logo tested".
Please ignore the waming and continue installation.

ion may inform about the drivers not being

_ <Back |f  Newt> w__ Cancel _

Figure 4.5: Driver install: step 4

The driver install utility now has enough information and can in-
stall the drivers. Clicking "Install” will remove existing drivers
and install the new driver. A remove entry for the new driver is
added to the software applet in the Windows control panel.

mmw_mo.:_v - TiePie engineering instrument driver B [} l

Ready to Install

Setup is now ready to begin installing TiePie engineering instrument driver on your
computer.

Click Install to continue with the installation, or click Back if you want to review or
change any settings.

Destination location:
C:A\Program Files\TiePie\TiePie instrument-driver

— <Back || Instal __ Cancel

Figure 4.6: Driver install: step 5

As mentioned, Windows XP SP2 and newer may warn for the USB
drivers not being Windows Logo tested. Please ignore this warning
and continue anyway.

Software Installation

)

Continuing your i llation of this soft may impair
or destabilize the comrect operation of your system
either inmediately or in the future. Microsoft strongly
recommends that you stop this installation now and

the sof! vendor for sofl that has
passed Windows Logo testing.

_ LContinue Anyway _ _ STOP Installation _

Figure 4.7: Driver install: Ignore warning and continue

Driver installation E



