mmmu"nm"amﬁﬁnaauma’taﬂndunﬂnnm
DEVELOPMENT OF A PORTABLE DIGITAL OSCILLOSCOPH

| AT WA
 TERAWAT KHINGTHONG

] o -3 o7 o &
anmumxrsuu]umuuu1uﬂammnumumﬂgmﬁqqﬁnumwmumuwm
wapa & d
- m'u')ﬂanmhsqnﬁ.
&
. AnsTNUEERY
e ] s - ef
ﬁmuumﬁmiﬁﬂmsnauxnﬁ1iﬂ1qmnﬁ1i_ﬂ1nnrsuc _

KMITL-2014-SC-M-030-083



W é aa =y
MU InIBIRIneavadalaa ) aluuunnn

DEVELOPMENT OF A PORTABLE DIGITAL OSCILLOSCOPE

=

f37ani Vanes

TERAWAT KHINGTHONG

= a r-'d::c: J ci = as = Qo
InnHnusHidlumurivemsfinnmunanga iy Iinnmansumiiaia
d d
mulanalszgna
Az INeNmans
7] = v v o
amiiumalulagnszoeunaudinamnisaInnszii
.. 2557

KMITL-2014-SC-M-030-033



DEVELOPMENT OF A PORTABLE DIGITAL OSCILLOSCOPE

TERAWAT KHINGTHONG

A THESIS SUBMITTED IN PARTIAL FULFILLMENT

OF THE REQUIREMENT FOR THE DEGREE OF

MASTER OF SCIENCE IN APPLIED PHYSICS

FACULTY OF SCIENCE

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

2014

KMITL-2014-SC-M-030-033



COPY RIGHT 2014

FACULTY OF SCIENCE

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



WateAngiwus

UnAne
WaUTZIA
Usuaun
d19179%0

ANEINYIANAAS
andumaluladnszaauindndnaumuisainnssus
Tuiusedineniinug

mswamasesdineaseadalaalaluuunnm
Development of a Portable Digital Oscilloscope
Wedsiay Yo

54650603

INFEIERIUMIULTIR

#anduszend

rd a = 4 aa aa a
219159NUS w1 InetnusS SAATR ASLUA

=) =3 A
AMIZNTTUNSEBUINGTNUS aneiiada
039y \MTAD T (S -
T
75.9107050 ANanITELIN 0'\3
AT.UAUNS FNSIANA
7.3 Asluh /ﬂ_—

- 7

u/ mau/ U diseu 23 WA WA, 2557 K381 10.30 - 12.00 u.
aouiideu o e 307 4 3 21ANSININTAIREAN TN 1

S ”/////

: '_mmﬁ*\?(@pf“’ 2l

L

Y




Y a = d w A an =y
AU INNHUNUT MINAUNATDIAINDABOAYA lad 1AULLUNANT

s A ow d A
Unfnu f59m1 VInod
stiadszdian 54650603
Sy Inemaas N

a a o J
M3 Wandiszyne
9. 2557

d Y an an =
o19158n15n1 SA.3%0 75 1%
(7] T
UNAALD
Fe =

MUITIUNINTANET DONUVY UAZHAUUATDIAINOADDATA lad 1Al
upunwanudeldlumsinugd dyaramadwih , vewldge, anuduazaivmar Tay
d‘. N Jﬁy 9/ @ dg Y o o
inT09inil lagnwanniualelulnsnenIniamesnsz)a ARM-Cortex M3 U85
STM32F103VBT6 uazugainanianiisenimilnuoadavuia 128x64 wWniwa 14

=) 4 ¢ o ar Qs aw 2 A aa =
ﬂ'lH‘I“]fLrﬂULﬁ‘iNLLQ?ﬁ'IﬁSUﬂ"I'iW@J‘U'N'IH'Ji]fJ “]J'\Hﬂi'ﬁ]ﬂﬂi]@'l@ﬁﬂﬂﬁ“ﬁﬂiﬂﬁiﬂﬂuﬂﬂ

¥
wamiliguantialunseasiedadaygyiald 2 gee awrsansredauseauandild

P o @ g 9 = a ad A aa
FIFAN + 50 I'Jﬁﬂ LLﬁ:’;ﬂﬁ?%?ﬂﬂ?’lNﬂqﬂﬁ‘iﬁﬂﬂ 50 ﬂIﬁLﬁ'ﬁﬁ INT039RARDN

U a

= as a A 31 o a o
poadaladladuuuwanigegnwauunelgsaunuganisnaasan1aland

Ysznoude TWfnszuaady, doumdes, adunas, nisdadygruaduaznisadig

TWHnszuaady

fmdmd: lulnsnoulnsames, ooadalaalall, n1u1d



Thesis Title
Student
Student ID
Degree
Program
Year

Thesis Advisor

Development of a portable digital oscilloscope
TERAWAT KHINGTHONG

54650603

Master Degree of Science

Applied Physics

2014

Assoc.Prof.Wichit Sirichote

Abstract

I

The aim of this research is to study, design and build a portable digital oscilloscope

for displaying the clectrical waveform, amplitude, frequency and period. The device is built with

a 32-bit microcontroller, STM32F103VBT6 and a 128X64 pixel graphic lcd display.

The firmware has been developed with ¢ language. The portable digital oscilloscope is capable of

displaying two channels input voltage. The input range is + 50V, 50 kHz maximum frequency.

The portable digital oscilloscope was developed for using with physics experiments including

Alternating current, Tuning fork, Light wave, Electrical pulse measurement and AC generator.

Keyword: Microcontroller, Oscilloscope, C language
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NANITYUIW R, uaz R, TdAsaumsi (2.3)
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T. —m (2.3)
faman R, lddiaumsi .4)
R, =R TR, (2.4)
NAANATST 2.5) waasmssuamaaszua i luaees
h :R% - R, f R, 2
way V, =1 R,
unum 7, Tuawms ¥V, = 1R, wld
R,
V,=EX—L (2.6)

,
iilo R, =R +R;
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Astutseingo ldaumsi 2.6) lunmssuasmaiussin liveanss Wil 18
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14 2.21 MafFumesa STM32F103VBT6

M13190 2.1 R ANIRAYE STM32F103VBT6

32BIT MCU, CORTEX M3 128 K FLASH
Controller Family/Series: STM32

Core Size: 32 bit

No. of I/O's: 80

Program Memory Size: 128 KB

RAM Memory Size: 20KB

CPU Speed: 72MHz
Oscillator Type: External, Internal

No. of Timers:

4

Peripherals:

ADC, DMA, PWM, RTC, Timer

Embedded Interface Type:

CAN, I2C, SPI, UART

Digital IC Case Style:

LQFP

Supply Voltage Range:

2Vto3eV

Operating Temperature Range:

-40 °C to +105 °C

No. of Pins:

100

MSL:

MSL 3 - 168 hours




22

M15190 2.1 R ANAYDI STM32F103VBT6 (D)

SVHC: No SVHC (19-Dec-2011)
Base Number: (ARM Cortex) STM32
Clock Frequency: 72 MHz

IC Generic Number: 32F103VB

Memory Type: FLASH

No. of ADC Inputs: 16

Number of bits In Timer: 16

Operating Temperature Max: 105 °C

Operating Temperature Min: -40 °C

Packaging Type: Peel Pack

Serial Comms:

2xSPI, 2x12C, 3xUSART, USB, CAN

Supply Voltage Max:

36V

2.4.2 mamlasdyanaeindenilu

o

msulasdyamueurasnt

U v

v o

agyanaAInea (A/D)

) =

o @ an o 9 § a
Yudgarmuaianea (A/D) imihnuwlasdyaiudoyai

L U

=

uywdsuy dudald Wudoyamslwih wetloudrgmsdszanana Juiluviiumsnilsves

a o a a o aw LY Y o
M335udeya (Input Unit) (Tunsguaumsdian Insiad Adyaiulsdudeiiosnindayayio

o v o

a o I~ @ aa v a
pwaenlasunisuladfitludygyruninea Tas lulimsaudeyaddywadwives ADC
as o o o o o o @
anENATITIN Ao MuuAszAUVE oanIUe damvvesanuzinezdlunmsenmdaves 2 fie

< 5 o aa &’!’ = = ' . o
2,4,8,16 1huay Taggtunvvosdyaauainoaiugud 2 d01uzuazison binary lavdauay
H] = o & o
nanuacnsaudasluglues luuis lugmegdennuves nilwnzgud

P o g aa a @
2esnlFlumsulasdyaineuasniludineatinnuenaieaiia Tasnaliuds
as I~ an =sq 9 ] a A
1nvsulasdyanmennasnidlufinea (A/D converters) UlFauegiszuin 7 siiafo
1.Parallel Comparator, Simultaneous, %50 Flash A/D converter
2.Single — Ramp W30 Single — Slope A/D converter
3.Dual — Slope A/D converter
4.Charge balance A/D converter

5.A/D converters using Counters and D/A converters
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6.Tracking A/D converters

7.Successive — Approximation A/D converters
& =} [ ar <4 aa i
%Qﬁgﬂﬂmﬂﬂi‘lﬁﬂﬁuﬂﬁﬂ ﬂJﬂJ'lfHﬂH'lﬁE]ﬂEﬂuﬂ%ﬁ@ﬁ 1YY Parallel Comparator, Simultaneous,

%350 Flash A/D converter Insdgyanaainoad lAvzdngnszuiumslszutanaiioudasnin

]
=

v
'ldoonun
2.4.3 dauﬂimmamﬁmﬁﬁ (User Interface)
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' o Y} = a 1A '
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Tanuszuuldediadivsz@niam adumadiudiulszamanududld 1disensWnuea
=v=1 = k2 s ar ]
HAVUIA 128X64 WNLHD 3J"|Gl‘l1'1uﬂ'lﬂlﬁﬂ\33ﬂﬁigﬁy1mﬂﬁﬁ]’]ﬂw'luﬂ'iﬁﬂquﬂ'ﬁﬂigﬂ'ﬁﬁﬂa‘ﬂ’]ﬂ

TulasneuInsamesida

o & o 2
511 2.22 vonsinuoadRvIIA 128x64 WA
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Tuudse msviaunsosRInoaooada laa Inluuunan azuyenIsany1oonmily
1 1 o Ao w oo = &
dauen lagazdidamlseneuidrngiiinisang asil
1. madadaanamnsvdh
o i i
2. malulasnouInsa@ed (Microcontroller unit)
3. AULAAIHAYHA NTIWNLATA (Graphic Liquid crystal display)
o o a o
4. WanvuadIng

5. unasnny I

- Amplitude
Signal Data
ignal _J\
Con\c:;g?(:!ning Signal Micro
Circuit ﬁ‘/ controller
o 4 Time Base, Amplitude
\'_l e and ModeSelect

Battery and Power
supply

314 3.1 Block Diagram n13¥h19upUA5 03AIADAODAFA laa Induuuwam
a o ¢
3.1 mseanuuuAadglnIns

3.1.1 madadganamaliih
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50l
I R6 BV Cl2
550K [+
1 <
2 0. 1uF
CHI =
R4 = GND
18K GND o
2
| ADC IN 1
’\Nf‘ﬁ 3 +A>° 02A
1 o TLC2272
RS RS
10K 1.4M = Ci3
—k
s 0. luF
GND  GND +33V 3y GND

]

CH2

ADC IN 2

GND  GND 433V 3V GND

5UM 3.2 2smniadyana

d
3.1.2 malulasaeuinsa@es (Microcontroller Unit)

malulasnoulnsamesfuriladdgluanisesuil mszluTnsaouInsamed

wimihmhdygai ldnnmaiadyaeun)szunanaua lunwgumsuaaavunoe

Sl A 2

Vv
AsAnuea®d Ay lulnsaeu Insamesnidon ldezdnsilnnudrlumsiszyiana nie
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aoa dyd

aa ar {y 1 3
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YB4UTHN STelectronics 1UBF STM32F103VBT6 32 fa yhauianudgega 72 MHz uazlsf
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nnmsidenldlulasneuInsamoiiues STM32F103VBT6 ldTinmseonuuuuesa
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P STM32FI07VBT6
Tl Jergpioons
bl ) 121 | 100mF
‘IFDD—'l 100 C3 OmF
L vBes 35 Ci | | 100mF
CON. Voo 1 4 | [C5 [ 100n
GND * e 37 BOOT 1 |
PAI/ITMS/SWDIO PBY/BOOTI [ — Lo S
PAL4ITCK/SWCLK BOOTO oot L —
PAIS/ATDL PEO |t Bt 2
2 VBAT PEL BE3
NC PE2 L
o PAO-WKUP PE3 DB
PE4 e
PES L
DI
R,
R
ADC N 1 1
ADC IN 2 33| o8 RST_LCD
SWI__ 6
SW2 [ PC6
Swa 78] o
W66 i;" B 433V
W36 e VDDA : T
Wi o5 Pod 1 8uH
W7 96
T R2
“Swe 4 l‘:g:‘l’ 10K cs c7
SWi0__ 5 PBI2 100uF L0uF
swii_ szl R
SWiz_ s3] o VREF=
Yl SWI3 S5 PBIS =
1 D 2 Niall GND
‘ 32 768KHz Npal2 NRST 14
Nial NRST 2
PBO PD7 |
PBI PD8 [
PB3/ITDO il e
PBA/INTRST PDIO |l
PBS PDII {<x3i—?
:gg PDI2 |l —
PDI3 5,
- PDIS VDDA \\,EE'A
"] PO VREF+ |—2!
htl PC15.05C32_OUT vss_| f—3
= vss_2 |—1—
GhD ——H:i e PC14.05C32 IN VSs3 |—2
—2ll e oscn vss 4 [
vsss (—10
Mabl 134 cee gur V&g; 9

51 3.4 voialuTnsaouInsamos STM32F103VBTG
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3.1.3 aausaasnasia n9¥nueald (Graphic Liquid erystal display)
msuaasravzldeensifnueadfuune 128X64 Anma Hvinanlvg uazdwlunis
81uA1 FedrunaaInavszgadanisiiaiuuininnialulasaeuInsaiaediile
L4 = 9 o o < kY A Yo o & d
TuTasnounsamesdszuranaidondoonizinisaalfuaasnnuue eve ld5usdan

o Y .5 = 4 o a &
:mmmﬁmgﬂﬁmumﬂmw MALLTAIHG i]xunemmuaumsmammgﬂm 3.3

Gl
BV = GLCD 128x64
GND 1
2
3
RS 4
RW h]
EN [
+V RIS DB 7
) DB1 8
DB2 9
DB3 10
RST LCD DB4 [
W ==Cit: DBS 12
47K Ql 00 F DB 13
BC849B bB7
RIG i Csl
RPot = = cs2
10K GND  GND
19
RI® 20
+Y HV i
GND

1 o o A o s ar
317 3.5 Schematic voiansHnneadAd M TuUaR Ty Wi

d d
3.1.4 Wanvuainas

HanduaiadozaonunialylasaouInsames lavase vevimthiilunisiaen Tnua

Tumsadayayio, Jausedulwih, daniunar @z 3.6)

[RIRAY

86

51 8
Switehl Switehl

R (655 arD GRED
+3 3V 133V v
R27 R28 R29 R0 R31 R32
10K 10K 10K 10K 10K 10K
swe SWiG swW KWl s|W

811 s 513
W Switchl Switchl
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g
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3.1.5 2995unas1e vl (Power Supply)
iw3esATaenneada lad Iaduuunnmdesnisunassie ey 3 Usuanisznouly

A0 +3.3V, +5V uay -5V Tagd le@wes MCP1702-3302 Feagvimiiilumstreusesu i

11 +3.3v MdAumaluTasaeuInsames (awgiléi 3.7)

5V 33V
; 5 5 gy 12
L2 yw vour
GND L
Us
MCP1702T-3302E/MB

UM 3.7 unasneln +3.3v

a4 9

Faaoaly lW +5v 910

dmsumadadyaame lihuaznauaamansmilniea

o LM29045-5.0/NOPB (a1u31/# 3.8) uazmiadadaanama i fdesnis W -sv 11n'lod

wo$ 1cL7660 Himthulas T +sv il -sv (g1 3.9)

P4
I s

? SW SPST
D2 B BV RH
BATT Ni-MI 6V LM2340S:5. 0/NOPB 330
N ouT |- ) ,
> 1] 0
ATF 25V TAB QD (I8 =—CI9 o R—l RED
T omT 10uF lﬁVTU,IuF T I\

15V
1 V+ —§—T
2 e LN ose X
Y 2 6 L -5V
s C+ LY =K
10uF 4 & Vout ﬂ
g GND 3 C23
_ +] 10uF
m —_—
ICL7660 =
GND

3N 3.9 unasswln -5 v
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afd d
3.2 MseonuUUIH 515

o ard 4 al 4 a @
TaozunsumsihanveuilSuniizuaniaugdii 3.0 Tasdeiansudadayaia

= o o o a { o 4 ' o =
sunavhmsdadyana iih dygrandaldiudesegluzdvesdyanaomnden (ap) Tu
o o a I~ o aa Y Y
malulasneu Insameiwgrhinsulasnndyanuesuasndudyaudiaoa udadoya
aa =] 1 @ I kY aa = £
avnoavzgninulalutiviesaioluvos STM32F103VBTs Taedeynainoarzgninuauda
o 3 ' Y =y 1 1 o da =}
100 $1uudnsdslddimauanswansiinueadfae 11 dauivies Aazgndraled i

T 1 ¥
Foyaagniolu ifosofudeyayalny Hemsvhauveslsunsuegrhamuuudusiaing

Qu

Teyayras Uszuananazuaasnat oy 1o

START

Receiving

buffer=0

buffer= 100

fly#0

Display
GLCD

311 3.10 State Diagram vouM3uIS

Bufferi[ffw] = ADC_GetConversionValue(ADC1):
w4
if(ffw==99)
{
firr==1; //Display Value

311 3.11 Source Code MatAum ldivlimos
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3.3 MInAaaUINIpIAIneassaalaalnduuuNT
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Y
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aa = 7 A’l oy = n{ Y % 1
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JTUIN IAT09AINDA0REFa lad Intuuunamnums osaInoanoaaa laa 1nll

Ay

o Rigol 3 DS1052E

3.4 TUADUMSNAADS
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o o ar 1 Aan = r
mmsinukagldyanauazdeyassnitsdtneaseadalaa laduuunnmidy
1n309AInoaDedda laa 1n1/io Rigol 1 DS1052E

o = o 1 P 1 aa a
MMIuATIZHMANND, V,, Vv, uag v, seninasnecesadalaaladuuy

LY dll s =y d' 9/ 5 1
wanInuAseRvReaseada laa Indavie Rigol ju DS1052E
a < Ay ¥
AnTIzvnai laennsnaned

a31wan13 79y
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NaN1INaany

5 1 [ 4 L4 4
Tuunilagnantwansnaaeuanugndeslunsuansgddyanagiaauled | adu
o o A = 2’, ! = 9/ ! U a4 % 1
1959 uaggnaumumany AWARNNE 0 - 50 kHz , AugAReeluMIBIUAIAIIND A
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M3 4.1 quenAmsosptaeaoeadalaa Induuunm

Number of input 2 Channel

Maximum Bandwidth Frequency 50 kHz

Maximum Input Voltage +50V

Sampling rate 1 MS/s

Display Graphic LCD Screen(128x64)

a J o
4.2 HAMIAATIE 31] GIGTRLY

lumsdinneidyaagiaduland, adusysainzgladuaumion 1§1dumd i

@

ci . . 1 9/ aa =
A1NAIN Function Generator?JWE] Tektronix 31 CFG253 uagldin3esdinonvodadalaa nil

e Rigol 71 DS1052E uaaanan1snaaouiiuiunesasnoaseada laa Tnluuuwnm

) )

‘l.lﬁ 4.2 ) I,ﬂ'i'E]»‘l Function Generator Tektronix ‘i H CFG253

v) A3 09Rnensendalad InUiwe Rigol 1 DS1052E
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a < A d 4 an
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sUn 4.3 n)
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Ktk v o tm&.&*a&é«fmww w20
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1 1 a A aa a U o al
4.3.1 Mo IuMANNINNIAToIAINRaeRaTalaalnluuunn v Iy ad 1

qr c;dl, (] 9/ d:l aa =Y T ar d'
A5197 4.2 ANuD N lannasosRTroaveada lad lntuuuwnwisesdyaun 1

i aamidiiel§nininseshsneaseadalaalnduunndesioyanad 1 (i)
(Hz) a¥afi 1 a¥aii 2 a¥sfi 3 a¥aii 4 adait 5 infe
1.00 1.00 1.00 1.00 1.00 1.00 1.00
2.00 2.00 2.00 2.00 2.00 2.00 2.00
3.00 3.00 3.00 3.00 3.00 3.00 3.00
4.00 4.00 4.00 4.00 4.00 4.00 4.00
5.00 5.00 5.00 5.00 5.00 5.00 5.00
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maan 4.2 anuanew ldnaniesasnensedda lad Induuuwnwiresdyaiui 1(do)

AMA aanenldnninissnsneaseadalaalnduuunnwivesiaanad 1 (Ha)
(Hz) adaii 1 a2 a¥a 3 a¥ait 4 a4 5 iy
6.00 6.00 6.00 6.00 6.00 6.00 6.00
7.00 7.00 7.00 7.00 7.00 7.00 7.00
8.00 8.00 8.00 8.00 8.00 8.00 8.00
9.00 9.00 9.00 9.00 9.00 9.00 9.00
10.00 10.00 11.00 10.00 10.00 10.00 10.20
20.00 21.00 20.00 21.00 20.00 20.00 20.40
30.00 30.00 30.00 30.00 31.00 31.00 30.40
40.00 40.00 41.00 40.00 41.00 40.00 40.40
50.00 51.00 50.00 50.00 50.00 50.00 50.20
60.00 59.00 60.00 61.00 60.00 61.00 60.20
70.00 70.00 69.00 70.00 71.00 70.00 70.00
80.00 79.00 80.00 80.00 81.00 79.00 79.80
90.00 91.00 90.00 90.00 90.00 90.00 90.20
100.00 101.00 100.00 101.00 99.00 99.00 100.00
200.00 200.00 200.00 201.00 200.00 199.00 200.00
300.00 299.00 300.00 303.00 302.00 302.00 301.20
400.00 401.00 402.00 402.00 405.00 401.00 402.20
500.00 502.00 500.00 505.00 503.00 503.00 502.60
600.00 600.00 603.00 604.00 598.00 601.00 601.20
700.00 702.00 702.00 704.00 697.00 694.00 699.80
800.00 802.00 801.00 801.00 800.00 800.00 800.80
900.00 901.00 901.00 903.00 904.00 900.00 901.80
1000.00 1009.00 1008.00 1005.00 1005.00 1003.00 1006.00
2000.00 2003.00 2001.00 2011.00 2005.00 2008.00 2005.60
3000.00 3011.00 3008.00 3022.00 2994.00 3021.00 3011.20
4000.00 3996.00 3998.00 4005.00 4015.00 4015.00 4005.80
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T anuaneldanniosasnonseadalaaladiuunnnives ”ﬂgt:gmﬁ 1 (Hz)
(Hz) a¥an 1 a¥aii 2 a¥afi 3 a¥afi 4 a¥adi 5 A
5000.00 | 5001.00 5010.00 5004.00 5008.00 4996.00 5003.80
6000.00 6003.00 6008.00 6035.00 6042.00 5910.00 5999.60
7000.00 |  7095.00 6915.00 7012.00 7008.00 6998.00 7005.60
8000.00 8010.00 8038.00 8022.00 8005.00 7988.00 §5013.40
9000.00 | 9061.00 9072.00 8942.00 9002.00 9009.00 9017.20
10000.00 | 10101.00 | 10088.00 9962.00 9989.00 10007.00 | 10029.40
20000.00 | 20015.00 | 20132.00 | 19899.00 | 20025.00 | 20002.00 | 20014.60
30000.00 30008.00 30066.00 29988.00 30012.00 30005.00 30015.80
40000.00 | 4010400 | 40102.00 | 40006.00 | 39944.00 | 39998.00 | 40030.80
50000.00 | 50025.00 | 50025.00 | 49899.00 | 49998.00 | 50055.00 | 50000.40

4 4‘ Tt =y ¥4 4
4.3.2 M3ouMmANDIINIAI0IAINRaRaFalan)nluuUWIWITe T RYR TN 2

:; ci‘:; 1 g/ dr! aa = 1 s d'
M3197 4.3 Awane 1 lavinnsssavaoaeaada laa Induuuwnwigesdyanui 2

aMIa ﬂ'.;m‘é';?;ﬁim"l&fmﬂLﬂ%mﬁ%mﬂnaaﬁc‘ﬁniaaiﬂﬂswuwnwniaﬁmutymﬁ 2 (Hz)
(Hz) a¥aii 1 ataii 2 a¥afi 3 a¥adi 4 a¥aft 5 e
1.00 1.00 1.00 1.00 1.00 1.00 1.00
2.00 2.00 2.00 2.00 2.00 2.00 2.00
3.00 3.00 3.00 3.00 3.00 3.00 3.00
4,00 4.00 4.00 4.00 4.00 4.00 4.00
5.00 5.00 5.00 5.00 5.00 5.00 5.00
6.00 6.00 6.00 6.00 6.00 6.00 6.00
7.00 7.00 7.00 7.00 7.00 7.00 7.00
8.00 8.00 8.00 8.00 8.00 8.00 8.00
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d'. Ad 9/ A an a T o = T
M99 4.3 aAnvanew lannnsosaineasedda lad Induuunawiresdyyiui 2 (7o)

[
=50

A asanewldnnmiesisneaseadalaalnluuunnwivesiuanad 2 ()
(Hz) atadi 1 a¥afi 2 a¥aii 3 a¥afi 4 a¥afi 5 iy
9.00 9.00 9.00 9.00 9.00 9.00 9.00
10.00 10.00 10.00 10.00 11.00 11.00 10.40
20.00 20.00 21.00 20.00 20.00 20.00 20.20
30.00 31.00 32.00 30.00 30.00 30.00 30.60
40.00 40.00 40.00 40.00 40.00 40.00 40.00
50.00 50.00 50.00 50.00 50.00 51.00 50.20
60.00 60.00 60.00 60.00 61.00 61.00 60.40
70.00 71.00 71.00 70.00 70.00 70.00 70.40
80.00 80.00 80.00 80.00 80.00 79.00 79.80
90.00 90.00 92.00 90.00 90.00 90.00 90.40
100.00 100.00 102.00 99.00 99.00 100.00 100.00
200.00 200.00 200.00 200.00 202.00 200.00 200.40
300.00 300.00 300.00 301.00 301.00 301.00 300.60
400.00 405.00 401.00 401.00 402.00 400.00 401.80
500.00 505.00 497.00 502.00 501.00 500.00 501.00
600.00 601.00 601.00 600.00 599.00 601.00 600.40
700.00 700.00 700.00 702.00 699.00 701.00 700.40
800.00 801.00 801.00 802.00 800.00 800.00 800.80
900.00 906.00 902.00 893.00 903.00 900.00 900.80
1000.00 1012.00 1015.00 1002.00 992.00 998.00 1003.80
2000.00 |  1999.00 2001.00 2008.00 2002.00 2001.00 2002.20
3000.00 3007.00 3002.00 3000.00 2994.00 3009.00 3002.40
4000.00 |  4012.00 4005.00 3960.00 4012.00 4011.00 4000.00
5000.00 5003.00 5008.00 4998.00 5012.00 4989.00 5002.00
6000.00 6001.00 6001.00 6008.00 6009.00 5945.00 5992.80
7000.00 |  7077.00 7013.00 7007.00 7008.00 6989.00 7018.80
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m319h 4.3 anwafion ldnnniesdineaseada lad lnduuunnmivesdayanmui 2 (o)

[]
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A anuaneldoniniesisneaseadalaalntiuunnmdesdagnad 2 (Hz)
(Hz) aafi 1 A%t 2 A 3 a¥afi 4 a%sii 5 mie
8000.00 | 8010.00 8038.00 8022.00 8009.00 7988.00 8013.40
9000.00 | 9061.00 9072.00 8942.00 9002.00 9009.00 9017.20
10000.00 | 10011.00 | 10030.00 | 10017.00 | 9964.00 10002.00 | 10004.80

20000.00 20004.00 20032.00 20038.00 20010.00 20005.00 -| 20017.80

30000.00 30011.00 30088.00 29912.00 30001.00 30001.00 30002.60

40000.00 40145.00 40111.00 40066.00 39832.00 39992.00 40029.20

50000.00 50005.00 50005.00 50025.00 50025.00 49988.00 50009.60
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1319 4.4 ﬂ']ﬂ'ﬂllﬂﬂ'lﬂl,ﬂ‘iﬂﬂﬂ‘Wl‘ﬂaﬂﬂﬁ‘-ﬁﬂiﬁfTTﬂ‘lJLl‘]J‘UWﬂW'Itl]d‘SU‘ULWEJUﬂ‘lJLﬂ'iENﬂilﬂi]ﬁ

soadalad Inlono Rigol 314 DS1052E

d31_nw FETRET
3 e oo | mmdnendddnn | anwuddiendian
anmudon | anwdniewld | __ R " -
5 z Adnencoadlaalnl | Admeaseadlaalny
A4 (Hz) Function 2114394 Rigol
UUUNWANWI channel 1 HUUNNWI channel 2
Generator (Hz) | DS1052E (Hz)
(Hz) (Hz)
1.00 1.01 1.01 1.00 1.00
2.00 2.01 2.01 2.00 2.00
3.00 3.00 3.00 3.00 3.00
4.00 4.00 4.00 4.00 4.00
5.00 5.00 5.00 5.00 5.00
6.00 6.01 6.01 6.00 6.00
7.00 7.01 7.01 7.00 7.00
8.00 8.00 8.00 8.00 8.00
9.00 9.00 9.00 9.00 9.00
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a ' A A aa o = a A an
13190 4.4 ﬂ']ﬂ')']llﬁl’\]'lﬂl;ﬂ’i'rﬂ\WI"\]ﬂ@ﬁ@ﬂﬁ“}fﬂiﬁﬁiﬂﬂ“ﬂﬂ?ﬂﬂwulﬁEI‘lJWIfJ'UﬂlILﬂi@QﬂTIﬁ@ﬁ

poadalaalnlifie Rigol §1 DS1052E (710)

"
a0

: o | anwanewdd | andniendldon anuaneulaan
ANE (Hz) 4
Function 21017304 Rigol | Adnoaseadlanlal | Adneaseadlaalnl
Generator (Hz) | DS1052E (Hz) | UUUWAWI channel 1 UUUNAN channel 2
(Hz) (Hz)

10.00 10.00 10.00 10.20 10.40

20.00 20.02 20.02 20.40 20.20

30.00 30.01 30.01 30.40 30.60

40.00 40.01 40.01 40.40 40.00

50.00 50.00 50.00 50.20 50.20

60.00 60.01 60.01 60.20 60.40

70.00 70.00 70.00 70.00 70.40

80.00 80.00 80.00 79.80 79.80

90.00 90.00 90.00 90.20 90.40
100.00 100.01 100.01 100.00 100.00
200.00 200.00 200.00 200.00 200.40
300.00 300.00 300.00 301.20 300.60
400.00 400.03 400.03 402.20 401.80
500.00 500.02 500.02 502.60 501.00
600.00 600.01 600.01 601.20 600.40
700.00 700.02 700.02 699.80 700.40
800.00 800.02 800.02 800.80 800.80
900.00 900.01 900.01 901.80 900.80
1000.00 1000.02 1000.02 1006.00 1003.80
2000.00 2000.03 2000.03 2005.60 2002.20
3000.00 3000.00 3000.00 3011.20 3002.40
4000.00 4000.03 4000.03 4005.80 4000.00
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P 1 :; & aa “a = w A aa
151497 4.4 ﬂ"!ﬂ’J']'JJﬂ‘D"IﬂLﬂ‘i@\ﬂﬂ"l]ﬂﬂaB@f’f“ﬂﬁiﬁﬁiﬂﬂllﬂﬂ“ﬂﬂwulﬁfJ‘UmEJ‘UmJLﬂiﬂﬁﬂﬂﬁl@a

poadalaa Inlive Rigol Ju DS1052E (A0)

[
aag

a adl v adr b v
A1ND010 anuanewld | anudnenldain annanelaain
A0 (Hz) Function 2101A304 Rigol | Auneaseadlaalnl | Adnenseadlaalnl
Generator (Hz) | DS1052E (Hz) | HUUWANI channel 1 UUUNWNWI channel 2
(Hz) (Hz)
5000.00 5000.01 5000.01 5003.80 5002.00
6000.00 6000.03 6000.03 5999.60 5992.80
7000.00 7000.10 7000.10 7005.60 7018.80
8000.00 8000.04 8000.04 8013.40 8013.40
9000.00 9000.11 9000.11 9017.20 9017.20
10000.00 10000.12 10000.12 10029.40 10004.80
20000.00 20000.11 20000.11 20014.60 20017.80
30000.00 30000.09 30000.09 30015.80 30002.60
40000.00 40000.08 40000.08 40030.80 40029.20
50000.00 50000.30 50000.30 50000.40 50009.60
asmlnaaamnnuanialdsninisadsnpaseasal aglnuuunnm
channel 1 fuinToIRdnaasoadalaninl Rigol ju DS1052E
60000.00 -
E
E 200800 ¥ = 1.0004x + 2.2479 /
T = .
g S 40000.00 =t
g 3
& £ 30000.00
£ &
£ 5 20000.00
:ﬁ =
i
b 10000.00
P
0.00
0.00  10000.00 20000.00 30000.00 40000.00 S0000.00 60000.00
anudnialdnnniosdinoacoadalasiny Rigal §UDS1082E (Hz)

510 4.51 nsluerasanudiia ldaniasesdinenseadalaa Inuuunnm channel 1 Ay

i3 pIRInoae®a laa 11 Rigol 31 DS1052E
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0.00
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1 ﬁ' c: 1 b -;l ey =
ik n’hmmmmmanmﬂﬂ gl 'tﬂ!.ﬂ‘SB\iﬂﬂﬂE@BﬁﬂﬁTE‘ﬁTﬂﬂimﬁWﬂW‘i

channel2 futnToeAdnpan0adalanin Rigol 74 DS1052E
60000.00
i
g
g 50000.00 — v=1.0004x + 1.1188
£ S
2 T 40000.00 Ri=1
g z
€ %
E 2 3000000 e A
-v;e E
é £ 20000.00
s 2
5 =
3 10000.00
g
&

0.00

10000.00  20000.00 30000.00 40000.00 50000.00 60000.00

dode wy a_ an a g
amwonialdnnnisdinoasoetalaniny Riga 1 DS1052E (Hz)

514,52 nsluaasAInDy

inT0sAImeaoedalad 11 Rigol 71 DS1052E

d g d v 1 v a 1 & an a
4.3.4 nJa‘swuﬂmmsmﬂmﬂum‘semmmmmw’nam'iaqmmﬂaaaﬁmﬂaﬂﬂﬂxmu

wpnuflsuiuniesfdnonseadalaalni/dvie Rigol 74 DS1052E

=
MN1319N 4.5

1 d o o [ 1 1 t:riI 4 di aa
ﬂWLﬂﬂ‘ELGHuﬁﬂ'ﬂlilWlﬂﬂ'l\‘laluﬂTiEﬂuﬂ'lﬂ'ﬂﬂJﬂigﬁﬂ%uﬂiﬂﬁﬂfﬂﬂ@ﬁ

soada laa InluuuwnnifsuiuinissRsnoaooadn laa Ine Rigol 74 DS1052E

Ao Sd1 uy ddi wy ‘ i
., P anuanenld | anwanewld | nleSiduanu | weiduany
Taonn3es o e . '
INAINOA 2InAINeA uanaslums | uanadums
Rigol : ,
aladununnw | aladuuunnm 9V 91UYBI
DS1052E
channel 1 (Hz) | channel2 (Hz) | Channel 1(%) Channel 2(%)
(Hz)
1.01 1.00 1.00 1.60 1.00
2.01 2.00 2.00 0.50 0.50
3.00 3.00 3.00 0.00 0.00

ar 9/ d‘i ao = ar
Saldviniasesasnoaeoada lad InUuuUNWANT channel 2 N1
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' Jd o o 1 T 1 o 1 A e
'ﬂ']!;ﬂ63l%u@‘lﬂqqﬂl!ﬂﬂﬂ13114ﬂ’]5@’]uﬂ7ﬂ'3’]1[ﬂ33ﬂ?1@&ﬂ§§]§1ﬂﬁ]@]ﬂﬂ

saadalaalnluvunnnuiisuiumiosatneasoada laa Tnldfo Rigol U DS1052E (A0)

amaney | anwanendd | mwanendld | wedfuany | uledifunn
YHammses |  anddnea 21nAIN0A uanaalums | uanaiglums
Rigol aladuuunam | aladuuuwnm UVDI 91HUDI
DS1052E channel 1 (Hz) | channel2 (Hz) | Channel 1(%) | Channel 2(%)
(Hz)
4.00 4.00 4.00 0.00 0.00
5.00 5.00 5.00 0.00 0.00
6.01 6.00 6.00 0.17 0.17
7.01 7.00 7.00 0.14 0.14
8.00 8.00 8.00 0.00 0.00
9.00 9.00 9.00 0.00 0.00
10.00 10.20 10.40 1.98 3.92
20.02 20.40 20.20 1.88 0.90
30.01 30.40 30.60 1.29 1.95
40.01 40.40 40.00 0.97 0.02
50.00 50.20 50.20 0.40 0.40
60.01 60.20 60.40 0.32 0.65
70.00 70.00 70.40 0.00 0.57
80.00 79.80 79.80 0.25 0.25
90.00 90.20 90.40 0.22 0.44
100.01 100.00 100.00 0.01 0.01
200.00 200.00 200.40 0.00 0.20
300.00 301.20 300.60 0.40 0.20
400.03 402.20 401.80 0.54 0.44
500.02 502.60 501.00 0.51 0.20
600.01 601.20 600.40 0.20 0.06
700.02 699.80 700.40 0.03 0.05
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y 1 d o o 1 1 ] - [ y “a e
A15197 45 andesiFuaniuuanaisluniseiuainliufszrunsesfInea

saadalaalnluuunnnuiisuiunsosnineasoada laa n1ide Rigol 31 DS1052E (s0)

ANuAToN
Yeamnses | anuanendd | mndienld | wedduany | woediduan
Rigol 21NA0A0OA 21nAdN0A uanalums | uanaiglums
ps1052E | aladuvuwam | aladuuunam DIUUDY GRLTRTER
(Hz) channel 1 (Hz) | channel 2 (Hz) | Channel 1(%) Channel 2(%)
800.02 800.80 800.80 0.10 0.10
900.01 901.80 900.80 0.20 0.09
1000.02 1006.00 1003.80 0.60 0.38
2000.03 2005.60 2002.20 0.28 0.11
3000.00 3011.20 3002.40 0.37 0.08
4000.03 4005.80 4000.00 0.14 0.00
5000.01 5003.80 5002.00 0.08 0.04
6000.03 5999.60 5992.80 0.01 0.12
7000.10 7005.60 7018.80 0.08 0.27
8000.04 8013.40 8013.40 0.17 0.17
9000.11 9017.20 9017.20 0.19 0.19
10000.12 10029.40 10004.80 0.29 0.05
20000.11 20014.60 20017.80 0.07 0.09
30000.09 30015.80 30002.60 0.05 0.01
40000.08 40030.80 40029.20 0.08 0.07
50000.30 50000.40 50009.60 0.00 0.02

nansnaaoy manteudfeudinudnsaldnnaioisasaseada laalnluuy
wowiTuiniesAsmeanoadalaalny Rigol ju DS1052E douReuiumanuinniaies
asnonooadalaginduuunamndesdyaiai 1| funiesdinonooadalaalni Rigol
31 DS1052E azfidutlefidusnnuuandiegegaogi 1.98% fiaawd 10 Hz dauns

WisnisusinnuinnasosRineasoada laaladuuunamsesdyai 2 Aumses

a
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fsnonveadaladiny Rigol ju DS1052E vziiAulesidudanuuanaiegegaoyi 3.92% 7

A48 10 Hz 15UAY
< [
4.4 mamsdmnzrimseuawssauliih v

Tumsasndaussullih v, v uag v, I8 ldundsdutiaussdulfudriden

nioudasSualdlumsnaaay

1 4.53 nofaulasdsua IdnldTumanasou

v
aw A

msaeuioud1 v, , v, uag v, luauddeil ldihmsilfudoust ADc ves

as a ar 1 y an @ aa & U
wanaduwndui v, v, uag v, mnisesAsaeaiaAtines 8o FLUKE ju FLUKE

pp?

2711 Tauidion1d ADC 12 fin inTuganmieluluTasaeuInsames STM32F103VBT6

U454 in509A3npaiadiiines U¥e FLUKE ju FLUKE 2711
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o = 1 d’l an = o \
44.1 ﬂﬁﬂ]ﬁﬂi‘l.lmﬂﬂﬂ1 ADC =‘n1nm‘smmweaaaamiaahﬂuuuwnwmum Vpp

2nIA3esAINeaITaANeS B%e FLUKE 31 FLUKE 2711

M5197 4.6 A1 ADC INIATBIRIREABDATA Tad Iaduuuwamdun v 21NIAT09A TN DA

ifafTines We FLUKE 1 FLUKE 2711

a1 ADC #¥aldoinmTes | M ' A5ald01n 130
G3noaseadalaalnl | AdneaifaAiime’ FLUKE
HUUHA 34 FLUKE 2711

0 0.00
4] 0.50
82 1.00
120 1.50
162 2.00
208 2.50
250 3.00
285 3.50
326 4.00
366 4.50
412 5.00
450 5.50
492 6.00
530 6.50
577 7.00
616 7.50
658 8.00
695 8.50
734 9.00
777 9.50
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13199 4.6 A1 ADC ﬁ]mm%mﬁ?maaa@ﬁ%aiaﬁiﬂﬂxmuw*ﬂmﬁumVpp 9INIATOIAIADD

Wadiimes 8o FLUKE ju FLUKE 2711 (#9)

1 ADC f3aldnmies | M v, fivalda1n 1309
Adnoaveadalaalnl | Adneasianme’ FLUKE
BUUWIW 34 FLUKE 2711
815 10.00
855 10.50
900 11.00
940 11.50
988 12.00
1019 12.50
1066 13.00
1109 13.50
1149 14.00
1186 14.50
1232 15.00
1270 15.50
1312 16.00
1353 16.50
1396 17.00
1438 17.50
1474 18.00
1517 18.50
1557 19.00
1600 19.50
1640 20.00
1681 20.50
1724 21.00
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M5197 4.6 71 ADC 1INIATEIATReRBRATA laa laluuunnYALA V) 21NIATDIATNOA

JjafNines o¥e FLUKE ju FLUKE 2711 (D)

a1 ADC fijaldninmses | M v ” fA5aldan in3es
f3noaveadalaninl | Adneaiianiiines FLUKE
HULWAT 3% FLUKE 2711
1765 21.50
1802 22.00
1843 22.50
1884 23.00
1927 23.50
1968 24.00
2005 24.50
2049 25.00
2091 25.50
2134 26.00
2173 26.50
2216 27.00
2255 27.50
2298 28.00
2337 28.50
2378 29.00
2419 29.50
2462 30.00
2503 30.50
2540 31.00
2581 31.50
2624 32.00
2668 32.50
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M5197 4.6 A1 ADC 11ANTIRIABABDATA T IAUUUNAWIALAT V| NAIDIAIADA

siaAtimes 8o FLUKE 1 FLUKE 2711 (A0)

a1 ADC ¥aldmnmies | v #i¥aldan 1n3eq
f3noavoadalaalnl | Adneasiaflines FLUKE
HULWATN 34 FLUKE 2711
2706 33.00
2747 33.50
2785 34.00
2829 34.50
2870 35.00
2911 35.50
2952 36.00
2993 36.50
3036 37.00
3073 37.50
3116 38.00
3155 38.50
3200 39.00
3235 39.50
3280 40.00
3321 40.50
3364 41.00
3405 41.50
3440 42.00
3485 42.50
3523 43.00
3567 43.50
3610 44.00
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M5197 4.6 A1 ADC 1nie3esATneaooadalad InluuunamiAua v, 21NIATDIAINDA

saRime3 9We FLUKE yu FLUKE 2711 (o)

@1 ADC fiTaldomaTes | M v, #¥alda1n 1n3eq
fdneaveadalaalnl | Adneailafiines FLUKE
BUUWAT 34 FLUKE 2711
3647 44.50
3690 45.00
3732 45.50
3772 46.00
3813 46.50
3854 47.00
3895 47.50
3934 48.00
3977 48.50
4023 49.00
4055 49.50
4095 50.00
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asluaaan ADC Maldonniosfdnpaneadal aalnuyuvinmiy
.u 4 o o e < )
M v, iialdenniesdidnenifafilines FLUKE §u FLUKE 270

60.00

50.00 - S ——
v =0.0122x + 0.0065

40.00 Ri=1

i

:

M v”n"'i'ﬂ"lﬁm

4

3

A~

£

10.00

A

13 OINAOMICNIINOS FLUKE 33 FLUKE 2711 (V)

[}
-

3

0 500 1000 1500 2000 2500 3000 3500 4000 4500

1 e ) 4 & o - 4
A1apc nialdonnnssidtnoasoatalasinlusunnmm

319 4.55 nsmluaaanl ADC #isaldnninsosaineaseadalas Indiuuwanisus v, i

'Jﬂ"l?l‘il'lﬂ!.ﬂiﬂ\‘iﬂﬁ]ﬂﬂﬁllﬁﬂmﬁ]@ﬁ FLUKE ?‘N FLUKE 2711

A \ dl an a e 1 Aﬂl.
4.4.2 wamsSumeum ADC 91nnsesRdneaveadalaalnluuunamidua v, 91nA304

il

¢ = v

Aonealanlines avie FLUKE ‘511! FLUKE 2711

@15190 4.7 1 ADC nnnsesaTAasaadalaalaluuuwaminum v, 91n@Ase3aTa0a

s =

ARIADS 890 FLUKE 74 FLUKE 2711

M ADC fiTaldnmnses | M v #i¥ald0n m3oes
Adneaveadalaalnll Admeaiianiines

HUUNDT FLUKE 3% FLUKE 2711

0 0.00

135 0.50

270 1.00

413 1.50

541 2.00
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A15197 4.7 f1 ADC nIATRIRIABABDATA lad InUuUNNMIAUAT vV, 910LR309A3A0A

1afine3 e FLUKE 5u FLUKE 2711 (A9)

f1 ADC 73aldnnmnses | m v #i¥al&en mSes
Adnenseadalaalnll Adneaifaniines
HULHAN FLUKE 34 FLUKE 2711
680 2.50
821 3.00
950 3.50
1088 4.00
1230 4.50
1370 5.00
1507 5.50
1644 6.00
1780 6.50
1918 7.00
2051 7.50
2193 8.00
2329 8.50
2466 9.00
2603 9.50
2728 10.00
2877 10.50
3014 11.00
3151 11.50
3288 12.00
3419 12.50
3558 13.00
3677 13.50
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a5190 4.7 f1 ADC 1nIRspsATAoaseadalad Induuuwamium v, 110IA583ATR00

@

affiwes U FLUKE ju FLUKE 2711 (A9)

i1 ADC f¥alEomndes | m v, iTaldan n3eq
Adnoaseadalaalny A3noaifaniines
BUUWAT FLUKE §4 FLUKE 2711
3825 14.00
3968 14.50
4095 15.00

aswluaaam ApC #A¥aldnnndaidsneaseadalaalmuuunovndudi v,

Faldnnndosdtnoaiaffined FLUKE §u FLUKE 270

y = 0.0037x + 0.0022

FLUKE 271I{V)

R =1

S 5 B @
8 8 8 3

v, Aldnn
o

003 FLUKE 1

6.00

wr

4.00

P

RN NN

2.00

-
Wnn

0.00
0 500 1000 1500 2000 2500 3000 3500 4000 4500

ds 4
a1 apc Ainlfonnniadtnoasomialaatatsuvimn

ol ' - o 9 A as = ai .. g P
51/ 4.56 nauaase ADC iiia ldnninsesdtneasoada laa laduvumawinum v, 7

ja'ldnninsosRsneaiiafAiines FLUKE yu FLUKE 2711
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v A 1 A an a o 1 2
4.4.3 N@ﬂ‘l'ﬁ"].li‘l]!ﬂﬂl‘”ﬂ1 ADC ‘fnﬂ!ﬂﬁﬂ\?ﬂ%ﬂ@@9@ﬁ°ﬁﬁiﬂﬁiﬂﬂ£!ﬂﬂﬂﬂﬂ]ﬂﬂﬂ1 Vavg PINAIDY

fdneailafiine3 B¥e FLUKE 31 FLUKE 2711

M51eR 48 #1 ADC 1A psATapaeoadalanlnununnmidua v, 1nnsesRAea

1an

= o
UIABDT

@19 FLUKE §u FLUKE 2711

A1 ADC nJalaan

in3edATn0a in50dAInaITanIABS
peadalaalaluuy FLUKE 34 FLUKE

T 2711
0 0.00
128 0.50
262 1.00
411 1.50
548 2.00
692 2.50
829 3.00
952 3.50
1080 4.00
1225 4.50
1368 5.00
1509 5.50
1632 6.00
1769 6.50
1910 7.00
2047 7.50
2186 8.00
2311 8.50
2458 9.00
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a15197 4.8 71 ADC 1nA3psAIAoaneddalaa latdununANIAU Vv, 910IAT09RTADA

1afimes 8o FLUKE § FLUKE 2711 (A0)

a1 ADC R¥aldmnmzes | M v, A¥aldan n3ea
a3neaseadalaalnl | Adneaiaflnes FLUKE
HUDWW 34 FLUKE 2711
2592 9.50
2711 10.00
2861 10.50
3003 11.00
3144 11.50
3278 12.00
3401 12.50
3541 13.00
3664 13.50
3818 14.00
3955 14.50
4083 15.00




asmuaaan ADC 1ia 1d0nn3aRanoanoadal aainluuunnranum
-a: v A; aa = ¢ L
v, i ldnnmnspendnoaiiafities FLUKE 31 FLUKE 270

16.00 F
¥ =0.0037x - 0.0025

14.00

12.00

10.00

8.00

1 J;U
1 vwma"lﬁam

6.00

4

TN o3 FLUKE $U FLUKE 2711 (V)

4.00

o

2.00 |-

an

0.00

195 01fiian

500 1000 1500 2000 2500 3000 3500 4000 4500

D

-2.00

1 Z‘U b4 A as -
f1apc Nialannaiaddnaanantalaginluuunam

31 4.57 namluaasnt ADC ia ldnniesesAsnonooadalad Induuuwnmidua v, 7

aldaninsoaRsnoaadiines FLUKE ju FLUKE 2711

wamsdiuiisual ADC MRTosRTABAREAFA laa InuuuwamAum vV, V|

Uag v, MNIAs sRIneaNaRTiAGS 510 FLUKE 54 FLUKE 2711 9¢ laaumsydiufiousi
Vo Vo, MAE YV, daf
V_ =0.0122 (ADC) + 0.0065 (4.1)
V_.=0.0037(ADC) + 0.0022 4.2)

V,,, = 0.0037(ADC) - 0.0025 (4.3)
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4.4.4 minumussaulnih v aninJesidnesseadalaaladuuunnrnvesiaano 1

mann 4.9 useanlwih v tewldnindsaeaseadlas ny uuuwnwisosdamad 1

ussdulih v fiswlfonadneaseadlaalni muuwavivesdaanad 1 (v)

Y
T EE T T s | kds | ke | hds | o
1.00 1.01 1.01 1.00 1.01 1.00 1.01
2.00 2.01 2.04 2.00 2.00 2.00 2.01
3.00 3.00 3.02 3.00 3.01 3.00 3.01
4.00 4.00 4.01 4.03 4.01 4.00 4.01
5.00 5.01 5.01 5.00 5.00 5.00 5.00
6.00 6.01 6.02 6.00 6.00 6.01 6.01
7.00 7.00 7.02 7.02 7.00 7.02 7.01
8.00 8.01 8.03 8.02 8.01 8.01 8.02
9.00 9.01 9.00 9.01 9.02 9.02 9.01
10.00 9.98 10.01 9.98 10.03 10.02 10.00
12.00 12.04 11.98 12.01 12.00 12.00 12.01
14.00 14.04 14.00 14.00 14.00 14.04 14.02
16.00 15.98 16.00 16.02 16.00 16.01 16.00
18.00 18.00 18.02 17.98 18.03 18.02 18.01
20.00 20.04 20.00 20.04 20.00 20.00 20.02
22.00 22.04 22.00 22.00 22.04 22.00 22.02
24.00 24.00 23.98 24.00 24.00 24.02 24.00
26.00 26.00 26.00 26.02 26.00 26.00 26.00
28.00 28.00 28.02 28.00 27.96 28.00 28.00
30.00 30.00 30.00 30.00 30.02 30.02 30.01
32.00 32.02 32.00 31.98 32.00 32.02 32.00
34.00 34.02 34.02 34.00 34.00 34.00 34.01
36.00 36.02 36.00 36.02 36.04 36.04 36.02
38.00 38.02 38.00 38.04 38.00 38.00 38.01




man 4.9 ussau i v 18w ldnindsnenseadlaalni uuuwnwiresdayana 1

GR))
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ussaulih v fienlionddneaseadlaalad tuunamdesdaanam 1(v)

v, (V)

ﬂ%ﬂ‘ﬁ' 1 ﬂ%&ﬁ 2 ﬂ%ﬂ‘ﬁ 3 ﬂ%\‘]‘?‘l 4 ﬂ%ﬂﬁ 5 !‘ﬂgﬂ
40.00 40.00 40.00 39.98 40.02 40.04 40.01
42.00 42.02 42.04 42.00 42.00 42.04 42.02
44,00 44.02 44,02 44,04 43.96 44.00 44.01
46.00 46.02 46.04 46.00 46.00 46.02 46.02
48.00 48.04 48.02 48.00 48.02 48.00 48.02
50.00 4998 50.00 49.98 50.00 50.00 49.99

T 1 ar 9 d'l. an a 1 ar a
4.45 msnwawssauliih v oninsesfdneaseadalaaladiwunnmnsedeyanadi 2

MmN 4.10 usedn i v fiowldnindineaseadlaalny numamyeadayanai 2

usaiulnih v fisndldanisnonseadlaaln WY e sFaanas 2 (v)
Va V) o 5. g 4 B & g <

Asai 1 AN 2 A3 3 A3l 4 a3ai 5 iy
1.00 1.02 1.00 1.00 1.00 1.00 1.00
2.00 2.00 2,01 2.00 2.01 2.00 2.00
3.00 3.00 3.01 3.01 3.00 3.01 3.01
4.00 4.00 4.01 4.00 4.01 4.00 4.00
5.00 5.01 5.00 5.01 5.00 5.01 5.01
6.00 6.00 6.02 6.00 6.02 6.00 6.01
7.00 7.00 7.00 7.01 7.00 7.00 7.00
8.00 8.02 8.00 8.02 8.00 8.00 8.01
9.00 9.00 9.02 9.04 8.98 9.00 9.01
10.00 10.02 9.98 10.00 10.02 10.00 10.00
12.00 12.04 12.00 12.00 12.02 11.98 12.01
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maaft 4.10 usedu ddh v figldenainoacoadlaalay uuunamyeadyanah 2

(719)

ussaulih v nendldainfsnoaseadlaalal HUDNATITRIT RN 2 (V)

v, (V)

adafi 1 aai A%afi 3 A¥af 4 nei 5 e
14.00 14.02 14.02 14.00 14.02 13.98 14.01
16.00 16.04 16.00 15.98 16.00 16.00 16.00
18.00 18.00 18.00 18.00 18.00 18.02 18.60
20.00 20.02 20.00 20.01 20.00 19.98 20.00
22.00 22.04 22.02 22.00 22.00 22.04 22.02
24.00 24.04 24.00 24.00 24.00 24.00 24.01
26.00 26.00 25.98 26.04 26.04 26.00 26.01
28.00 28.00 28.00 28.02 28.02 28.00 28.01
30.00 29.98 30.02 30.00 30.00 30.00 30.00
32.00 32.01 32.00 32.04 32.00 32.00 32.01
34.00 34.00 34.00 34.02 34.00 34.00 34.00
36.00 36.00 36.02 36.02 36.00 35.98 36.00
38.00 38.00 38.00 38.00 38.02 38.00 38.00
40.00 40.00 40.02 40.00 40.00 40.02 40.01
42.00 42.02 42.00 42.04 42.02 42.00 42.02
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3.00 3.01 3.01 0.33 0.33
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4.00 4.01 4.00 0.25 0.00
5.01 5.00 5.01 0.20 0.00
6.00 6.01 6.01 0.17 0.17
7.00 7.01 7.00 0.14 0.00
8.00 8.02 8.01 0.25 0.12
9.01 9.01 9.01 0.00 0.00
10.00 10.00 10.00 0.00 0.00
12.00 12.01 12.01 0.08 0.08
14.01 14.02 14.01 0.07 0.06
16.00 16.00 16.00 0.00 0.00
18.00 18.01 18.00 0.06 0.00
20.00 20.02 20.00 0.10 0.00
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34.00 34.01 34.00 0.03 0.00
36.00 36.02 36.00 0.06 0.00
38.01 38.01 38.00 0.00 0.03
40.00 40.01 40.01 0.02 0.02
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A3an 1 TN 2 3N 3 asan 4 AzaN 5 nay
1.00 1.01 1.00 1.01 1.00 1.00 1.00
2.00 2.00 2.00 2.01 2.02 2.00 2.01
3.00 3.00 3.02 3.00 3.00 3.01 3.01
4.00 4.02 4.00 4.00 4.02 4.00 4.01
5.00 5.00 5.00 5.00 4.98 5.00 5.00
6.00 6.00 6.02 6.00 6.00 6.02 6.01
7.00 7.00 7.02 7.00 7.00 7.01 7.01
8.00 8.00 8.00 8.01 8.01 8.02 8.01
9.00 9.00 9.02 9.01 9.00 9.00 9.01
10.00 10.02 10.02 10.00 10.00 10.00 10.01
11.00 11.02 11.00 11.00 11.02 11.04 11.02
12.00 12.02 12.00 12.00 11.98 12.00 12.00
13.00 13.02 13.02 13.00 13.00 13.00 13.01
14.00 14.00 14.04 13.98 13.98 14.00 14.00
15.00 15.04 15.02 15.04 14.98 15.00 15.02
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1.00 1.01 1.00 1.00 1.01 1.00 1.00
2.00 2.00 2.02 2.02 2.00 2.00 2.01
3.00 3.00 3.00 3.00 3.00 3.00 3.00
4.00 4.02 4.02 4.00 4.02 4.00 4.01
5.00 5.02 5.00 5.00 5.00 5.00 5.00
6.00 6.00 6.00 6.00 6.02 6.02 6.01
7.00 7.02 6.98 7.02 7.00 7.00 7.00
8.00 8.00 8.02 8.00 8.00 8.00 8.00
9.00 9.02 9.00 9.00 9.04 9.00 9.01
10.00 10.02 10.02 10.00 10.02 10.04 10.02
11.00 11.02 10.98 10.98 11.00 11.00 11.00
12.00 12.00 12.02 12.00 12.00 12.00 12.00
13.00 13.02 13.00 13.02 13.00 13.00 13.01
14.00 14.02 14.02 14.00 14.00 13.98 14.00
15.00 15.02 15.00 14.98 15.00 15.00 15.00
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7.00 7.00 7.01 7.00
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15.00 15.01 15.02 15.00
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1.00 1.00 1.00 0.00 0.00
2.01 2.01 2.01 0.00 0.00
3.00 3.01 3.00 0.33 0.00
4.00 4.01 4.01 0.25 0.25
5.00 5.00 5.00 0.00 0.00
6.01 6.01 6.01 0.00 0.00
7.00 7.01 7.00 0.14 0.00
8.00 8.01 8.00 0.12 0.00
9.00 9.01 9.01 0.11 0.11
10.01 10.01 10.02 0.00 0.10
11.00 11.02 11.00 0.18 0.00
12.00 12.00 12.00 0.00 0.00
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14.00 14.00 14.00 0.00 0.00
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asad 1 AN 2 A3IN 3 A397N 4 Asan 5 0y
1.00 1.01 1.00 1.00 1.01 1.00 1.00
2.00 2.01 2.00 2.01 2.00 2.01 2.01
3.00 3.00 3.00 3.00 3.01 3.00 3.00
4.00 4.00 4.01 4.02 4.01 4.01 4.01
5.00 5.00 5.02 5.00 5.00 5.02 5.01
6.00 6.01 6.01 6.01 6.00 6.00 6.01
7.00 6.98 7.00 7.00 7.00 7.00 7.00
8.00 8.02 8.00 8.00 7.98 8.02 8.00
9.00 9.02 9.00 9.00 9.02 9.00 9.01
10.00 10.02 10.00 10.02 10.02 10.02 10.02
11.00 11.00 11.00 11.00 11.00 11.00 11.00
12.00 12.02 12.02 12.00 12.00 12.00 12.01
13.00 13.02 13.00 13.00 13.02 13.00 13.01
14.00 13.98 13.98 14.00 14.00 14.00 13.99
15.00 15.00 15.00 15.02 15.00 15.00 15.00
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AYan 1 AFad 2 A¥N 3 A3ai 4 a¥ad 5 iy
1.00 1.00 1.00 1.00 1.00 1.01 1.00
2.00 2.00 2.00 2.02 2.02 2.00 2.01
3.00 3.00 3.01 3.00 3.00 3.02 3.01
4.00 4.01 4.02 4.00 4.00 4.02 4.01
5.00 5.00 5.00 5.00 5.00 5.02 5.00
6.00 6.00 6.02 6.02 6.00 6.00 6.01
7.00 6.98 6.98 7.00 7.00 7.00 6.99
8.00 8.00 7.98 8.00 8.02 8.00 8.00
9.00 9.00 9.00 9.00 9.02 9.00 9.00
10.00 10.02 10.02 10.04 10.00 10.00 10.02
11.00 11.02 10.98 11.00 11.00 11.00 11.00
12.00 12.00 12.00 12.00 12.00 12.00 12.00
13.00 13.02 13.02 13.00 13.00 13.00 13.01
14.00 14.00 14.02 14.00 14.00 14.00 14.00
15.00 15.02 15.02 15.00 15.00 14.98 15.00
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5.00 5.01 5.01 5.00
6.00 6.00 6.01 6.01
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11.00 11.01 11.00 11.00
12.00 12.01 12.01 12.00
13.00 13.00 13.01 13.01
14.00 14.00 13.99 14.00
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AN EDUCATIONAL OSCILLOSCOPE FOR PHYSICS EXPERIMENT IN SCHOOL

Terawat Khingthong* and Wichit Sirichote
Department of Physics, Faculty of Science, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520 Thailand
*E-mail : Terawat.k@gmail.com

ABSTRACT

An educational cheap oscilloscope designed for physics experiments in school has been developed. The
oscilloscope is used to display the electrical waveform produced by many sensors. The device is built with a 32-bit
microcontroller, STM32F107VBT6 and a 128x64 pixel LCD display. The firmware has been developed with ¢
language. The oscilloscope is capable of displaying two channels input voltage. The input range is +/-50V, 50 kHz
maximum frequency. The example of physics experiments i.e. 1) displaying the oscillation frequency of the tuning
forks and 2) displaying the alternating current waveform, are presented.

KEYWORDS: Oscilloscope, Microcontroller, Physics Experiments
1. INTRODUCTION

One of the generic instruments for physics laboratory is the oscilloscope. Oscilloscope is used for displaying
signal waveform, amplitude, frequency and, period [2]. The oscilloscope is commonly used in technical college and
university. However most of the schools may not have the oscilloscope because its cost is very expensive. Teaching
physics in the school may not provide the lab. Most of the physics class in school then teaches only theory and how to
find the solution by equations. Many researches suggest that meaningful learning is possible in laboratory activities if
all students are provided with opportunities to manipulate equipment and materials by themselves. To make the
equipment available for all students, a cheap instrument must be developed. We proposed a cheap educational
oscilloscope for school. This paper describes the complete design of hardware and software of the educational
oscilloscope. The circuit is built with a 32-bit ARM microcontroller with firmware developed in ¢ language. The
oscilloscope can be used to display two channels input voltage with maximum range of +/-50V, 50 kHz. Two
experiments i.e., 1) displaying the oscillation frequency of the tuning forks and 2) displaying the alternating current
waveform are demonstrated.

2. TYPE OF THE OSCILLOSCOPE

2.1 Analog Oscilloscope

Analog Oscilloscope uses CRT (Cathode Ray Tube) for displaying signal waveform. In [1], The CRT is
divided into 3 parts i.e., electron gun, horizontal and vertical deflection controller and screen coating phosphorus
compound. Horizontal and vertical deflection controller is generated by high differential Voltage. Therefore, Horizontal
and vertical controller deflect the path of electron beam. Signal amplitude is controlled by vertical deflection whereas
the time is controlled by horizontal deflection. When the phosphorus screen is shot by electron beam, we will see dot
light on screen by fluorescent effect. The analog oscilloscope is now replaced by the digital oscilloscope because of the
cheaper display technology and a cheap control circuitry.

2.2 Digital Oscilloscope

Digital oscilloscope uses Graphic LCD screen for displaying signal waveform. The main function is data
conversion, digital oscilloscope using data conversion from analog signal to digital. Analog signal measurement is
digitalized by hi-speed ADC (analog to digital conversion). The ADC is fabricated with microcontroller. When the
digitalized data is displayed on Graphic LCD screen by microcontroller, the microcontroller controls horizontal
scanning circuit and the appropriate magnitude signal data. The digital oscilloscope is shown in figure 2.

Figure 1: Analog oscilloscope Figure 2: Digital oscilloscope

532



International Conference on Sciences and Social Sciences 2013: Research and Development for Sustainable Life Quality
July 18-19, 2013 at Rajabhat Maha Sarakham University

o83 o ok ok ok sk ok ok sk ok ok ook ok sk ook s sk skoR ok ok ok ok ok ok ok ok ok sk ok o ok ok sk ok sk okook stk sk ok e sk ok o o sk sk sk sk ko sk o ok ok sk ok ok sk ok sk ok sk ok sk sk ook sk o ok ok ok ok ok ok ok ok ook ok Rk ok kokok sk ok

3. EDUCATIONAL OSCILLOSCOPE

The simplified block diagram of the educational oscilloscope is shown in Figure 3. The main circuits are
1) signal conditioning, 2) Microcontroller and 3) 128x64 pixel graphics LCD. The signal conditioning provides two
channels input and adjusts the input signal levels for the analog to digital converter circuit of the microcontroller. The
microcontroller has a built in high speed analog to digital converter. The firmware in microcontroller provides control
algorithm for capturing the analog signal and displaying the waveform on the LCD display.

CHI o&—»| :> /\/\
Amplitude v
Signal Data i
Signal WA i -

Lt Hicro
Cm\cd::::‘::ng Data A controller
Time Base, Amplitude

A A
\-—t [—y/ ¥ and ModeSelect

Battery and Power
supply

CH2 &—»

Figure 3: Simplified block diagram

3.1 Microcontroller circuit

The microcontroller circuit is shown in Figure 4. The chip is a 32-bit ARM based microcontroller,
STM32F107VBT6 (Ul), 100 pins TQFP package. The chip runs with internal phase locked loop to provide 72MHz
oscillator. Analog input ports for Chl and Ch2 are PC3 and PC4. PE0-PE14 drives the Graphic LCD. The function
switches are port PCO-PC5 and PB7-PB15. Serial port PA8 and PA9 is for program downloading. The MCU circuit is
powered with +3.3V power supply.

P
|
1T
b
i——
-

Figure 4: Microcontroller Circuit STM32F107VBT6

3.2 Signal Conditioning

The signal conditioning circuit is built with a non-inverting amplifier, TLC2272 rail-to-rail operational
amplifier. The input signal, CH1 and CH2 are attenuated from +50V to +3.3V. The offset value is +3.3V providing the
shifting level from negative input voltage to the positive l%‘éejl The outputs of the amplifier are tied to the MCU’s ADC
Chl and Ch2 directly.
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Figure 5: Signal Conditioning Circuit

3.3 Analog to digital conversion

The microcontroller has a built-in analog-to-digital converter (ADC) module. The ADC input is PC3 and PC4.
The high speed ADC mode can be programmed by setting the ADC control register (ADC_CRx).

3.4 Graphic LCD display

The graphic LCD is interfaced to the MCU by port PEO-PE15. The control method is parallel interfacing. R16
is for contrast adjustment. The LCD display is supplied with +5V power pin. However, the MCU circuit is supplied
with +3.3V pin. To interface from +3.3V logic to +5V logic we thus need Q1 to provide reset signal. R19 is for back
light current limiting.
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Figure 7: Funct®iflswitches circuit
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3.5 Function switches
The function switches are connected to the input port of the microcontroller directly. The function switches is
used to set the mode, magnitude scale, time base scale.

3.6 Power supply circuit
The circuit requires three voltages power supply ie., +3.3V, +5V and -5V. Figure 8 shows the voltage
regulator for MCU, +3.3V. The voltage regulator chip is MCP1702-3302, linear voltage regulator.

Figure 8: +3.3V Power supply

The Graphic LCD display and signal conditioning circuit are supplied with +5.0V from U3, LM2940S-
5.0/NOPB, Linear voltage regulator. The signal conditioning circuit also requires -5V power supply. The negative
voltage is converted from +5V supply by using the switch capacitor IC, ICL7660.

i R =
! : —
T [ WT I IT & ? i
_l: hr—ay
Figure 9: +5.0V power supply Figure 10: -5.0V power supply

4. FIRMWARE DESCRIPTION

4.1 State diagram

The state diagram is shown in Figure 11. When the probe is connected with signal source, the probe measures
analog signal. Analog signal is digitalized by ADC module. The digitalized data is saved to the buffer memory
(Figurel2). The receiving buffer will capture input data for 100 pointes. Then, the digitized data is sent to the
computing task and the buffer is cleared to zero. The computing task will process the digital data. When Data
processing is completed, data will be sent to sending task. The sending task transfers data to display on the graphic
LCD screen. The receiving task runs continuously. The computing and sending task are waiting data from receiving
task.

START

ol buffer] [ffw] = ADC_GetConversionValue(ADC1);

ffw-H—;
if(ffw==99)

buffer=0

firr=1; // Display Value
H
if{ ffw==100)

{
ffw=0; //Clear Buffer
}

fivio

Display
GLCD

Figure 11: State diagram of the firmware 535 Figure 12: receiving task source code
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5. PROTOTYPE

The prototype of the educational oscilloscope is shown in Figure 13. The price of educational oscilloscope is
2,000 Baht and the specification of an educational oscilloscope is shown in Tablel.

Number of input 2 Channel
Maximum Bandwidth Frequency | 50KHz
Maximum Input Voltage +50V
Sampling rate 1 MS/s
Display Graphic LCD
Screen(128x64)
Figure 13: Prototype of Educational Oscilloscope Table 1: Specification

6. USING THE OSCILLOSCOPE FOR PHYSICS EXPERIMENT

6.1 Oscillation of Tuning fork
A Tuning fork is a device for generating single frequency. The fork resonates at a specific constant pitch when
set vibrating by striking it against a surface or with an object. The Students will study in signal oscillator and frequency

waveform.

TUNING ’ .__.__J‘\ = —§l'_n,Ta’I\ Educational
FORK >> Microphone | Signal Amphfier Datn A Osclloscope

Figure 14A: Tuning fork Figure 14B: Experimental setup for tuning fork

The experimental setup is shown in Figure 14B. The input sensor is microphone with pre-amplifier. The result of
waveform is shown in Figure 15. The tuning fork concert pitch is 256 Hz. The waveform was sinusoidal and the
measured frequency was 250 Hz.

sf
i
;

Figure 15: The oscillation waveform of the 256Hz tuning fork

6.2 Alternating current waveform
This experiment shows the alternating current waveform produced by half-wave and full-wave rectifier

circuits. Diode is a semiconductor device that allows current to flow through it in only one direction. A diode is used in
half wave rectifier circuit. Figure 16 shows the test circuit using step down transformer and single diode. The signal
waveform is shown in Figure 17. 536
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Figure 16: Half wave rectifier circuit Figure 17: The signal waveform of half wave rectifier

Test circuit for full-wave rectifier is shown in Figure 18. The full wave rectifier uses bridge diode for arranging AC
signal to DC signal. The signal waveform is shown in Figure 19.

Figurel8: Full wave rectifier circuit Figurel9: The signal waveform of full wave rectifier

In this experiment, students will study the alternating current signal waveform and amplitude. Therefore, the test result
is shown in Figure 20.

Figure 20: Left) the signal waveform of half wave rectifier
Right) the signal waveform of full wave rectifier

7. CONCLUSIONS
The cheap educational oscilloscope has been developed using the 32-bit ARM based microcontroller. The

oscilloscope can be used for many physics experiment in school. The signal waveform from many sensors can be
displayed. Students will get more understanding the physical properties of the oscillation of many devices.
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