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Lab Name: Opamplntegrator Opamplntegrator

THEORY
Overview

Key concepts:

> An opamp is a high-gain differential amplifier with very high input impedance.

=> OPAMP integrator circuit produces output proportional to integral of its input.

Integrator

TBS2000B o] I i {EH -5 %] TekSmartLab R4, HES
zZE, BENMRAFTSE/LTRR, 3o & H SRR
B, LBEWFMT DN RTIESEEENFAENHEE,
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BUEAFFEENBRETR I TEIRES. TekBench™ 22— PC £, AREHRRTEBNERSR
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BTN E . E{ES HEREAER, BB T BIMNIRT(E)
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BRI

BrAITIEAS, PIERABIESREARENEE. BATERAN, MERAIBHERTHERS,

B Sk
Eile= TBS20728 TBS20748 TBS21028B TBS2104B TBS2202B TBS2204B
HEHEE 2 4 2 4 2 4
il 70 MHz 70 MHz 100 MHz 100 MHz 200 MHz 200 MHz
RARHER 2GS/s - ¥iEiE 2GS/s- ¥iEiE 2GS/s- ¥iEiE 2GS/s- ¥iEiE 2GS/s- ¥iEiE 2GS/s - Fi@iE
1GS/s-£1EiE 1GS/s-£1EiE 1GS/s- £l 1GS/s- £EiE 1GS/s- 2B 1GS/s - 2iBiE
TRKE 5M & 5M & 5M & 5M & 5M & 5M &
EEHRGEINEE
Hardware bandwidth limits 20 MHz
BWARE DC 5 AC
BABEH 1MQ %1%, 13pF+15pF
WARBUESEE 2mV/div 5 V/div
FEESPE 8 fi

RARABE, 1MQ

REELX
R

300 VRMS, Z#E%3)

RERHE,

; I < 2450V

@R
¥4
ASHE
o)

Math modes

All units:

4 channel units:

EMAERMERET, #HR&EE 35ns MER,

FiEE 2 ~ 512 Nk

B— I REEBHZNREFHE —NEE RO

ERE ENERLORNER, AfEEENFSET 40 ms/dive

Ch1-Ch2
Ch2-Ch1
Ch1+Ch2
Ch1XCh2

FFT
Ch3-Ch4

Ch3+Ch4
Ch4-Ch3

Ch3XCh4
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HFFE TR =

BHRZSERLEE
DC 51 +(1mV +0.1 div)
DC s iEE + 2% 5 V/div through 5 mV/div
+ 3% typical 2 mV/div
DC HENEREFIIER
15 16 NEF +((DC Gain Accuracy) X Ireading — (offset — position)l + Offset Accuracy + 0.11 div + 1 mV)
EFYRBHERREBRE +(DC MR X 4 +0.08 div + 1.4mV)
MRREMREN =161
ERR, EERBAEYZE
FEESEE
FEEVESTEE +5 1%
EHERETEE Volts/Div % & 1MQ, A
2mV/Div ~ 200 mV/Div +800mV
202 mVJdiv ~ 5 V/div +20V
HWER, ERmE
200 MHz 4 & : DC ~ >200 MHz
100 MHz &5 DC ~ =100 MHz
70 MHz B 5:; DC ~ =70 MHz

HAEHIHIEL(CMRR), BEME 60 Hz B 100:1, 50 MHz XA FREZ] 10:1, E&BiE E Volts/div M35 1X BHE%,

BEEREE TBS2072B, TBS2074B TBS21028, TBS2104B TBS2202B, TBS2204B

=100:1, <70MHz i <100 MHz B =100:1 =100:1 @ <200 MHz

KR GEIEE
ERSRERTHRARASFE Sms

S 1) (PR HBIE)
RHESERE TBS220x:1 ns/A& E 100 #/4%
TBS207x, TBS210x: 2 ns/#& & 100 Fh/4%
MNEREER -15 4% ~ 5000 s
M TR IESEE +100 ns
NERE +25 ppm, ZE{Ef =1ms [@fFLE
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LY AN
bR ER Bahfiik, EBfL, BXAE
il & B 20ns~8s
Trigger types
Edge Positive or negative slope on any channel. Coupling includes DC, HF reject, LF reject, and noise reject.
Pulse width Trigger on width of positive or negative pulses that are >, <, =, or # a specified period of time.
Runt Trigger on a pulse that crosses one threshold but fails to cross a second threshold before crossing the

first again.

Trigger coupling analog
channels

Sensitivity, edge-type trigger,
DC coupled

DC, Noise Reject, High Freq Reject, Low Freq Reject.

Trigger Source Sensitivity

Analog inputs 0.4 division from DC to 50 MHz

0.6 divisions >50 MHz to 100 MHz

0.8 divisions >100 MHz to 200 MHz

Analog inputs 0.4 division from DC to 50 MHz

0.6 divisions >50 MHz to 100 MHz

Trigger level ranges

Input channels: + 4.90 divisions from center screen

HiRTF i
EHRUERFRER B, S2EME

BIERRE. RENEE. RENREREOLE N ERS.

KR R

TRERAE. B, B, 8. 2. PEEEE,

BNE

il

). MR,

R2W, —RELZUTNERELETHD 6T, WESHE : B, MK, LiaE, THEMRE, E&=t,
bk, ERKE, fAKEE, RATE, MAAL, Ed, fudd, EEE B, 5, K &KE &
IME, HiEE, BEAREE, RMS, EEIRMS, ERORER, flloh#, tFORE, TREOAE, ®R, A
HAEFR, TR FR, iR FF, iR FRFIER RR,

RERXRENTEXENRGEM, FAFE. ARPARZESIBMERKETRSVELIRE.
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BB FIZE

R . ERIER

FFT IR, 30 FFT EEAREIRE A4 M RVS 5 dBV RMS, 1 FFT & 0% & A% . Hamming. Hanning

5y Blackman—-Harris,

RIS HI R

I 5T AEMTT ] PUBRKENEERE. MARENE, o MILEEMBERETE U EZ4,
BREERGE

BrsREE 9 I~F(228 mm)E R SR TFT ¥ & Bt

BIRBEOPE JKIE 800 x EH 480 B REE(WVGA),

ERHR RE. TEREEMLEEKEE.

%’% M*ﬁy ?EO

#BR YT F1 XY,
EWN/HHiwO

USB 2.0 5# £ #iwH * 3 USB B EFMEIEE. Wi-Fi iiZ¥, sIEERE—.

USB 2.0 ik &ixw D

wERA JEEMRIEESE T BT USBTMC 5 GPIB & TEK-USB-488 5irikss @S o4~k 58,

FAR USB-WIFI finz¥

LAN O (AAKR)

NETGEAR WNA1000M, WNA3100M, D-LINK DWA-131, TP-LINK TL-WN823N

RJ-45 &E#R8, *FF 10/100BASE-T,

RILMERE

TR 5V

S 1 kHz
Kensington =% EERZEHEEEZERIRE Kensington 81 F.

iR
HRHEE 100 ~ 240 Ve RMS +10%
BRI 47 Hz ~ 63 Hz (100 ~ 240 V)
360 Hz ~ 440 Hz (100 ~ 132 V)

Th#E A 80W
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EMC, INEFIZ £

=]

PIERHF =
Dimensions
TBS2xx2: Height: 174.9 mm (6.89 in)
Width: 372.4 mm (14.66 in)
Depth: 103.3 mm (4.07 in)
TBS2xx4: Height: 201.5mm (7.93in)
Width: 412.8 mm (16.25 in)
Depth: 128.1 mm (5.04 in)
Weight
TBS2xx2: 2.62 kg (5.8 Ibs.), standalone instrument.
5.1kg (11.2 Ibs.), when packaged for domestic shipment.
TBS2xx4: 4.17 kg (9.2 Ibs.), stand—alone instrument.
7 kg (15.4 Ibs.), when packaged for domestic shipment.
RANERR 8% 22 MIFZE K 50 mm (2 %),

RE
TR : 0°C ~ +50 °C (+32 °F ~ 122 °F)
R IIER : —40°C ~ +71°C (=40 °F ~ 160 °F)
BE
T1ERT : 5% ~ 95% FAXE E (% RH), +30°C YT
5% ~ 60% HHXIEE, +30°C ~ +50° C A
TR B
sk ITERT : 5% ~ 95% RH (BXHE &), +30°C X Th
5% ~ 60% HHXTIEE, +30°C ~ +60° C Af
TR B
BE
TERT - &5 3,000 K(9,842 #ER),
RIIERS : &5 12,000 %K(39,370 &),
BREBENRFIRNZNESHEREE TN LCD BT, XMRRERETL:,
ER
H#RAMN EC ZR%%5% 2014/30/EU
o UL61010-1, UL61010-2-030, CAN/CSA-C22.2 No. 61010.1, CAN/CSA-C22.2 No. 61010-2:030; i#

B mRERERS 2014/35/EU
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BFFE TR ==

TER

s
P Bt i)
TBS20728 T0MHz 153, 2 GS/s RHE, 2 BEHFHE RS 6 M RICFKE, 5 FRIE. RAEREILR,
TBS2074B T0MHz 1535, 2 GS/s RHE, 4 BERFHETER, 6 M SILRKE, 5 FRIE, RAERELH,
TBS21028 100 MHz %35, 2 GS/s K%, 2 BERFHFERER, 5 M RILFEKE, 6 FRIE. BERAILER,
TBS21048 100 MHz 7535, 2 GS/s K%, 4 BEHFFHETRR, 5 M RICEKE, 5 FRE. REREILER,
TBS2202B8 200 MHz 38, 2 GS/s RHE, 2 BEHFHFHETER 5M RIERKE, 5 £RE. REREILER,
TBS2204B 200 MHz #3, 2 GS/s RHE, 4 BEHFHFHERER, 5 M RITRKE, 5 FRE. RAETFEESR,
BRI RET
B KR
SUP2-BW7T102 7 2 BiE TBS2000B R I7RiK# LM 70 MHz FHRE] 100 MHz
SUP2-BW7T104 7£ 4 318 TBS2000B F57RA LM 70 MHz F+4 2] 100 MHz
SUP2-BW7T202 7£ 2 %38 TBS2000B F517RHi#8 LM 70 MHz F+4 %) 200 MHz
SUP2-BW7T204 7£ 4 1818 TBS2000B FF7RikA LM 70 MHz FHRE] 200 MHz
SUP2-BW10T202 7£ 2 118 TBS2000B F 5 Riiak LA 100 MHz #4k%] 200 MHz
SUP2-BW10T204 7£ 4 338 TBS2000B F5Riia8 LA 100 MHz F4&E] 200 MHz
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RARZER

FREC B
SN TPP0200 200 MHz, 10x FiEHRk (B&1EHBE—R) 200 MHz 25
TPP0100 100 MHz, 10x iRk (B EHIEIE—R) 70 MHz #1 100 MHz #15
iipts 071-3635-xx SRR
077-1149-xx BRFRFM, 24 hitp://www.tek.com
- BIR%
- RIS, EXEEERITEFSH IS09001 REARINEAHREY
®rE AERE, SERBEHREMATL, ~EHERL.
7= B4

3

~

FeiRfit 100 ZMARMERL, TRUREENEMEAT R, NFRRENTRRLNZTRESR, &

1518] www.tektronix.com/probes,

P5100A 25KV, 500 MHz, 100X & &Rk
TDP0500 BH +42V EZHBABER 500 MHz TekVPI © 2438 [£3R 3L
THDP0200 +1.5kV 200 MHz BEZ 2Rk
THDPO100 +6 kV 100 MHz B & Z MRk
TAP1500 1.5 GHz TekVPI ® iR E4R L
TCP0020 50 MHz TekVPI ® 20 A AC/DC H 3345 3k
TCP0OO30A 120 MHz TekVPI ® 30 A AC/DC B3k #R 3k
TCP0150 20 MHz TekVPI ® 150 A AC/DC 35173k
TCP2020 50 MHz BNC 20 A AC/DC H 353k
P5202A 100 MHz, 640V BEZDFk
P5205A 100 MHz, 1.3kV BEZH R
P5210A 50 MHz, 5.6 kV B EZESEL
ioRcs
ACD2000 WEETHE, AT TBS2000B 2 BiE (s
ACD4000B B, AT TBS2000B 4 #@iE (L85
TPA-BNC TekVPI®%| Tek #R3£® BNC #43k
TEK-DPG TekVPIORS R IE B & 4 8815 SR
067-1686-XX M EREREMBALR
TEK-USB-488 GPIB 2| USB #1:3k
TEK-USB-WIFI USB Wi-Fi?hn#%, {Xi& AT TBS2000B & 57wk &
RMB2020 TBS2072B. TBS2102B #1 TBS2202B #| 422 s & 14
RMB2040 TBS2074B. TBS2104B # TBS2204B #l 2 L £ 1

2 ZIMEHE CE. FCCHIC %M. EBRATRAFE. meEx. $E. REX. HEZMEE. SHMORAHWI-F#FEL, S0 “GARRRA" SREES “RAEN
USB-WIFI fnz3”
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(V&= pvid

U ERIE MG

2-WIFI

P iR 1 Sk 1 T

EI A0
IR A1
I A2
I A3
I A4
I A5
I A6
I A10
I A1
I A12
BT A99

IR E1

IR L2
EH L3
W L4
EI LS
B L7
EILS
#I L9
I L10
LT L99

USB Wi-Fi iz, {Ni&FF TBS2000B F %k #%

JesEEEREL (115V, 60Hz)
RO IB AEIERSL (220V, 50 Hz)
EKEBEFEFL (240V, 50Hz)
AR IR (240V, 50 Hz)
JexsBIR#HEL (240V, 50Hz)
Wt EIREL (220V, 50Hz)
BZAHEEEL (100V. 50/60 Hz)
Hh e R % (50 Hz)
ENEEER R SK (50 Hz)

E A R4k (60 Hz)

TR

FECF M
EIEF
BAFEFM
BT
EPESFE T
BiEF i

T i SCF A
FAR T
EHiEF M
HIEF M
TTF

EEEM AN MEES RANBIEERE .

R BN
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BARZER

eVl
C3 &4 SERERS . BRUTHRRESANNINGERE, BTIEERE, SRERREMNIMERAERS
I C5 5 ERERS . SRTHERESERNIIGERYE, BTIEERE, SRERREMITERAERS
IR D1 RARIERS
%35 D3 3 FRUERIRIR H (B RIET C3)o
I D5 5 FROEBIRIR S (B KREM C5)o
HEI T3 ZFEEERPIR, SRAEHER, SER. ZIMRIA. ESD 5 EOS R4, 8155 REH%LN
B R AR B R A,
IR T5 LTEEARPIR, BREABHER, SER. ZIMUA. ESD 5 EOS R4, 8155 REH%N

B R AR PR Ao
TESRRETRS A EIERAMM 4, BERASHRAMMAMNAES, 7THSBNRENMBUELER.

C€

e SRI RERFIAMENAGFETAY 1ISO 9001 #11SO 14001 REIAIE,

GPIB 7= B4 |EEE #REC 488.1-1987. RS-232-C R HEFARECHLEFMAE
IEEE-488

ERIHEA M . B FNRAMNENROML . RH/FRIGE.

RERARIFET (65) 6356 3900 SBAFITF 00800 2255 4835* BRF. MeFl. gEnEtEREtESRAR +41 526753777
beFIBY 00800 2255 4835* EEg +55 (11) 3759 7627 HNEEA 1800 8339200

th BRI B B9 +41 526753777 ThERFIF R +41 526753777 F3 +45 80 88 1401

2L 14152 6753777 5%E 00800 2255 4835* #8/ 00800 2255 4835*

Z# 400820 5835 ENEE 000 800 650 1835 FEAF 00800 2255 4835

Bk 81(3) 67143086 SRS +4152 6753777 BEEE., hEgRMFINLILLE 52 (55) 56 04 50 90
iR, TMFILIE +41526753777 #2£ 00800 2255 4835* #EE 800 16098

thtk A R3EFIE 400 820 5835 B +4152 6753777 #EF 8008 12370

B +822-6917-5084, 822-6917-5080 HBETHMBLE +7 (495) 6647564 B3k +4152 6753777

FPEF 00800 2255 4835 gL 00800 2255 4835* 4 00800 2255 4835*

&3 886 (2) 2656 6688 FEEFIE /R25 00800 2255 4835* M 1800 8339200

* BN R EIEST, MRITAE, 15KIT +41526753777
TRREEER . Tektronix B HAEPE—TARBMEABURH. HAENNEBITEMRNMIRE, BRSTHEMSERIFOAE, BHIRMBREMRGHRAER, g5 cn.tek.com,
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