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Abstract

Development of a microwave heating system is reported in this thesis which has been
developed to be a computer controlling system. This system consists of a magnetron, which
generates the microwave power at 2450 MHz, an applicator a temperature measurement system
and computer. From experiments,it is found that an output power of a magnetron can be varied by
varying the high voltage supplied to the magnetron which has beginning voltage at 145 Volt and
the range of voltage is 125-160 Volt. A tiny four-point thermocouple is calibrated to yield the

precise temperature control by computer.
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quual CH 1 CH2 CH 3 CH 4
20 54 55 59 55
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35 101+ 104 107 104
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50 137 141 145 141
55 150 154 157 154
60 167 171 174 172
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CHANNEL 1
gungiiads ( °c) qumiiii I nndau wefiFudmanufianma

(°c) . (%)
39 38.42 1.4871
40 39.55 1.1250
41 , 40.67 0.8048
42 ' 41.43 1.3570
43 42.92 0.1860
44 43.68 0.7272
45 4480 0.4440
46 : 46.30 0.6521
47 46.67 0.7021
48 47.80 0.4166
49 48.93 0.1428
50 50.80 1.600
51 51.18 0.0918




CHANNEL 2
guunqiinga ( °0) ungiifi Idnnduau nlefiFudmnnuRanain
(°C) (%)
39 38.48 13330
40 39.57 1.0750
41 40.30 1.7070
42 41.75 0.5950
43 42.84 0.3720
44 43.93 0.1590
45 45.02 0.0440
46 4538 13478
47 46.83 0.3610
48 4756 0.9160
49 4937 0.7550
50 50.46 0.9200
51 51.19 0.0969
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CHANNEL 3
gungiieda ( °c) gumgiii Iondman nefiFuamanuAanma

(°c) (%)
39 38.27 1.8710
40 39.00 2.5000
41 40.45 1.3400
42 41.54 1.0900
43 42.63 0.8600
44 4372 0.6360
45 44.44 1.2440
46 45.53 1.0210
47 46.62 0.8080
48 48.07 0.1458
49 48.80 0.4080
50 49.89 0.2200
s1 50.61 0.7640
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gungiisd ( °c) aunifldnndnnu nlefidudmnanuiianana

(°0) (%)
39 38.59 1.0500
40 39.67 0.8250
41 4039 1.4800
42 41.83 0.4040
43 43.72 0.6270
44 4435 0.7950
45 45.07 0.1550
46 46.51 1.1080
47 47.23 0.4890
48 4795 0.1040
49 4939 0.7950
50 50.47 0.9400
51 51.19 0.3700
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¥ Voltage TUMIAIUAY 125 V -160 V  Voltage 1Fudu 135 V

sanmslnaveath 00 connft gumafvenhiilnadoud 13 ssmuaidon

»
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guugiivenihit lvafousen 15 esmuwaifve
quHliTudUYed Phantom 26 eeruamiBacamgives)

amparature(C) GRAPH FILE NAME : 135C.DAT CHannal 1 CHannal

60.00 q i CHannal 3 CHannal

32.00

2

q

28
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N
80
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TIMEC(MIN)
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¥ Voltage TUNMIIAIUAY 125 V -160 V. Voltage 13y 150 V
y y
v -~ d
danmluavenh 500 ccoudl  qunafivoahitluadeowdh 12 sruwaidus

v
- d
gungiivenhi lnadousen 13 esrruvaifen
QuUNAIITUAUYEY Phantom 37 eerumIBsaQUMYTTNNY)

enperaturecC) ‘GHQPH FILE NAME : 1S0OFF.DAT CHannal A CHannal 2
60.00 ¢ CHannal 3 CHannal 4
43.00 ¢

0 a S 9 @ © © o @ o -+
1 4q 7 10 13 16 19 22 25 28

TIMEC(MIN)
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42 Voltage TUMIAAY 125 V -165 V  Voltage 15udu 145 V
v H Y - P a Y a
sanimylnavead 500 coundt  gamafveuhn luadowdr 12 sdnugaIBYN

- ’4 @ |
gaungivenhiilnadeusen 13 eswusaifen

qan)TiFuAUYY Phantom 37 BIRUFAITUR(QUUYTTIIMY)

TenperatLAre <C> GRAPH FILE NAME : 145BB.DAT CHannal 1 CHannal 2
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1
43.00
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gamgivenhiluadousen 135 ssmmaifun

qunqiTuAUYDS Phantom 37 SIMUTRFTR(QUUYTTINY)
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%724 Voltage 1MMIAIUAY 125 V -160 V  Voltage Fudu 145 v
asmsInavesh 1250 connd qmnnﬁumﬂ'ﬁ’lum‘iuuu’lﬁ 12 sauraIBYn
qmnqﬁumﬂ'ﬁ'lmﬁuuaan 13.5  earusaBoN

a4 ii3uAUYeS Phantom 37 parradusQuUglTIINLY)

[ @ = .
P& r‘atl}l:‘ ra(C) GRAPH FILE NAME :! 145FF .DAT CHannal 1 CHannal 2
. [}
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%29 Voltage TUMINILAY 125 V -160 V  Voltage 1TuAY 145 V
y 1 4
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pasimylnaveath 1250 connft  gunadvsuhitlnafeoudr 86 samiwniBun
- s 4 4 J
gungiveahitlvadousen 9.6 samuwsnidon
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m:muﬁmmmﬂuwufs:mwnmnuqmunwm Phantom ‘nmnﬁumnnﬂﬂzﬂn 7.6

a1 (Ui qaungil CH 1 goIngil CH 2 gaingil CH 3 gounqll CH 4
0 35.40 42.00 37.00 32.40
50 35.13 42.80 38.14 32.24
100 33.77 42,01 38.50 32.77
150 35.43 43.00 38.93 34.00
200 36.36 44.65 39.14 34.96
250 36.76 45.54 41.04 36.02
300 37.70 47.74 42.09 38.20
350 38.15 47.30 42.87 36.70
400 38.19 48,11 43.26 38.96

450 37.85 471.77 4330 37.40
500 38.70 48.07 44.64 39.50
550 36.33 46.93 43.00 37.28
600 35.80 46.66 43.00 37.00
650 36.49 46.35 43.75 38.44
700 35.67 46.18 43.00 37.32
750 35.43 45.84 43.07 37.48
800 “35.32 45.84 43.16 38.36
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defudsenauaz s maas suaail

tutlszney 4¥es Phantom 1 litter

1) Distilled water 956.6 cc.
2) Agar Powder 400 gm.
3) NaCl 24 gm.
4) NaN, 1.0 gm.
Fumeummh

v [
1) Aunhndu (Distilled water) luilgaingiigadis 70°C - 80°C ududu Naci auldazaio
Fnurgamail ey lusas 70°c - 80°c
1 4

- as L A
2) 1Ay NaN, ol auldazais Snuigaingiildaen
3) ABY AN Agar powder flazlotq srTischidduilufou uinifares nielud auld
ATAWARBAIIN

- 1 ]
4) wunhfldmraza1onTy 1 liter
5) tuganglvesmsazainldeuis 95°¢ (sxfeadr i Ind)

| ' N ; i

6) Manuazamawusiszmmsazawld IWazemdwhndumdunaumsazaronld

v
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» Selecithe prop;er calibration kit. Hf the connector type or cal kit name shown in the CALKIT sofikey label
is not the same as the calibration kit 1o be used, refer to Select Cal Kit Menu.

- Press [CAUBRATE MENU FUIL2-PORT REFLECTN.

« Conrnect an qpen circuit to port 1.

« When the trace seftles, press (S11) OPEN . The open circuil dafa is mezsured, and the scftkey label
[OPEN] is underlined.

« Disconnect the open, and connect & shorl circuit 1o port 1.

- When the trace sefties, press (S11) SHORT-. The shor circuit data is measured and the soitkey label
'SHORT. is underlined. _ ] | _

« Disconnect the shor, and connect an impedance-matched load (see NOTE above) ai port 1.

- Press (S11) [[0ADS . The loads menu is displayed. When the tace seftles, press the softkey come-
sponding 1o the [oad used. If a sliding foad is used, the sliding load menu is displayed. Position the
slide and press . SLIDEIS SET”. The sliding foad must be set and measured five times before
SUIDING LOAD DONE ” s pressed. Otherwise, the message "CAUTION: MORE SUDES NEEDED" is

displayed.

 When all the appropriate I6ad measurements .are complate, press ;DONELOADS ., The load data is
measured, and the [LOADS sofikey label is underlined.

+ Repeat the open-short-load measurements described above, connecling the devices in tum to pon 2
and using the (S22) sofikeys.

sage "CAUTION ADDmONAL STANDARDS NEEDED" is displayed.)

- The reflection calibration coefficients are computed and stored. The two-port cal menu is displayed,
with the BEFLECTN sofikey underlined. B :

e s T

........................

- Make a thrus connection between port 1 and port 2 (connect together the points at which the test device
will be connecled).

+ Press DO BOTH FWD & REV". When both are compleléd {he measirement has been made. The soft-
keys for the individual classes are underiined.

« Press TRANS:DONE , The tansmission coefficients are computed and stored. The two-port cal menu is
displayed, with the ,TRANSMISSION  sottkey underlined.

» Disconnect the thru, ) ) .

« If correction for isolation is not required, press 1SOLATION OMIT ISOLATION ISOLATION DONE.

6-28 Measurement Calibration HP 8719C/8720C/8722A



. Connecl impedance-maiched loads 1o port 1 and port 2 (roadband or lowband loads are sufficient).

the sofikeys will be underlined.

« Press iSOLATION DOKE . The isolation eor coefiicients are slored. The two-port cal menu is displayed,

‘with the 3304/ N' softkey underlined.

- Press (%3] 'AVERAGING DFF.

. Press HESUME AL SEQUENCE.

. Piess DONE 2-PORT CaL”. (I you press "BONE, without measuring ali the required standards, the mes-
sage -CAUTION: ADDITIONAL STANDARDS NEEDED" will be displayed.) The calibration coetficiernts
are computed and stored. A comeciec tace is displayed, and the notation “C2" al the lefl of the screen
indicates that two-port enor comrection is on.

The save menu is displayed. (It is recommended that calibration data be saved, either in intemal nonvola-
tile memory or on an exiemal disk. Refer {0 Chapler 11, Saving Instrurment States, for more information.)

* For maximum dynamic range use an averaging faclor of 32.

« This completes the full. two-port calibation procedure. Now the fest device can be connecied. Press
the (Bas) key 1o measure all four S-parameters.

TRL*/LRM* 2-Port Calibration

This procedure uses the menu sequence illustrated in Figure 6-17 1o perform complete vecior enor cor-
rection for measurement of all four S-pa:ameters of a microstrip package in a fixture. Coaxial TRL*/LRM*

measurements are not recornmended.:

To maximize the lifetime of the electro-mechanical transfer swilch in the network analyzer, switching oc-
curs only once in a measurement sequence using tull two-port error conection. On the first sweep, all
four S-parameters are measured. On subsequent sweeps, the assumption is made that the reverse pa-
rameters have not changed, and only the forward parameters are measured. Nt is possible 1o ovenide
this protection feature for applications where the data changes significantly with time, for example with
tuning or drift. To perform an overide, use MEASURE RESTART in the S-parameter menu (see Chapter
5). Altematively, for repeated update of ali four S-parameters, set an appropriate number of groups using
the trigger menu (see Chapter 4.) ) ’

isolation calibration can be omitted for most measurements, except where wide dynamic range Is a con-
sideration. Refer 10 the explanation under Key.

HP 8719C/8720C/8722A Measurement Calibration 6-29
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LM741/LM741A/LM741C/LM741E Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ors which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many features which make their appli-
cation nearly foolproof: overload protection on the input and

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperature range, in-
stead of —55°C to +125°C.

Schematic and Connection Diagrams (rop views)

° - - o~V
08 a9 Q12 Qi3
) - Q4
3 2 INVERTING L
NON=INYERTING
Qf Q2 < RS
weut weeut 3 39k AN
L R? Q15 ]
ﬁ- o Lo 4sK t
Q3 30pF] R R9
A o 75K 3 25k
J'A'A W
p [
s - OUTPUT
}\A < R10
<
< sox
i Q17
Q10
ot Q22 Jl‘;ozo
OFFSET NULL
R4 S R12 S Rit
5K 2 50k $ sok
Ly
TL/H/9341-1
Metal Can Package Dual-In-Line or 8.0. Package
Ne Ay
) OFFSET NutL—{1 sb-nc
ofFseT NULL (1) (v
INVERTING INPUT —~§ 2 v
INVERTING INPUT(2) ’ (6) ouTPUT
NON=INVERTING —{ 3 & - OUTPUT
NON-INVERTING INPUT (3) (5)oFFSET NULL WPUT
O, v s |-oFFsET NULL
A
TUH/9341-2 TUH/D341-3
Order Number LM741H, LM741AH, Order Number LM741CJ, LM741CM,
LM741CH or LM741EH

See NS Package Number HO8C

LM741CN or LM741EN
See NS Package Number JOBA, MOSA or NOBE
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LM741/LM741A/LM741C/LM741E

Absolute Maximum Ratings

It Military/Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for

availabllity and specifications.

(Note 5)

Supply Voltage

" Power Dissipation (Note 1)

Differential input Voltage
Input Volitage (Note 2)

Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range

Junction Temperature
Soldering Information

N-Package (10 seconds)
J- or H-Package (10 seconds)

‘M-Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” (Appendix D) for other methods of soldering

surface mount devices.

LM741A
22V

500 mwW
+30v
+15v

Indefinite

150°C

260°C
300°C

215°C
215°C

Electrical Characteristics (note 3)

—-55°Cto +125°C
—65°Cto +150°C

LM741E

+22V

500 mw
t30v
+15v

Indefinite .
0°Cto +70°C
—65°Cto +150°C

100°C

260°C
300°C

215°C
215°C

LM741 LM741C
LA “’t 22v4-"‘."‘."‘“ _eepeeaes 11 BY" Ramicars
" soomw 500 mwW

+30V + 30V
15V 15V
Indefinite Indefinite
—-55'Cto +125°C 0°Cto +70°C
—65'Cto +150°C —65'Cto +150°C
150°C 100°C
260°C 260°C
300°C 300°C
215°C. 215°C
.215°C 215°C

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta = 25°C
Rg < 10k} 1.0 | 5.0 20 | 6.0 mvV
Rs < 500 08 | 3.0 mV
Tamin < Ta < Tamax
Rs < 500 4.0 mv
Rg < 10k0 6.0 75 mV
Average Input Offset
Voltage Drift 15 pvre
lnp'ut Offset Voltage Ta = 25°C, Vg = £20V £10 £18 £15 mv
Adjustment Range
input Offset Current Ta = 25°C 3.0 30 20 | 200 20 | 200 nA
TAMIN < Ta < Tamax 70 B85 | 500 300 nA
Average Input Offset .
Current Drift 0.5 nAsC
Input Bias Current Ta = 25°C 30 80 80 | 500 80 | 500 nA
Tamin € Ta £ Tamax 0.210 1.5 0.8 BA
Input Resistarice Tp = 25°C, Vg = +20V 1.0 | 6.0 03 | 20 03 | 2.0 MQ
Tamin < Ta < Tapmax,
Vs = 20V 0.5 MQ
input Voitage Range Ta = 25°C +12 | £13 \
Tamin £ Ta < Tamax +12 | 13 \
Large Signal Voltage Gain | To = 25°C, R = 2kQ
Vs = £20V,Vg = 215V | 50 V/mV
Vg = 15V, Vg = 10V 50 | 200 20 | 200 v/mv
Tamin € Ta < Tamax,
Ry =2 2kN,
Vg = £20V,Vg = 15V | 32 v/mv
Vg = £15V,Vo = £10V 25 15 V/mV
Vs = £5V,Vg = 2V 10 v/mVv
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Electrical Characteristics (Note 3) (Continued)

LM

741A/LM741E

LM741

LM741C

parameter Conditions Units
Min | Typ | Max | Min | Typ | Max [ Min | Typ Max
Qutput Voltage Swing Vg = +20V
AL 2 10k +18 Y
R_2 2k +15 \
Vg'= 15V
Ry 2 10kQ +12 | +£14 +121 14 \
RL 2 2kQ N +10 | £13 +10 | 213 \
Output Short Circuit Ta = 25°C 10 25 | 35 25 25 mA
Current TamiN < Ta < Tapax 10 40 mA
Common-Mode Tamin < Ta < Tamax
Rejection Ratio Rg < 10k, Vou = 212V . 70 | 90 70 | 90 ds
Rg < 50k, Vem = 12V | 80 | 95 d8
Supply Voltage Rejection | Tamin < Ta S Tamax:
Ratio Vg = $20VtoVg = +5V
Rs < 500 86 | 96 dB
Rg < 10kQ2 77 96 77 96 a8
Transient Response Ta = 25°C, Unity Gain
Rise Time 025 0.8 0.3 0.3 us
Overshoot 6.0 20 5 5 %
Bandwidth (Note 4) Ta = 25°C 0437 | 1.5 MHz
Siew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/ps
Supply Current Ta = 25°C 1.7 | 28 1.7 | 28 mA
Power Consumption Ta = 25°C
Vg = 120V 80 | 150 mw
Vg = 115V 50 85 50 85 mw
LM741A Vg = 120V
Ta = TamiN 165 mw
Ta = TaMAX 135 mw
LM741E Vg = +20V
Ta = TamiN 150 mwW
Ta = Tamax 150 mw
LM741 Vg = 15V
Ta = TaMIN 60 | 100 mwW
Ta = Tamax 45 | 75 mw

Ratings”). Tj = Ta + (81 Po).

Thermal Resistance Cerdip (J) DIP (N) TO-5 (H) $O-8 (M)
6ja (Junction to Ambient) 100°C/W 100°C/W 150°C/W 195°CrW
#ic (Junction to Case) N/A N/A 80°C/W N/A

Mote 2 For supply voltages less than & 15V, the absolute maximum input voitage is equa! to the supply voltage.

Note 3: Unless otharwise specified, thesa specifications apply for Vg = 215V, =85C s Ta < +125°C (LM741/UM741A), For the LM741C/LM741E, these’
specifications are limited to 0°C < Ta < +70°C.

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(ns).
Note §: For military specifications ses RETS741X for LM741 and RET. S741AX for LM741A.

Note 1: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum
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