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##5270214021: MAJOR NUCLEAR TECHNOLOGY
KEYWORDS : HIGH VOLTAGE POWER SUPPLY, HYDROGEN PRODUCTION,

PLASMA REFORMING, DIELECTRIC BARRIER DISCHARGE

KOPCHAI JANSEE: DIELECTRIC BARRIER DISCHARGE IN LIQUILD FOR
HYDROGEN PRODUCTION. ADVISOR: PHONGPHAETH PENGVANICH, Ph.D.,

CO-ADVISOR: ASST.PROF.SUVIT PUNNACHAIYA, 97 pp.

This research focuses on the development of a hydrogen production system based on
the plasma reforming method of biological ethanol in gaseous state. Ethanol, which is in liquid
state at room temperature, is changed into its gaseous states by heating, and subsequently
flowed through the discharge area of a plasma reactor powered by a low-frequency high-
voltage power supply in continuous mode. The power supply has been designed for the
maximum voltage and current of 10 kV and 2.5 mA respectively, with the operated frequency
ranged between 300 and 500 kHz. The gaseous ethanol is ionized, reacts with other gases in the
air, and produces several gaseous products including H,, CH, and CO. An applied voltage of 10
kV and an operated frequency of 350 Hz are found to be most suited for hydrogen production
using our system. Steady rate of production is reached after 80 minutes. Effect of ethanol
concentration on the hydrogen production was also investigated. At 25%, 50%, and 75%
concentration by volume the rate of production was found to be very close to each other (1

M mol/ml/min), and considerably higher than at 99.8% concentration.
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CH,CH,OH —>CH3CHZO+%H2 (2.23)
CH,CH,0 - CH,CHO + % H, (2.24)
CH,CHO+0O —>CH3COO+%H2 (2.25)
CH3CH20—>CH4+CO+%H2 (2.26)
OH +CH,CO0 »CH,+CO+0 (2.27)
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Plasma State Example
High temperature plasma T. =T = Tg J Laser fusion plasma
_1n6 8
(Equilibrium plasma) Tg=10"-10"K
n,>10*m>
Thermal plasma T.~T~ Tg J Arc plasma, plasma torches, RF
4
(Quasi-equilibrium plasma) Tg<2x10°K inductively coupled discharges
n, >10*m=
Non thermal plasma T, >T = Tg ' Glow, Corona, APPJ, DBD,
_ 3
(Non-equilibrium plasma) Tg =300........ 10°K MHCD,
n, ~10°m™

OAUGDP, plasma needle etc
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2. migﬁmmqmﬁaﬂ (Boiling point elevation)
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[Online]. Available from: http://www.chemshow.cn/UploadFile/datum/1003/
shjohntec 2008218115733800771.pdf [20]
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ANUITUDL QuUuQN 5u1asvosenmuea(lanans) ( £ mol/ml/min)
YOUBMUDD | (DFUBQFEA) | NouUAN | WaAN | Andu 999 Infe
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75% 85 350 344 2 1.06 £ 0.020 | 0.99%0.056
99.8% 83 350 273 66 1.00£0.357 | 0.82%0.127
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guQil anuyutuvedlalasou (u mol/ml)
(eFwamed) | 0-20 WA 60-80 U1 | 140-160 UMW | 180-200 1IN
‘L%lf}"lﬂi(ﬁ! 105 - 5.13+1.09 9.17+3.03 12.20+2.08
ONUDA 50% 87 8.19+1.26 17.30+0.045 | 20.00+0.073 | 21.10+ 0.062
L@%1u@ﬁﬂ%fj%§ 83 3.03+1.94 11.60+2.32 16.10+1.87 | 20.00+ 0.036
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Yy 9 o & e a 2L A 1 9 A A Y
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YDUONIUDA H, CH, co H,/CH, H,/CO
PMUBA 25% | 1.01+0.051 | 0.21£0.017 | 0.18%0.033 481 5.61
PMUBA 50% | 0.98+0.067 | 0.22%0.019 | 0.16%0.034 4.45 6.12
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lEMueALIqNT | 0.85£0.127 | 0.22£0.050 | 0.17£0.050 3.86 5.00
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o Y v a A Y 9 A A =1 Aa A = 1
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a £ $ o < 1 . [ {
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9
1 Y a3
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1 o s
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= ) g 3 o @ A
99.8 % sz 10 % "’IJi’NﬂMﬂ/NWiJ@]iUfNLﬂUﬂWK PNATT NN 4.5

M13199 4.5 1W38UNEY % Molar fraction ¥93 H,, N,, CH, and CO

AU H, N, CH, Co
YUONIUD % Molar fraction | % Molar fraction | % Molar fraction | % Molar fraction
BNMUDA 25% 61.33 14.63 13.11 10.92
BNMUDA 50% 59.55 17.10 13.35 10.00
BNMUDdA 75% 62.20 13.80 13.61 10.38

Lamuaaﬁq‘wé 50.38 26.46 12.37 10.78
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TABLE 3-3 Vapor Pressure of Water Ice from —15 to 0°C* TABLE 3-5 Vapor Pressure of Liquid Water from 0 fo 100°C*
mmHg (Concluded)
G 0.0 0.1 02] 03] 04] 05 ] 06| 07 [ 08|09 T7C.; 00| 01 ] 02 03| 04 05 06 07
— 4 |T.361|1.348)1.336|1.324|1.312|1.300| 1. 288| 1. 276| 1. 264(1. 253 10 | 9:200| 9.2 1 9333 9:395| 9.458| 9.521| 9.585| 9.6
13 |10490]1:477)1.464]1.450] 1437 14241 411|1.399| 1.386|1.373 11| 93844| 9910( 9.976(10:042|10.109| 10.176|10.244| 10312
12 |1.632)1.617]1.602|1. 588 1.574|1.559| - 546{1°532{1.518|1.504 12 |10.518|10.588|10.658|10.728] 10.799| 10.870| 10.941( 1 1.013
it [1.7851.769(1°753|1.737|1722| 1707|1691 17 676| 1661|1646 13 |11:231{11305]11379| 11.453]11.528] 11.604{ 11.680] 11 756
Zio  |1.950/1:934/1.916|1.899]1.8831.866|1.849| 17833 1.817|1.800 14 |11987|12065]12:144] 12.223|12302] 12.382] 12.462] 12.563
— 9 |2.131)2.112/2.093{2.075|2.057|2.039|2.021)2.003] 1985|1968 15 |12.788]12.870{12.953]13.03713.121(13.205|13.290{ 13 375
T8 |2:326|2.306|2. 285(2. 266|2. 246|2. 226(2. 207| 2. 187|2. 168]2. 149 16 |13.63413721|13:809| 13.898)13.987 14.076) 14.166| 14256
Z 7 |2537)2:515]2. 493|2. 4722 450/2. 429) 2. 408) 2. 387 2. 367|2. 346 17 |14530(14.622{14.715(14.809] 14.903| 14.997| 15.092] 15.188| 15
Z 6 |276502.742(2.718|2. 695|2. 672|2. 649|2. 626| 2. 603|2. 581 (2. 559 18 |15477|15575(15.673| 15.772)15.871|15.971)16.071| 16:171| 16.272]
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— 4 [3.280)3.252(3.225(3. 198]3. 171|3. 144{3. 117|3.091(3.065(3.039 20 |17.535/17.644(17.75317.863|17.974| 18.085|18.197]18.309| 18.422{18.536
T3 [3.5683.539]3. 500(3. 480[3.451(3. 422{3. 393|3. 364|3.336/3. 308 21 (18%650/18.765] 18.880(18.996|19.113| 19.:231| 19:349] 19.468] 19.58719.707
T2 [3:880]3.848[3.8163. 7853  753(3.722]3. 6913. 6603 630/3. 599 2 |19.827]19.948|20.070]20.193|20.3 16| 20.440| 20.565( 20.690| 20.815|20.941
21 |4 2i7]4. 18204 1474 1134 07914, 045[4.012{3.97913 . 946/3.913 2 (21:068|21.196|21.324|21.453| 21 583 21.714{21 845 21.977|22.110|22.243
Z 0 |4:57914.54204.504|4. 4674.431]4.395(4.359]4. 32314 287(4.252 U |2377|22512|22.648|22.785]22.922| 23.060| 23.198| 3 337| B3 476| B 616
SRl 002 WY FEE ey TN, S etbudk ol lamidtey an 25 |B.756/23.89724.03924.182(24.326(24.471(24.617 24 764(24.912(25.060
Physics,” 40th ed., Chemical Rubber Publishing Co. 2 |25209]25359(25.509(25.660]25.812|25.964|26.117|26.27 1| 26.426(26.582
27 (26739)26.897|27.055|27 214| 27374 27 535|27.696| 27 858/ 28.021 |28.185
28 [28349]28.514|28.680|28.847|29.015]29.184| 2935429 525/ 29.69729.870
TABLE 3-4  Vapor Pressure of Liquid Water from —16 to 0°C* 29 [30.043(30.217|30.392130.568130.745(30.923(31.102{31.28131.46131.642
mmkg 30 [31.824{32.007|32.191(32.376(32.561(32.747|32.934{33.122|33 312{33.503
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'%pmputed from the above table with the aid of the thermodynamic 9 90.24 190.69
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o _ — L1489 . %, °C. 3
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TABLE 3-5 Vapor Pressure of Liquid Water from 0 to 100°C* 80 450.9
mmHg
% 537.86)
L°C.] 00 ] 07| 02 ] 03 9 55853
0 | 4579|4613 4.647| 4.681 X
1 | 4.926 4.962| 4.998 5.034 93 601.89
2 | 5.294| 5.332| 5370| 5.408 M 624.61
A R e % 0s
e & i
5 | 6543 6.589] 6.635 6.681 -10/699.
6 | 7.013 7.062| 7.111| 7.1 98 75/725
7 | 7.513| 7565 7.617| 7.669) bed .52/749.20(751.89
8 | 8.045| 8.100| 8.155 8.211 100 . .68/ 776.44(779.22,
9 | 86091 8.668l 87271 87 101 79.00|798.82{801.661804.50807.35/810.21813.08
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Pressure, mm Hg
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Temperature Oc
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April 2001 File Number 2864.4

1sion Waveform Generator/Voltage Features

Controlled Oscillator * Low Frequency Drift with Temperature .. ... 250ppm/°C
T.he I.CL8038 waveform gener.ator isa monolllthlc integrated « Low Distortion . . 1% (Sine Wave Output)
circuit capable of producing high accuracy sine, square, ) ) . )

triangular, sawtooth and pulse waveforms with a minimum of * High Linearity ........... 0.1% (Triangle Wave Outpuf)
external components. The frequency (or repetition rate) can * Wide Frequency Range . ... ........ 0.001Hz to 300kHz
be selected externally from 0.001Hz to more than 300kHz . o o
using either resistors or capacitors, and frequency * Variable Duty Cycle ..................... 2% to 98%
modulation and sweeping can be accomplished with an * HighLevel Outputs. .. ....oovivvennnnnn.. TTL to 28V

external voltage. The ICL8038 is fabricated with advanced
monolithic technology, using Schottky barrier diodes and

Simultaneous Sine, Square, and Triangle Wave

_ . - ] Qutputs
thin film resistors, and the output is stable over a wide range
of temperature and supply variations. These devices may be * Easy to Use - Just a Handful of External Components
interfaced with phase locked loop circuitry to reduce Required
temperature drift to less than 250ppm/°C.
Ordering Information
PART NUMBER STABILITY TEMP. RANGE (°C) PACKAGE PKG. NO.
IGL8038CGGPD 250pprv2G (Typ) 0t 70 14 Ld PDIP E143
ICL8038CCJD 250pprv°G (Typ) 0t 70 14 Ld GERDIP F143
ICLB038BGJD 180ppm/°C (Typ) 01070 14 Ld GERDIP F14.3
ICL8038AGJD 120ppr/G (Typ) 01070 14 Ld GERDIP F143
Pinout Functional Diagram
ICL8038
(PDIP, CERDIF) oVt
CURRENT
TorvEn SouRce COMPARATOR
#1
\J | N #1
SINE WAVE E NG " Y%
ADJUST
7L
SINE
wave outl? E NC l cL COMP#AzFIATOH
TRIANGLE SINE WAVE o
OUTE 2] apaust s
DUTY CYCLE E EI V- OR GND
FREQUENCY TIHING
apyusT |[5 10 CURRENT
E CAPACITOR SOURCE % FLIP-FLOP
SQUARE #2
v+ E ® | wave out I o V- OR GND
FM SWEEP 1
FMBIAS E 8 | input
SINE
Burrer |+ ] BuFFER -[» CONVERTER -!
s JLIL 3 AWV : Vv
1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

1-888-INTERSIL or 321-724-7143 | Intersil and Design is a trademark of Intersil Americas Inc.
Copyright @ Intersil Americas Inc. 2001, All Rights Reserved
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Absolute Maximum Ratings

Supply Voltage (V- to V+)
Input Voltage (Any Pin)
Input Current (Pins 4 and 5). . .
Output Sink Gurrent (Pins 3 and 9)

Operating Conditions

Temperature Range
ICGLBO3BAC, IGLBO3BBC, ICLB03BCG . .

....0°Cto 70°C

Thermal Information

Thermal Resistance (Typical, Note 1) 8y (PCW) By (PCIW)
CERDIP Package. . . ............. 75 20
PDIP Package . .. ............. .. 115 N/A

Maximum Junction Temperature (Geramic Package) . . . ... .. 175°C

Maximum Junction Temperature (Plastic Package) ... ... .. 150°C

Maximum Storage Temperature Range .. ... .. .. -65°G to 150°C

Maximum Lead Temperature (Soldering 10s). .. ... .. .. . 300°C

Die Characteristics

Back Side Potential . .. ... ... ... ... ... ... ... ... .. ..., V-

CAUTION: Stresses above those listed in "Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 8ya is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Vgyppy =10V or +20V, Ta = 25°G, Ry = 10kQ), Test Gircuit Unless Otherwise Specified

IcL8038CC ICL8038BC ICL8038AC
TEST
PARAMETER SYMBOL | CONDITIONS | MIN | TYP |[MAX| MIN | TYP | MAX | MIN | TYP | MAX UNITS
Supply Voltage Operating Range VsuppLy
V+ Single Supply +10 - +30 | +10 - +30 | +10 - +30 Vv
V+, V- | Dual Supplies 5 - 15 | 15 - 15 | 5 - 15 A
Supply Current |5up|:||_\( VSUF’F‘LY=i10V 12 20 - 12 20 - 12 20 mA
(Note 2)
FREQUENCY CHARACTERISTICS (All Waveforms)
Max. Frequency of Oscillation fmax 100 - - 100 - - 100 - - kHz
Sweep Frequency of FM Input fsweer = 10 - - 10 - - 10 - kHz
Sweep FM Range (Note 3) = 351 - - 35:1 - - 351 -
FM Linearity 10:1 Ratio - 05 - - 02 - - 02 - %
Frequency Drift with AVAT | 0PCto 70°C - 250 - - 180 - - 120 ppm/°C
Temperature (Note 5)
Freguency Drift with Supply Voltage ARAV Over Supply - 005 - - | 005 - 005 - N
Voltage Range
OUTPUT CHARACTERISTICS
Square Wave
Leakage Current loLk Vg =30V - - 1 - - 1 - - 1 HA
Saturation Voltage Voar laink = 2mA - 02 | 05 - 02 | 04 - 02 | 04 4
Rise Time tp R =4.7kQ - 180 - - 180 - - 180 - ns
Fall Time te RL =4.7kQ - 40 - - 40 - - 40 - ns
Typical Duty Cycle Adjust AD 2 98 2 - 98 2 - 98 %
(Note 6)
Triangle/Sawtooth/Ramp -
Amplitude VTRIAN— HTRI =100k 030 | 0.33 - 0.30 | 0.33 - 030|033 - XVSUF‘PLY
GLE
Linearity - 01 - - |005| - - 0.05 - %
Output Impedance Zout loyT = 5mA - 200 - - 200 - - 200 - Q
2 intersil
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Electrical Specifications Vvgypp y =10V or +20v, Ts = 25°C, R, = 10kQ, Test Circuit Unless Otherwise Specified (Continued)

ICL8038CC ICL8038BC ICL8038AC
TEST
PARAMETER SYMBOL CONDITIONS MIN | TYP [ MAX | MIN | TYP | MAX | MIN | TYP | MAX UNITS

Sine Wave

Amplitude VSINE HSINE = 100kQ2 0.2 0.22 - 0.2 0.22 - 02 0.22 - XVSU PPLY

THD THD Rg = 1MQ - 20 5 - 15 3 - 10| 15 Yo

(Note 4)

THD Adjusted THD Use Figure 4 - 15 - - 10 - - 08 - %

NOTES:

2. Rp and Rg currents not included.

. VsuppLy = 20V; Rp and Rg = 10kQ, f = 10kHz nominal; can be extended 1000 to 1. See Figures 5A and 5B.
. 82k02 connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use Hp and Rg.)

. Figure 1, pins 7 and 8 connected, VgyppLy = £10V. See Typical Curves for T.C. vs VgyppLy-

[=2 I S A A o]

. Not tested, typical value for design purposes only.

Test Conditions

PARAMETER Ra Rg RL c SWy MEASURE
Supply Current 10kQ) 10k 10kQ2 3.3nF Closed Gurrent Into Pin 6
Sweep FM Range (Note 7) 10k 10kC2 10Kk02 3.3nF Open Frequency at Pin 9
Frequency Drift with Temperature 10kQ 10k 10kQ 3.3nF Closed Frequency at Pin 3
Frequency Drift with Supply Voltage (Note 8) 10kQ2 10k 10kQ 3.3nF Closed Frequency at Pin 9

Output Amplitude (Note 10)

Sine 10k0) 10k 10k0) 3.3nF Closed Pk-Pk Output at Pin 2

Triangle 10k 10k 10kQ2 3.3nF Closed Pk-Pk Output at Pin 3
Leakage Current (Off) (Note 9) 10kQ2 10k 3.3nF Closed Current into Pin 9
Saturation Voltage (On) (Note 9) 10k 10k 3.3nF Closed Output (Low) at Pin 9
Rise and Fall Times (Note 11) 10k 10k 4 7k0) 3.9nF Closed Waveform at Pin 9

Duty Gycle Adjust (Note 11)

Max 50k ~1.6kQ 10k 3.3nF Closed Waveform at Pin 9

Min ~25kQ 50kQ 10kQ 3.3nF Closed Waveform at Pin 9
Triangle Waveform Linearity 10kQ2 10k 10k 3.3nF Closed Wavefarm at Pin 3
Total Harmonic Distortion 10k 10kQ 10kQ 3.3nF Closed Waveform at Pin 2
NOTES:

7. The hi and lo frequencies can be obtained by connecting pin 8 to pin 7 (fyy)) and then connecting pin 8 to pin 6 (f_ o). Otherwise apply Sweep
Voltage at pin 8 (2/3 Vgyuppy y +2V) < Vaweep < Vaupery Where Vayppy v is the total supply voltage. In Figure 5B, pin 8 should vary between
5.3V and 10V with respect to ground.

8. 10V < V4 <30V, or 15V = VgyppLy = X15V.

9. Oscillation can be halted by forcing pin 10 to +5V or -5V.

10. Output Amplitude is tested under static conditions by forcing pin 10 to 5V then to -5V.
11. Not tested; for design purposes only.

3 intersil
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Test Circuit
o +10V
:» Ra :»— Re Ry
> 10K > 10K 10K
SWq
T N.C.
8 1cL8038 3 AN
% RtRI
10 1 12 2 3 \\
J. c 82K % RsiNE
i = -
FIGURE 1. TEST CIRCUIT
Detailed Schematic
CURRENT SOURCES e
y O
< Ry
> 52K
Qg ;'Jt—m
Qfa_‘ SRy
Rig auly > 200
A AA L
Wy a1
COMPARATOR 800 045|)|_ SRy
Rzg 1 375
VWA Qui~y
27K
R 38
Qg0
10|
Qg4
Ros Rog :;Flz >Ras|
33K 33K 33K 33
= == T F T = 21600
5] <R l,Flsn J;Hm
Q K| Sak| Sak| 3K
il
Ry
051]/'
10K Q51 1% Ray
A Iﬂ—‘ S 330
A 054
27K ¢ Rag
a
939Ny | gy 5|;|" Sars
AA 05«{“I
¥ YYy 1 B
st o m
30,
! Qs
SR2 purrER AMPLIFIER 2 Sos FRexC
27K " >R 82K

AA
YY
.
iy
@

1
A

FLIP-FLOP

Appﬁcaﬁon Information (See Functional Diagram)

An external capacitor C is charged and discharged by two
current sources. Current saurce #2 is switched on and off by a
flip-flop, while current source #1 is on continuously. Assuming
that the flip-flop is in a state such that current source #2 is off,
and the capacitor is charged with a current |, the voltage
across the capacitor rises linearly with time. When this voltage
reaches the level of comparator #1 (set at 2/3 of the supply
voltage), the flip-flop is triggered, changes states, and
releases current source #2. This current source normally
carries a current 21, thus the capacitor is discharged with a

NS L =

SINE CONVERTER

net-current | and the voltage across it drops linearly with time.
When it has reached the level of comparator #2 (set at 1/3 of
the supply voltage), the flip-flop is triggered into its original
state and the cycle starts again.

Four waveforms are readily obtainable from this basic
generator circuit. With the current sources set at | and 2|
respectively, the charge and discharge times are equal.
Thus a triangle waveform is created across the capacitor
and the flip-flop produces a square wave. Both waveforms
are fed to buffer stages and are available at pins 3 and 9.

4 intersil
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The levels of the current sources can, however, be selected
over a wide range with two extemal resistors. Therefore, with
the two currents set at values different from | and 21, an
asymmetrical sawtooth appears at Terminal 3 and pulses
with a duty cycle from less than 1% to greater than 99% are
available at Terminal 9.

The sine wave is created by feeding the triangle wave into a
nonlinear network (sine converter). This network provides a
decreasing shunt impedance as the potential of the triangle
moves toward the two exiremes.

Waveform Timing

The symmetry of all waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this are shown in Figure 3. Best results are obtained by
keeping the timing resistors Rp and Rg separate (A). Ra
controls the rising portion of the triangle and sine wave and
the 1 state of the square wave.

The magnitude of the triangle waveform is setat /5
Vsuppy y; therefore the rising portion of the triangle is,

RN

AN

FIGURE 2A. SQUARE WAVE DUTY CYCLE - 50%

N GxV _ Gx1/8=Vg,ppLy ¥ Ra _ Rp*C
4= = =
I. . 0.22 = VSU_PPLY . 0.66
The falling portion of the triangle and sine wave and the 0
state of the square wave is:
L _Cxv_ Cx 13Vgyppry __ RaRgC
2 ! VsuppLy __ VsuppLy 066(2RA—Rp)
Rg R

2(022) 022

Thus a 50% duty cycle is achieved when Rp = Rg.

If the duty cycle is to be varied over a small range about 50%
only, the connection shown in Figure 3B is slightly more
convenient. A 1kQ potentiometer may not allow the duty cycle
to be adjusted through 50% on all devices. If a 50% duty cycle
is required, a 2kQ or 5kQ potentiometer should be used.
With two separate timing resistors, the frequency is given by:
N 1
Lty R,Cf Rg
066\ "ZR,- HB]

Or,ifRA=HB=R
_ 033 .
N I=Tol (for Figure 3A)

\
\
>

AN\ | T\
\ \ 1
#\\

\
B
\
\

FIGURE 2B. SQUARE WAVE DUTY CYCLE - 80%

FIGURE 2. PHASE RELATIONSHIP OF WAVEFORMS

+—0 V+

?HA ‘» Re R

8 ICL8038 s—— AN
1 12 2f—— S\

c %BZK
+ o V- OR GND

FIGURE 3A.

—Hz

J = v+

% 1kQ !;.
Rp Rp AL

8 ICL8038 3—o/\N

10 1 12 2—o N\f\y
.I_c ?ww
o V- OR GND

FIGURE 3B.

FIGURE 3. POSSIELE CONNECTIONS FOR THE EXTERNAL TIMING RESISTORS
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Neither time nor frequency are dependent on supply voltage,
even though none of the voltages are regulated inside the
integrated circuit. This is due to the fact that both currents
and thresholds are direct, linear functions of the supply
voltage and thus their effects cancel.

Reducing Distortion

To minimize sine wave distortion the 82kQ resistor between
pins 11 and 12 is best made variable. With this arrangement
distortion of less than 1% is achievable. To reduce this even
further, two potentiometers can be connected as shown in
Figure 4; this configuration allows a typical reduction of sine
wave distortion close to 0.5%.

>
>

s
<
<

vy
AA
v
. )
m
AAM
Y
)
=

5
HA:

8 ICL8038

|
$

10 11 12 1 2—°’U\I r
100K 10k
i I
c

+2100k0)
1 See
0k 2

V-OR GND

FIGURE 4. CONNECTION TO ACHIEVE MINIMUM SINE
WAVE DISTORTION

Selecting Rp, Rg and C

For any given output frequency, there is a wide range of RC
combinations that will work, however certain constraints are
placed upon the magnitude of the charging current for
optimum performance. At the low end, currents of less than
1A are undesirable because circuit leakages will contribute
significant errors at high temperatures. At higher currents
(I > 5mA), transistor betas and saturation voltages will
contribute increasingly larger errors. Optimum performance
will, therefore, be obtained with charging currents of 10pA to
1mA. If pins 7 and 8 are shorted together, the magnitude of
the charging current due to Rp can be calculated from:
po BV VO 1 022(ve-ve)
(R, +Ry) R, Ry

R; and Rs are shown in the Detailed Schematic.
A similar calculation holds for Rg.

The capacitor value should be chosen at the upper end of its
possible range.

Waveform Out Level Control and Power Supplies

The waveform generator can be operated either from a
single power supply (10V to 30V) or a dual power supply
(x5V to £15V). With a single power supply the average
levels of the triangle and sine wave are at exactly one-half of
the supply voltage, while the square wave altemates
between V+ and ground. A split power supply has the
advantage that all waveforms move symmetrically about
ground.

The square wave output is not committed. A load resistor
can be connected to a different power supply, as long as the
applied voltage remains within the breakdown capability of
the wavetorm generator (30V). In this way, the square wave
output can be made TTL compatible (load resistor
connected to +5V) while the waveform generator itself is
powered from a much higher voltage.

Frequency Modulation and Sweeping

The frequency of the wavetorm generator is a direct function
of the DC voltage at Terminal 8 (measured from V+). By
altering this voltage, frequency modulation is performed. For
small deviations (e.g. £10%) the modulating signal can be
applied directly to pin 8, merely providing DC decoupling
with a capacitor as shown in Figure 5A. An external resistor
between pins 7 and 8 is not necessary, but it can be used to
increase input impedance from about 8kQ (pins 7 and 8
connected together), fo about (R + 8kQ).

For larger FM deviations or for frequency sweeping, the
modulating signal is applied between the positive supply
voltage and pin 8 (Figure 5B). In this way the entire bias for
the current sources is created by the modulating signal, and
a very large (e.g. 1000:1) sweep range is created

(f = Minimum at Vgwegep =0, i.e., Pin 8 = V+). Gare must be
taken, however, to regulate the supply voltage; in this
configuration the charge current is no longer a function of the
supply voltage (yet the trigger thresholds still are) and thus
the frequency becomes dependent on the supply voltage.
The potential on Pin 8 may be swept down from V+ by (‘/3

VsuppLy - 2V).

A
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¥
]
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I ~
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FIGURE 5A. CONNECTIONS FOR FREQUENCY MODULATION
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LM118/LM218/LM318

Operational Amplifiers
General Description

The LM118 series are precision high speed operational am-
plifiers designed for applications requiring wide bandwidth
and high slew rate. They feature a factor of ten increase in
speed over general purpose devices without sacrificing DC
performance.

The LM118 series has internal unity gain frequency compen-
sation. This considerably simplifies its application since no
external components are necessary for operation. However,
unlike most internally compensated amplifiers, external fre-
quency compensation may be added for optimum perfor-
mance. For inverting applications, feedforward compensa-
tion will boost the slew rate to over 150V/us and almost
double the bandwidth. Overcompensation can be used with
the amplifier for greater stability when maximum bandwidth
is not needed. Further, a single capacitor can be added to
reduce the 0.1% settling time to under 1 ps.

The high speed and fast settling time of these op amps make
them useful in A/D converters, oscillators, active filters,

August 2000

sample and hold circuits, or general purpose amplifiers.
These devices are easy to apply and offer an order of
magnitude better AC performance than industry standards
such as the LM709.

The LM218 is identical to the LM118 except that the LM218
has its performance specified over a -25°C to +85°C tem-
perature range. The LM318 is specified from 0°C to +70°C.

Features

15 MHz small signal bandwidth

Guaranteed 50V/ps slew rate

Maximum bias current of 250 nA

Operates from supplies of +5V to 20V
Internal frequency compensation

Input and output overload protected

Pin compatible with general purpose op amps

Fast Voltage Follower
(Note 1)

INPUT

Note 1: Do not hard-wire as voltage follower (R1 = 5 k)

OUTPUT

00776613
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Absolute Maximum Ratings (Note 7)

If Military/Aerospace specified

devices are required,

please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage

Power Dissipation (Note 2)

Differential Input Current (Note 3)

Input Voltage (Note 4)

Qutput Short-Circuit Duration

Operating Temperature Range
LM118

+20V

500 mW
+10 mA
+15V
Continuous

-55°C to +125°C

Lead Temperature (Scoldering, 10 sec.)

Hermetic Package
Plastic Package
Soldering Information
Dual-In-Line Package
Soldering (10 sec.)
Small Outline Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

300°C

260°C

260°C

215°C
220°C

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

LM218 —25°C to +85°C surface mount devices.
LM318 0°C to +70°C ESD Tolerance (Note 8) 2000V
Storage Temperature Range -65°C to +150°C
Electrical Characteristics (note 5)
Parameter Conditions LM118/LM218 LM318 Units
Min Typ | Max Min Typ | Max
Input Offset Voltage Ta=25C 2 4 4 10 mvV
Input Offset Current Ta=25C 6 50 30 200 nA
Input Bias Current Ta=25C 120 | 250 150 | 500 nA
Input Resistance Ta=25C 1 3 0.5 3 MQ
Supply Current Ta=25C 5 8 5 10 mA
Large Signal Voltage Gain Ta=25C, Vg =£15V 50 200 25 200 VimV
Vour = £10V, R 22 kQ
Slew Rate Ta=25C, Vg =15V, A, =1 50 70 50 70 Vips
(Note 8)
Small Signal Bandwidth T,=25C, Vg = +15V 15 15 MHz
Input Offset Voltage 6 15 mV
Input Offset Current 100 300 nA
Input Bias Current 500 750 nA
Supply Current Ta=125C 4.5 7 mA
Large Signal Voltage Gain Vg = £15V, Vot = £10V 25 20 VimV
R, = 2kQ
Qutput Voltage Swing Vg==%15V, R, =2 kQ +12 =13 +12 +13 \
Input Voltage Range Vg = 15V +11.5 +11.5 \'
Common-Mode Rejection Ratio 80 100 70 100 dB
Supply Voltage Rejection Ratio 70 80 65 80 dB

Note 2: The maximum junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated temperatures, devices
in the HO8 package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the
dual-in-line package is 100°C/W, junction to ambient.
Note 3: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of
1V is applied between the inputs unless some limiting resistance is used.
Note 4: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
Note 5: These specifications apply for £5V < Vg < £20V and -55'C < T, < +125°C (LM118), -=25°'C = T, < +85'C (LM218), and 0'C = T, < +70°C (LM318). Also,
power supplies must be bypassed with 0.1 pF disc capacitors.
Note 6: Slew rate is tested with Vg = £15V. The LM118 is in a unity-gain non-inverting configuration. V) is stepped from —-7.5V to +7.5V and vice versa. The slew
rates between -5.0V and +5.0V and vice versa are tested and guaranteed to exceed 50V/ps.
Note 7: Refer to RETS118X for LM118H and LM118J military specifications.

Note 8: Human body model, 1.5 ki in series with 100 pF.
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LM118/LM218/LM318

Typical Performance Characteristics

LM318
Input Current Voltage Gain
200 [ 15
150 + l
BIAS Ta=0°C
= 100 —
= = 110
g} = h—]
: =
0 <
-3
£ < < o s —t .
3 4 e Ta=25C
5 5 o
& =) Ta=7
= 2 OFFSET > 100
10
0 95
0 10 20 30 40 50 60 70 5 10 15 20
TEMPERATURE (°C) SUPPLY VOLTAGE (V)
00776643 00776644
Power Supply Rejection Input Noise Voltage
1 3000
o 73 T T 25vc
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80 —{ LY 1000 Ll Vg =118V
g \sosmvje SUPPLY : i
s 60 ] - 300
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< V\ 5 i ; 1
Z s PR | T
g \ F:h:ﬂs=|ﬂ-0fl, Rg = 1k
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-20 3 1
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www.national.com 6




90

Typical Performance Characteristics wvsts (Continued)

Closed Loop Output Impedance

10
Vg = 215V

0 T, -25°C
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Voltage Follower Slew Rate
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Large Signal Frequency

Response
3 T sl. I
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2 \ | Vg =15V
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Typical Performance Characteristics Lmsis (Continued)

Open Loop Frequency

Response
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SEMICONDUCTOR® www.fairchildsemi.com

LMS555/NES55/SA555

Single Timer

Features Description

* High Current Drive Capability (200mA) The LMS555/NES555/SAS555 is a highly stable controller
* Adjustable Duty Cycle capable of producing accurate timing pulses. With
* Temperature Stability of 0.005%/°C monostable operation. the time delay is controlled by one
* Timing From pSec to Hours external resistor and one capacitor. With astable operation.
* Turn off Time Less Than 2puSec the frequency and duty cycle are accurately controlled with

two external resistors and one capacitor.

Applications 8.DIP

* Precision Timing

* Pulse Generation '

* Time Delay Generation

* Sequential Timing 1
8-SOP
1

Internal Block Diagram

R R
GND (1) AW AW

. Discharging Tr.
Trigger (z b ?)Dlscharge

s)Vcc

Egj

:

Output(3)— Gt — FIF @Threshold
Control
Reset :
ese G Vref _G) Voltage

Rev. 1.0.2

®2002 Fairchild Semiconductor Corporation
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LM555/NE555/SA555
Absolute Maximum Ratings (TA = 25°C)
Parameter Symbol Value Unit
Supply Voltage Vee 16 \
Lead Temperature (Soldering 10sec) TLEAD 300 °C
Power Dissipation PD 600 mW
Operating Temperature Range
LMBE5/NES55 ToPR 0~+70 oC
SA555 -40 ~ +85
Storage Temperature Range TsTG -65 ~ +150 °C
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LM555/NE555/SA555
Electrical Characteristics
(Ta = 25°C, Vce = 5 ~ 15V, unless otherwise specified)
Parameter Symbol Conditions Min. | Typ. | Max. Unit
Supply Voltage Vee - 45 - 16 Vv
Supply Current *!(Low Stable) Ic Vec =5V, R == § ° ® mA
PRy “C [Vec=15V. Rl == 75 [ 15 | mA
Timing Error *2 (Monostable)
Initial Accuracy ) o
Drift with Temperature ACCUR Ra = 1kQ to100kQ 10 3.0 o
Drift with Supply Voltage AUAT | =g 1uF 50 PPM/°C
At/AVCC ) 0.1 0.5 %IV
Timing Error *2(Astable) i
Intial Accuracy ACCUR | Ra = 1kQ to 100kQ2 2.25 - %
Drift with Temperature AYAT C=0.1pF 150 ppm/°C
Drift with Supply Voltage At/AVee 0.3 %IV
Vee =15V 9.0 | 100 | 11.0 \Y
Control Voltage Ve
Ve =5V 26 | 3.33 | 40 \Y
Vee =15V - 10.0 - Y
Threshold Voltage VTH
Ve =5V - 3.33 - \Y
Threshold Current *3 ITH - - 0.1 0.25 HA
T Volt = Vee =5V 1.1 187 | 22 Y
rigger Voltage
99 9 R Nec=18v a5 | 5 | 56 | V
Trigger Current TR VTR =0V 0.01 20 pA
Reset Voltage VRST - 04 0.7 1.0 \4
Reset Current IRST - 0.1 04 mA
Vce =15V
Isink = 10mA - 0.06 | 0.25 vV
Low Qutput Voltage VoL ISINK = 50mA 03 | 0.75 A4
Vce =5V
ISINK = 5mA - | 0051035 v
Vee =15V
IsSOURCE = 200mA 12.5 - \
H|gh Ou‘tput Vohage VOH IsourcE = 100mA 12.75 | 13.3 A
Vee = 8V
ISOURCE = 100mA 275 | 33 - Y
Rise Time of Output iR - - 100 - ns
Fall Time of Output tF - - 100 - ns
Discharge Leakage Current ILKG - - 20 100 nA

Notes:

1.
2.
3.

total R = 6.7MQ

Supply current when output is high is typically 1mA less at Vcc = 5V
Tested at Vcc = 5.0V and Vcc = 15V
This will determine maximum value of Ra + Rp for 15V operation, the max. total R = 20M£2, and for 5V operation the max.
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