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Abstract

This thesis present about air cleanner by using the
principle of electrical field and frequency. This new model
uses frequency to coagulate the particles more quickly than
the previous model which uses only the electrical field.

It does not generate ozone gas 1like old model air
cleanner. The new air cleaner operates by using class E power
amplifier connected in switching. The specification is 25 kV

voltage and 200 - kHz frequency.
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Particle size (um) Percentage of Particle
Bycount Byweight
10-30 <1 28
5-10 <1 52
3- 5 {1 11
1- 3 1 5
0.5- 1 6 2
<0.5 X 92 1

Pacticle size (um) Time require to settle
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Percentage of Particles
Particle Size (um)

By count | By weight

10-30 <1 - 28

5-10 <1 52

3-5 <t ] - 1

1-3 1 "5

0.5~1 6 2

< 0.5 92 1

SRS

Table I: Characteristics of aerosols.

b . 4 Time Required lof| Distance from Screen (cm) Current (nA)
Particle Size (um) Settle 8 Fi = -
ettle ] 5 2.00
100 8 seconds . 10 LY
10 13 minutes 20 : - -0.45
1 19 hours "~ 30 "0.35
0.1 79 days . 50 . 0.35
0.01 o0 70 0.25
" Table 1i: Particle-settling time in still air.” Tadle 11: Beckett probe readings in the plane normal to

{the center of a video display terminal screen.
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Figure 1: Effect of fabric material on charge-distribution
measurement (as indicated by a Beckett probel, with the
relative differences between materials shown. Each
imatenal was deiectec the same distance tcward the
probe when its recording was made.?

*The zbsolute numbers would vary as a function of charge
level, but this would not affect the comparison between
materials. - 1
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Figure 2: Configuration of electrical-field screens. |
with air-handli

Figure 4: Diagram of test facility,

ng system shown.
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iFigure 3: Percent decrement or increment in particle
imass when the electrical field is on compared to when it
is off (with field-olf d:ta used as the baseline). The lielc-
oit data would all be 100%. -
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Figure 5. Aivin geslanl seduction ie gas concentration
in experimental tests. compared o the concentration
‘during the control iests. The initial concentrations were
set at levels that would produce the lirst noticeable
ie/’l‘ecls in people. Only ditferences that are statistically
isignil'ican( are shown.

*The mean concentrations at the 5-, J0-, and 60-minute pouis
were ds I'Ollows::

{
|
! i
! Formaldehyde (CH.0): 2.8, 2.5, and 1.5 ppm
U Ammonia (NH,): 24.7, 14.4, and 7.5 ppm

! Sulphur dioxide tSO:: 25.3. 18.7, and 14.3 ppm
i_Carbon dioxide (CO.): 2.4, 1.9, and 1.5%.

<4
FiUn 5
%
o Ny $0, cc, ( o
. 3 33 n &8 i 12 OF NEXT3)
X KB Y i
5 ; 3
G 19 .
8 ]
a
< 18
=
g
w 1
=
¥
b ]

xFioure 6: Mean percent reduction in gas concentration,
lin experimental tests, compared to the concentranonl
«durvn" the control tests. T=e ini*ial concer’rations we—e;
s gt levele dhatwouls e hezardous o pauple duricg
short-term exposure.? Orlv differences that are statis-
‘tically significant are shovn.

*The mean conce..:rations at the 5-, 30-, and 60-..1inute pomts‘
were as Iollow :

Forma/den) de (CH,0): 4.3, 2.0, and 1.3 pom
Ammonia INH,): 39.6. 24.6, and 14.1 ppm
i Sulphur dioxide (°0),): 49.8. #0.5. and 32.9 ppm
‘ Carben dioxide (C0.): 4.8, 4.0, and 3.4% —
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PERCENT UPTAKE
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- DISTANCE FROM GAUGE TO SOQURCE (ft)

100 :
a 1Y 89,7 Mob. Y. -
80 o-oNEG COMPLEXES
- e—2POS COMPLEXES
60
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. ; Percent uptake of charged
° particles by an object,
. simulated by an ion meter,
) . as a function of the
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PERCENT UPTAKE
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"3é0 —-240 -120 o] ?1.20 +240 #3890
VOLTAGE ON ThE METER
Fig. 1. Percent upiaks ot light charge

comgplexas by the lon ‘metar (simulated sub-
ject) whan the meter has the indicated
voltage ralatlve to the surround.’

Fig. 2. Representative slectrostatic fleld
near a subject’'s noss.
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FIG. 1—Typical Occupied Space
Contamination Sources (See Text)

FIG. 3 — Potential Gradient

Differences.

FIG. 2—VFaviation of Space Charge
Voltage Within a Room.

FIG. 4—Potential Gradient Pressure

on Occupants.
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FIG. 7—Reduced space charge de-
pnsit_of charged flourescent powder
on ceiling diffuser—secondary control

. $ystem on.

(1) (2) (3) (8} (3) (6 (N
plee FLOOR voLIME SURTACE ¥ SURTACE

DDENXS [ONS AREA v s H DEMSITY (v/s); s/v)y
™ (v/S)XKS/v)l

rerr sQ. rT. cu. rI. sQ. rr. | rT. ﬁgg-a—;,
25 x 20 x 10 00 5,000 1,900 | 2.63 380 1.00 | 1.00
2% x 40 x 10 1,000 10,000 3,300 | 3.03 330 1.15 | .87
50 x 40 x 10 2,000 20,000 5,800 | 3.45 290 1.31) .76
25 x 40 x 20 1,000 20,000 4,600 | 4.35 230 1.65| .61
50 e th x 20 2, 00¢ £0,020 T.e00 | 5.26 190 2,00 | .20
40 x 4C x 25 1,600 40,000 7,200 |s.s5 180 2.11 | .a7
100 = 40 x 20 4,000 30,000 13,600 | 5.88 170 2.26 | .45
100 x 80 x 20 8,000 | 160,000 23,200 | 6.90 145 2.62 1 .38
150 = 100 x 20 15,000 | 300,000 40,000 |7.50 133 2.85 | .35

: [

100 x 100 x 30 10,000 | 300,000 32,000 |9.38 107 3.56 | .28

TABLE 1 — Dimensional charac-

teristics of -various room sizes.
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.Fig. 1. Block diagram of six)glc-ended switching-mode amplifier.
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Throw Switch fa Tudn12% ON (DC uaz/nia AC) Ara21uGmazRe 1 T
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infinity uasd2912317UN19%1T%  switch ON war OFF (Risetime,
Falltime) ﬂsﬁdﬂ1ﬁtﬁugu§ \ 893 nswitch GRER R R R I ST I T FRE Y LT T
(Cyclically) ﬁqvﬁﬁ1ﬁ1ﬂa§unﬂqaﬂu output 15t§u5numvuaq§mm1m1ﬂ
WHARUC(AC) Taanwaeqquawnunaqaﬂaiwate(Dc Power Supply) qonntﬁaau
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'50 % nAa switch ON 1/2 @1u ua® OFF 1/2 A1 94 Load network 3z
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M Harmonic ﬁtﬁﬁﬁﬂnﬂﬁi switchaaﬂu1ﬁ Load uasqﬂ Network @av
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Appendix 141 T abulation of PA' Characteristics
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BUBLBOLLLE Z°8

-rs

1D J8mod oEABMAR

Lpr ss®

Number Figure
of or ’
; . n P, P, Ve mos ’{ mos
Class Dovices Version {Roteronce) % Ve IR Ve 78 Vee Tee P
A 1 Singlo-ended Fig. 12-3 50 172 1 2 2 178
A 2 Complementary {12-2) 50 1/8 174 1 2 174
A 2 Push-pull . Sim. Fig. 12.6 50 172 1 2 1 174
8 1 Single-ended Fig. 13-1 78.5 172 2w 2 * 1/8
B 2 Complemantary 112-2 78.5 178 . 12w 1 " 174
B 2 Push-pull Fig. 12-6 78.5 172 2/ 2 w2 174
BO* 2 Re=R [12-24) B4.1 n'/8 n?14-1 v Af1-4/n) 120
c 1 y= 73.5'; Fig. 13-1 85 172 0.588 2 3.80 0.112
c 1 y=59.0° Fig. 13-1 90 172 0.566 2 407 0.0965
c 2 Push-pull, y = 73.5¢ Sim, Fig. 12.5 g5 172 0.588 2 1.90 0.225
R = 71.5% y, = 22,
C. saturating® 1 y s 20 Fig.13.¢ | 796 0.506 0.636 2 - 527  0.075
Be=0.1R -7
C. mixed-mode* 1 Approximate Fig. 13-4 - 70 0.62 0.9 4 3 0.05
o] 2 Complementary Fig. 14-1 100 2n? 2w’ 1 " Ve
D. 2 Push-pull, vollage switch  Fig. 14-2 100 8/n? B/? 2 n/2 Vi
o 2 Pushepull, current switch  Fig, 14.3 100. %18 /B v’ 1 e
E 1 Optimum, y = n/2 Figs. 14-7, 14-8 100 2/(14w’/4) 2/(1+ »’14) 356 285 0.0981
F 1 Jrd harmonic resonator  Fig. 14.9 80.4 817128 9/4e Ty " 9/64
i o 1 2nd harmonic resonntor [14-4] 04.9 879 /3 8/3 2 V2n

€8
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MOTOROLA
# SEMICONDUCTOR i
TECHNICAL DATA

T

IRF840
IRF841
IRF842
IRF843

converlers, solenoid and relay drivers
® Siicon Gaie for Fast Switching Speeas

Temperature

® Source-10-Dramn Diode Characterized fo
Inductive Loads

N-CHANNEL ENHANCEMENT MODE SILICON GATE
TMOS POWER FIELD EFFECT TRANSISTOR

These TMOS Power FETs are designed for high voliage, high
speed power switching applications such as switching regulators,

® Low rpg(on) to Minumize On Losses Specified ai Elevated

@ Rugged — SOA 1s Power Dissipation Lumited

r Use With

0
G O—
S
MAXIMUM RATINGS
IRF
Rating Symbol - Unit
840 ' 841 | 842 | 8a3
Drain-Source Voltage .1 Vpss 500 | 450 $00 450 Vde
Orain-Gate Voliage VDGR 500 j 450 500 450 Vde
{Rgs = 1.0 m) |
Gate-Source Voltage vGs =20 Vdc
Drain Current Adc
Conunuous o 80 1.0
Pulsed lom 32 28
Total Power Dissipation P
o Tg = 25°C 125 Watts
Derage above 25-C 10 wrC
Operating and Storage T3 Tsig ~ 5510 150 °’C
Temperature Range
THERMAL CHARACTERISTICS
Thermal Resistance ‘oW
Junction to Case Ruac 1.0
Junction to Ambient Ausa 62.5
Maximum Lead Temp. for T 275 °c
Soldering Purposes. 1.8°
from Case for 5 Seconds

product on this data sheet.

are given (o faciilate “worst case” design.

See the MTPBN4S Designar’s Data Sheet for a complete set of design curves for the

The Designer's Data Sheet parmits the aesign of most circuits entirely from the infor-
mation presented. Limit curves - repr eseniing boundaries on device charactensucs —

Part Number | Vpgs 'DS{on) In

IRF840 500 Vv 0851 80A
IRFB41 450 v 085 0} 8.0A
IRF842 500 v 1.101 70A

IRF843 {4 450V 1100 70A

-t r— B -—
ARy Rl of |
I N oS o
) gy 8 I
~ ~ -
i ——1“ v,
1 l 1 ?I 3} _t
it P A | H
l | l affa
SIR . ' . 5
3 ] ™ 2z Ll T
| J Stelaa .
L U
i 'l et
P LY i
I -l — G
[=—2 [
P
N b—
uOIES
1 DIMENSION H APPLIES FO ALLLEADS
2 DIMENSIGH L APPUES 10 LEAGS 3 STHE S
AND 3 PIN t GATE
3 DIMENSIGN 2 DEFINCS A 20NF VHERF 2 DAAN
ALl BODY AND LEAD RREGULARIIES 3 SQUACE
ARt ALOWED 4 DRAN
4 DIMENSIGNING ANG TOLERANCING PER
ANS) Y14 5M 1982
5 CONIAQLLING DIMENSION INCh
T MitUMETERS INCHES !
oM e T AKX M WAk ]
c A_J1460 1 780620
e ios1
C [ 30
0L 064
]
Hg XTI
. 9 ;
36
1220 ' ]
ALK
i
00 [ 1
14 - 045 , -
- 203] - Joaso

CASE 221A-02
T0-220A8

BE X2 AR R

MOTQROLA TMOé POWER MOSFET DATA
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T

IRF840-843

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

l T C—haraclerisﬁc L Symbol l Min ] Max l Unit
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage VI3R)DSS Vde
{VGs = 0. lp = 025 mA) IRF841, IRF843 450 -
IRFB4A0, IRF842 500 -
Zero Gate Voltage Drain Curren lpss mAdc
{Vps = Rated Vpgs. VGs = 0} - 0.25
{Vps = 0 8 Ratea Vpgs. Vgs 0. T = 125°C) - 1.00
Gate-Body Leakage Current Forward IGSSF — 500 nAde
{VGsF = 20 Vdc, vpg = O)
Gate-Body Leakage Current Reverse IGSSA - 500 nAdc
{VGSR = 20 Vdc, vpg = 0}
ON CHARACTERISTICS®
Gate Threshold Voltage VGStin) 20 40 Vde
{(Vps = VGs. Ip = 0 25 mA)
Stauc Drain-Source On-Resistance DS{on) Ohm
(VGs = 10 Vdc. Ip = 4 0 Adc} «RF840, IRF841 b 085
IRF842, IRFB43 - 10
On-State Orain Current (VGg = 10 V) Dfon) Adc
(Vpg 3 6 8 vdo) IRFBA40, IRNFB41 80 -
(Vps > 7 0 vde) IRF842, IRFBA43 7.0 -_
Forward Trunsconduciance 9Fs mhos
(Vpr ZV.ip=40A) IRFBA0, IRF8A1Y 4.0 —
Vps +OV.Ip=40A) IRFBA42, IRFB43 4.0 -~
DYNAM!C CHARACTERISTICS
Input Capacitance C — 1600 F
pu Copachancey o — BN Vs : 25, VG = 0. iSs P
Output Capacitance 1210 MHz) Coss - 350
Reverse Transler Capacuance Crss — 150
SWITCHING CHARACTERISTICS®
Tuin-On Detay Time " tdion) - 35 ne
Rise Time (Vpp = 200 V 1p = 4 0 Apk, tr - 15
Turn-Off Delay Time Rgen =47 Ohms) talotf) - 90
Fall Time 1] - 30
Total Gate Charge Og 40 (Typ) 60 nC
(VGs=10V.Vpg =08«
Gate-Source Charge Rated Vpgs. Ip = Rated Ig) Ogs 20 (Typ) —
Gate-Drain Charge Qgq 20 (Typ) -
SOURCE DRAIN DIODE CHARACTERISTICS®
Forward On-Voltage U = Rated I, vsp e [ 1.9 (1) l Vde
Forward Turn-On Time Vgs = 0} ton Limited by stray inductance
| Reverse Recovery Time try 600 (Typ) [ — l ns
" INTERNAL PACKAGE INDUCTANCE (T0-220)
Internal Drain Inductance N Lg nH
{Measured from the contact screw on tab to center of die) 3.5 (Typ) -—
(Measured from the drain lead 0.25" from package to center of die) 4.5 (Typ) -
Internal Source Inductance Lg < 7.5 (Typ) —_
{Measured from the source lead 0.25” from package to source bond pad)

*Puise Test: Pulse Width « 300 us, Duty Cycle < 2.0%.
{1} Add 0.1 V for IRF840 and IRFB41.

paftan
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Nonolithic Function Generator

FUNCTIONAL BLOCK DIAGRAM -

GENERAL DESCRIPTION

The XR-2205 is a monolithic function generator inte-

grated circuit capable of producing high quality sine,

square, wriahgie, ramp, and pulse waveforms of high-stability

and accuracy. The output waveforms can be both amplitude

and frequenéy moculated by an external voltage. Freguency

ot operation can be seiected externally over a range of 0.01
z 10 more than 1 MHz.

The circuit is ideally suited for communications, instru-
mentation, and function generator applications requiring
sinusoida! tone, AM, FM, or .FSK generation. It has a typical
drift specification of 20 ppm/°C. The oscillator frequency
can be iinearly swept over @ 2000:1 frequency range, with
an external controi voltage, having 8 very smali affect on
distorzion.

FEATURES

Low-Sine Wave Distortion 5%, Typical
Excetlent Temperzture Stability 20 ppm/° C, Typical
Wide Sweep Rarge 200G:1, Typica!

Low-Supply Sensitivity 0.01%V, Typical
Linear Amptitude Modulation
TTL Compsarible FSK Controls
Wide Supply Range

Adjusizble Duty Cycle

s 10V 10 26V
1% 10 99%

APPLICATIONS

Waveform Generation
Sweep Generation
AM/FM Generation
V/F Conversion

Eceos \/
xNPm' l 1 B
' . I l SYMMETRY
ADJ.
~ OR &~ 2 .
OUTPUT
MULTIPLIER
MULT. OUT I 3 a2 H
SHAPER

+Vee E
el B
L EH

WAVEFORM
ADJ.

GROUND

SYNC
OUTPUT

BYPASS

TIMING
RESISTORS

PR

L [
L [E]

CURRENT
SWITCHES

FSK
INPUT

TR R R E R E
L L

-

——— ey -

.

ORDERING INFORMATION

Part Number Package ‘Operating Temperature
XR-2206M Ceramic 55°C 10 +125°C
XR-2206N Ceramic 0°C 10 +70°C
XR-2206P Plastic 0°C 10 +70°C
XR-2206CN Ceramiic_ 0°C 1o +70°C -
XR-2206CP Plastic 0°C 10 +70°C
SYSTEM DESCRIPTION —-

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Storage Temperature

Power Supply 26V
Power Dissipation 750 mW

Derate Apove 25°C 5 mW/°C
Total Timing Current 6 mA

-65°C 10 +150°C

TR ]

The XR-2206 is comprised of four functional blocks: a
voltage-controlled oscillator {(VCO), an analog multiplier
and sine-shaper; 3 UnIIY gain buffer amplifier; and a set
of currem switches~ ~- =" —. 2. . .

The VCO actually produces an output frequency porpor-
tional to an input current, which is produced by a resistor
from the timing terminals to ground The current switches
route one of the timing pins current to the VCO controiled
by an FSK input pin, 10 produce an output frequency. With
two timing pins, two discrété output frequencies can be
independently produced for FSK Generation Applications.

-.i
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ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V™ = 12V, Ta = 25°,C=0.01 uF, Ry =100 kQ, Ry =10kQ, R3=25kQ

uniess ctherwise specified. S oper for triangle, closed for sine wave. . i
[
¥
XR-2206M XR-2206C
PARAMETER MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | UNIT CONDITIONS
GENERAL CHARACTERISTCS
1Single Supply Voltage 10 26 10 26 v
-Split-Supply Vohage +5 +13 +5 =13 Y
. Supply Current 12 17 14 20 mA R >10kn
OSCILLATOR SECTION
*Max. Operating Frequency 05 1 0.5 1 . MHz C=1000pF, fy=1kQ
_Lowest Practical Frequency 0.01 T e R0t T =t a2 o] L e=mE R Ry =2MQ . _|
;' Frequency Accuracy =1 *4 =2 % of tg fo=1/RC
;Temperaxure Stability =10 250 =20 17 | ppm/°C 0°C < Tp <75°C.
it . = T B =Ro=20&k8 o .
 Supoly Sensitivity 6.01 01 o) o | PO T S TRV ] VoW =10V V= 20V ]
B e L T
Sweep Range 1000:1 2000:1 2000:1 fy =1 tH@® R =1kQ
r I 14 \ fie@r/ =2M0
Sweep Linearity
10:1 Sweep 2 £ % fi_= 1 kHz, {4 = 10kHz
1000:1 Sweep 8 8 % fi = 100 Hz, fly = 100 kHz
FM Distortion 0.1 seniegl e <P A1) \ % +10% Deviation
Recommended Timing T Al Ny oy
Components . il -
Timing Capacitor: C 0.001 100 0.001 100 pF See Figure 4,
Timing Resistors: Ry & Ry e 2000 1 2000 k £2
Triangle Sine Wave Output See Note 1, Figure 2,
Triangle Amplitude R 160 160 mV/k Q Figure 1, Sy Open
Sine Wave Amplitude 40 60 80 60 mv/kn Figure 1, Sy Closed
Max. Qutput Swing 6
Qutput Impedance 600
Triangle Linearity _ 1
Amplitude Stability 05 _ Fér 1000:1 Sweep
Sine Wave Amplitude Stability 4800 . | =SeeNote2:— . |
Sine Wave Distortion ] —_— —
Without Adjustment 25 - j—-Ry=30k0 . .
With Adjustment 0.4 1.0 See Fiigures 6and 7.
Amplitude Modulation
Input impedance 50 100 50 100 - Kk
Modulation Range 100 003 4 w4
Carrier Suppression 55 55 -1 - 4 d8 = -
Linearity 2 2 % For 95% modulation
Square-Wave Output L . ) . _
Amplitude 12 12 Vpp~ Measuredat Pin 11.
Rise Time 250 250, _ . . _nsec C_ =10 pF
Fall Time 50 50 nsec CL=10pF
Saturation Voltage 0.2 0.4 o 02"~ 0.6 TVl g =2mA - - —
Leakage Current 0.1 20 0.1 100 uA -Viq1 = 26V
FSK Keving Level (Pin Q) 0.8 1.4 2.4 0.8 14 24 v See section on circuit controls|
Reference Bypass Voltage 29 3.1 3.3 25 3 35 v Measured at Pin 10.
Note 1:  Output amplitude is directly proportional 1o the resistance, R3, on Pin 3. See Figure 2.
Note 2:  For maximum amplitude stability, R3 should be a positive temperature coefficient resistor.
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Figure 9:

]

Circuit Connection for Frequency Sweep.

(s
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3K
"?:1 Y a 2000
1uf
ok o ST S i
s 5 ; OJU'L s —m” M OV v =
- 59 CLOSED PORSIVEWAVE = = + M2 KEYING I
i A - i:vv K
Figure 10: Circuit for Sine Wave Generation without Figure 12: Sinusoidal FSK Generator.
External Adjustment. {See Figure 2 for
Choice of Rg.}

Figure 11:

Circuit for Sine Wave Generation with

Minimum Harmonic Distortion. (R3

Determines Output Swing — See Figure 2.)

XR-50

Figure 13: Circuit for Pulse and Ramp Generation.
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Frequency-Shift Keying:

The XR-2206 can be operaréd with two separate timing
resistors, Ry and Rz, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 12. Depending on the
polarity ot the logic signal at Pin O, either one or the other
of these timing resistors is activated. I Pin 9 is open-
circuited or connected 1o 2 bias voltage 22V, only Ry is
activated. Similarly, if the voltage level a1 Pin § s <1V,
only Rp is activated. Thus, the output frequency can be
keyed between two levels, f; and 5, as:

f-, = 1/R'|C and f;_) = 1/R2C

For split-supply operation, the keying voltage at Pin @ is
referenced 1o V™.

Output DC Level Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12, Pin 3
is biased midway bewween V7V and ground, 1o give ap_
outout dc level of =V */2,

APPLICATIONS INFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 10 shows the circuit connection for generating 3
sinusoidal output from the XR-2206. The potentiomerter,
Ry at Pin 7, provides the desired frequency tuning, The
maximum outpui swing is greater than V*/2, and the
typical distortion (THD) is <2.5%. H lower sine wave
distortion is desired, additional adjustments can be provided
as described in the following section.

The circuit of Figure 10 can be converted 10 split-supply
operation, simply by replacing all ground connections with
V=, For split-supply operation, R3 can be directly connected
to ground.

A R Y T ]

o ety 2wy
e SNEE
T 3

With External Adjustment:

The harmonic content of sinusoidal Output can be reduced
10 20.5% by additional adjustments as shown in Figure 11.
The potentiometer, RA, adjusts the 'sine-shaping resistor,
and Rg provides the fine adjustment for the waveform
symmetry. The adjustment procedure is as follows:

1. TSet Rg at midpoint, and adjust Ra for minimum
distortion.

2. With Ry set as above, adjust Rg to further reduce
distortion,

Triangle Wave Generation

The cireuits-of- Figures 10-and 11 can be converted to
triangle wave generation, by simply oper-circuiting Pin 13
and 14 (i.e., Sy open). Amplitude of the triangle is approxi-
mately twice the sine wave output.

FSK -Gener’z;ti;n

Figure 12 shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be inde-
pendently adjusted, by the choice of timing resistors, Ry
and Rz; the output is phase-continuous during transitions.
The keying signal is applied to Pin 9. The circuit can be
converied 10 split-supply operation by simply replacing
ground with V=, i

Pulse and Ramp Generation _

Figure 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying ter-
minal (Pin 8} is shorted to the square-wave output {Pin 11),
and the circuit -automatically frequency-shift keys itseif
between two separate frequepcies during the positive-going

duty cycle can-be adjusted from 1% 1o 98%, by the choice
ot Ry and Ry. The values of Ry and Ry should be in the
range of 1 kQ 10 2 MQ.

and-negative-going output-waveforms. The pulte width and -
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PRINCIPLES OF OPERATION

Description of Controls

Frequency of Operation:

The frequency of oscillation, fo. is determined by the
external timing capacitor, C, across Pin 5 and 6,-and by the
timing resistor, R, connected to -either Pin 7 or B. The fre-
quency is given as: ]

[ S
o RC Hz

-and can be adjusted by varying either R or C. The recom-

in Figure 4, Temperature stability is optimum for 4 k) <
R <200 k2. Recommended values of C are from 1000 pF
.10 100 uF .~

Frequency Sweep and Modulation:
Frequency of oscillation is proportional ¢ the total timing
current, I, drawn from Pin 7 or 8:

32011 {mA)

T WP~ ik

$=
Timing terminals (Pin 7 or 8} are lfow-impedance points,
anc are internally biased at +3V. with respect 10 Pin 12.
Frequency varies linearly with . over a wide range of
current values, from 1 BA 1o 3 mA. The frequency can
be controlled by applying 5 control voltage, VC, 10 the
activated timing pin as shown in Figure 9. The frequency of
oscillation is related 10 Vi as: I

i R \%
foo— (dee(]- L o]
RC . RC“ 3) e

mended vaiues of R, for a given freauency range, are shown

where Vi is in voits. The voltage-to-frequency conversion
gain, K, is given as:

0.32
= 3f{/0VA = = ——
K=23{/aVe ReC Hz/v
CAUTION: For safe operation of the circuit, I+ should be
limited 10 €3 mA.

Output Amplitude:

Maximum output amplitude is inversely proportional 1o the
external resistor, Ry, connected to Pin 3 {see Figure 2}, For
sine wave output, amplitude is approximately 60 mV pezk
per k) of Rg: for 1riangle, the peak amplitude is apprexi-
mately 160 mV peak per k§2 of Ry. Thus, for examoue,
R3 = 50 k§ would produce approximately 3V sinusoigai
output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a_moduylating Signal to Pin 1. The internal impedance at
Pin 1 is approximately 100 k Q. Output amplitude varies
linearly with the applied volage at Pin 1, for values of dc
bias a1 this pin, within 24 volts of V*¥/2 a5 shown in Figure
5. As this bias level approaches V*/2, the phase of ihe
output signal is reversed, and the amplitude goes throug~
zero. This property is suiiable for phase-shift keying anz
suppressed-carrier AM generation. Toza! dynamic range of
amplitude modulatién is spproximarely 55 dB. -

CAUTION: AM control must be used in conjunction wiir
a weli-regulated supply, since the cutput amplitude now
becomes a function of V¥,

EQUIVALENT -
SCHEMATIC

DIAGRAM

XR-




HIGH QUALITY FUNCTION GENERATOR
SYSTEM WITH THE XR-2206

INTRODUCTION

January 1882

4

(a) Frequency Ranges: The function generator system is
designed to operate over four overlapping 1requency
ranges:

Waveform or function generators capatle of producing
am/fm modulated sine wave outputs find a wide range of
applications in electrical measurement and laboratory in-
strumentation. This application note describes the design,
construction and the perormance of such a complete func- 1 Hz to 100 Hz
tion generator system suitable for laboratory usage or hob- 10 Hzto 1 kriz
byist applications. The entire function generator is com- 100 Hz to 10 kHz
prised of 2 single XR-2206 monoiithic IC and a limited 1 kHz to 100 k+z
number of passive circuit components. It provides the en-
gineer, student, or hobbyist with a highly versatile laboratory _._77~. --'T-he-range selection is made by switching in different- -
instrument for waveform generation al a very small fraction - - —timing capacitors.
of the cost of conventional function generators available -——:— - - — :
today. . (b) Frequency Setting: Al any range setting, frequency
. ___.can be vaned over a 100:1 tuning range with a poten-
. T tiometer™(see Rq3 of Figure 1).

GENERAL DESCRIPTION ]

" (c) Frequency Accuracy: Frequency accuracy of the XR-
2208 is set by the timing resistor R and the timing
capacitor C, and is given as:

The basic circuit configuration and the external components
necessary for the high-quality function generator system is
shown in Figure 1. The circuit shown in the figure is de-
signed ‘o operate with either a 12 V singie power supply, or
with =6 V split supplies. For most applications. split-supply
operaticn is preferred since it results in an output de level vhve
which 1s nearly at ground potential. 003200530 S -

f= ¥RC

The above expression is accurate to within =5 % at any
range setting. The timing resistor R is the series combi-
nation of resistors Rs and Ry3 of Figure 1. The timing
capacitor C is any one of the capacitors C3 thrcugh Cg,
shown in the figure.

The circuit configuration of Figure 1 provides three basic
wavelorms: sine, triangle and square wave. There are four
overiapping frequency ranges which give an overal! fre-
quency range of 1 Hz to 100 kHz. ln each range. the fre-

quency may be varied over a 100:1 tuning range.
(d) Sine and Triangle Output: The sine anc triangle output

amplitudes are variable from O V to 6 Vop- The amplitude

is set by an external potentiometer, Rq2 of Figure 1. At

any given amplitude setting, the triangle output
Loe = :.a'_r_rygl_itu_dg_-is_app_r,oximate_!y: twice as high as the
A squarewave output is available at the sync output terminal ~ =~ sinewave output. The_internal impedance of the output
for oscilloscope synchronizing or driving logic circuits. is 600

The sine or triangle output can be varied from 0 .to over
6V (peak to peak) from a 600 ohm source at the ocutput
terminal. -

T iseo0q -

(e) Sinewave Distortion: The total harmonic distortion of
sinewave is less than 1 % from 10 Hz to 10 kHz and less
than 3 % over the entire frequency range. The selection

The performance characteristics listed below are nol__=x= ofra waveform is made by the triangle/sine selector

guaranteed or warranted by Exar. However, they represent ~-switch, ‘Sp.

the typical performance characteristics measured by Exar’s

TYPICAL PERFORMANCE CHARACTERISTICS

application engineers.during the laboratory evaluation of the
function generator system shown in Figure 1. The typical
performance specifications listed below apply only when all
of the recommended assembly instructions and adjustment
procedures are followed:

) o

750 Palomar avenue. Sunnyvaie. CA 94089

(f) Sync Output: The sync output provides a 50 % duty

-— cycle puise output with either full swing or upper half

swing of the supply voltage depending on the choice of

~ 7. sync output terminals on the printed circuil board (see
Figure 1). .

EXAR INTEGRATED SYSTEMS. INC.

408 7327970 TwX 910-339.-8233
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AMPLITUDE
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NOTE:

1. For Single Supply Operation Lift GND Connection Keeping R12 Across Terminals R and B Intact, and Connect Terminal A to GND.

2. For Maximum Output. Rx may be open. Rx = 68 K is Recommended for External Amplitude Modutation.

Figure 1. Circuit Connection Diagram for Function Generator. (See Note 1 for Single Suppiy Operation.)—

{g) Frequency Modulation (External Sweep): Frequency
can be modulated or swept by applying an external
control voltage to sweep terminal (Terminal | of Figure
1). When not used, this terminal should be left open-
circuited. The open circuit voltage at this terminal is ap-
proximately 2 V above the negative supply voltage and
its impedance is approximately 1000 ohms, 2

{h

—

Amplitude Modulation: The output amplitude varies
linearly with modulation voltage applied to am input (ter-
minal Q of Figure 1). The output amplitude reaches its
minimum as the am control voltage approachesthe half
of the total power supply voltage. The phase of the output
signal reverses as the amplitude goes through its
minimum value. The total dynamic range is approxi-
mately 55 dB, with am control voltage range of 4 V refer-
enced to the haif of the total supply voltage. When not
used, am terminal shouid be left open-circuited.

(i) Power Source: Spiit supplies: 6"V, or single supply:
+12 V. Supply Current 15 mA (see Figure 3).
EXPLANATION OF CIRCUIT CONTROLS:

Switches

Range Select Switch, S1: Selects the frequency range of
operation for the function generator. The frequency is

2

inversely propomonal to the 1|mmg capacitor connected
across Pins 5 and 6 of the XR-2206 circuit. Nominal
capacitance values and frequency ranges corresponding
to switch positions of S1 are as follows:

Position ~ Nominal Range Timing Capacitance

1 1 Hz to 100 Hz 1 uF
2 10 Hz to 1 kHz 0.1 uF
3 100 "Hz to 10 kHz 0.01 ufF
4 1 Hz to 100 kHz 0.001 uF

if additional frequency-ranges_are needed, they -can . be

added by introducing_additional swilch | positions.™* 7~

Triangle/Sine Wavetorm ‘Switch,-S2--Selects the mangle or
sine output waveform.

Trimmers and Potentiometers ~

o U fe—

Dc Offset Ad;ustmem A9: The potemlomeler used for ad-
justing-the dc ofiset level of the triangle or sine output
waveform.

Sinewave Distortion Adjustment; R10: Adjusted to minimize
the harmonic content of sinewave output.

Sinewave Symmetry Adjustment, R11: Adjusted to optimize
the symmetry of the sinewave output.
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Amplnude Control, R12: Sets the amplitude of the triangle or

| sinewave output.

, Frequency Ad;ust R13: Sets the oscillator frequency for any
range setting of 'S1. Thus, R13 serves as a frequency dial
on a conventional waveform generator and varies the fre-
.quency of the oscillator over an approximate 100 to 1 range.

Terminals

A. Negative Supply -6 V

Ground

. Positive Supply +6 V

. Range 1, timing capacitor terminal
Range 2, timing capacitor terminal
Range 3, timing capacitor terminal

. Range 4, timing capacitor terminal
Timing cépacitor common terminal
Sweep Input

Frequency adjust potentiometer terminal

AeTTommoow

terminal

Sync output (1/2 swing)

. Sync output {full swing)

Triangle/sine waveform switch terminals
. Triangle/sine; Waveform switch terminals
Triangle or sinewave output

. AM input

Amplitude control terminal

!
povdzzr

|
PARTS LIST

,sary to provide the circuit interconnections shown in
1.

Capacitors:

ci. g2 .¢c7
C3
C4
Cs
ceé

|
Electrolytic. 10 uF. 10V

Mylar. 1 uF, nonpolar, 10 %
Mylar, 0.1 uF, 10 %

Mylar, 0.01 uF. 10 %

Mylar, 1000 pF, 10 %

Frequency adjust potentiometer negative supply

The following is a list of external circuit components neces-

Figure

" the circuit of Figure 1 to a complete taboratory instrument:

—~——-—-—~(See Flgures 4(a)-and 4(b).)

BOARD LAYOUT

Resistors:

R1 30K, 1/4W,. 10 %

R2 100 K1, 1/4 W, 10 %

R3, R7 1KQ 1/4W, 10 %

R4 KO, 174 W, 10 %

RS5, R6 5KO,1/4 W, 10 %

R8 300 0. 1/4 W, 10 %

RX 62 K., 1/4 W, 10 % (RX can be efim;.
nated for maximum output)

Potentiometers:

R9 Trim, 1 M}, 1/4 W

R10 Trim, 1 KQ, 174 W

R11 Trim, 25 K1, 1/4 W

The followmg additional items are recommended to conven;

Potentiometers:

R12 Amplitude control, linear, 50 KQ

R13 Frequency control, audio taper, 1 M0

Switches:

S1 Rotary switch. 1-pole, 4 positions
~487 Toggle or slide, SPST

Case: o

7"x 4" x 4" (approx.) Metal or Plastic

Power Supply

Dual supplies =6 V or single +12 V
Batteries or power supply unit
(See Figures 3(a} and 3(b).)

‘Miscellaneous:
Knobs, solder, wires, terminals, etc.

¥

Figures 2(a) and 2(b) show the recommended printed-circuit
board layout for the function generator circuit of Figure 1. l
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Flgure 2 Recommended PC Board Layout for Function Generator Circuit of Figure 1.
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RECOMMENDED ASSEMBLY PROCEDURE

The following instructions and recommendations for the as-

sembly of the function generator assume that the basic PC
board layout of Figure 2(a) or 2( b) is used in the circuit
assembly.

All the parts of the generator, with the exception of fre-
guency adjust potentiometer, amplitude control poten-
nometer, triangle/sine switch and frequency range select
switch, are mounted on the circuit board.

Install and solder all resistors, capacitors and trimmer re-
sistors on the PC board first. Be sure 10 observe the polarity
of capacitors C1, C2. C7. The timing capacitors C3, C4, C5
and C6 must be non-polar type. Now install IC1 on the
board. We recommend the use of an IC socket to prevent
possible damageto the IC during soldering and to provide
for easy replacement in case of a malfunction.

The entire generator board along with power supply or bat-
teries and several switches and potentiometers will fit into a
case of the type readily available at electronic hobby shops.
It will be necessary to obtain either output jacks or terminals
for the outputs and am and frequency sweep inputs.

Install the frequency adjust pot, the frequency range select
switch, the output amplitude control pot, the power switch,
and the triangle/sing switch on the case._Next, install the
PC board in the case, along with a power supply.

51 R2

(@) Zener Regulated Supply

S B4 R L
_[—{_4 &

l'- —II—O sv

(b) Battery Power Supply

T1: Filament Transformer - -
Primary 115 V/Secondary 12.6 VCT. 0.5 A

D1-D4: IN4001 or Similar

DS, D6: IN4735 or Similar

R1,R2:51 0, 1/2W, 10 %

Any simple power supply having reasonable regulation may
be used. Figure 3 gives some recommended power supply
configurations.

Precaution: Keep the lead lengths small for the range
selector switch. .

ADJUSTMENT PROCEDURE

When assembly is completed and you are ready to put the
function generator into operation. make sure that the potarity
of power supply and the orientation of the IC unit are cor-
rect. Then apply the dc power to the unit.

To adjust for minimum distortion, connect the scope probe
to the triangle/sine output. Close $2 and adjust the
amplitude controf to give non-clipping maximum swing.
Then adjust R10 and R11 aiternately for minimum distortion
by oberving the sinusoidal waveform. If a distortion meter is
available. you may use it as a final check on the setting of
sine-shaping trimmers. The minimum distortion obtained in
this manner is typically iess than 1 % from 1 Hz to 10 kHz and
less than 3% over the entire trequency fange

—————— et

L —~. ——- .8 - ‘

Figure 3. Recommended Power Supply Configurations.




LM119/LM219/LM319

v National
Semiconductor

Voltage Comparators

LM119/LM219/LM319 High Speed Dual Comparator

General Description

The LM119 series are precision high speed dual
comparators fabricated on a single monolithic
chip. They are designed to operate over a wide
range of supply voltages down to 2 single 5V logic
supply and ground. Further, they have higher
gain and lower input currents than devices like
the LM710. The uncommitted collector of the
output stage makes the LM119 compatible with
RTL, DTL and TTL as well as capable of driving
lamps and relays at currenis up 10 25 mA. Out.
standing features include:

Features

® Two independent comparators

u QOperates from a single 5V supply

®» Typically 80 ns response time at 215V
8 Minimum fzn-out of 2 each side

® Maximum input current of 1 uA over tempera-
ture ¢

® Inputs and outputs can be isolated from system
ground

® Migh common mode slew rate

Although designed primarily for applications re-
quiring operation from digital logic supplies, the
LM119 series are fully specified for power supplies
up to £15V. It features faster response than the
LM111 at the expense of higher power dissipation.
However, the high speed, wide operating voltage
range and low package count make the LM119
much more versatile than older devices like the
LM7211.

The LM119 is specified from —55°C 10 +125°C,

the LM219 is specified from —25°C to +85°C, and
the LM319 is specified from 0°C 1o +70°C.

Schematic and Connection Diagrams
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Absolute Maximum Ratings wmiig/tm219

Total Supply Volage IV Powe Dissipation {Note 2| $00 mw
Output to Negative Supply Voltage 36V Outout Snort Circuit Duration . 0 wc
Ground to Negatve Supply Voltage 25V Operating Temperature Range LM119 -85 S o 125‘C
Ground 10 Positive Supply Voltage 18V LM219 -2? Cto85°C
Differential Input Voltage $5V Storage Temperature Range -65°C 1o 150:C
input Voltage {Note 1) 215V Leac Tempersture (Soidering, 10 sec) 300°C
Electrical Characteristics note 3)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Vottage {Note 4} T,=25C, Rg< 5k 0.7 &0 mv
Input Otfset Current {Note 4) Ta = 25°C 30 75 ne
Input Bias Current Ta®25°C 150 500 nA
Vottage Gan Ta®25°C 10 40 Vimv
Response Time {Note 5} Ta=25°C Vg = 215V 80 ns
Saturation Voitage Vig S =5mV, layr = 25 ma
Ta=25°C 675 1.5 v
Qutput Leakage Current Vin 25 mV, Vguy = 35V
Ta=25C 0.2 2 uA
input Otfset Voltage (Not2 4) Rg < 5k 7 my
tnput Offset Currens iHate &) 100 nA
Input Bias Current 1000 nA
Input Voltage Range Vg = 215V -12 =13 +12 v
V' =5V, V=0 t 3 v
Saturauon Voltage Vi 245V, Vv =0
Vi, -6 mV, Ig e < 32mA
Ta20C 623 04 v
Ta<0°C 0.6 v
Output Leakage Current Vin 2 EmV, Vgyr = 35V, 1 10 HA
Vono =0V
Ditferentiat Input Voltage =5 A%
Positive Supply Current Ta=25°C, V' =5V,V =0 43 A
Positive Supply Current Ta=25C Vg=215V 8 1.5 mA
Negative Supply Current Ta=25°C Vg = 215V 3 45 mA

Note 1: For supply voltages less than 15V the absotute maximum ingut voltage is equa! to the supply vo'tags.

Note 2:  The maximum junction temperature of the LM119 is 150°C, while that of the LM218 is 110°C. For operating at
elevated temperatures, devices in the TO-§ package must be derated based on s thermal resistance of 150°C/W, junction to
ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line package fs 100°CAW, junction to ambient.

Note 3: These specifications apply for Vg = =15V, and the Ground pin at ground, and —55°C < TA < +125°C, unless other-
wise stated. With the LM218, however, all temperature specifications are limited to —25°C <Ta< +85°C. The offset voltage,
offset current and bias current specifications apply for any supply voltage from a single 5V supply up 10 = 15V supplies.

Note 4: The'offset vohages and offset currents given are the maximum values required 1o crive the output within a volt of ei-
ther supply with 3 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of

voltage gain and input impedance.
Note 5: The response time specified {see definitions) is for 8 100 mV input step with § mV overdrive.
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Absolute Maximum Ratings wm3ig
Total Supply Voliage 3oV Power Dissipatios *ez2 2} 500 mw
Output to Negative Supply Voltage 36v Output Short Crre. - D uration 10 sec
Ground 1o Negative Supply Voltage 25v Operating Temp=-2°_-# Range LA*319 0C1070°C
Groung 10 Positive Supply Voltage 18v Storage Temperat.-z Fange -65 C 10 150°C
D.tterential Input Voltage *5v Lead Temperature 32 3e7ing, 16 sec) 300°C
Input Voliage iNote 1) 218V
Electrical Characteristics (ot 3)
PARAMETER CONDITIONS MIN I TYP MAX UNITS
tnput Offset Voliage {Note 4} Ta=25C, Rg< 5Kk 20 8.0 mv
Input Oftset Current (Noze 4) T, =25C 80 200 nA
tnput Bias Current T, = 25°C 250 1000 nA
Voltage Gain T.*25°C 8 40 Vimv
Resoonse Time (Note 5) Ta=25C Vg =215V 80 ns
Saturation Voliage Vin € -10mV, Igyy = 25 mA
' Ta=25°C 0.75 15 \2
Ouiput Leakage Currert Viy 2 10 mV, Vgt = 35V,
VT r Vono *OV. T, » 25°C 0.2 10 KA
1
input Clfse: Voltage (Note 4} Rs < 5k 10 mV i
input Offset Current {Note 4) 300 nA ,
input Bias Current 1200 nA
- i
Input Voltage Range Vg = 215V 213 v |
V=8V, VT=0 1 3 A i
Saturation Voltage V'2 45V, VvT=0 0.3 0.4 v
Vin £-10mV, lsink € 3.2 mA !
Ditferentia! tnput Voliage 25 A
Positive Supply Current Ta=25°C.V =5V, v =0 4.3 mA
Positive Supply Current To=25°C Vg= 215V 8 125 mA
Negative Supply Current Ta=25°C Vg= 218V 3 5 mA

Note 1: For supply voltages less than 215V the atsolute maximum input voltage is #=.2" to the supply voltage.

Note 2: The maximum junction temperature of the LM319 is 85°C. For operating 2: elevated temperatures, devices in the
T0-5 package must be derated based on a thermal resistance of 150°C/W, junctio~ 1= ambient, or 45°C/W, junctuion to case.

The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient.

Note 3: These specifications apply for Vg = 15V and 0°C < T < 70°C, unless ¢c:n2-wise stated. The offset voltage, offset
current and bias current specifications apply for any supply voltage from a singie £\ supply wp to = 15V supplies.

Note 4: The offset voltages and offset currents grven are the maximum values regu-2< to drive the output within a volt of
either supply with a 1 mA load. Thus, these parameters define an error band and tass into account the worst case effects of
voltage gain and input impedance.

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive.,
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Typical Performance Characteristics wm3ig
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National :
Semiconductor

LM555/LM555C Timer

General Description

The LMS5S5 is a highly stable device for generating
accurate time defays or oscillation. Additional terminals
are provided for triggering or resetting if desired. In the
time delay mode of operation, tha time is precisely con-
trolled by one external resistor and capacitor. For astable
operation as an ascillator, the free running frequency and
duty cycle are accurately controlled with two external
resistors and one capacitor. The circuit may be triggered
and reset on falling waveforms, and the output circuit
can source or sink up to 200 mA or drive TTL circuits.

Features

® Direct replacement for SES55/NESS5
& Timing from microsecands through hours
® Qperates in both astable and monostable modes

Industrial Blocks

| Adjustable duty cycle

8 Qutput can source or sink 200 mA

® Qutput and supply TTL compatible

@ Temperature stability better than 0.005% per °C
8 Normally on and normally off output

Appilications -
Precision timing :
Pulse generation

Sequential timing

Time delay generation

Pulse width modulation

Pulse position modulation

Linear ramp generator i

Schematic Diagram
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TOPVIEW

Order Number LM555H, LMS55CH

See NS Package NOBS
Order Number LMSS54 or LMS55CL
See NS Package JOBA
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See NS Package HOSC
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" Absolute Maximum Ratings

Supply Voitage +18v
Power Dissipation (Note 1) 600 mW
Operating Temperature Ranges
LMS55C 0°C to +70°C
LMSS55 - =85°C 1o +125°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics (1. = 25°c. Vee = +6V to +15V, unless otherwise specified)

_—
- - UMITS
PARAMETER CONDITIONS LMS55 LMS55C umniTs
) MIN . TyP MAX MIN TYP MAX
Supply Voitage N 45 18 45 16 v
Supply Current Vee =5V, R = 3 -3 6 mA
Vee = 15V, R, == 10 12 10 15 mA
{Low State) {(Note 2)
Timing Errar, Monastable
Initial Accuracy Qs 1 b
Drift with Temperature Ra. Rg = Ik to 100 k, 20 50 pom.’C
. C=0.1uF, {Note 3}
Accuracy over Temperature 15 1.5 LY
Drift with Supply 0.05 0.1 “wv
Timing Errof, Astabte °
Initial Accuracy 5 225 3
Drift with Temperature 90 { 150 ppmi°C
Accuracy over Temperature 25 30 L]
Drift with Supply 0.15 0.30 v
Threshoid Voltage 0.667 N 0.667 xVee
Trigger Voltage Vee = 15V 48 s 5.2 5 v
Ve =5V % 1.45 1.67 1.9 1.67 v
Trigger Current 0.01 0.5 05 0.9 HA
Resat Voltage . . 04 0.5 1 a4 0s 1 v
- .
Resat Current -~ . a.1 04 0.1 0.4 mA
Threshoid Currant {Note 4) 0.1 0.25 0.1 Q.25 HA
Controf Vattage Level Ve = 15V 96 10 10.4 9 10 n v
Vee =5V 29 333 7| 38-.| 26 333 4 v
Pin 7 Leakage Qutput High 1 100 1 100 nA
Pin 7 Sat (Note 5) -
Qutput Low Vee = 15V, 13 = 1S mA 150 180 - mv
OQutput Low Veg =45V, 1; =45 mA 70 100 80 200 mv
Qutput Voltage Drop {Low) Vee = 18V f
fsine = 10mA - 0.1 0.15 y 0..1 0.25 v
Igix = 50 mA 04 05 04 0.75 v
Iginx = 100 mA 2 22 2 25 v
Iginie = 200 mA 25 25 v
Vee =5V -
I ® BMA 0.t 0.25 v
Isink =S mA 0.25 0.35 v
Output Voltage Drop (High) Isource = 200 mA, Ve = 15V 12,5 125 v
lsounce = 100 mA, Ve = 15V 13 133 1275 133 1 v
Vec =5V | 3 a3 225 33 - v
Rise Time of Output ) 00 100 s
Fal Time of Output 100 100 n

T E s

Nots 1: For operating at elevated temperatures the device must be derated based on a +150°C maximum junction temperaturs and a dm'ma'
resistance of +45°C/W junction to case for TO-5 and +150°C/W j i to ient for both packag,

Note 2: Supply current when outnut high typically 1 mA less.at Voo = 5V

Nots 3: Tested at Vo = 5V and Vee = I15V.

Nots 4:.This will determine the maxnmum value of R + Rg for 15V operation, The maximum total (R4 + Rg) is 20 M. - R
Note 5: No proucncn against axensw- pm 7cumm is noeawy providinq the p:hgl dissipation rmnﬂ will not be cxcndod. .

5, Lot e " EERET N

2 ‘ —M“‘:-“%;-X 2 3 v !m £ et nty
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Performance Characteristics
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Applications Information
MONOSTABLE OPERATION

In this mode of operation, the timer functions as a
one-shot (Figure 1). The external capacitor is initially
held discharged by a transistor inside the timer, Upon ap-
plication of a negative trigger pulse of less than 1/3 Vcc
to pin 2. the flip-flop is set which both releases the short

‘ circuit across the capacitor and drives the output high.
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-on-19A0 S ™
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l Lwsss N IAESNOLD
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1 s —. .
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NOAMALLY :,.\ L]
“OFF” LBAD 1) —I:.""
. e

: FIGURE 1. Monostable
The voltage across the capacitor then i increases exponen-
tially for a period of t = 1.1 RAC, at the end of which
time the voltage equals 2/3-Vec. The comparator then
resets the flip-flop which in turn discharges the capacitor
and drives the output to its low state. Figure 2 shows
the waveforms generated in this mode of operation.
Since the charge and the threshold level of the com-
parator, are both directly propartional to supply voltage,
the tiﬁ:ing internal is independent of supply.

A1 | {

v 4 At 1/

/ o~
Vo o9 Top Teamst ioput $¥/0w,
TIME =81 /0L, Wiedely Trace: Gutpet V0w,
PR Sactom Tracs: Caputrtor Vohage 2V/Om.
Calis

FIGURE 2 Monostable Waveforms

During the timing cycle when the output is high, the
further application of a trigger pulse will not effect the
circuit. However the circuit can be reset during this time
by the application of a negative pulse to the reset
terminal (pin 4). The output will then remain in the low
state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended
that it be connected to Vcc to avoid any possibility of
false triggering.

Figure 3 is a nomograph for easy determination of R, C h
values for various time delays.

NOTE: In monostable operation, the trigger shculd be
driven high before the end of timing cycle.

ASTABLE OPERATION ‘ .
If the circuit is connected as shown in Figure 4 (pins 2
and 8 connected) it will trigger itself and free run as a

77
5“ / :‘@‘sw‘(/
M AAA%
4444

1hsiOha Trm tOme 100t 193 1089
te - TIME DELAY

FIGURE 3. Time Delay

multivibrator. The external capacitor charges through
Ra + Rg and discharges through Rg. Thus the duty
cycle may be precisely set by the ratio of these two
resistors.
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FIGURE 4. Astable

In this mode of operation, the gapacitor charges and
discharges between 1/3 Vee and 2/3 Vee. As in the
triggered mode, the charge and dischargs times, and there-
fore the frequency are independent of the supply voitage.

Figure 5 shows the waveforms generated in this mode
of operation.

l/ / \ l/

Yo * ¥ Tap Troce: Outpas S¥/Din.

T = asDrY,  Socmm Traa: Capacites Volugs 1V/Bm
0, o100

Byl

[y ] .

FIGURE 5. Astable Waveforms
The charge time {output high) is giver: by:
ty =0.693 (R4 + Rg) C

And the discharge time {output low) by:
= t; =0.693 (Rg) C

i Thus the total periad is:
T=t; +13=0.693 (BA +2Rg)C

936
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FIGURE 6. Free Running Frequency

, FREQUENCY DIVIDER
The monostable circuit of Figure 7 can be used as a
frequency divider by adjusting the length of the timing
eycle. Figure 7 shows the waveforms generated in a
divide by three circuit.
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—~ FIGURE 7. Frasquency Oivider
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PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode
and triggered with a continuous pulse train, the output
pulse width can be modulated by a signal applied to pin
5. Figure 8 shows the circuit, and’in Figure 9 are some
vaveform examples.
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The frequency of oscillation is: .
o v - )
Y A 1 1.44 J
253 Rt ———, . =
%’h T (Ra+2Rg)C ./ : \\‘\
e : ‘ N
4. Figure 6 may be used for quick determination of these
= ' RC values. I
f . Rg —
L. k- The duty cycle is: Da—— .
Ra +2Rg v
oo "
- F ,\Nln ,‘OC‘.(’ Vec =S¥ Taw Trose: Modutonse 1V/550,
3 1o \ \\ ‘Q-P «=p P Yo T - AT awDN.  Bertems Troe: Gogut V1
I . e Retim .
: " N\ o ceass
= \ \ g oo
2 \ V. o= FIGURE 9. Puise Width Modulator
I oNCS Vi
NG\
2 u N
$ \ PURLSE POSITION MODULATOR
o Mo+ 2Ry This application uses the timer connected for astable
oo - | operation, as in Figure 10, with a modulating signal

agan applied to the control voltage terminal. The puise
position varies with the modulating signal, since the
tiweshold voltage and hence the time delay is varied.
Figure 11 shows the waveforms generated for a triangle
waxe modulation signal.
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FIGURE 11. Pulse Pasition Modutator

LINEAR RAMP

" When the puilup resistor, R, , in the monostable circuit

is replaced by a constant current source, alinear ramp is

-
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Applications Information (continueq)

generated. Figure 12 shows a circuit configuration that
will perform this function!

TRIECER O—rt 2

SUTPUT Oy 3

FIGURE 12.

Figure 13 shows waveforms generated by the linear ramp.

The time interval is given by:
2/3Vec Reg {Ry +Ry)C
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50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Ry and Rg may be
connected as in Figure 14. The tane period for the out-

put high is the same as previous, t; = 0.693 R, C.
For the output low it is t; =

((Ra Rgl/(Ra + Rg)l Cln |2 _20a
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FIGURE 14. 50% Duty Cycle Osciilator

Note that this circuit will not oscillate if Ry is greater
than 1/2 R, because the junction of R, and Rg cannot
brifg pin 2 down to 1/3 Vge and trigger the lower
comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1uF in
parallel with 1uF electrolytic.

Lower comparator” storage time c3n be as long as 10us
when pin 2 is driven fully to ground for triggering. This
limit the monostable pulse width to 1Qus minimum.,

Delay time reset to output is 0.47us typical. Minimum
reset pulse width must be 0.3us, typical.

Pin 7 current switches within 30 ns of the output
{pin 3) voltage.
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% The LM556 Dual timing circuit is a highly stable

sntroller capable of producing accurate time delays
'or oscillation. The 556 is a dual 555. Timing is provided
by an external resistor and capacitor for each timing

-2 function. The two timers operate independently of each
2. other sharing only Ve and ground. The circuits may be
¥ triggered and reset on falling waveforms. The output

tructures may sink or source 200 mA,

5

 Features

a_ Direct replacement for SES56/NESS6

® Timing from microseconds through hours

Operates in both astable and monostable modes
.Replaces two 555 timers

Industrial Blocks

8 Adjustable duty cycle

QOutput can source or sink 200 mA

Qutput and supply TTL compatible

Temperature stability better: than 0.005% per
Normally on and normally off output

Applications
Precision timing

Pulse generation
Sequential timing

Time delay generation
Pulse width modulation
Pulse position modulation
Linear ramp generator
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mco Absolute Maximum Ratings
Lo Supply Voltage +18V
E Power Dissipation (Note 1) ' 600 mW
—d Operating Temperature Ranges
-J L)
LMS56C 0Cto+70°C
LMS56 ~55°C to +125°C
a
L | Storage Temperature Range -65°C to0 +150°C
- )
E Lead Temperature (Soldering, 10 seconds) 300°C
J
- e H - - g
Electrical Characteristics (1, = 25°C, v = +5V to +15V, unless otherwise specified)
. . —
PARAMETER CONOITIONS LisSe LMESIC
MIN TYe MAX Min TVvP MAX uNITS
Supply Voitage 45 18 4.5 8. v
Supply Current Veg =SV. R == 3 § 3 [} mA
{Each Timer Section) Vee = 15V, Ry 2o 10 1 10 1 YN
(Low State) {Mote 2)
Timing Error, Monostable
Initial Aceuracy 05 p.7% %
Drift With Temperature Ra. Rg = 1k 1o 100K, C = 0.15F. 3 50 pom/’C
(Note 3}
Accuracy Over Temperature 15 1.5 b
Orift with Supply a.05 a1 xv
Timing Error, Astabie E
nitish Accuracy 1.8 22 L3
Drift With Temperature ] 150 pom/°C
Accuracy Over Temperature 2.5 3.0 L3
Drift With Supgly - 0.15 0.30 v
Trigger Voltage Vee = ISV 48 5 5.2 45 s as v
Vee = SV 145 1.67 19 12§ 1.67 20 v
Trigger Current o1 05 02 1.0 HA
Reset Voltage Mote 4) 04 0.5 1 04 as 1 v
Rasst Current 0.1 X} a1 s mA
Threshold Current {Note 5) 003 Q1 a.03 ot HA
Controt Voltage Level And Ve = 15V 26 10 10.4 10 11 v
Theeshold Vaitage * Vee = SV 23 333 18 28 33 4 v
Pin 1, 13 Leakage Output High « 1 100 1 100 nA
Pin 1, 13 Sat (Nore 6} *
Qutput Low - Vec = 15V, I= TSmA 150 240 ] 300 mv
Output Low N Ve = 4.5V, 4 = 45mA 0 100 ] 20 mv
} Output Voltage Drop (Low) Vee = l5\7
Ismex * 10 MA [R] 015 3] 0zs v
. sma ® SOMA 04 (L] as ors v
Igmeg * 100 MA 2 228 2 278 v
. Iswex, = 200 mA 25 25 v
Veg =5V
Igmg = 8 MA (%] 028 v
Igin ® 5 MA o2s a3s v
Output Vottage Orop (High) Isounca = 200 mA, Ve = 15V 128 t12s v
. lyounce * 100 mA Vee = 15V 123 133 1275 133 v
» Veg =5V 3 33 278 33 v
>
Rise Time of Qutput { 100 00 ~
Fsit Time of Output 100 W0 b
Matching Characteristics {Nowm ) .
Initiel Timing Accuracy .08 0z ar 28 *
Timing Orift With Temperature 10 20 pom/'C
Drift With Supply Voltage o1 02 " 0z 08 »v
Note 1: For opcrning at glevated tempersturss tha device must be derated baud ona +150'C maximum junction temperature and 8 therms
resistance of +150°C/W junction to ambient for both packages.
3 Note 2: Sugply current when output high typically 1 mA less at VCC = 5V,
Note 3: Tested at Voo = 5V-and Vog = 15V. e
. Note 4: As reset voitage lowers, timing is inhibited and then the' output goes low, .
Note 5: This will determine the maximum value of Ry + Rg for 15V operation. The maximum total (R4 +Rg) is 20 MQ.
Nots 6: No pr sgainst pin 1, 13 current is necessary providing the package dissipation rating will not be excesded.
Note 7: Matching characteristics refer to the diffecance betwsen performance characteristics of esch timer section. ’
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| Performance Characteristics .
’ . 4
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