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Abstract

This research mentions is two phase drive at maximum
torque for single phase induction motor . it produced by
control the frequency and voltage of pwm (pulse width modulation)
pulses to motor.

This project 1is classificated to two Part. The first

one talk about designing the control unit. It consists of three

maif Lircuits;s oscillator circuit; PWM circuit and inverter
circuits. The second semester is building two phase drive at
maximum torgue for single phase induction motor. by using the
phase shift circuit and fine electrical angle between phase
one and phase two at many different 1level angle from 0 to 90.

find angle make for torque maximum.
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Semiconductor

LF353 Wide Bandwlidth Dual

81-FET 1™ Technelogy

JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input
operational amplifiers with an intemally trimmed input offset
voltage (BI-FET 1i™™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slow rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 aliowing
designers to immediately upgrade the overall performance
of existing LM1558 and LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage. low input bias current, high input impedance, high
slow rate and wide bandwidth. The devices also exhibit low
noise and otfset voltage drift.

Features

8 Intemally trimmed offset voitage 10 mV
& Low input bias current 50pA
u Low input noise voltage 18 nv/ iz
8 Low input noles current 0.01 pAZHZ
8 Wide gain bandwidth 4 MHz
8 High slew rate 13 V/ips
= Low supply cument 3.6 mA
@ High Input impedance 101202
& Low total harmonic distortion Ay = 10, <0.02%

RL = 10k, Vo =20Vp~p, BW =20 Hz-20 kHz

& Low 1/1 noise corner 50 Hz
8 Fast settiihg timo 10 0.01% 2 pus

Typical Connection
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Simplified Schematic
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Connection Diagrams

Metal Can Package (Top View)
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Order Number LF353H
See NS Patkage Number Ho8C

Dual-in-Line Package (Top View)
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Order Number LF353J, LF353M or LF353N
See NS Packege Number JOBA, MOBA or NOSE
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LF35

Absolute Maximum Ratings

< - - -y

- B T 1)

I Military/Asrospace specified devices are required, Storage Temperatuge ngo . - 65‘9 tgi_ +1 59'_'6
please contact the Natlonal Semiconductor Sasles Lead Temp. ( 10 sec.) 250-%
Otfice/Distributors for avallabliity and specifications. deuinglnlomnﬁo;l ) uE
Supply Voltage tiev Duak-in-Line Package
Power Dissipation {Note 1) Soldering (10 sec.) 260°C
Operating Temperature Range 0"Cto +70°C Small Outiine Packege
T Vapor Phase (60 sec.) 215°C
{(MAX) 180°C
o tal Voha +30V Infrared (15 sec.) 220C
arental input Voltage See AN-450 “Surface Mounting Methods and Their Effect -
Input Voitage Range (Note 2) x15v on Product Reliabliity” for other methods of soldering sur
Output Short Circuit Duration Continuous tace mount devices. .
ESD rating to be determined.
DC Electrical Characteristics (ot )
Symbol Parameter Contitions LF353 Unite
Min Typ Max
Vos input Otfset Voltage Rg=10kN, Tp=25°C 5 10 mv
Over Temperature 13 myv
AVos/AT Average TC of Input Of{set Rg=10kn
Voitage 10 wre
los Input Otfset Current Tj=25°C, (Notes 4, 5) 25 100 pA
T' <70°C 4 nA
lg Input Bias Current Tj=25°C, (Notes 4, 5) 50 200 pA
Tj<70°C 8 nA
AN Input Resistance Ty=25°C 1012 n
AvoL Large Signal Voltage Gain Vg £ 15V, To=25'C 25 100 viaw
Vo= 110V,R =2kl
Over Temperature 15 V/mv
Vo Output Voltage Swing Vg= £ 15V, R = 10k} 12 +13.5 \
Ve Input Common-Mode Voltage .t +15 v
Rangs Vg £ 15V 211 Npt v
CMRR Common-Mode Rejection Ratio Rs< 10k 70 100 dB
PSRR Supply Vollage Rejection Ratio {Note 8) 70 100 dB
Is Supply Current 3.6 6.5 mA
AC Electrical Characteristics (ote 4)
Symbol Parametor Conditions 1ras Units
Min Typ Max
Amplifier to Amplifier Coupling Tao=25C,1=1Hz—-20 kHz —120 a8
(Input Referred)
SR Slew Rate Vg= 215V, To=25°C 8.0 13 V/us
GBW Gain Bandwidth Product Vg= £ 16V, To=25°C 2.7 4 MHz
o Equivalent Input Noise Voltage Ta=25'C, Rg= 10010,
12 000 e 25 v/ iz
in Equivalent Input Noise Current Tj=25°C, 1= 1000 Hz | 001 pA/NRZ
Nois 1: For operating st d the device must be derated based on & thermal resislance of 118°C/W typ ) to 1o¢ the N packag

and 158°C/W typ junction 1o amblent for the H package.
Note 2: Unises otherwise specified the abeciute maximum negalive input voitage is equal 10 the negative powsr supply vollage.

Note 3: The power di tion ¥mit, by . CANNOL DO

Note 4: These specifications apply for Vg= 2 15V and 0°'C S TS 4+ 70°C. Vg, lg 3nd iog are messwred ai Vey=0.

Nate §: The input ias W@ JunNCBOn leakag which app ‘Wumtmwmmmmnm.n.mwmm
Producuon lest ime, the input blas e 10 Juncth in normal jon the junctl v 1383 above the ambient
wroouuouu-umolmnupmMMPDTl-h+0“PpM0“hNMmd from j o Use of a heat sink is
recommendad § input biss current is 10 be kept to a minimum,

Note & Supgly voltage rejecton rato is measwred for both supply magnin i ing or g o ly In d with pract

Vs = 20V (0 £15V.

b4



cal Performance Charactéristics . .. . ., o PR
oy, InputBissCurrent " inputBias Current ... SupplyCurrent
L} - T “

-8 -v‘--lllv 1 R :‘.'GI'.. gt 22 . . “C """sdll'c
Sl R - veu , 4 ... . L]
A ] 3 »-VI' W , - i ] P
“ ? A i //1
" i
i === i u
b ]
. i u
* . w
f-_‘;, T I | [] ) 1 P NN Ne BN u.luuuu
COMMON-MO0L VOLTASE (V) TIMPERATURE ( €) SUPPLY VOLTABE i:V)
‘
Positive Common-Mode Input Negative Common-Mode input
Voltage Limit " Voltage Limit Positive Current Limit
— ey "
» 2CgTASIE i regiag e g v—‘,#
i " " 8
5E ‘? / g w Wi
! " R 4 § we ll'c
z 4 B
B Es , Va
. E i 7 £
p i
s ’ (]
. s " 1$ ] ] ] " " » ] L] » » “
POMTIVE SUPPLY VBLTAGE (V) NEGATIVE TUPPLY VOLTASE (V) OUTPUT SOURCE CURRENT imA)
Negative Current Limit Voitage Swing 3 Output Voltage Swing
E -8 L] T T T
LR ] VgorisyY
g 2 BNt i } | taeae -
3 N g 4 E > {
; -1 i ra
H g n // g "
E fr-13C 2 Va §
3 -4 ) $ // 1"
RRTIE E oy £ L
l L
-4 [ ]
: ] 1 » » “ ' ’ 1 " » (X i 1
GUTPUT SINK CURRENT (mA) SUPPLY VOLTAGE L\ A ~ CUTPUT LOAD i1}
. Gain Bandwidth " Bode Plot " Slew Rate
1 . ~h
5 vy gy 4 A=
§ “:" bl . ] A;" u?ms
Y €y o100 pF -1 L
e NG g " E g !
g 4 ™ ~ [ - 8 g 3 - mising
u \\ § SAIN E B T
& -u -
g ' - B & 1
3 -n t
b} -3 "
1M N8N . ' S NN NaHuDN
TEMPERATUAL (-C) FAEQUENCY @) TEMPEAATURE ( £}

TL/H/5849-2

1511 3




-

LF353

Typical Performance Charac
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A aas-ariall Signaling Inverting

B

i 2 "
OUTPUT VOLTAGE SWING (58 mV/DIV)

TIME (0.2 48/DIV)
TU/H/6649-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (SV/DIV)

2

TIME (2 u/DIV)
TL/H/5649-6

Small Signal Non-inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 us/DIV)
TL/H/5649-5

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (SV/DIV)

TIME (2 u/DIV)
TL/H/5649-7

Current Limit (R = 1000Q)

OUTPUT VOLTAGE SWING (1V/DIV)

TIME (6 ,0/01V)

Application Hints

These devices are op amps with an internally trimmed input
offset voltage and JFET input devices (BI-FET li). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum ditferential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

TL/H/5649-8

Exceeding the negative common-mode limit on either input
will force the output to a high stale, potentially causing a
reversal of phase 10 the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

£5¢€47
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LF353

Application Hints (continued)

Exceeding the posilive common-mode limit on a single lnput
will not change’ the phase of the output; however, If both
ifputs exceed.the-imit, the autput of the ampiifier will be
forced 10 a high state.

The amplifiers will operate with & common-moda input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be daecreased in this condition.
When the negative common-mode voltage swings o within
3V of the negative supply, an increase in input oftset voltage
may occur.

Each amplifier i3 individually biased by a zener reference
which allows normal circuit operation on 16V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

The amplifiers will drive a 2 kfl load resistance 10 10V
over the full temperature range of 0°C to +70°C. If the am-
plifier is forced 1o drivé heavier load currents, however, an
increase in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Pracautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards
in & socket as an unlimited current surge through theresult-

Detailed Schematic

lngfomarddnodownrunthalCcouldcauselushaowu
internal conductors and result in a destroyed unit.’

Because these ampplifiers are JFET rather than MOSFET
input op amps they do not require special handling. ]
As with most ampiifiers, care should be taken with lead

dress, component placement and supply decoupling in or-
dear to ensure stabllity. For example, resistors from the out-

" put 10 an input should be placed with the body close to the

input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the’
Iinput to ground.

A feedback pole Is created when the feedback around any
amplifier is resistive. The parallel resistance and capack
tance from the Input of the device (usually the inverting in-
put) 1o AC ground set the frequency of the pole. In mary
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin,
However, if the feedback pole is less than approximataly 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC’
time constant of this capacitor and the resistance i parallels
is greater than or equal to the original feedback pole time
constant,

Vee O-
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'f‘sryplcal Applications

GAIN (48)

Three-Band Active Tone Control
8008T - CUT
(1)
8ass
Lub
’l m 1008 i
AN AAA AAA
l v Y { 2 L 4 W
0.085 L
::m MID-RANGE
18 108 1 18
s WY—@—=AAA—@ AAA
F
138 $00 ™
—AAN AN AAA
TRESLE

v
NOTE 4]

L

7f INGTE 1
T

3 all

»:

-k

A

"‘7 {MOTE 3

]umt

" [T "™

FREQUENCY (Hz)

Note 1: All conwols flat.
Note 2; Bass and veble boost, mid fat.
Note 3: Bass and ireble cut, mid fial,
Note &: Mid boost, bass and breble flat.
Note & M cut, bass and treble flat

* All potentiometers are linear laper
¢ Use the LF347 Quad ko siereo sppiications

—O 0uT

TL/H/5849-10
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LF353

Typical Applications (contnued)

improved CMRR Instrumentation Amplitier . . -

<

-
<

-

HtxngmIko
HI'ID—'IIIM

.
«
-
1

<,

-~

SErARATE

2R2 ) fas

Ay =f-—— +1 N iy
Y (m R4

s1y and -é- #r8 saparate isolated grounds
Matching of R2's, R4's and A5’ control CMRA
With Ay o = 1400, resistor matching = 0.01%: CMRR = 136 0B

®  Very high nput impedance
® Super high CMRAR

Fourth Order Low Pass Buiterworth Filter

©  Corner trequency (fc) » /__.,_.__ CL R AL N R
R1R2CCH 2= RI‘R2'CCY 2n

of Passband gan (HQ) = (1 + R4/RJ) (1 + R4'/R3’)
e Fuststage O+ 1.31
e Second stage Q ~ 0.541
e Circuit shown uses nearest 5% tolerance resistQr values for 3 filter with a corner frequency of 100 Hz and a passband gamn of 100
e Ottset nulling necessary tor accurate OC performance
TL/H/5648-11

1
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aiplcal Applications (Contnueq)
i‘-h

" Fourth Order High Pass Butterworth Fliter
E - ..
; AV
: o
4

td = / ! 0—‘— - ‘ 1 o-‘—
4 VRIR2CZ 28 VRVRZCZ 2w
« Pasabend gan (Hg = (1 + R4/R3) (1 + R4'/RI’)

o Fststage Q = 1.3¢

« Second stage Q = 0.541

o Comer H

o Circuit shown uses closest 5% tolerance resssior values for a filter with 8 corner frequency of 1 kHz and a passband gam of 10.

Ohms to Volts Converter

¥y -y
-0yt scae

s
 1am

peQ -10¥

Vo= X Rx

TL/H/5840-13

Whars RLADOER 18 1he resistance from switch §1 pole 1o pin 7 of the LFISJ.

£sed
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Moo o} IRF840

; ICONDUCTOR I
'ﬁgngALumm - IRF841
. IRF842

IRF843

Part Number | Vpss fDS{on} Ip
N-CHANNEL ENHANCEMENT-MODE SILICON GATE IRF840 500 vV oesn | soa
TMOS POWER FIELD EFFECT TRANSISTOR IRFB41 450 V 085N B0A
These TMOS Power FETs are designed for high voltage, high + IRFB42 500 v 1100 720A
speed power switching apphcat:ons such 85 switching regulators, IAFB43 450 v 11041 70A

converters solenowd and relay drivers

@ Siicon Gate for Fast Swiiching Speeds

® Low 'DSton) 10 Mimmize On-Losses Spectied a1 Elevated
Temperature

® Rugged — SOA 15 Power Dissipation Limited

® Source-10-Dran Diode Characierzed for Use With
inguctive Loads

G
D
S
o]
5] :“:‘
- A
i A el
G —1-G
ATEEINAA 2 1]
s l i ‘R ; L4
w__ o O ‘
] .
! .,
MAXIMUM RATINGS o i -t
-n
. n IRF v [- ————
Rating Symbol T Unit A
840 841 | 842 843 @ -
'h‘ o O
Drain-Source Voitage Vpss | 500 | @50 | 500 | 450 | wvdc PR
Drain-Gate Voltage VDGR 500 450, 500 450 Vde
{RGg = 1.0 min | PR
e Aot an
Gate Source Voltage VGS : 20 Vdc e
Drain Current I Adc iy
Continuous Ip 80 70
1
Pulsed Iom 32 i 28 e
1 v/ ALY
10!,[ Power Disimaton PN ?:: oo LR NULELTYS
@Ic = 25¢ 125 Wans sy prinppmisaii o
Derate above 25 C ' wrC LAD WA LS T AN UM
Opetaung ena Storage 15 Tyg 5510 150 ' R L T
[__Temperature Range BT AN R
THERMAL CHARACTERISTICS i g
Yh:nml Resistance tw !
uncti 1
Juncl::: :b Ic\ase :"Jc l."o C
f_unction 10 Ambient vJA 25
Masimum Leag Temp for |} N °C
Solduing Purposes, 1 8 !
wm 4 Seconos }_ p
e et e o mamoe et e e s [ M
’m;r 25 Des . 7 r
1388 seghiet 3 Date Sheet 107 @ (CCMmulels se’ Lt Cesign cutves Tor the R s b
MIu0t 0N 1y Bete shieet [ pnd o pribe 1
."“ Designier s Data Sheer permas the design of Must Cite by entuely Irom the intor CASE 221A-04
M“"On PIESERTED Limit Cutves — fepresenting Dounadates L GeviCe ChAractenslcs — 10-220A8
LD lechae westiose oevgn

MOTOROLA TMOS POWER MOSFET DATA
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IRFB40-843 g

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

l Charactensiic l Symbot ] Min 1 Max l Unit I

OFF CHARACTERISTICS

Dtain-Source Breakdown Voltage ViBRiDSS Vac
IVGS £ 0.1p = 0 25 mA) IRFB41, IRFR43 450 -
IRFB40, IRFBA2 $00 -
Zeio Gate Vultage Dian Cutient Ipss mAd¢
tVpg : Ratea Vpgs VGs 2 0) - 025
(Vps = 0 8 Rated Vpsg. VGs < 0. Ty = 125°C) - 100
Gate-Body Leabage Curient Forward IGssF - 500, | nAce
tVGSF 2 20 Voc, Vps  0)
Gate Body Leakage Current, Reverse o 1GSSA - $00 nAdc
3 : Vac vpg = O
{VGSA : 20 Vac vpg = O) = ~
ON CHARACTERISTICS® -
Gaie Thiesholo Voltage- - i g \ 3 17 7Y, V&iS(iM . (0] a0 Vac
IVps < VGS Ip: 025 mA)
1 ——
Stanc Didin Source On Resistance 'DSton} “/ Ohm
1VGs : 10 Voc 1p = 4 0 Aoc) IRFB40, IRFBA - 085
IRFB42. 1RFB4] - 10
On Siate Drain Currem tVgs = 10 v} 1D{on) Adc
(Vps «* 6 8 Vac) IRFB40, IRFBA) 80 -
Vps 3+ 7 0 vac) IRF842, IRFB4 70 -
Forwarg Transconductance 9FS mhos
(VoS > 68V.Ip: 40 4) IRFB40, IRFBAY .0 -
VDS s 70 V. Ip < 40 A IRFB42, INFBA3 40 -
DYNAMIC CHARACTERISTICS
! C C - 1600 4
nput Capatitance {Vps * 25 V. Vgs * 0. 53 P
Outpui Capaciance 1 10MHz) Coss 2 350
Reverse Transter Capacitance Ciss T 150
SWITCHING CHARACTERISTICS®
Turn-0n Delay Vime toon) H 3% ns
———e A R o e ) o Ny =S
Rise Time R J_ IVpp ~ 200V ip: 40 Apk Y T ) 15
Tutt: 011 Deiay Time Rgen ' 4 7 Ohms) taiot) - 20
Fall Time [T -— 30
Totat Gate Chaige Qg 40(Typ) 60 aC
(VG5 : 10OV, Vpg: 08
Gate-Source Charge Rated Vpss. Ip * Rated Ip) Qgs 20 (Typ} -
Gate-Dran Charge Ogd 20(Typ) -
SOURCE DRAIN DIODE CHARACTERISTICS* ’
Forwara On-Vollage (I = Rated Ip, Vsp — l 1.9 (1) l Vdc
Forward Turn-On Time VGs = 0} ton Limited by stray inductance
Reveise Recovery Time [P 600 (Typ} ] — I ns
INTERNAL PACKAGE INDUCTANCE {TO-220)
Internai Drain inductance tg nH
(Measured from the contact screw on 1ab 10 center of die) 3.5 (Typ) -
{Measured from the dran lesc 0 25" from package to center of die} 4.5 (Typ) -
Internal Sourcw Inductance %% 1.5 (Typ) -
(Measured f1om the source lead 0 25 from puckage to source bond pad)

*Puise Test Pulse Wioih « 300 ws, Duty Cycle » 2 O%
11 AJA 0 1 V for 1K 340 ana IRF e

AT 25 (A R bt 4 T2 8

MOTOROLA TMOS POWER MOSFET DATA
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XR-2206

7z EXAR

Monolithic Function Generator

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-stability
anJ accuracy. The output waveforms can be both amplitude
and frequency modulated by an external voltage. Frequency
o' operation can be selected externally over a range ot 0.01
Hz to more than 1 MHz,

The .circuit is ideally suited for communications, instru-
mentation, and function generator applications requiring
sinusoidal tone, AM, FM, or FSK generation. It has a typical
arift specification of 20 ppm/°C. The oscillator frequency
can pe iinearly sweon: over a 2000:1 frequency range, with
ar external control voltage, having a very small affect on
distor:ion.

FEATURES

Low-Sine Wave Distortion
Excelient Temperature Stability
Wice Sweep Range

Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatinle FSK Controls

5%, Typica!

20 ppm/°C. Typical
2000:1, Typica!
0.01%V, Typica!

Wide Supply Range 10V 10 26V

Adjustable Duty Cycle 1% 10 99%

APPLICATIONS

Waveform Generatic;n

Sweep Generation

AM/FM Generation

V/F Conversion .

FSK Generation

Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V

Power Dissipation \ 750 mw
Derate Above 25°C 5 mW/°C

Toia! Timing Current 6 mA

Storage Temperature -65°C to +150°C

FUNCTIONAL BLOCK DIAGRAM

T\

wet [1 16]
| [ SYMMETRY
OR I ‘
OUTPUT l 2 i _.r
MULTIPLIER _
MULT. OUT l M2 H 14'
‘ SHAPER WAVEFORM
+Vee l a 13| -J
I — 12| GROUND
s ‘ ‘
CAPACITO sYNG
Y
L s I u 11, OUTRUT
l -_l = 10[ BYPASS
RESISTONS ‘
CURRENT ‘
I SWITCHES 9 I st

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 Ceramic 0°Cto +70°C
XR-2206CP Plastic 0°C 10 +70°C

SYSTEM DESCRIPTION

L]
The XR-2206 is comprised of four functional blocks; a
voltage-controlied oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set
of current switches.

The VCO actually prodiuces an output frequency porpor-
tional to an input curfent, 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 controlled
by an FSK input pin, 10 produce an output frequency. With
two timing pins, two discrete output frequencies can be
independently produced for FSK Generation Applications,

X‘ EMR Integrated Systems,

Inc., 750 Palomar Avenue, Sunnyvale, CA 94086 *

(408) 732-7970 * TWX 910-339-9233
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ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V* = 12V, T = 25°, C=0.01 uF, Ry =100 k2, Ry = 10kQ, R3=26kQ  °

uniess otherwise specified. S open for triangle, closed for sine wave.

XR-2206M XR-2206C
PARAMETER MIN. | TYP. | MAX. | MIN. [ TYP. | MAX. | UNIT CONDITIONS
GENERAL CHARACTERISTCS
Single Supply Voltage 10 . 28 10 268 \"
Split-Supply Voltage £5 £13 5 £13 v
Supply Current  ~ 12 17 14 20 mA Ry > 10K
OSCILLATOR SECTION
Max, Operating Frequency 0.5 1 0.5 1 MHz C=1000pF, Ry = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C=50uF, B =2MQ
Frequency Accuracy =1 4 2 % of fo fo = 1/R1C
Temperature Stability +10 £50 £20 ppm/°C 0°C < Tp < 75°C,
Ri=Ry=20kQ2
Supply Sensitivity 0.01 04 0.01 %/V Viow = 10V, VHiGH = 20V,
Ay = Ry=20kQ
Sweep Range 1000:1 2000:1 e 2000:1 fig = fL @R =1kQ
fL@ Ry =2MQ
Sweep Linearity
10:1 Sweep 2 2 % fL = 1kHz, {4 = 10 kH2
1000:1 Sweep 8 8 % fL = 100 Hz, fiy = 100 kHz
FM Distortion 0.1 0.1 % £10% Deviation
Recommended Timing
Components )
Timing Capacitor: C 0.001 100 0.001 100 uF See Figure 4.
Timing Resistars: Py & Ry 1 2000 1 2000 kQ !
Triangle Sine Wave Qutput See Note 1, Figure 2,
Triangle Amplitude 160 160 mv/kQ Figure 1, Sy Open
Sine Wave Amplitude 40 60 80 60 mv/kQ Figure 1, Sy Closed
Max. Output Swing 6 6 Vpp
Qutput impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 0.5 0.5 daB For 1000:1 Sweep
Sine Wave Amplituda Stability 4800 4800 ppm/*C Ses Note 2.
Sine Wave Dlstortion
1 without Adjustment 25 2.5 % Ry =30kQ
Wwith Adjustment 0.4 1.0 0.5 1.5 % See Figures 6 and 7.
Amplitude Modulation
Input iImpedance 80 100 50 100 kQ
Modulation Range 100 100 % .
Carrier Suppression 55 55 d8
Linearity 2 2 % For 95% modulation
Square-Wave Qutput
Amplitude 12 12 Vp-p Measured at Pin 11,
Rise Time 250 250 nsec CL=10pF
Fall Time 50 50 nsec CL=10pF
Saturation Voltage . 02 0.4 0.2 0.6 v i =2mA
Leskage Current 0.1 20 0.1 100 BA Vyq = 26V
.| FSK Keying Lavsl (Pin 9) 0.8 14 24 0.8 1.4 24 v See section on circuit controls;
Referenca Bypass Voitage 29 3.1 33 25 3 3.5 \" Measured at Pin 10,

Nots 1: . Output amplitude is directly proportional to the resistancs, Rg, on Pin 3. See Figure 2,

Note 2:

For maximum amplitude stability, R3 shoukd be a positive temperature coefficient resistor.
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Figure 8: Circuit Connection for Fraquency Sweep.

e R
0

2000
0 - 2o
.3—o>zv|:?'
.'.‘.‘n'}'r‘“jfwftz

Figure 10: Circuit for Sins Wave Generation without Figure 12: Sinusoidal FSK Generator.
External Adjustment. (See Figure 2 for
Choice of R3.)

8y CLOGED POR SEvaws

Figure 11: Circuit for Sine Wave Generation with Figure 13: Circuit for Pulse and Ramp Genaration.
Minimum Harmonic Distortion. {Rg

Determines Qutput Swing — See Figure 2.)
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Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and Ry, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 12. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin O is open-
circuited or connected 10 a bias voltage 22V, only Ry is
activated. Similarly, if the voltage level at Pin 9 is <1V,
only Ry is activated. Thus, the output frequency can be
keyed between two levels, fy and f2, as:

f4 = 1/RyCand fp = 1/RoC

For split-supply operation, the keying voltage at Pin 9 is
referenced to V~.

Output DC Level Control:

The dc level at the output (Pin 2) is approximately the
same 3as the dc bias at Pin 3. In Figures 10, 11 and 12, Pin 3
is biased midway between V* and ground, to give an
output dc level of =V */2,

APPLICATIONS INFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning, The
maximum output swing is greater than V*%/2, and the
typical distortion (THD) is <2.5%. If 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 to splitsupply
operation, simply by replacing all ground connections with
V=, For split-supply operation, R3 can be directly connected
to ground,

With External Adjustment:

The harmonic content of sinusoidal output can be reduced
to =0.56% by additional adjustments as shown in Figure 11,
The potentiometer, Rp, adjusts the sine-shaping resistor,
and Rg provides the fine adjustment for the waveform
symmetry. The adjustment procedure is as follows:

1. Set Rg -at midpoint, and adjust Rp for minimum
distortion,

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

Triangle Wave Generation

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

FSK Generation

1

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 Ry: the output is phase-continuous during transitions.
The keying signal is applied to Pin 9. The circuit can be
converted to split-supply operation by simply replacing
ground with V=,

Pulss 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 9) is shorted to the square-wave output (Pin 11),
and the circuit automatically frequency-shift keys itself
between two separate frequencies during the positive-going
and negative-going output waveforms, The pulse width and
duty cycle can be adjusted from 1% to 99%, by the choice
of Ry and Ry. The values of Ry and Ao should be in the
range of 1 k2 to 2 MQQ.
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PRINCIPLES OF OPERATION

Description of Controls

Frequency of Operation:
The frequency of oscillation, f,, 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 8. The fre-
quency is given as:

f -—1— Mz

% RC

and can be adjusted by varying either R or C. The recom-
mended values ot R, for a given frequency range, are shown
in Figure 4. Temperature stability is optimum for 4 kQ <
R < 200 k2. Recommended values of C are from 1000 pF
to 100 uF.

Frequency Swesp and Modulation:

Frequency of oscillation is proportional to the total timing
current, by, drawn from Pin 7 or 8:

32011 (mA)
I my L2
Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12,
Frequency varies linearly with |y, over a wide range of
current values, from 1 uA to 3 mA. The frequency can
be controlled by applying a control voltage, Ve, to the
activated timing pin as shown in Figure 9. The frequency of
oscillation is related to Vg as:

A ¥ W 7ol
f AC HRC“ 3) Hz

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

0.32
K af/aVC %C— Hz/V
CAUTION: For safe operation of the circuit, It should be
limited to <3 mA.

Output Amplitude:
Maximum output amplitude is inversely proportional to the
external resistor, R3, connected to Pin 3 (see Figure 2), For
sine wave output, amplitude is approximately 60 mV peak
per k§) of Rq; for triangle, the peak amplitude is approxi-
mately 160 mV peak per kQ of R3. Thus, for example,
Ry = 50 kQ would produce approximately £3V sinusoidal
output amplitude,

*
Amplitude Modulation:
Output amplitude can bs modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance at
Pin 1 is approximately 100 k. Output amplituge varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within %4 voits of V */2 as shown in Figure
5. As this bias level approaches V*¥/2, the phase of the
output signal is reversed, and the amplitude goes through
zero, This property is suitable for phase-shift keying and
suppressed-carrier AM generation, Total dynamic range of
amplitude modulation is approximately 55 dB.

CAUTION: AM control must be used in conjunction with
a well-regulated supply, since the output amplitude now
becomes a function of V¥, .
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HIGH QUALITY FUNCTION GENERATOR
SYSTEM WITH THE XR-2206

INTRODUCTION

Wavelorm or function generators capable of producing
amytm 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 performance of such a complete func-
tion generator system suitable for laboratory usage or hob-
byist applications. The entire function generator is com-
pnsed ol a single XR-2206 monolithic IC and a hmited
number of passive circuit components. it provides the en-
gineer. student, or hobbyist with a highly versatile laboratory
nstrument for wavetorm generation at a very small fraction
of the cost of conventional funclion generators available
today.

GENERAL DESCRIPTION

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 to operate with either a 12 V single power supply, or
with =6 V split supplies. For most applications, split-supply
operation is preferred since it results in an output dc level
which 1s nearly at ground potential.

The circuit configuration of Figure 1 provides three basic
wavelorms: sine, triangle and square wave. There are four
overlapping frequency ranges which give an overall fre-
quency range of 1 Hz to 100 kHz. In each range, the fre-
quency may be vaned over a 100:1 tuning range.

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

A squarewave output is available at the sync output terminal
for oscilloscope synchronizing or driving logic circuits.

TYPICAL PERFORMANCE CHARACTERISTICS

The performance characteristics listed below are not
guaranteed or warranted by Exar. Howaever, they represent
the typical performance characteristics measured by Exar's
application engineers during the laboratory evaluation of the
function generator system shown in Figure 1. The typical
performance specifications listed beiow apply only when all
of the recommended assembly instructions and adjustment
procedures are followed:

January 1982

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

1 Hz to 100 Hz
10 Hz to 1 kHz
100 Hz to 10 kHz

1 kHz to 100 kHz

The range selaction is made by switching in different
timing capacitors.

(b) Frequency Setting: At any range setling, frequency
can be varied over a 100:1 tuning range with a poten-
tiometer (see R13 of Figure 1).

Frequency Accuracy: Frequency accuracy of the XR-
2206 is set by the timing resistor R and the timing
capacitor C, and is given as:

(c

—

t=1/RC

The above expression is accurate to within =5 % at any
range setting. The timing resistor R is the series combi-
nation of resistors R4 and R13 of Figure 1. The timing
capacitor C is any one of the capacitors C3 through Cg,
shown in the figure.

(d) Sine and Triangle Output: The sine and triangle output
amplitudes are variable from 0 V1o 6 Vpp- The amplitude
is set by an external potentiometer, Rq2 of Figure 1. At
any -given amplitude setting, the triangie output
amplitude is approximately twice as high as the
sinewave output. The internal impedance of the output
is 600 .

(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 frequertty range. The selection
of a waveform is made by the triangle/sine selector
switch, Sa.

() 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
sync output terminals on the printed circuit board (see
Figure 1).

VP EXARINTEGRATED SYSTEMS, INC. -
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NOTE:

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

2. For Maximum Output, Ry may be open. Rx = 68 Kf is Recommended for External Ampliitude Moduiauon.

FREQUENCY

Figure 1. Clrcuit Connection Diagram for Function Generator. (See Note 1 for Single Supply 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 shouid be left open-
circuited. The open circuit voltage at this terminal is ap-
proximately 3 V above the negative supply voitage and
its impedance is approximately 1000 ohms.

(h) Amplitude Modulation: The output amplitude varies
linearly with modutation voltage applied to am input (ter-
minal Q of Figure 1). The output amplitude reaches its
minimum as the am control voitage approaches the half
of the total power supply voltage. The phase of the output
signal reverses as the amplitude goes through its
mimmum vaiue. 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 voitage. When not
used, am terminal should 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 rangé of
operation for the function generator. The frequency is

2

inversely proportional to the timing 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 Mz to 10 kHz 0.01 uF
4 1 Hzto 100 kHz 0.001 uF

If additional frequency ranges are needed. they can be
added by introducing additional switch positions.

Triangle/Sine Waveform Switch, S2: Selects the triangle or
sine output waveform.

Trimmers and Potentiometers

Dc Offset Adjustment, R9: The potentiometer used for ad- ’
justing the dc offset 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.

PRORIRN



Amplitude Control, R12: Sets the amplitude of the triangle or
sinewave output.

Frequency Adjust, R13: Sets the osclllator 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 capacitor common terminal
Sweep Input
Frequency adjust potentiometer terminal
Frequency adjust potentiometer negative supply
terminal
Sync output (1/2 swing)
. Sync output (full swing)
. Triangle/sine waveform switch terminals
Tnangle/sine, wavelorm switch terminals
Tnangle or sinewave output
. AM input
Amplitude control terminal .

XRETIOMMOO®
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PARTS LIST

The tollowing is a list of external circuit components neces-
sary 1o provide the circuit interconnections shown in Figure
1.

Capacitors:

Ci.C2.C7 Electrolytic, 10 uF, 10V

C3 Mylar, 1 uF, nonpolar, 10 %
C4 Mylar, 0.1 uF, 10 %

Cs5 Mylar, 0.01 uF, 10 %

cé Mylar, 1000 pF, 10 %

72

Resistors:

R1 30K, 1/4 W, 10 %

R2 100 KN, 1/4 W, 10 %

RS, R?7 1K, 174 W, 10 %

R4 9KQ, 1/4W,10 %

RS, R6 5 KN, 1/4 W, 10 %

R8 300 0,1/4W,10 %

RX 62 K01, 1/4 W, 10 % (RX can be elimi-
nated for maximum output)

Potentiometers:

R9 Trim, 1 MQ2, 1/4 W

R10 Trim, 1 KQ, 1/4 W

R11 Trim, 25 KQ, 1/4 W

The tollowing additional items are recommended to convert
the circuit of Figure 1 to a complete laboratory instrument:

Potentiometers:

R12 Ampiitude control, linear, 50 K2

R13 Frequency control, audio taper, 1 M(l
Switches:

S1 Rotary switch, 1-pole, 4 positions

s2 Toggle or slide, SPST

Case:

7" x 4" x 4" (approx.) Metal or Plastic
(See Figures 4(a) and 4(b).)
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.

BOARD LAYOUT

Figures 2(a) and 2(b) show the recommended printed-circuit
board layout for the function genegrator circuit of Figure 1.

{a) Split Supply PC Board Layout

X
e ‘.fn‘x_m P‘,,;L.v"?:.,._‘».-‘- PSS g

(b) Single Supply PC Board Layout

Figure 2. Recommended PC Board Layout for Function Generator Circuit of Figure 1.



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-
quency adjust potentiometer, amplitude control poten-
tiometer, triangle/sine switch and frequency range select
switch, are mounted on the circuit board.

Install and solder ali resistors, capacitors and trimmer re-
sistors on the PC board first. Be sure to 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 damage to the IC during soldering and to provide
for easy replacement in case of a malfunction.

The entire generator bodrd along with power supply or bat-
tenies and several switches and potentiometers will fit into a
case of the typs readily availabie 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
swilch, the output amplitude control pot. the power switch,
and the tnangle/sine switch on the case. Next, install the
PC board n the case, along with a power supply.

T

3

V18 vac

(a) Zener Regulated Supply

._.4!..£"__¢"_Q-ov
_C—OGNO
-:[;—‘—.‘Il— e -{l—-:o -6V

(b) Battery Power Supply

T1: Fitament Transformer
Pnmary 115 V/Secondary 12.6 VCT. 0.5 A
D1-D4: IN40O1 or Simitar
D5, D6: IN4735 or Similar
R1, R2: 51 {), 172 W, 10 %

Figure 3. Recommended Power Supply Configurations.

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

Precaution: Keep the lead lengths smail 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 polarity

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 S2 and adjust the
amplitude control to give non-clipping maximum swing.
Then adjust R10 and R11 alternately 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 less than 1 % from 1 Hz to 10 kHz and
less than 3 % over the entire frequency range.
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