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ABSTRACT

AT PRESENT,TRERE ARE MANY KINDS OF NETWORK WHICH SER-
VICE BY COMMUNICATION INFORMATION. FOR SENDING DATA HAVE MORE
EFFICIENT SO THEY SHOULD HAVE TRANSMISSION LINE TESTER WHICH
IS USED TO COMMUNICATE DATA ,SUCH AS COPPER WIRE ,FIBER OPTIC
CABLE. THIS EQUIPMENT IS CALLED TRANSMISSION LINE TESTER. IT
HELPS TO TELL ENERGY DISTORTION ,FREQUENCY DISTORTION ,CROSS-
TALK ATTENUATION AND IMPEDANCE TO EARTH.
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SENT 0 dB
RANG 0 dB
ATTAN. 400 Hz 800 Hz 1 KHz 1.8 KHz 2.8 KHz
0 2.8 2.7 2.5 2.1 . 1.5
1 3.1 3.0 2.8 2.5 1.9
2 3.5 3.4 3.3 2.9 2.3
3 4.0 3.9 3.8 3.4 2.8
4 4.8 4.5 4.4 4.1 3.5
5 5.3 5.2 5.0 4.8 4.2
6 6.2 6.1 6.1 6.1 - 6.1
7 =E 7.6 7.6 7.5 7.5
8 8.9 8.9 8.9 8.8 8.8
9 10 10 10 10 9.9
10 11.1 11 11 11 11
11 11.8 11.8 11.8 11.8 11.8
‘12 12.4 12.4 12.4 12.4 12.4
13 12.9 12.8 12.9 12.9 12.9
1
14-42 ERROR

-
A1TIIn 1.
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SENT 0 dB
RANG -10 dB
ATTAN. 400 Hz 800 Hz 1 KHz 1.8 KHz 2.8 KHz
0-13 ERROR
14 14.7 14.6 14.5 14.2 13.6
15 15.4 15.3 15.2° 15.0 14.4
16 16.5 16.4 16.4 16.3 16.3
17 17.9 17.8 17.8 17.8 17.8
18 19.1 191 19.1 19.0 18.0
19 20.2 20.1 20.1 20.1 20.1
20 21.0 21.0 21.0 21.0 21.0
21 21.8 21.8 21.8 21.7 21.7
22 22.4 22.4 : 22.4 22.4 22.4
. 23 22.9 22.9 22.9 22.9 22.9

P

24-42 ERROR

4
A1ITI49N

2.
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SENT 0 dB
RANG -20 dB
ATTAN. 400 Hz 800 Hz 1 KHz 1.8 KHz 2.8 KHz
0-23 ERROR
24 24.5 24.4 24.2 23.9 23.3
25 25.1 25.0 24.9 24.86 24.1
26 26.0 25.9 25.9 25.8 25.8
27 27.4 27.3 27.3 27.3 27.2
28 28.17 28.6 28.86 28.6 28.6
29 29.8 29.7 29.7 29.7 298.7
30 30.7 20.7 30.7 30.7 30.7
31 31.5 31.5 31.5 31.5 31.5
32 32.2 32.2 32.2 32.5 32.5
33 32.7 32.7 32.7 32.7 32.7
34-42 ERROR
ﬁ'l'}"'l\ﬂ"i 3.
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SENT

0 dB

RANG -30 dB

ATTAN. | 400 Hz | 800 Hz | 1 KHz | 1.8 KHz | 2.8 KHz

0-33 ERROR
34 34.3 34.2 34.0 33.9 33.1
35 34.9 34.8 34.7 34.4 33.8
36 d/ c 35.5 35.4 35.3 35.2
37 36.9 36.8 36.8 36.8 36.8
38 38.2 38.1 38.1 38.1 38.1
39 39.3 39.3 39.3 39.3 39.3
40 40.4 40.3 40.3 40.3 40.3
41 41.3 41.3 £1.3 41.3 41.3
42 42.0 41.9 41.9 41.9 41.9

~
171N 4.
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SENT -13 dB
RANG -10 dB
ATTAN. 400 Hz 800 Hz 1 KHz 1.8 KHz ;.8 KHz
0 14.1 14.0 13.8 13.5 12.9
1 14.6 14.5 14.4 14.1 13.5
2 15.3 15.2 15.1 14.8 14.8
3 16.2 1&.1 16.1 16.0 16.0
4 17.9 17.5 17.5 17.5 17.5
5 18.9 18.8 18.8 18.8 18.8
6 20.0 12.9 19.9 19.9 19.9
7 20.9 20.@2 20.9 20.9 20.8
8 21.7 21.7 21.7 21.6 21.86
9 22.3 22.3 22.3 22.3 22.3
10-42 ERROR

<
a171an 5.
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SENT -13 dB

RANG -20 dB
ATTAN. | 400 Hz | 800 Hz | 1'KHz | 1.8 KHz | 2.8 KHz
0-9 ERROR
10 23.2 23.2 23.2 23.2 23.2
11 24.5 244 24.2 23.9 23.3
12 25.1 2;.0 24.9 24.6 24.0
13 25.9 25.8 25.7 25.86 25.5
14 27.2 27.2 P 1 27 .1 =.4
15 28.5 26.5 28.5 28.4 28.4
16 29.7 29.6 29.6 29.6 29.6
17 30.6' 30.8 30.6 30.6 30.5
18 31.5 31.4 31.4 31.4 31.4
19 32.1 32.1 32.1 32.1 32.1
20 32.7 32.7 32.6 32.86 32.6
21-42 ERROR
Gl"l'i']\!# 6.
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SENT -13 dB
RANG -30 dB

ATTAN. 400 Hz 800 Hz 1 KHz 1.8 KHz 2.8 KHz
0-20 ERROR
21 34.3 34.2 34.0 33.3 33.1
22 34.9 34.8 34.8 34.4 33.8
23 35.6 3§.5 356'/4 35.2 35.0
24 36.8 36.7 36.7 36.6 36.6
25 38.1 38.0 38.0 38.0 38.0
26 39.3 39.2 39.2 39.2 39.2
27 40.3 40.2 40.2 40.2 40.2
28 41.1 41.1 41.1 41.1 41.0
29 41.8 41.8 41.8 41.8 41.8
30 42.4 42 .4 42 .4 42.4 42.4
31 42.9 42.9 42.8 42.8 42.8
32 43.1 43.1 43.1 43.1 43.0
233-42 ERROR

]
A1 TIIN 7.
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XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION

The XR.220G is & monolithic function generator inte-
grated circuit capahle of producing high quality sine,
sauare, triangle, ramp, and pulse waveforms of high-siability
and accuracy. The output waveforms can be both amplitude
and frequency modulated by an external voltage. Frequency
of operation can be selected externally over a range of 0.01
Hz 10 more than 1 MHz,

The circuit is ideatly suited for communications, instru.
mentation, and function generator applications requiring
sinusoidal tone, AM, FM, or FSK generation. It has 3 typical
drift specification of 20 pom/"C. The oscillator frequency
can be linearly swept over 3 2000:1 frequency range, with
an external control vollage, having a very small atlect on
distortion,

FEATURES

Low-Sine Wave Distortion .5%. Typical
Excellent Temperature Stability 20 ppom/°C, Typical
Wide Sweep Range 2000:t, Tvpical
Low-Supply Sensitivity 0.01%V, Typical
Linear Amplitude Modulation

TTL Compatible FSK Controls

Wide Supply Range 10V 10 26V
Adjustable Duty Cycle 1% 10 99%
APPLICATIONS

Wavelorm Generation
Sweeo Generation

AM/FM Generation

V/F Conversion

F 5K Generation
Phase-Locked Loops {(VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Power Dissipation 750 mw

Derate Above 25°C 5mw/°C
Total Timing Current 6 mA

Storage Temperature ~65°C 1o +150°C

FUNCTIONAL BLOCK DIAGRAM

Wb - \JS
wist [1_—————1 el ]
iYDMMETRT
s [2 —<]2“ 55]) ™
MULTIPLIER
MULT OUT I 3 Lome H14
SHAPER \AHS}EFORM
wvee 4 B H13] |
| ) H 12| GROUND
cszzl:Tvlog veo
6 H 11| Soreur
2 et B A T P
RESISTO CURRENT
L | 8 SWITCHES 9 | Ko
ORDERING INFORMATION
Part Number Package Operating Temperature
XR-2206M Ceramic -65’C to +125°C
X R-2206N Ceramic 0°C o0 +70°C
XR-2206P Plastic 0°C0470°C
XR-2206CN Ceramic 0°C 10 47G6°C
XR-2206CP Plastic 0°C 10 +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four lunctional blozks; a
vollage-conirclied osciflator {VCO), an analog multiplier
and sine-shaper: a unity gain buller amplifier; and a set
of current svitches,

The VCO actually produces an output frequency porpor-
tional 10 an input current, which is produced by a resistor
from the timi~g terminsls 1o ground. The current switches
route’one of the timing pins current to the VCO controlled
by an FSK inout pin, 1o produse an output frequency, With
two timing pins, two discrete output frequencies can be

independently produced for FSK Generation Applications.

v
A',::‘ EMR Integrated Systems, Inc., 750 Palomar Avenue, Sunnyvale, CA 94086 * (408) 732-7970 * TWX 910-339-9233




XR-2206

Figure 9: Circuit Connection for Frequency Sweep.

94 CLOSED 10 Loarvmrt 1;.

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

£, CLOMD PO puarwavy

Figure 11: Circuit for Sine Wave Ganeration with Figure 13: Circuit for Pulse and Remp Generation.
Minimum Harmonie Distortion. (R
Determines Output Swing — See Figurs 2.)




Frequency-Shift Keying:

The XR-220§_ ran be operated with two separate timing
resisters, Ry ano Ry, connected to the 1iming Pin 7 and 8,_‘
respeclively, as shown in Figure 12, Depending on the
polarity of the logic signal at Pin 8, either one or the other
ol these timing resistors is activated. If Pin O is open-
circuited or ¢onnected 10 3 bias voltage 22V, only Ry is
activated. Similarly, it the voltage level at Pin 9 is <1V,
only Ry is activated. Thus, the output frequency can be
¥eyed betvseen two levels, Iy and 15, as:

ty = 1/RyCand 13 = 1/R,C

For solit-suoply 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 3s the d¢ bias a1 Pin 3. In Figures 10, 11 and 12, Pin 3
is biased midway between V* and ground, to give an
output de 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 potentiomeidr,
R; at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
tvpical 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 (o split-supply
cperation, simely by replacing all ground connections with
V. For split-supply aperation, R3 can be directly connected
10 ground,

XR-2206

With Externs! Adjurtment;

The harmonic content of sinusoida. Jtput can be reduced
to =0.5% by additional adjustments as shown in Figure 11,
The potentiometer, Ry, adjusts the sine-shaping resistor,
and Rg provides the fine acjusiment for the waveform
symmeltry. The adjustment procedure is as {ollows:

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

2. With Rp set 3s above, adjust Rg to further reduce
distortion,

Triangle Wave Generation

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

FSK Generation

Figure 12 shows the circuit connaction for sinusoidal FSX
signal operation. Mark and space frequencies can be inde.
pendently adjusted, by the choice of timing resistors, Ry
and R2; the output is phase-continuous during transitions,
The keying signal is applied 1o Pin 9, The circuit can be
converted to split-supply operation by simply replacing
ground with V~

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keving ter-
minal (Pin 9} is shorted to the square-wa.e output (Pin 11),
and the circuil automatically frequency-shift keys itself
between two separate frequencies during the positive-going
and negative-going output wavelorms. The pulse v.idih and
duty cycle can be adjusted from 1% 10 99%, by the choice
of Ay and Ry The values of Ry and Ry should be in the

range of 1 k2 to 2 MAY,

o ——



XR-2206

PRINCIPLES OF OPERATION
Description of Controls “

Frequency of Operation:

The frequency o! oscillation, fg. is determined by the
external timing cacacitor, C, across Pin 5 and 6, and by the
timing resistor, R, connected 1o either Pin 7 or 8. The fre.
quency is given as,

and can be adjusied by varying either R or C. The recom-
mended values of R, for 3 given frequency range, are shown
in Figure 4. Temperature stabiliey is optimum lor 4 k1 <
R < 200 k§1. Recommended values of C are from 1000 pF
10 100 uF,

Frequency Sweep and Modulation:
Frequancy of oscillation is proportionat 1o the 1ota! timing
cureent, by, drawn from Pin 7 or 8:

7. 32017 (mA) M2
C (uF)
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 Iy, over a wide range of
current values, from 1 pA 1o 3 mA, The frequency can
be controlled by applying a control voliage, Ve, to the
activated timing pin as shown in Figure 9. The frequency of
oscillation is related to Veas:

1 R vV
" S 12T H
f RC '.‘RC ¥ 3 ) :

where Ve is in volts. The voltage-to-Irequency conversion
gain, K, is given as:
0.32
K=3AVe=- 2 Hafv
C AcC
CAUTION: For sale operation of the circuit, I should be
limited 10 €3 mA,

Qutput Amplitude:

Maximum output amplitude is inversely proportional to the
external resistor, R3. connected 10 Pin 3 (see Figure 2). For
sine viave ouinul, amplitude is approximately 60 mV peak
per kS of R3: for wriangle, the peak amplitude is approxi.
mately 160 mV peak per kQ of R3. Thus, for examole,
A3 = 50 % §2 would produce approximately 3V sinusoidsl
oulput amplitude,

Amplitude Modutation:

Qutput amplitude can be modulated by applying 3 d¢ bias
and 3 modulating signal 1o Pin 1, The internal impedance at
Pin 1 is approximately 100 k2. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of dc
bias at this pin, within 24 volts of V*/2 a5 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 gencration. Total dynamic range of
amplitude modulation is spproximately 55 dB.

CAUTION: AM control must be used in conjunction with
a well-regulated supply, since the output amplitude now
tecomes a function of v*

EQUIVALENT
SCHEMATIC

DIAGRAM




INTERS L

FEATURES

* Gusrsnteed zero reading for 0 volts Inpul on all
scales,

* True polarity st zero for preciso nuil delection.

¢ 1 pA Input current typical,

¢ True differentlal Input and reference.

* Direct dlsplay drive - no extermal components
required. — LCD ICL7106

— LED ICL7107

* Low nolise - less than 15,V pk-pk.

* On-chlp clock and reference.

¢ Low power dissipation - typically less than 10mW.

* No sdditional active circulls required.

« Evsaiyation Kit avallable.

ICL7108, 710y
372 Digit Single Chijg
A/D Converte;

GENERAL DESCRIPTION

The Intersil ICL7106 and 7107 are high performance, v
power 3-1/2 digit A/D convertars. All the nocessary acty.
devices are contained on a single CMOS 1.C., inclug
seven ssgment decoders, display drivers, reference, ang,
clock. The 7106 is gesigned to intertace with a iquid cryry,
display {LCD) and includes & backplane drive: the 7107 .
directly drnive an instrument-size hght emitting diode (Lg:
display,

The 7106 and 7107 bring together an unprecedent
combination of high accuracy. versatility, and true econ

High sccuracy like auto-zero 1o less than 104V, zoro drilg
less than 1, V/* C, input bias current of 10 pA max., and 1.
ovarerror of less than one count. Tha versatihlv of trye gi th
ential input and relerence 1s uselul in a1l lysloms but g
the designer an uncommon advantoge when molsuﬂng)q
cells, strain oauqes and other bridge-type lransducers. Ax
finally the true aconomy of singls powsr supply operal
(7106, enabling a high parformance penet mater 10 be e
wilh the addrtion of only 7 passive compononts and a disol,

TYPICAL CONNECTION DIAGRAMS

L)
——M'I

ICL7108 with Liquid Cryets! Displey

ICL7107 with LED Displey

ORDERING INFORMATION PIN CONFIGURATION

) oy + \s oat 1

B fumre) m ot

Cnmntey DCC 1]
Pt Pockage Temp. Renge Order Purt @ ::::::a _\f A
7106 40 pin ceramic OIP ] 0°Cto +70°C | 1CL7106COL « ity M 100 LCD E".'.)‘w
7106 40 pin plastic DIP 0°Cto +70°C  [ICLT106CPL ey meruo oo oY
Ter 40 pin cersmuc DIP 0°Cto «70°C 1CLT0ICOL 5 z:::v ¥ :vu;'—:
7197 | 29 01 prasuc OIP 0°Cto »70°C__ {ICLI10TCPL ‘aran 0 ot g o rima

~ rtw
1106 Ky Evaiustion wns contan IC, arsplay, circut 1 HCLTVOGEV/KI : '«::-:. :‘l} & :.‘7..'....-
7107 Xt bosrd, passive components and hardware, | ICL7107EV/K]] pi el red [Alegnnid
See page 10




[CL7108/1CL7107
ABSOLUTE MAXIMUM RATINGS

ICL 7107

ICL 7106 Supoly Voltaga Ve ... ... ... e eeees BV
secoty Volaqe sV to V-1 L oLl 15V V- .. . Ceeeenenaenan. v
arslcg tnout Vollage tanther anpyt) 'Note V1 ., ... Vetov- Anaigg Inout Voltage teither snoutl tNote 13 . .. VetlgV-
aeterencd INpUL Voitage tatherinputy .., ....... Vi+toV- Helelcnc'o_lnpu( Volitage teither inputl
Clack INDUL Lo .. Testiov+ Clockinput ..., ... Gnatov+
power Dissipation (Note 21 Pawer Oissipatton (Note 1)
Cerammic Package . .. CoramicPachage . ...................euuees . 1000 mw
pastic Package PlashcPackage ...................... Cereraan 800 mw
Operaing Temperature . .................. 0°Cto+70°C Operating Tamperature .................... 0°Clo+70°C
aorage Temoersture ... ... ..., ~¢5°C1o+160°'C Storage Temperature . ..,.............. -65°Cto+160°C
Lesd TemoeraturetScidenng 60sect .............. Joo C Load Temperature 1Soldening, 60sec) .............. o ¢
Mo'e 10 INDUL vOltsQer may enceed the supoly volages Drovided the INDut Currant 1a hmited to ¢ 100.A
nate 22 Dr93:0010N0 781inQ S33UMes device 19 MOUNIES wilh alt laads s0ldered 10 printed crrcust boarg.,
ELECTRICAL CHARACTERISTICS Note 3
FCHARACTERISTICS + CONDITIONS ' MIN TYP 1 MAX | UNITS
[Terc input Reading Vin = 0.0V . |
Full Scale = 200.0 mV y —100.0 *000 0 +000.0 , Digital Reacing
[Ratometeic RAeacing Vin = Vrel | 999 99977000 1000 Digital Reacing
Vegl & 100 mV
Relicver Ertor (Difference in -Vin = +Vin ~ 200.0mV al # =2 +1 Counts
reading {or equal posttive and
~ezative reacing near Full Scale)
L~2anty tMax, geviation from Full scale = 230mV -1 = -1 Counts
nest stragnt line fig or lull scale = 2,000V !
Common Mode Aejection Ratio vem e =1V, Vin = OV, S0 | uViv
Nete 4 Full Scale = 200.0mV. !
Noiss 1Pk - Pk value not exceeced | Vin = OV - 1S pVv
95% ot timel Full Scale = 200.0mV
Leskage Current @ Input Vin = QV A =t 10 pA
2ero Raading Qritt Vin = 0 U2 1 uVr g
0°< Ta <70°C
Scate Factor Temperature Vin = 189.0mV 1 b ppm/C
Coetficient O Ta<70°C =
- -1 tExt.Re!.Cppm/ C)
Supoly Current {Does not Vin = 0 0.8 18 mA
tnclyce LED currant for 7107 :
Anaslog Common Vollage (WIth 25KN between Common & 2.4 2.8 3.2 Volts
respect to pes. supply! pos. Supply
Temo, Coefl. of Anatog Common | 25X beiween Common & 80 ppm/*C
twith respect 1o pos. Supply) pos. Supply
7106 ONLY V Supply = 9v 4 5 6 Voits
Px.Px Segmaent Drive Volage
fNcte &) \
7106 CNLY V Supply = 3V 4 . 5 6 Volts
Pv-Px Backplane Drive Voltage
iNpte §)
7107 ONLY +Supply = 5.0V 5 8.0 mA
Segment Sinking Current Segmaent vollage = 3V
‘Exceot Pin 19
7307 ONLY +Supply = 5.0V 10 16 mA
Sezment Sinking Current Segment volisge =~ 3V
bﬂ 19 onlv!

Note 3 Unless otherwise roted. specihications spply 10 both tha 7106 and 7107 at Ta = 25°

17107 v testud in ihe Crrcunt of Figure 2.

Nole 4: Rater 1o “Ditterentisl Input™ discussion on page 4

Hole S: Bacx pIsne dfive 1310 DRALe wilh seqmant dreve for ‘off” sagment, 100°

rrte Aversge OC component 13 less than S0mV

C.lciocn = 480 Hz, 7106 13 tested 1n the Circuit ot Figure

out ol phase 1or 'on’ segment Frequency 18 20 imes convertion




TEST CIRCUITS
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ANALOG S5ECTION

Figure 3 shows ine Block Dhagram of the Anailog Section for
the tCL 7106 ang 7107, Each measurement cycle s divided
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Figure 2: 7107

1IN0 three phaesas, Thoy are (1) auto-28r0 (A-2), (D
Integrate LINT) and tJ) ceintegrate tCE),

p——— 1O OW/TAL SECTIOW
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5 4 | BT
]
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Pgure 3: Analog Section of 710677197

1. Auto-2er0 phese

During suto-1ero three things heppen, First, Input high
and low are disconnected from the ping and Internsily
shorted 1o snalog common. Second, the refersnce
capacitor 13 Sharged 10 the refersnce voltage. Third, s
feedback loop 18 closed around the system to charQe thes
suto-zero capacitor Caz t0o compensate lor oHsat
vollages 1n the buffer amplifier, Integrator, and
comparator. Since the comparetor is in¢luded inthe loop,
Ihe_A-Z sccurscy 13 hmited onty by the nowe of the
sysiem, fn any case, the oltsetrelerrad to the inpulisiess
than 10,V

2. Signel Integrate phase

Durwg signalintegrate, the syto-1er0 loop is opened, the
internat $hon 1y removed, and the internst input high and
low are connecied 10 the gaxternal pins, The converter
then integrates the Oiflerential vollage beiween Inpyt

3.

high and nput low for & fized time, This ditian
voltsge can be wilhin 8 wios common mode range. v
one voll of etther supply if, on the other hand, St
s1gnsl has No relurn wrth respect 10 the converterp
supply, Inpul low can be red 10 enalog comms
e3tabhish the correct common-mode volfage ATy
cf this phase, the polanty of the Intsgralsd 28
determined.

De-integrete phase

The linat ohase is de-integrale, or relerence int»
input low 1s 1nternally connected 10 enslog comme
npul high 18 connected scross the previously o™
telerence capacitor. Circuitry within the chip e
that the capacitor will be connecled with the &
polanty 10 cause the InleQrelor output 10 returm 107
The time required for the output to return 1o @
proportional 10 the tnput signal, Specilically the 8
reading displayed e 1000 1521,




(CLT106/1CL7 107’

cmu'nUll lr!pul
.npul can sccepl ailtarential vollages anywhere withun
e voOmmMon mocde range of the input amplher. af
e siheslly lrom G 5 volts Delow INe positive supply 10 1.0
L s00ve Ihe negative supply Inthis range the systemhas &
:,,um ol 86 dB typical, However, since he inteQrstor 8130
:..nq! with the common mode voltage, care must De
”,,cuod 1o sasure the inleQrator output does not 1aturste,
A aOr3e C20E condiiton wquid De s 1arQe ponifive cOMMON-
~o3e voltage with & near tuil-scale negative ditferential input
PRITY-T The Negtitve 1Nnpul signal drives the ntegralor
posrtiee ~han mcst of 1ts twing has besn used up by the
~optive common mocs voltage, For these criticat apphca-
; =ng (he inteQralst swing can De raguced 10 less than ine
erammenced 2V lull scate ywing with liltie loss of accuracy.
~mg r1eQIa10Fr OUDUL T3N 3wiINg vathin 0,1 volis of mither
scoty without oss ol bneoarity.

pitterential Refaronce

-~ relerence voltage can be concnlod anywhera within the
as=er sUCOlY vollaQe af the convertar, The main soufce ot
;a—~mon MoCe error 18 a roll-over voitags caused by the
.eterence capacitor l0sing of gaining chargs 10 sirey
capatity on it nodes i ihere [v & large common mode
Lattage, Ihe reforence CapecCitof can gan charge InCiosse
vrtage) when cailed up 10 de-inlegraie a positive signat bul
sye shargeiCecrease voltages when called uptodenlegrale
3 negative input tignal, Ttus ditferance in relerence lorivior
.-yl vohtage will give 2 roli-over error, However, by
seresting  the relerencs capacitor  large  enough in
corcoarnson tothe strey capacitance, Ihigerrorcanbe held 10
wst than D5 count for INe worse case condition. (See
Component Vilues Selection belowl,

e

Analog Common

Thes pin is Included primsnly to sel the common mode
witage fof Cafiery cpershon (710%) o for sny 1ystam where
e DUt nQNals 87e ficating with respect to the power
sucoly The common mn sels a voltsge thatis approximately
I8 vonts mors neQalive than the posilive supply. This 13
sriected 10 Jrve 3 Miimum ond-of-life battery voltege of
150Ut BY. However, the snaiog common hat some of the
1mibutes of @ relersnce voltage, When the total supply
wisge 13 1arge enough 1C Cause ihe rener to reJulste (>TV1,
ine common voltsge will have a low voltage coelhcient
%18 NI, low output impedance (>15(1), and 8 temperature
coeticiant typically less than 80ppm/° C.

“re himitations ol the on-chup refersnce thou!d aleo e
co3nized, however, ‘Mith the 7107, ihe internal heating
«mnich rrsults from the LED arivers can ctuse soma
cdezragation In performance Oue to their higher thermal
vysignce, plashc pars sre poofres in (s respect than
cersmic. The combination of relerence Tsmperature
Coetticrent (TC!. internal chip dissipation, and packege
Ine rmat resistance canncrease notse neas full scate from 25
.7 10 80 4VON-DE Al3Q the hineanly in QOINg lrom a high
2:1pation count such at 1000 120 segments on! 10 @ fow
S1upalion COUNT SUCH a1 111118 segments oni csn sulfer by
1 ¢ount of mors Cevices wilth & positive TC reference may
tesyire several COuNnty 10 pult out of an overioad condiion,
Thig 13 Decausy Over10ad it & low disnipstion mode, wilh the
Meee laast srgmlicant digris bianked, Similarty, umits with s
necauve TC May CyCle Delween Overioad ang a non-
Overioad COuNnt as the Oie sllernalely heals sng cools. All

these problems are Of COurse shminated f an externsl
talerence 13 usced

The 7106, with 118 neghgidle dissipation, sultersfromnone
of thass problems In either case, sn axternal relarence can
eastly be addou, as shownn Fig. 4

v. v
v ry
. cm
vt
2 1enee it
(1l ws—-? 2F Tees TroY \
11087108 1, K
‘n <t v K 1 vese
12 agsgnence
aar o
i Zowmon
e
.. -
o ™

Figure 4: Uning an Externat Relerence

Analog common ts 8l20 the voliage the input returns to
durning suto-16ro and de-intoQrate Il signat low 43 Ortferent
from anslog common, & common mode voltage exisls in the
sysiem and 13 laken care ol by the excailent CMRRA of the
converier However, in some apphecalions nput iow will be
sel a3l a lixed known vollage \power supply common for
instancet. In this application, analog common thould be lied
to the same point, thus removing the common mode voitage
from the converier, Tha same holds true {of the reference
voltage. Il reference can be convemantly referenced 10
snslcg common, 1t should be 3ince this removes the
common mode voltage from the reference system.

Within the 1C. anslog common 1s lied to en N chsnnet FET
that ¢an sink I0MA of mors ol current 1o hold \he vollage 2.8
volts below the positive supply Iwhan s toed 11 irying to pull
the common ling positivel, However, there is only 10uA of
source current, 30 COMMON may ossiy be tied to & more
nagative volisge thus over-nding the mtarnal relerence.

Tost

The test pin sarves two funclions. On the 7108 It lscoupted to
\he inlarnaily generatsd digial supply through s 50011
resistor Thus «t can be used zs the negative supply tor
exiernslty genersled sogment drivers such as decimal points
ot any olhat preseniation the user may wantloinchude onthe
LCD thispiay. Figyres 5 and 6 show such an apphcation.

1o 1c0
04 Cmaan PO

raLco
Sala Fsm

figues 5 Simple Inverter loe Foanea Decimat Pount
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g
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Figure §: Drgital Section 7107

syotem Timing
f1gure 9 3hows the clocking arrengement used in the 7106
1a¢ 1107, Three Dasic clocring arrangemaents can be used:

1 An external oscillator connected 10 pin 40.

ey

raTer -

s A crystal betweon pins 39 and 40,
1 An R.C otcillator using sil three pins,

Figurs ¥, Clock Circurs

The osciitator frequency is divided dy lour belfore it clocks
e gecacde counters It s then further diided 10 lorm the
1ntee convert-Cycle phases These are signal integrate (1000
€2urts: relerance de-tntegrate 10 10 2000 countst and aulo-
100 11000 to 3000 counts! For signals less than lull scale,
2410-1810 Cels the unused poron of relerence deintegrate,
Trnis maves 2 complate massure Cycle of 4,000 16,000 clock
sa1sest incependent of inpul voltage For three readings/
wcond, an oscHistor frequency of 48AHT would be used.

Ta achieve maximum rejechion of 60 H2 pichup, the signal
"lejrate cycte should be & multipte of 60 Hz. Oscitator
trequencies of 240xHZz, 120aHz, 80MMr, 60RH2, 48\Hz,
amg 33°A kM, elC should De talscled. For $0M2
eection  Qucitiator  trequencres  of 200wMz, 100aMHez,
., ag, 508HZ, 408HI, siC would be suitable Nole that

40k H2 (2.5 readings/socond) will reject both S0 and 60 Hz

talso 400 and 440 M1l

COMPONENT VALUE SELECTION
1. Integrating Resistor

Both the bufter smphfier and the integralor have s class A
outpul sloge with 100sA of quiescent current. They can
supply 20, A of drive current with negligible non-linearity.
The integrating resisior shoutd delarge enough lo remain
1IN this very hinear region over the inpul voltage range, but
small gnough thet undue lsanage requirements are not
placed on the PC board. For 2 volt full scale, 470K0} is
near ophimum and smilarly 8 47K( for 8 200.0 mV scale.

2. Integrating Capacitor

The ntegrating capacitor shouid be selected (0 give the
maxsmym voltage swing thal ensures toterance buid-up
will not saturate the integrator swing tapprox. 0.3 volt
from either supply! In the T106 or ihe 7107, when the
analog common 1s used as @ teference. a nominal 22 volt
full scsle integrator swing 1s line Forthe 7107 with =5 volt
supphes and analog common hed 1o supply ground, a
=35 10 24 voll 3wing 13 nominal For Mree resdings/
second 148k M7 cloeky, norminal values 101 Cing 878 22 and
AO0LF, tespecthively. QF course, it differenl oscittslor
frequencics are used, these values sNoui] be changed.n
inverse preporion to mainiain the same oulput swing

An addihonal requirement ol the inlegratng Capacitornis
it have tow dretectnc absorption 1o prevent foll-over
errors  Whate othar types of cooncdors are adequale for
this spplicalion, polyptopylene capacitors Qive
undoleciable errors st roasonante cost

3. Auto-Zero Cspscitor

The size 0f the auto-Irrocapaciind has someinfiuence on
the notse ol 1he system For 200 mV full scale where noise



sICAL APPLICATIONS (Contd.)
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~ 13 7107 wath an scternal band-gac referonce (1.2V typet, IN
. . rac 19 COMMON, thus sstabhshing the cotrect common mode
sase o CCMMON 13 hot snorted to GND, the input voltags may
. .t respect 10 the power Juoply 4nJ COMMON scis as & pre-
. gevtorire relersnce #H COMMON 13 shored to GND, Ihe input
Y XL ireterted 10 sURPly Qround! and the pre-reguistor s
, nCON

pore 18, 7108/7107 Recommended comporent vakses tor 2.000V
o

v
o 17 1107 messunng retiometng values of Quad Losd Call The
Y veiyar watren The DIOQe Are delsimined by the cetwed
- Ay ""

ICL7108/1CL7107

Pigure 14: 1107 with Zener 01000 relerence. Since low T.C. tenery
Nave Dresrhdown votiages ~ § 8V, dioce must be plsced scroes the
101 aupply 1ICY) As 12 the 2ate 3! Figure 12, IH LO may be ded o
srthee COMMON or GND

Yor v
et oo
osc L) aart
osct
ot 5 l L ?.‘ * 108 dmv
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Figues 18: 7107 ooersted from single +SV supoly. An erwmal
relerence musi be usad in this spphicalion, nnce the voIlepe belween
V+ and V- 18 inautlicient for correcl operalion of tha Inwrnal
relerence.
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Figure 18: 7106 vied 88 s G101tal Contigrade IRermorneler. A whcon
@r00e-cOnnecied l1anssior has o lemperstuse coethcent of sbout
~2mv/°C Calbraiun 1s actveved by placing the sennng transsior
in ice watsr and sqqusting the 1er0ing potenhiomeief tor & 000.0
reading The sensot shoutd then be oui:od n Boiing water end Ihe
scaie-18ctor polentiomster a0jusiled o 100 0 reading
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ICL7106/1CL7107
TYPICAL APPLICATIONS (Contd.)

Figurs 18: Circunt 107 cevelopng Unaerrange and Qverrsngs aignals

trom 7106 outputs
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tom 7107 ouviputs
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Figurs I1; AC to DC Conventer with 7106 Teatts used as 2 cOMmon
modae reltrence level L0 ensute cOmpalibriity with most op-emps.
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Operational Amplifiers

LNI24/LM224/LM 3324 quad op amps

goneral descrintion

The LUI24 serms consists of four independent, high
5, ernally freauency comsensatad operational wn-
plifiers which were designed speaficatly 1o operate from
A emgle power supply over o wiche range of voltages,
Oneration hiom sphit power supplies is also possible and
the low cower supnly current deain is intdlependent of the
magnitude of the povsr supply voltage,

Apolication areas include transducer amplilicrs, de gain
blocks and all the conventional ap amp circuits which
now can be more easily implemented in singlte power
supply systems, For example, the LM 124 series can be
ditectly opuratert @t ol ihe stamdand 185 Ve powe
supply voltage which s used 10 digeeal systems and will
evstly provide the required imertace electronics without
requiring the additional $15 Ve power supplics.

unique characteristics

% In the linear mode the input common-mode‘voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage.

B The unity gain cross frequency  is  temperature
compensated.
o The input bias current is  also temperatuyre

compensated.,

advantages

® Elmmates need tor duat wrppbies

B Four intemally  comprnsatid up amps in o single

paechirepe

@ Allows dusctly sensimg near GND and Vousr abw
qgoes 10 GND

@ Companible vath ol tonns of lugic

8 Power drain suitable for hattery operation

features

% dmenally bequency consgueated fin MmNy gan

100 48
1 MH,

= Large de voltaye giamn

B Wide bandwidth {ranty gain)
{iemperatin e wamnpensaiod)

& Wik pawer supply g

Sanghe sigaply AV i 30V,

Ih Vi to Y1V,

= Very low supply current disin (BOOpA) - esventatly
mdependent of supply voltage ({1 mW/op amp at
Y5 Vel

o il serpugedies

®  Low input biasing current 45 nAge
(temperature compensated)

¥ Lowsinput offset voltage 2mVpe
and olfset current 5 nApe

= loput common-maotde voltage range includes ground

8 Dilferential input voltage range equal to the power
supply voltage

® Large output voltage
swmg

0VpgtoV* = 1.5 Vg

connoction diagram

Dunktn-Line and Flat Packenn
DUITUT € IvPyT & ewpyT e ann NPE Y NPUE ) ouiryt )

" " 17 n i) ) ‘

D)

mruts

1 1 1 . 3 ’ 1

QUIPYT Y U1 ety wener' weuryc outrut)
107 viuw
Order Numbier LM1240, LM2240 or LM374D
Ses Package 1
Order Number LM124F
See Package 4
Order Numbar LM324N
Ses Package 22

schematic diagram (Each Amplifier)
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r:pical performanco characteristics
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absoluta maximum ratings

Supply Ynliage

Packag Dissipation 8 Pin DIP (Note 1)
tnput Vntizge

Storage Temperature

Operating Temperature

15V
660 mW
0.4V

~65"C to +150"C
0°Cto+70°C

Junction Temperature 1150"C

Load Temputatuie (Sokdering, 10 scconds) 1300°C

elecrical charactaristics 1, = 25°C

PARAMETER CONDITIONS MlN! TYP MAX UNITS

Operating Supply Valtage (Vg) 4 12 7

Qurascent Curreat (1) Vi GV, Vi, 0 K] " mi

Output Powvr (P ) INote 2) Vg = GV, R - 85, THD 0%, 250 375 e,
Vg =V, R = 1682, THD 2 10% 500 -

Voltage Gain {Ay,) Vg ® GV, f=1kHz 26 il
10puF from Pin 110 8 46 Gl

Bandwid:h (BW) Vg = 6V, Pins 'l and 8 Onen 300 ki,

Total Harmonic Distortion (THD) Vo 2 GV, R 7 8L, Pyyp - 126mW 0.2 B
I 1 kHe, Pans 1 aned B Open

Power §upply Aegecnan Ratio (PSR Vg = GV, 2 1 kM2, Cyyvpay; @ WOUF %0 il
Pins 1 and 8 Open, Refarred to Output

Input Resistance (R} 50 . [34]

Input Bias Current (lgyag} Vg = 6V, Pins 2 and 3 Open 250 nA

Note 1: For oporating st efevatod tomperstures, the duvicn must ba derated busud on 8 1607 C moxsmum junction tempsrsture ond n tharmal rewy.
1

snce of 187°C/W junction to embient.

Nots 2: |{ oscillotion sxists under 10me load conditions, edd 101! snd 0.05¢F series network from pin 5 to ground.

application hints
GAIN CONTROL

To make the LM386 a more versatile amplilier, two pins
{1 and 8) are provided for gain control. With pins 1 and
8 open the 1.35 k{2 resistor sets the gain at 20 (26 dB).
1t a capacitor is put from pin 1 to 8, bypassing the
1.35 k2 resistor, the gain will go up to 200 (46 dB). If
a resistor is placed in series with the capacitor, the gain
can be set to any value from 20 to 200. Gain control can
also be done by capacitively coupling a resistor (or FET)
from pin 1 to ground.

Additional external components can be placed in parallel
with the internal feedback resistors to tailor the gain and
frequency response for individual applications., For ex-
ample, we can compensate poor speaker bass response
by fraquency shaping tho feedback path. This is done
with a sorios RC from pin 1 to 6 {parallaling the intarnal
15k rasistor). For 6 dB effactive bass boost: R 2 15kS),
tha lowest value for good stable opdration is R « 10 k2
If pin 8 is opan. if pins 1 end B aro bypassed then R os
low as 2 k2 can ba used. This restriction is because the
smplifier is only compensated for closed-loop gains
greater than O,

INPUT BIASING

The schematic shows that both inputs are bissed to
ground with a 50 kS tesistor. The base current of the
input transistors is about 250 nA, so the inputs are at
about 12.5 mV when left open, I the dc source re-
sistance driving the LM386 is higher than 250 k2 it will
contribute very little additional offset (about 2.5 mV a
the input, 50 mV at the output). If the dc source
resistance is less than 10 k2, then shorting the unused
input to ground will keep the offset low {about 2.5 mv
at the input, 50 mV at the output). For dc source
resistances between these values we can eliminale excess
offset by putting a resistor frum the unused input to
ground, equal in value to the dc source resistance. Of
course all offset problems are eliminated if the input is
capacitively coupled.

When using the LM386 with higher gains (bypassing
the 1.35 k§2 resistor hetweaen pins 1 and B) it is necessary
to bypass the unused input, preventing degradation of
gain and possible instabilities. This is done with a 0, 1pF
capacitor or o short to ground depending on the e
source resistance on the driven input,

: —J
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Consumer Circuits

LEA3335 low voltnge oudin powor amplifier

ganeral doscription

Tha LM20G is a power amplitier designod for usa in low
voltage consumer applications. The gain is internatly
snt to 20 to keep external part count low, but the
additivn ot an external resistor and capacitor between
tirs 1 and 8 will increase the quin to any value up
to 200, .

The inputs are ground referenced while the output is
automatically hiased to one half the supply voltage. The
quiescant power drain is only 18 milliwatts when oper-
ating from a 6 volt supply, making the LM386 idenl
for battery operation.

features

B Battery operation

® Minimum external parts

o Wide supply voltage range

o Low quiescent current drain

4-12 Volts
I mA

Voltage s from 20 to 200
Ground referenced input
3ulf-centering output quiescent voltage
Low disicrtion

Eiyht pin dual-in-line package

applications

AM-FM radio amplifiers
Portable tape player amplifiers
Intercoms

TV sound systems

Line drivers

Ultrasonic drivers

Small servo drivers

Power converters

equivelent schematic and connectien diagrams

Q ¥
1" D Ovslin-Line Package
1
LYPASS [
) fam —-l- U ..._ SAIN
" cam cam
] ] ,
oy . wryr 2 b DYPASY
PO Vinse
150 [B11Y ) ]
eyt —d — v,
1 , -
- nrgl o Inryt
Gro -—“ . Vour
sey s 100 vigw
Order Number LM386N
See Package 20
]
e > <> O GND

typical applications

Amplifisr with Gein = 20
Minimum Parts

Amplifier with Galn = 200

0.f
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typical performance

tnput Voltage Range

characteristics

toput Currant

Supply Current
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elactrical charactoristics (v« 15,0 vy, Note 4) LM224, LM324

PANANMETER CONDITIONS MIN Type MAX Uty
treut Offiet Johage Ta = *25°C IHot 5} 12 .7 —
input Bras Current INste 6) brnper € Dypgg 1. T = v29°C a5 750 .
1nput Cliset Currest v g L Tat 25 C -] (U] wi,
tnpat Commen Mk Voltsge Va0V, Ty 0 V'oth b
Nange (Hote 7} §

Suppty Current 1, Qe AR Op Angs (%] ? ma,
Qe Fuil Tempeesature Raorpe
Ly e 5.3 vantage Gan V7o Ve iFor Large Ve Swawd 25 100 [V
ReZ2kEL Ty 1125 C
Common.tiodt Rejection 0C. Ta=+25°C 65 8y .8
Ratio
Povesr Sucely lejection Ratio 0C. f,~+257C 65 100 2
Amoplitierto Amolifter 1+ 1 kHzto 204, T, - 25 C <100 13
Couohing [flote 9V {1nput Raferred)
Dutput Cutrent
Scurce Vin' 'TVue Vi D Ve 20 Ap ma, |
VAR DRV SOy LN
Sunk Ve  1WVpe Ve’ OVee 10 20 mAL
V' = 15Vge, Ta e #25°C
Vi "t Vae V' OV 12 50 i,
Ta 125°C.Vy 2000V
Input O!fset Voltage {Note 5) i ‘9 mVy.
tnpwst Clsel Viltage 0l R, 08 ! ny ot
Input QHset Current Tersnor = irar oy 1150 nAge
faout Qftser Corrent Dnify 10 AT 1
Input Buas Cutirnt Donoros 0F Dynge oy 500 M e
Input Common-Mode Voltage V' =30 Vee ] v'-2 Ve
Range (Nate ?)
Large S:gnai Voltage Gang V* 1 015 Ve [For Large Vi Swig) 15 Vihoy
ny 22k
Output Voltage Swing
Ve V' e 030 Ve, Ry * 2441 2% Ve
Ry 3 10k82 27 28 Voe
Vo V' s 46 Ve, Ry < 10082 . 5 20 mVe
Qutput Current
Source V' * "1 Vg, Vin™ = 0 Ve, V' 715 Vg 10 20 ma
Sink Vin™ % 1 Vo, Vo' * 0 Ve, ¥ = 15 Vge 5 8 mA
Ditlerential fngat Voltage X V' Voe
(Mote 71

Note 3: For operating at high temperatures, the LM324 must be darnted based on 2 +125°C maximum Junction temperature and a thurmat
tesistanco ol 175" C/W which apolies for the duovice soldered in 5 printed circuit bnard, operating in a still air ambient, The LM224 anid LAIZ4
can ba dorated hased on a +150"C maximum junction tempurature. The dissipotion is tha total of all four emplifincs— use extarnal eosistors, whery
posible, to sllow the smplifier to saturote or to reduce the powar which is dissipatod in the intograted cireuit,
Note 2: Short circuits from the output to V* cen cuuse oxcessive heoting and aventual destruction, The maximum output currant 1s approximately
40 mA indopendent of the magnituds of V*. At values of supply voltage in exress of +15 Vpc. continuous short-circuits can exceed the power
dissipation ratings and couse eventual destruction.
Note 3: This input currant will only exist whon the voliage at any of tha input leads is driven nagative, 11 is dus 10 the ¢nliector-base junction of
ths Input PMP transistors becoming forwerd biased und thargby acting o3 input diode clamps, In addition 1o this diods acticn, thore 1s olso lntery
NPN parasitlc transistor ection on the 1C chip. This transistor action cen causs the output voitages of tha op amps to go to the V 4 voltage level lor
10 ground for & lorge overdrive) for the tims duration thet an input is drivon negatlve. This is not destructive and normal output statas wilt
re-ostablith vhen the input voltage, which was negativa, ogain raturns 10 a valug greoter than -0.3 Vpg.

+ .-
Note 4: These specilications opply for V' = 15 Vpge and -55°C < Ta < 1125°C, unless otherwise stated. With the LM224, olf temperature
specitications are fimitad 10 -25"C € Tp < +B57C and the LM324 remprrature specilications are limited to 0°C < TA < +70°C.
Note 5: Vg ¥ 1.4Vpg. Rg ~ 0N with V' trom 6 Ve to 30 Vi and over the lull input common-motlo cange (0 Vg to v' 1.5 Vo).

Note 6: The direction of the input current is out of the IC due to tho PNP input stage. This current is essentially constant, independent ol thy
state ol the output so no loading change exists on the input lines,

Note 7: The input common.moda vo‘luge or aither input signal voltagn should not be allowed to go negative by more than 0.3V, The upper endd of
ths common.mode voltags cenge is V' — 1.5V, but either or both inputs can go to +32 Vo without damage.

Note 8: Dus to pm:imhy of externsl components, insure that coupling is not originating via stray capacitance between these external parts. Thiy
typicstly can be detected a1 this typs of capacitive coupling Increases at higher frequencles,




absolute maximum ratings

Supply Voltage, v* I Ve or 116V, it Current (Vy, -2 0.3 Vi, | (Mote 3) 50 mA
Ostterertiat Input Voltage . A2 Ve
Jagmrt Vesltsye VI Vo to 132 ¥y Operatiny Tewtieature Mange
r Power Disspation (Nute 1) LMy 0 C 0
: Molded DIP  (1.MI24N]) 570 mw L2724 -25'C o +85°C
; Cavity DIP [LM124D, LI2240 & LMI24D) 900 mw L2 -55"°C o 125°C
: i Flat Pack {LM124F) 100 miy . et - .
. ! Output Short Cireent 1o GND {Note 2} {One Amplitier) Continuous Stovoye Temeeratre Range H5°C 10 150°C

V' <15 Ve ang T, = 25°C Leart Temperature (Satdenng. 10 seiunds) ano"c

electrical characteristics (v* = +50vpc, Note d). LM124

PARAMZTER CONDITIONS MIN TYP Max UNITS
i loput Oftset Voltage Ta = +25°C (Note 5) i 15 Ve
t
] tacut Bras Current (Note 63 intey 08 Yipgp .1 Ta ¢ 4257°C a5 150 e
! wpur Ottser Current Yoty Dirag g Fa s 1757C 3 30 Y.
{ toput Common-Mode Voltage V* » 30 Vge, T = 425°C 0 v'-1s Yoe
fange {Note 7)
! Supply Current Ry = > On All Op Amos 0.8 2 mAge
: Qver Full Temperature Rangs
Large Signat Voliage Gain V' r 415 Ve (For Large Vg Swing) 50 100 ViV
Ry 2%, T »125°C
Coemmon Mode Rajuctinn 0C, T~ 125°C 0 15 1l
Rativ
Power Supply Rejection Ratio DC, T. = +25°C 65 100 uB
. Amplilier-to. Amptilier f=1kHz10 20 H,, T, - +25°C 120 1]
.1 Couphng {Note 8 (gt Aetaremt)
i
t Outout Currant
Suwrea : Vin' = 21 Ve, Vi ™ = 0 Vi, 20 an WA
V' =15 Vpe, To=1257C
Sink Vin™ = 11 Vge. Vin' " 0 Ve, 0 20 mALe
V' =15 Ve, To = 125°C
Vin =11 Vhe V' - 0V, 12 40 A\
Ta=1257C. Vg * 200 mVpe
| tnput Olfser Vottage {Nate 5) 17 mVoe
:
. {nput Otlset Voltage Dyift Hg = 02 H nvi1'c
- Input Otfset Current Fimtss = hnggoy 5100 nApe
tnpst Olset Current Drift 10 vAge! G
' ; tnput Bias Current Tinager 0 Dippy 00 "My
tnput Commoan Moda Vollage V' 30 Vg Q v'? Ve
Range (Note 7}
Large Sugnal Voltage Gan V' = 415 Ve tFor Largr Vi Swing) 25 vimy
Ay > 2ki2
! C.yut Voltage Swing
, Vo V' =030 Ve Ny - 2K02 26 Voe
: R > 1046 Y b} Voe
1 .
H Voo V' = 18 Vge, A £ 10k 5 20 mVoe
Ovtgut Current
Source f Vin' = #1 Ve, Viy™ * 0 Ve, V' = 15 Ve 10 20 mA
Sink Vin™ " *1 Vo, Vo' * 0 Vpe. V' = 15 Ve 13 8 mA
Difterential Inpuyt Voltage v’ Voe
{Note 7}
i
v, . s ) y
ALY 33313 .




LF351

National
Semiconductor
Corporation

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high specd JFET input oprrational
amplifier with an internally  trimme input oliset voltaqo
(BI-FET 111 1echnology) The deviee tequites a low supply
current and yel maintains a large gan bandwidth product
and a last slew rate. In addition, well matehed high voliagn
JFET npul devices provide very low input bias and olisaol
currents The LF351 is pin compatible wilh the standard
LM741 and uses the same offsel voltage adjustment circuit-
ry. This fealture allows designers lo immadiately upgrade the
overall parformance ol existing | M741 designs.

The LF351 may be used in applications such as high speed
inlegrators; last D/A converters, sample and-hold circuils
and many other circuils requinng low mputl offsal vollagn,
low input ias current, high input impadance, high slew rate
and wide bandwidth The device has low noise and ollsnt
voltage dnit, bul for applications whete these requitements
are criical, the LIF356 is recommended If maximum supply

curtent is important, however, the LF3S1 is the bellor
choico.

Features

= Inlernally rimmaed oflset voltage 10 mv
u Low inpul bins current 50 pA
w {.ow inpul noise vollnge 25 nv/ iz
m Low inpul noise current 0.01 pA/Hz
| Wide gain bandwidth 4 MHz
B High slew rale 13 V/ps
n [ow supply currant 1.8 mA
m lligh inpul impedance 101211
m ow tolal harmonic disiortion Ay - 10, “<0,02%

Ry 10k, Vo 20 Vp-p, BW -+ 20 Hz-20 kHz

u Low 1/ noise corner 50 Hz
m Fast sellling time 10 0.01% 2 ns

Typical Connection

M vie O

—AAA

INTTRNAILY
s n

Connection Diagrams (inp vinws

Metal Can Package

Hate Pin 4 conneried (0 rave

Order Number LFJ51H
See NS Package Number H08C

Simplified Schematic

P o

vy O

\0

INTEHNALL Y
trammi o

Dual-In-Line Package

Y

'
AALANCY —

———RC

? ' .
INPY T ] l— v
nryy —d F—— ouiryt

Y
v ~—— BALANCE

10P VI W
Order Number LF351J,
LF351M or LF351IN

TL/H/564D- 4

See NS Package Number JOBA, MOBA or NOSE
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AC Electrical Characteristics noie 3

Symbol Paramelter Condilions —_— LFIs! — Unﬁ?
‘| Min Typ Max
SR Slew Rate Vs - 115V, Tp 25°C 13 Vigs
GBW Gain Bandwidth Product Vs 115V, T, - 25°C 4 MHz
8n Equivalent Input Noise Vollagn Ta 25°C, Ag = 1001}, : 25 A
I 1000 Hz v/
in Equivalent Input Noise Current | T, 25°C,[- 1000 Hz 0.0t pA/FL

Note 1: For opuateiag at ehewaled tempeintonn, iherdevicn nued Tus derated faul on the tharmal iosistanen, @ ),
Note 2: Unless otharwise speciied the ahsolutn mavimum negatrze mput voltagn < nquat 1n the nagalive powar supply vohage
Note 3: Theso spachications anply lor Vg - » 15V and 0°C- T« 7000 Ve, Yy andd ing ara moacurad al Vg -0

Note 4: Tho iput tuas cuntants aro v lon leakagn curents wiuch approxmately deuhin lor avary 10°C incronse in s junchon tenparalura, Ty Duo 10 the limdnd
production test lmg, 11 mput bits Crreents ineasormd ane eacetatod G pie e iamporitore In nnemat oporalion the unchon ttunporainee risos above the smieent
fompeoratirg as & result ol ienal power dicapation, 1, l' [Pl n',\ 'y whene s fher theemal msistanen rom junetion o aminant Uso ol 8 hoat sink n
racommonged d mput ias cureenl 1< 10 he bept 10 A ey

Note S: Supply voltaga regechon ralio o measoresd tar both sapply masetieles mereasing or dacreasing yin Inncn wills o practica. From
115V to 15V

Note 6: Max Power Disspation 1s delined] Dy 1ha package b,
outsido guaranlowd ks

% Opaesting fles part near the Max Powar Dissipation may cause tha part 10 opecsts




Typlcal Performance Characteristics
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