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LH0094 Multifunction Converter

General Description

The LH0094 multifunction converter generates an output
voltage per the transfer function:

m
Eo=Vy (%) , 0.1<m< 10, m continuously adjustable

m Is set by 2 resistors.

Features

o Low cost

m Versatile

u High accuracy—0.05%

m Wide supply range— 5V to +22V

1 Minimum component count
m Internal matched resistor palr for settng m=2 and
m=0.5

Applications

u Precision divider, multiplier

B Square root

m Square

m Trigonometric. function generator
® Companding

m Linearization

| Control systems

m Log amp
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A3~ vt Vg Vy Af-  GND va Vi
lis ||s |u |u ||z In Iw |s
v; O
B,
I »f Log-! Es LHOOS
Vy O==—t 108 —_—r.
i ‘: Ra Hg"
Order Number LH0094D or LH0094€D $ 2
See NS Package Number D16D .
|| |z IJ '4 ls ] 7 )
Eo Vy Ve Ad- \n Aa  Rgowson Rs
TOP VIEW
Simplified Schematic
1
o——————y—‘ O—-O's vt
" 1 o—ov-
Vx O=AA A @] = 11
19% K VWA 01__
‘ f'"
S
vz °.=Av‘vv 3
1 M
100k
1 Og—AM
14 = -
iy e
" o-’-twv—t-D =
100k =
1 Ue u i .?& 1|Hu='n
= 9

TL/H/5695-1

§-12




NATL SEMICOND (LINEAR) 2cEk D WA bL501lk24 007015 b M !
Absolute Maximum Ratings (ote 1) T-13-31 §
It Military/Aerospace specified devices are required, Operating Temperature Range 4
| please contact the Natlonal Semiconductor Sales LH0094CD —25°Cto +85°C
\ Offlce/Dlstributors for avallabllity and specifications. LH0094D ~-55°Cto +125°C
| Supply Voltage +22v Storage Temperature Range )
| Input Voltage +22V LH0094D -85°Cto +150°C
‘ Output Short-Clroult Duration Continuous LH0084CD —58°Cto +126°C
Lead Tempsrature
(Soldering, 10 seconds) 260°C
Electrical Characteristics
m
Vs = £15V, T = 26°C unless otherwise specified, Transfer function: Eg = Vy %; 0.1 <m < 10; OV < Vy, Vy, Vz < 10V
Parameter Conditions LH0094 - LHO0004G Units
Min | Typ l Max M]n ' Typ | Max
ACCURACY 7
Multiply Ep=VzVy (0.03<Vy<10V; 0,01 <Vz<10V) % F.S.
Untrimmed (Figure 2) 0.25 | 0.45 045 | 0.9 (1ov)
External Trim (Figure 3) 0.10 0.1 % F.8.
vs. Temperature 0.2 0.2 mV/°C
Divide Eg=10Vz/Vyx
Untrimmed (Flgure 4), 0.6<Vx<10;0.01<Vz<10) . 0.25 | 0.45 045 | 09 | %FsS.
External Trim (Flgure 5), (0.1<Vx<10; 0.01<Vz<10) 0.10 0.1 % F.S.
vs, Temperature 0.2 0.2 mvV/°C
Square Root Eo=10/Nz/10
Untrimmed (Figurs 8), (0.03<Vz<10 0.25 | 0.45 0.45 0.9 % F.S.
External Trim (Figure 9), (0.01<Vz<10 0.15 0.15 % F.S.
Square Eo=10(Vz/10)2(0.15Vz<10)
Untrimmed (Figure 6) 0.6 1.0 10 | 20 | %FS.
External Trim (Figure 7) 0.15 0.15 % F.S.
Low Level Eo =10V 5.0mV<Vz<10V, (Figure 10) 0.05 0.05 % F.S.
Square Root -
Exponential m=0.2, Ep=10 (Vz2/10)2 (Figure 11), (0.1<Vz<10) 0,05 - 0,08 % F.S.
Clrouits m=56.0, En=10 (V2/10)8 (Figure 11), (1.0<V2<10) 0.05 0.08 % F.S.
QUTPUT OFFSET )
| vy=10V, Vy=Vz=0 | | 20 [s0] Tso] 10 | mv
AC CHARACTERISTICS ) )
3 dB Bandwidth m=1.0, Vx=10V, Vy=0.1 Vs 10 10 kHz
Nolse 10 Hz to 1,0 kHz, m=1.0, Vy=Vz=0V
V=10V 100 100 pV/rms
Vx=0.1V 300 | 800 pV/rms
EXPONENT
m 0.2t0 ] 0.1t0 0.2to | 0.1to
5.0 10 5.0 10
INPUT CHARACTERISTICS ] i
Input Voitage (For Rated Performance) 0 10 0 10 v
Input Impedance | (All Inputs) 08 100 28 100 kQ
OUTPUT CHARACTERISTICS 7 )
Output Swing (R <10k) 10 12 10 12 \
Cutput Impedance - 1.0 1.0 Q "
Supply Current {Vs= £ 15V) (Note 1) 30 | 50 3.0 5.0 mA
Note 1: Refer to RETS0084D drawing for specifications of the military LH00840 version,
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Applications Information
GENERAL INFORMATION (Bym<t a "2
Power supply bypass capagcitors (0.1 pF) are racommended j0 4 3
for all applications.
The LH0094 series Is designed for positive Input signals -
only. However, negative input up to the supply voltage will
not damage the device. = R2_ L.\ po=so0n
A clamp diode (Figure 1) is recommended for those applica- Ri+R2
tions in which the inputs may be subjected to open gircuit or (©ym>1
negative input signals.
For basic applications (multiply, divide, square, square root) R2 0. M " 13
it is possible to use the device without any external adjust- m=H1 +A2
ments or components. Two matched resistors are provided R2
internally to set m for square or square root. -
When using external resistors to set m, such resistors TL/HIsg05-4
should be as close to the device as possible, ACCURACY (ERROR)
SELECTION OF RESISTORS TO SETm The accuracy of the LH0094 is specified for both externally
o adjusted and unadjusted cases.
Internal Matched Reslstors ) i Although it is customary to specify the errors in percent of
Ra and ':‘B are matched mte:nal resistors. They are full-scale (10V), it is seen from the typical performance
1000 +10%, but matched to 0.1%. curves that the actual errors are in percent of reading. Thus,
(aym=2* the specified errors are overly conservative for small input
voltages. An example of this is the LH0094 used in the mul-
10 1 13 tiplication mode. The specified typical error is 0.25% of full-
scale (25 mV). As seen from the curve, the unadjusted error
s P 7 Ra P is =25 mV at 10V input, but the error is less than 10 mV for
inputs up fo 1V. Note also that if either the multiplicand or
the multiplier is at less than 10V, (5V for example) the unad-
- justed error is less. Thus, the errors specified are at full-
(b) m=0.5* scale—the worst case.
’ The LH0094 is designed such that the user is able to exter-
10 la 3 nally adjust the gain and offset of the device—thus trim out
all of the errors of conversion. In most applications, the galn
p Rg adjustment is the only external trim needed for super accu-
§ "A 7 8 racy—except in division mode, where a denominator offset
adjust is needed for small denominator voltages.
= EXPONENTS
. ] - TLmstas-2 The LH0094 Is capable of performing roots to 0.1 and pow-
No extemal rasistors requited, strap as Indicated ers up to 10, However, care should be taken when applying
External Resistors these exponent—otherwise, results may be misinterpreted.
f For example, consider the Vioth power of a number: i.e.
The exponent is set by 2 external resistors or it may be N 1o h o
; : : ; 0.001 raised to 0.1 power is 0.5011; 0.1 raised to the 0.1
b 2 + A2< . '
continuously varied by a single trim pot. (R1 + R2<8000 powaer s 0.7843; and 10 ralsed to the 0.1 power is 1.2589.
(@m=1 Thus, it is seen that while the input has changed 4 decades,
the output has only changed a little mare than a factor of 2.
10 14 3 Itis also seen that with as little as 1 mV of offset, the output
TL/H/5695-3 will also be greater than zero with zero input.
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Applications Information (continued) T=-13-3\
1. CLAMP DIODE CONNECTION
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FIGURE 1. Clamp Diode Connection
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FIGURE 2a. LH0094 Used to Muitiply (No External Adjustment)
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FIGURE 2b. Typical Performance of
LH0094 in Multiply Mode Without
External Adjustment
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§ Applications Information (continued) > 3 \
5 3. DIVIDE DY
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FIGURE 4a. LH0094 Used to Divide (No External Adjustment) FIGURE 4b. Typlca! Performancas,
Divide Mode,
V- Without External Adjustments
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Apply 10V to Vy, 0,1V 1o Vx and Vz. > S
Adjust R3 until Eg=10.000V. 1 T1 ? >10M I——OV;
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FIGURE 5, Precision Divider (0.05% Typ)
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FIGURE 6a. Baslc Connectlon of LH0094 (m =2) without FIGURE 6b. Squaring Mode without
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Applications Information (continued)
4. SQUARE (Continued) o
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FIGURE 7. Precision Squaring Clrcuit (0. 15% Typ)

5. SQUARE ROOT
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FIGURE 8a. Basic Connection of LH0094 (m=0.5)
without External Adjustment Using Internal Resistors
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FIGURE 8b. Typical Performance Curve Square Root,
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FIGURE 9. Preclsion Square Rooter (0.15% Typ)
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Applications Information (continued)

6. LOW LEVEL SQUARE ROOT D1
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FIGURE 10. 3-Decade Precislon Square Root Circuit Using the LH0094 with m=1

Typical Applications
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FIGURE 11. Precision Exponentlator (m=0.2 to 5)
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Typical Applications (continued)
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Note. The LH0094 may be used to g a voitage equivalent to:
vo=NT2¥Va2
Vo=V2+
Vo+v2
V024 V0 V2=V2 VO+V22+Vvi2
V02=V{2+V22
. Vo=V12+Vv2Z vi,v2 0 — 1oV

R = 10k
National Semiconductor resistor array RA08—10k Is recommended

FIGURE 12. Vector Magnitude Function

(m=1) (m=1)
v .
10 [14 |3 Eo'“vl 10 {14 |3
T
10 Vy Vv :
LHO0034 LHooS4 - Eq
VpO—Vr v, Vap Om=—tV; v, )
VT
Note. The LH0084 may be used in direct measuremant of gas flow.
AP
Flow =k T
Ve, Vap
=10-Ex-2E
Fo= 104 8o
—1o¥pVar
Egt=10— 0%
- VP Vap
Eo=q[10— 7%

P=Absolute pressure
T=Absolute temperature
AP=Pressure drop

FIGURE 13, Mass Gas Fiow Circult
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Typical Applications (continued)
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Note. The LH0084 may also be used to generate the Log

of a ratio of 2 voltages. The output is taken from pin 14 of
the LHO094 for the Log application,
KT, Vz
ELog=Kl—?¢n~=
Loa=
R1+R2
where K1_T

1
IfKi " KT/qZn10

vz

then Epog =L ==

Log=Log1o Vx
R1=15.9 R2

R2 = 4000

R2 must be a thermistor with a tempco of = 0.33%/C to
be p d over t

FIGURE 14, Log Amp Application
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