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ANALOG DIVIDER

_FEATURES

'@ HIGH ACCURACY: 0.25% Maximum Error,
40:1 Denominator Range

© TWO-QUADRANT OPERATION 1
Dedicated Log-Antilog Technique

@ EASY TO USE .
Laser-trimmed to Specified Accuracy
No External Reslistors Needed

® LOW COST

@ DIP PACKAGE

DESCRIPTION

The DIV100 is a pregision two-quadrant analog
~divider offering superior performance over a wide
range of denominator input. Its accuracy is nedrly two
orders of magnitude better than multipliers used for
division. It consists of four operational amplifiers and
logging transistors integrated into a single monolithic
circuit and a laser-trimmed, thin-film resistor network.
_The electrical characteristics of these devices offer the
user guaranteed accuracy without the need for external

adjpstment — the DIV100 is a complete, single pack-;

age analog divider.

international Alrport industrial Park -
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APPLICATIONS

@ DIVISION

* @ SQUARE ROOT

@ RATIOMETRIC MEASUREMENT
@ PERCENTAGE COMPUTATION

@ TRANSDUCER AND BRIDGE
LINEARIZATION

@ AUTOMATIC LEVEL AND GAIN CONTROL
@ VOLTAGE CONTROLLED AMPLIFIERS
©® ANALOG SIMULATION

For those applicatjéns requiring higher accuracy than
the DIV100 specifies, the capability for optional

. adjustment is provided. These adjustments allow the

user to ‘set ‘\scale factor, ,feeddqough, and output-
referred offsets for the lowest total divider error.

The DIV100 also gives the user a precision, temperg-
ture-compensated reference voltage for external use.
Designej's of -industrial process control systems;
analytical instruments, or biomedical instfuméntation
will find the DIV100 easy to use and also a low cost,

but highly accurate solution' to their analog divider -

applications.

« Tucson, AZ 85706
‘tmenediate Product Info: (800) 548-5132
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SPECIFICATIONS -

ELECTRICAL
ALT, = +25°C 30 Vog,

=£15VDC, unless otherwise specified.

PARAMETER CONDITIONS
TRANSFER FUNCTION

ACCURACY R 2 10kQ
Total Error
R LN MR T 0:25V s:D.<9aV, N s DY .
vs Temperature V<D< 10V,N<|D|
0.25V<D<1V,N<|D|
025V D< 10V, N$ D[

vs Supply
Warm-up Time to Rated Performace

AC PERFORMANCE D=+10Vv

[ Sihall-Sigriat Bandwidth SR ]

0.5% Amplitude Emor ) Smi Slqnal

0.57° Vector Eror e smg{ Bignal 3
Ful-Power Bandwidth Vo= o= 5mA |
Siew Rate V=410V, Iy = 25mA .
Settiing Time €= 1%, AVy = 20V
Overload Recovery 50% Outpist Ovérined |

INPUT CHARACTERISTICS .. : |- - " g
Input Voltage Range ) ' N
Numerator Yo NSIDE
Denominatior P .~ D24250mV .
Input Resistance E ~' Eithér fnput’ <<
OUTPUT cHARACTERISTIcs
Full-Scals Qutput, «
Rated Output
Voltage - %
Current
Current Limit
Positive
Negative
OUTPUT NOISE VOLTAGE
fy = 10H2.t0 10kHzZ. - L
D = +10V E .
- +250mV v

REFERENCE VOLTAGE CHARACTERIS‘"CS, FIL Z IOMﬂ
Output Voltage
Initial At25°C
vs Suppty '
Temperature Coafficien
Output Resistance
POWER SIJPPLY REQUIREIIEN'I‘S
Rated V¢ :
Oparating | Ranue EE
Quiesgem Current S
Postive Supply
Negative Supply
TEMPERATURE RANGE
Specification
Operating Temperature Derated Performance
Storage

*Same as DIV10OOHP.
NOTES {1) FSO is the abbreviation for Full Scale Oulput (2) Thls

The information provided herein is bellevod to be roliable; however, BURR-BROWN no ibility for ies or i BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely al the user’s own risk. Prices and specifications are subject
o change without notice. No patent rights or licenses to any of the circuits described herein are imphied or granted to any third party. BURR-BROWN does nol
authodze or warvant any BURR~BROWN produc! fur use ln Iife support devlces and/or sysisms
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PIN CONFIGURATION

Bottom View

+Vee Gain Error Adjust
Numerator (N) Input Output
Qutput Offset Acfust ‘ Vs
N Input Offset Adjust D Input Offset Adjust
Internally Connected to Pin 1
internally Connected to Pin 14

Common
Denominator (D) input

Refererance Voltage Internally Connected to Pin 8

perating Toemp Range -25°C 10 85°C
Lead Temperatire {sokiering, 108) ...c.ccocrvurnnae ... #300°C
Oltput Short-Circuit Durafiont ¥ Conti
Junction T U +175°C
NOTES: (1) Ses General ki on section for di fon. (2) For supply
voltages lgss than +20VDC, the absglute maximum input voltage is equal
fo the supply voltage. (3) Short-circuit may be to ground only. Rating
applies 1 an ambisnt temperature of +3§°C al rated supply voktage.

ORDERING INFORMATION

PACKAGE INFORMATION™

PACKAGE DRAWING

MQDEL PACKAGE NUMBER

TEMPERATURE ... TOTAL INMAL

MODEL RANGE - ERROR (% FS0)

DIVI0OHP
DIV100JP
DIVIOOKP

6°C fo +70°C 1.0
€°C 10 +70°C 0.5
0°C 10 +70°C 0.25

DIV10oHP
DiV1004P

14-Pin DIP 105
- 14-Pin DIP 105

DIV100KP 14-Pin DIP 105

NOTE: (1) For detailed drawing arid dimension table, please see end of data

sheet, or Appendix D of Burr-Brown IC Data Book. N

TYPICAL PERFORMANCE CURVES

T, = 425°C, V= £15VDC, urless otherwise specified.

TOTAL ERROR vs DENOMINATOR VOLTAGE

s
D=IN|
—10VS NS +10V

»nd N

Total Error (% FSO)

1
Denominator Voltage (V)

TOTAL ERROR vs OUTPUT CURRENT

Total Error (% FSO)

4
Output Current (mA)

TOTAL ERROR vs AMBIENT TEMPERATURE

/

»
»

Denominator =~ O.ZSV/

-
®

Totat Emror (% FSO)
o

/ L]

" Denominator = 1V to 10V
1 |

25 40 55
Ambisent Temperature (°C)

o
-3

FREQUENCY RESPONSE vs DENOMINATOR VOLTAGE :

S o e s s  —

1 Sma-Signal Bandwicth (-30B),

)

Vour = 20Vpp, Ry =
T

1]

1
Denominator Voltage (V)
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TYPICAL PERFORMANCE CURVES (CONT)

T, & +25°C, V,; = +15VDC, uness otherwise specified. o

Denominator Feedthrough (dB)

SMALL-SIGNAL FRE_QUENGQ‘RESPONSE ) X AMPLITUDE ERROR vs NUMERATOR FREQUENCY

o 10
D =025V Y] . - . |- D= +tOV

“Amplitude (dB)

Amplitude Error (%)

T

1k 10k
Numerator Frequancy (Hz)

4

NONLINEARITY vs DENOMINATOR VOLTAGE NONLINEARITY vs NUMERATOR FREQUENCY

P T T s

+ L =D = +10V

N = D sin ot |l | N = 20 sin ot

o=2x10Hz |

Vour = 10sin ot |

Nonlinearity (% FSO)

N

Nonlinsarity (% FSO)

1 100 1k 10k

Denominator Voltage (V) Numerator Frequency (Hz)

DENOMINATOR FEEDTHROUGH
vs DENOMINATOR FREQUENCY LARGE STEP RESPONSE

L CETTTT ‘
N = 0.0 Voits
| D=+10V

C, - 20pF
R, =2kQ

N

-
L1

Output Voltage (V)
o

\ L
v

10k 1€ A 40
Frequency (H2) Time (ps)

B, ~BROWN®
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TYPICAL PERFORMANCE CURVES (ConT)

T, = +25°C, V = +15VDC, unless otherwise spoclﬂed

LARGE SIGNAL STEP RESPONSE ' TRANSIENT RESPONSE

D= +250MV . L D = +10V
C, = 20pF G, = 20pF
B =2k ‘

.8

&

6mput Voltage (mV)
o

L
8

100 .
. Time (us)

L
g

TRANSIENT RESPONSE OUTPUT NOISE vs DENOMINATOR VOLTAGE
e

I

I
|
|
|
|

10Hz to 10kHz Output Noise (mVrms)

\

100 ) 00 . 1
Time (us) ) Denominator Voliage {V)

POWER SUPPLY REJECTION
ve DENOMINATOR VOLTAGE QUIESCENT CURRENT vs AMBIENT TEMPERATURE

J

1
AT B
=y

| ( ‘ ‘
) . : ) . 20 30 4 5 60 70
Denominator Voltage (V) Ambant Temperature (°C)

Positive St

R
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Quiescent Supply Current (mA)

Power Supply Rejection (dB)
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DEFINITIONS R

TRANSFER FUNCTION
The ideal transfer function for the DIV100 is:
ovr = 10N/D
where: N = Numerator input voltage

D = Denominator input voltage

10 = Internal scalé factor™ o
Figure 1 shows the operating region over theuspecified
numerator and denominator ranges. Note that below the

minimum denominator voltage (250mV) operahon is
undefined.

Vour =10V
Vour=8V
Vour = 8V
Vour =4V
Vour =2V
Vour =0V
Vour = =2V
Vour=—4V
Vour = -6V
Vour=-8V
Vour =—10¥

Constant Vuy Lines,

: Numerator Voltage (V)

&L bone o wd

L
=]

Denominator Vohage (V)

FIGURE 1. Operating Region.

_ ACCURACY
*Accuracy”is specifiéd as a percentage of full-scale output
_(FS0). It is derived from the total error specification. '

TOTAL ERROR

Total error is the deviation of the actual output from the ideal
quotient 10N/D expressed in percent of FSO (10V); e.g., for
the DIV10OK:

VYouracruay = Yeour abeay Ltotal error,
where: Total error = 0.25%, FSO = 25mV.
It represents the sum of all error terms normally associated
with a divider: numerator nonlinearity, denominator
nonlinearity, scale-factor erfor; output-referred-numerator
and-denominator offsets, and the offset due to the output
amplifier. Individual errors are not specified because it is
their sum that affects the user’s application.-

SMALL-SIGNAL BANDWIDTH

Small-signal banidwidth is the ftequency the output drops
to 70% (-3dB) of its DC value. The input signal must be low
enough in amplitude to keep the divider's output from
becoming slew-rate limited. A rule-of-thumb is to make the
output voltage 100mVp-p, when testing this parameter.
Small-signal bandwidth is directly proportional to denomi-
nator magnitude as described in the Typical Performance
Curves.

7.22
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" 5% AMPLITUDE ERROR

At high frequencies the input-to-output relanonshlp is a
complex function that produces both a magnitude and vector
error. The 0.5% amplitude error is the frequency at which
the magnitude of the output drops 0.5% from its DC value.

0.57° VECTOR ERROR

The 0.57° vector error is the frequency at which a phase
error of 0.01 radians occurs. This is the most sensitive
measure of dynamic error of a divider.

LINEARITY

Defining linearity for .2 nonlinear device may seem
unnecessary; however, by keeping one input constant the
output becomes a linear function of the remaining input. The
denominator is the input that is held fixed with a divider.
Nonlinearities in a divider add harmonic distortion to the
output in the amount of:

Percent Nonlinearity

2

Percent Distortion =~

FEEDTHROUGH

Feedthrough .is the signal at the output for any value of
denominator within its rated range, when the numerator
input is zero. Ideally, the output should be zero under this
condition.

GENERAL INFORMATION

WIRING PRECAUTIONS

In"order to prevent frequency instability due to lead
inductance of the power supply lines, each power supply
should be bypassed. This should be done by connecting a
10pF tantalum capacitor in parallel with a 1000pF ceramic
capacitor from the +V . and -V pins to the power supply
common. The connection of these capacitors should be as
close to the DIV100 as practical.

CAPACITIVE LOADS

Staple operation is maintained with capacitive loads of up to
1000pF, typically. Higher capacitive loads can be driven if
a22ﬂcatbontes1stonsconnected in series with the DIV100’s
output

OVERLOAD PROTECTION

The DIVI00 can be protected against accidental power
supply reversal by putting a diode (1N4001 type) in series
with each power supply line as shown in Figure 2. This
precaution is necessary only in power systems that momen-
tarily reverse polarity during turn-on or turn-off.

If this protection circuit is used, the accuracy of the DIV100
will be degraded by the power supply sensitivity specifica-

BURR.- BROWN®
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FIGURE 2. Overload I:"rotection Circuit.

tion. No other overload protection gircuit is necessary.
Inputs are internally protected against overvoltages and they
are current-limited by at least a 10k series 'resistor. The
output is protected against short circuits to power supply
common only. )

STATIC SENSITIVITY

No special handling is required. The DIV100.does not use
MOS- -type transistors. Funhermore, all external leads are
protected by resistors against low energy electrostatic dis-
chqrge (ESD).

INTERNAL POWER DISSIPATION.
F':gure 3 is the thermal model for theDIVl(X) where*
quescem power drsslpauon )
. I+V IIWH—VWII_WW
Ppx Worst case power dxssrpauon in: the output
. transistor ...
= V4R, gap (for normal operatlon)
= Ve Loumeur iar (for short-circuit). -
T, = Junction temperature (output loaded)
T* = Juncuon tempcramrc (o load)
T, = Case temperature
T Amblent temperature
Thetmal resistance

This modelas a-multiple power source. ;nodel to pmvnde a
more accurate simulation.

The model in Figuire:3 mast be tised in conjuriction with the
DIV100’s absolute maximum ratings of internal power dis-
sipation and junction_temperature to determine the derated
power dissipation capability of the package.

TS, T
A
‘VA W
6, = 2T5°CIW
QB Pox

by

" As an example of how to use this model, consider this

problem:

Determine the highest ambient temperature at which the
DIV100 may be operated with a continuous short circuit
to ground. Vg = £15VDC.
Pouax, = 600mW. Tyapy, = +175°C.
Ty = Tiosan — Pog (6, + 6) —
6, +6,+8)
=175°C - 18°C - 119°C = 38°C

PDX(SHORT — €IRCUIT)

Poacruany = Poo + Poxcstorr- emeurn S Pogvaxy
= 255mW + 345mW = 600mW
The conclusion is that the device will withstand a short-
circuit up to T, = +38°C without exceeding either the 175°C
or 600mW #bsolute maximum limits.

LIMITING OUTPUT VOLTAGE SWING o

The negative output voltage swing should be limited to
111V, maximum, to prevent polarity inversion and possible
system instability. This should be done by hmmng the input
voltage range.

THEORY OF OPERATION

The DIVI0O is a log-antilog divider consisting of four
operational amplifiers and four logging transistors inte-
grated into a single monolithic circuit. Its basic principal of
operation can be seen by an analysis-of the circit in Figure
4. . . .
The logarithmic equation for a bipolar transistdr is:
" Vi = V'r fn /), ' (D)
where: Vo =kT/q ‘

k = Boltzmann’s constant = 1381 x 10

T = Absolute temperature in degrees Kelvin

q = Electron charge = 1.602 x 10-°

I, = Collector current

" I¢ = Reverse saturation current -

FIGURE. 4 One-Quadrant Log-Antilog Divider. _

Buwrr-Brown IC Data Book—Linear Products
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FIGURE 5. DIV100 Two-Quagragt.Log:Antilg Circuig._

Applymg equation (1) to the feur logging tran!
For Q;::
Vis = Vg = Vo = Vil ln(Vm/Rx — 1,]
This leads to:
= —VT[ ln(V l“,,IR,( - 1]

For Q2

vi- A
For Q3
. =Vt (Vy/Ry) - & LA
‘We have nowtaken the logarithms of the i mpm volmge V.g,,
V. and V,. Applying equation (1) to Q, gives:

V, -V, = Vo [ (Vo/Ry) ~ fnlg- L
Assume Vi and I are the same for all four transistors (a
reasonable assumption with a monelithic IC). Solvmg this
last equation in terms of the previously defined variables and
taking the antilogarithm of the resulf yxelds

Ve V,
GV, = ;W_"_,‘_,, ‘ . ®)
VoRyRy .
In the DIVI00 Vi = 6.6V, Ry=Ry = Ry and Ry is such
that the transfer functmn ist = L
=10ND 3
where: N = Numerator Voltage
D = Denominator Voltage

Figure 5 is a more detailed circuit diagram for the DIV100.
In addition to the circuitry included in Figure 3, it also shows
the resistors (R,, R,, Ry, Ry, and R,,) used for level-shifting.
This converts the DIV100 to a two-quadrant divider.

The nnplememauon of the transfer function in equation (3)
is done using devices with real limitations. Fo: ¢xample, the

e of the D input must always be positive. If it isn’t, Q;

ro-longer conduct, "A, will become open loop, and its
output and the DIV100 output will saturate, This limitation
is further restricted in that if the D input is less than +250mV
the errors will become substantial:-Jt will stdl function, but
its accuracy will'be less.” - PO

7.24

Still another limitation is that the value 6F the N input must
always be equal to-or less thah the absolute value of the D

-input. 'From equation (3) it can be seen that if this limitation

is not met, V,, will try to be greater than the 10V ouii&ut
voltage lirnit of A, ‘

A limitation that may not beé obvionsHsithe.effest-of soumq
resistapee; If the numerator or denominator inputs are driven
from a source with more than 100 of output resistance, the
resultant voltage dmder ‘will “¢avise a signifi cnnt output
error. This voltage divider is formed by the source resistance
and the DIV100 input-resigtarice. With Ry g = 10Q and
Riveur omvion = 25k an error of 0.04% results. This means
that the best performance of the DIV100 is ebtained by

. driving its mputs from operahonal ampllﬁers

rcfcrence for: external ‘use. Its open gmt voltage is
+6,8VDC, typically. Its Thevenin equivalent resjstance is
kL2, Since the output resistance is a relatively hig
operatiohal aifiplifier is necessary to buffer

shown in Figure 6, The external amplifier is"necessary
because current drawn through the 3k.Q resistor w11l effect
the DIV100 scale factor. '

FIGURE 6. Buffered Precision Voltage Refercrce.

OPTION ADJUSTMENTS

Figuré 7 shows the connections to maké to adjust the
DIV100 for significantly better accumcy over 1ts '40-to-1
denominator range,

Burr-Brown IC Data Book—Linear Products
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The adjustment procedure is: )
1. Begin with Ry R, and R, set to their mid-position..
2. With INl = D = 10.000V, £lmV, adjust R’ for

Vo= +10.000V, £1mV. This sets the scale factor.

. Set D to the minimum expected denominator voltage.
With N = -D, adjust R, for V,, = -10.000V. This adjusts
the output referred denominator offset errors.

" 4. With D still at its minimum expected value, make N =

D. Adjust R, for V= 10.000V. Tlis adjusts the output
referred offset CITOrS. )

. Repeat steps 2-4 until the best accuracy. is.obtained.

+Veg
. 14

+Vie
10kQ

FIGURE 7. Connection Diagram for Optional Adjustments.

TYPICAL APPLICATIONS

CONNECTION DIAGRAM

Figure 8 is applicable to each application discussed in this
section, except the square root mode.

+Voo Ve
R A=Y

DIv100

vO\.IT

Rioan 2 2k

FIGURE 8. Connection Diagram—Divide Mode.

RATIOMETRIC MEASUREMENT

The DIV100 is useful for ratiometric measurements such as
efficiency, elasticity, stress, strain, percent distortion, im-
pedance magnitude, and fractional loss or gain. These ratios
may be made for instantaneous, average, RMS, or peak
values.

BRI - BROWN »
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The advantage of using the DIV100 can be iflustrated from
the example shown in Figure 9.

The LVDT (Linear Variable Differential Transfonner) weigh
cell measures the force exerted on it by the weight of the
material in the container. Its output is a voltage proportional
to: . i

where: W = Weight of material
F = Force
g = Acceleration due to gravity
a = Acceleration (acting on body of weight W) :

LvDT
Woeigh
Cell

FIGURE 9. Weighing System - Fractional Loss.

In a fractional loss weighting system, the initial value of the
material can be determined by the volume of the container
and the density of the material. If this value is then heid on
the D-input to th¢ DIV100 for some timie interval, the
DIV100 output will be a measure of the instantaneous
fractional loss:

Loss (L) = Winsrantansous’W mrmar
Note' that by using the DIV100 in this ‘application the
common physical parameters of g and a have been elimi-
nated from the measurement, thus elmunaung the need for
precise system calibration.:
The output from a ratiometric iméasuring system may alsobe
uséd as a feedback signal’in an adaptive process control
system. A common application in the chemical industry is in
the ratio control of a gas and liquid flow as illustrated in
Figure 10.

PERCENTAGE COMPUTATION

A variation of the direct ratiometric measurements previ-
ously discussed is the need for percentage computation. In
Figure 11, the DIV100 output varies as the percent devnmon
of the measured variable to the standa:d

TIME AVERAGING

The circuit in Figure 12 overcomes the fixed averaging
interval and crude approximation of more conventional time
averaging schemes.

BRIDGE LINEARIZATION

The bridge circuit in Figure 13 is fundamental to pressure,
force, strain and electrical measurements. It can have one or

7.25
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anary Flow

FlowAR.atio :
Recsiver-Controfler ;—; (uneontml}ed ﬂtM)
R A
- Secondary Flow
Transmitter A"hydm“s
(controlled flow) Hydrochloric Gas

Water ——

+{ Absorption Tower

—s- Hydrochloric
Acid

and Transmission and Transmission Process
. Secondary Variable
Primary Variabie f
{uncontroiled) = - {controlled)

FIGURE 10. Ratio Control of Water to Hydrochloric Gas.

more active arms whose res1stance is a function of the
physical quantity, property, or condition that is being mea-
sured; ¢.g., force of compression. For the sake of explana-
tion, the bridge in Figure 13 has only one active arm.
The differential:output voltage Vy, is:
) -V,
v, _;‘“‘5_

224+

Via = Vg —

“ a nonlinear function of the resistance change in the active
arm. This ponlinearity limits the useful span of the bridge to
perhaps £10% variation in the measured parameter.
Bridge linearization is accomplished using-the circuit: in
Figure 14. The instrumentation amplifier converts the differ-
ential output to a single-endegl voltage uceded to drive the
divider. The voltage-divider string makes the numerator and
denominator voltages: ) . L .
“VeB Ry
= :and
(@R, + 3R (2 + §).
WeRy
(2R, * 3R,,,)(2 + 5)

LI
. respecuvely,

where: Ry = DIV100 numerator input resxstance
Ry, = DIV100 denominator input resistance

Applying these voltages to the DIV1QO transfer ﬁmcthn
gives:
(2R, + 3R (RO 10
Vo= 10ND = .—M_ R

(2R, + 3Ryp)(2Ry)
which reduces to:

=-58
if thc divider’s-input reSlstzmbes are equal.

B8

(1% per voh)

FIGURE 11. Pe;'centage Computation.

Ramp
Generator

.
Vour=X = | Xt

—

FIGURE 12. Time Averaging Compuiation Circuit.

FIGURE 14. Bridge Linearization Circuit.

[N
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The nonlinearity of the bridge has been eliminated and the
circuit output is independent of variations in the excitation
voltage

AUTOMATIC GAIN CONTROL

A simple AGC circuit using the DIV100 is shown in Flgure
15. The numerator voltage may vary both positive and
negative. The divider’s output is half-wave rectified and
filtered by D,, Ryz:and.Cs. Jt is then .compared-ta-the DC
reference voltage. If a difference exists, the integrator sends
a control signal to the denominator input to majhtain a B Ly
constant output, thus compcnsatmg for mput voltagc changcs ., Vool 2 t250mv .
»4’;1&4 . LV n’.";’;“ i S22 ik
VOLTAGE-CONTROLLED FILTER evir e s e EIOURE 16, Vo]tagc-Conl:rolAed Filter.
Flgure 16 shows how to use the DIV100 in the feedback
loop of an integrator to form a voltage-conwblléd filier. The SQUARE ROOT

Va

o—- . -‘w . L -
h SNt . Vom--\/ﬂ,N
DIV100 . 10ND.; = . X R
el N & +100mV

rt

Positive DC Reference Vottage

FIGURE 17. Connection Diagram for Squaré Root Mode.

FIGURE 15. Automatic Gain Control Circuit.

transfer function is: . .
Vour(S) B K-

Vi{S) 1S+ 1
where: K =R /R;

s 10 RyeC

CT= ] .

. ; Vcomm.

This circuit may be used as a single-pole low-pass active
filter whose cutoff frequency is lmeanly propomonal to the
circuit’s control voltage. :

v
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