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4214

MULTIPLIER - DIVIDER

FEATURES

= DIFFERENTIAL INPUTS
* LASER-TRIMMED

* GUARANTEED ACCURACY
0.5% and 1%

+ SELF-CONTAINED
No additional parts required

» LOW NOISE
120Wrms, 10Kz - 10kHz

= 0IP PACKAGE

DESCRIPTION

The 4214 Tamily of multipliers are low-cost integrated
circuit muliplier/ dividers designed Tor general pur-
pose usage, In addition to four-quadrant multiplica-
tien. they also perform division and square rooting
of analog signals. They do not require use of addi-
tional amplifiers 1o perfrom these functions. The
4214 is laser-trimmed prior 1o final packaging and 1s
guaranteed 10 its rated accuracy with no external
components —a distinct advantage from stand points
of cost and reliability,

APPLICATIONS

= MULTIPLICATION

« DIVISION

* SQUARING

» SQUARE ROOTING

« ADAPTIVE CONTROL

* ALGEBRAIC COMPUTATION
+« POWER COMPUTATION

The 4214 contains its own zener-régulated references
and, as a result. 5 much less sensitive 1o supply
voltage variation than were earlier [C muliipliers,
The multipliers’ output noise is only 120¥rms in a
I0Hz to 10kHz bandwidih,

The -unit is packaged in a l4-pin ceramic DIP
package and available in both =25°C 1o +B5%C and
=35°C to +125°C specification ternperature ranges.
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SPECIFICATIONS

ELECTRICAL

Typical performance at +25°C with rated power supplies unless otherwise noted.

MECHANICAL

Eerar vu Temperavgey (-39 ia +R5°C), (AP and BF)
[-35°C sa +125°C), (RM and SM)

MODEL ATIEAP B | AT14BPER
h .

OUTPUT FUNCTION e Y

TOTAL ERROR™"

Withsut Trmming 1% max | 0.5% max

0.008%°C typ.. 0.02%;"C max
0.025%;°C typ.. 0.05% "C max
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AC PERFORMANCE
Small Sigral £3dB Flainma BID B2
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I. Total error is the maximum allowed value of the sum of the individual errors.

2. Z, input impedance is 10 M2 typ with Pin 11 open circuit. If Pin 11 is grounded or used
for optional offset adjustment the Z; input impedance may become as low as 25k{l.

Ceramic Dual-in-Line

HOTE: Laads in Irug pogbcn
wilbties QUOSdr (025w | A &l MMG
# Sanling plana

Pin raambers shown for relerence
only. Mumbers may nal be
marked on packages

IKCHES | MLLIMETIAS
ikt | wmd [ meax | wen [ max
5 BID P | P E@ | 1RO

L& LEL. ] 5 EE 437
i) ms T LK. ] k3]
F | G 0%
a =

o Vlr i )
)

W]

T

CONNECTION DIAGRAM



TYPICAL PERFORMANCE CURVES
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FIGURE 10. Simplified Equivalent Circuit.

OPERATING MODES MULTIPLICATION
The 4214 is a general purpose multiplier/divider with
three sets of differential inputs viz. X, Y, and Z. Its open-
loop transfer function is

X1 -X)(Yy-Yy)
A[ 10 “&1-%)
where, A is the open-loop gain of the internal output
amplifier (see the sitnplified equivalent circuit, Figure 10).
Due to very high gain (A — <) of the output amplifier the
feedback from the output to any of the inputs will
establish the relationship

L -Z= (X0 - X)) (Y- Y2)/ 10
Taking output at Z; the multiplication mode transfer
function is obtained and is expressed as

X1-X9)(Y)-Y
e0=( 1-X) (Y1 -Y)) +Z,.

10
This connection of 4214 is shown on page 2.
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DIVISION

The 4214 may be used as a two quadrant divider, without
the need for an external op amp. Note that the maximum
output error in the divide mode is given approximately by,

. 10€m
Divider error =~
X1 -Xo
the total error specified for the multiply mode. The
divider error, as shown above, becomes excessively large
for small values of (X, - X;). A 10:1 denominator range is
usually the practical limit. This is true for all such units,
where a multiplier is used in voltage feedback mode to
generate “divide™ function.

If more accurate division is required over wide range of
denominator voltages, the Burr-Brown model 4291 is
recommended (0.25% max error over 100:1 range).

For optimum performance, the Z offset should be nulled
by letting the input be zero and adjusting R, for zero
output. This offset adjustment will improve the divider

error to about _>€m_for (Xi - X2) much less than 10V,
(X1-X2)

, where €m is

FIGURE 11. Divide Mode Connections—4214.
SQUARE ROOT

By applying feedback from the output to both the X and
Y inputs, the square root function can be obtained. The
errors in the square root mode become large for small
values of Z input. The actual output is approximately

Square root output e, =Vl 0(Zy-2Zy)+10€m
where €m is the total error for the multiply mode.

Burr-Brown's multifunction converter model 4302 is
recommended for applications requiring more accuracy
over wider dynamic range.

The output offset should be nulled for optimum
performance by allowing the input to be its smallest
expected value and adjusting R, for the proper output
voltage.

FIGURE 12. Square Root Mode Connections—4214.
SINE FUNCTION GENERATOR

Two 4214’s can be connected with implicit feedback as
shown in Figure 13 to implement the following sine
function approximation.

157155 - 0.004317 ¢

€ =10 Sin 9 ¢;

1 +0.001398 ¢;2
The theory and procedures for developing virtually any
function generator or linearization circuit can be found in
the new Burr-Brown/McGraw Hill book “FUNCTION
CIRCUIT - Design and Applications.™

FIGURE 13. Sine Function Connections—4214,

The information provided herein is believed to be reiiable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-
BROWN assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and
specifications are subject to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third
party. BURR-BROWN does not authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.




i3 Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.ti.com 16-Jun-2009

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
4214AP NRND CDIP SB JD 14 TBD Call TI Call Tl

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 1


http://www.ti.com/productcontent

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2009, Texas Instruments Incorporated
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