FEATURES

Improved Direct Replacement for DAC-8043 and

MAX543

S0-8 Package with Standard Pinout

DNL and INL Over Temperature: £0.5LSB

Easy, Fast and Flexible Serial Interface
+1LSB Maximum Gain Error
4-Quadrant Multiplication
Low Power Consumption
Low Cost

APPLICATIONS

Process Control and Industrial Automation
Remote Microprocessor-Controlled Systems
Digitally Controlled Filters and Power Supplies

Programmable Gain Amplifiers
Automatic Test Equipment

| l ’ \D LTC8043

TECHNOLOGY

Serial 12-Bit Multiplying
DAC in SO-8

DESCRIPTION

The LTC®8043 is a serial-input 12-bit multiplying digital-
to-analog converter (DAC). Itis a superior pin compatible
replacement for the DAC-8043. Improvements include
better accuracy, better stability over temperature and
supply variations, lower sensitivity to output amplifier
offset, tighter timing specifications and lower output ca-
pacitance.

An easy-to-use 3-wire serial interface is well-suited to
remote or isolated applications

The LTC8043 is extremely versatile. It can be used for
2-quadrant and 4-quadrant multiplying, programmable
gain and single supply applications, such as noninverting
voltage output mode.

Parts are available in 8-pin SO and PDIP packages and are
specified over the extended industrial temperature range,
-40°C to 85°C.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.

TYPICAL APPLICATION

S0-8 Multiplying DAC Has Easy 3-Wire Serial Interface
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LTC8043
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

VDD 10 GND oo ~0.5Vto 7V

Digital Inputs to GND................. 0.5V to (Vpp + 0.5) A el
ViouT 10 GND oo ~0.5V to (Vpp + 0.5V) e % % o

VREF tO GND .......................................................... i25V lour E E SRI LTC8043EN8
VRFB to GND ..... B TR +25V oD [4] 5] LTC8043FN8
Maximum Junction Temperature .......................... 150°C LTC8043ESS
Operating Temperature Range ............... ~40°C to 85°C BLEAGPDIP  8-LERD PLASTIC SO LTC8043FS8
Storage Temperature Range................. -65°C to 150°C T = 150°C, 6= 130°C/W (NB)

Lead Temperature (Soldering, 10 S€C).......cc......... 300°C Tonaax = 150°C, 844, = 190°C/ W (58)

Consult factory for Military grade parts.

ELECTRICAL CHARACTERISTICS

Vpp =5V, Vger = 10V, Vigyt = GND = 0V, T = Ty to Tax, unless otherwise specified.

LTC8043E LTC8043F
SYMBOL |PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Resolution o 12 12 Bits
INL Integral Nonlinearity (Note 1) o +0.5 +1 LSB
DNL Differential Nonlinearity Guaranteed Monotonic, Ty to Tyax | e +0.5 + LSB
GE Gain Error (Note 2) Ta=25°C +1 12 LSB
Tminto Tpax | e +2 +2 LSB
Gain Temperature Coefficient | (Note 3) o 1 5 1 5 ppm/°C
(AGain/ATemp)
lLkg Output Leakage Current (Note 4) Ta=25°C +5 +5 nA
Tvinto Tyax | e +25 +25 nA
Zero-Scale Error Ta=25°C +0.03 +0.03 LSB
TuntoTyax | o +0.15 +0.15 LSB
PSRR Power Supply Rejection Ratio | Vpp =5V 5% . +0.0001 +0.002 +0.0001 +0.002 %/ %
Reference Input
Reee  |Vaer Input Resistance | (Note5) le] 7 11 15 7 11 15 kQ
AC Performance (Note 3)
Output Current Settling Time (Notes 6, 7) . 0.25 1 0.25 1 ks
Multiplying Feedthrough Error | VRgr = £10V, 10kHz Sine Wave . 0.7 1 0.7 1 mVp_p
Digital-to-Analog Glitch Energy| (Notes 6, 8) . 2 20 2 20 nV-sec
THD Total Harmonic Distortion (Note 9) o -108 -92 -108 -92 aB
Output Noise Voltage Density | (Note 10) o 17 17 nV/vHz
Analog Outputs (Note 3)
Cout Output Capacitance DAC Register Loaded to All 1s o 60 90 60 90 pF
DAC Register Loaded to All Os o 30 60 30 60 pF
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LTC8043

ELECTRICAL CHARACTERISTICS

Vpp =5V, Vggp =10V, Vigut = GND = 0V, Ty = Tyyy to Tyax, unless otherwise specified.

ALL GRADES
SYMBOL| PARAMETER CONDITIONS MIN TYP MAX UNITS
Digital Inputs
\m Digital Input High Voltage . 2.4 V
ViL Digital Input Low Voltage o 0.8 v
In Digital Input Current Vin =0V to Vpp o 0.001 1 pA
Ciy Digital Input Capacitance Vin = 0V,(Note 3) . 8 pF
Timing Characteristics (Note 3)
tps Serial Input to Clock Setup Time o 30 -5 ns
toH Serial Input to Clock Hold Time o 60 25 ns
tsri Serial Input Data Pulse Width . 80 ns
toH Clock Pulse Width High . 80 ns
toL Clock Pulse Width Low . 80 ns
tp Load Pulse Width . 140 ns
tass LSB Clocked into Input Register o 0 ns
to Load DAC Register Time

Power Supply
Vop Supply Voltage . 4.75 5 5.25 v
Ipp Supply Current Digital Inputs = 0V or Vpp o 100 PA

Digital Inputs = Vi or Vjy o 500 pA

The e denotes specifications which apply over the full operating
temperature range.

Note 1: £0.5LSB = +0.012% of full scale.

Note 2: Using internal feedback resistor.

Note 3: Guaranteed by design, not subject to test.
Note 4: Iyt with DAC register loaded with all 0s.
Note 5: Typical temperature coefficient is 100ppm/°C.
Note 6: IgyT load = 100Q in parallel with 13pF.

Note 7: To 0.01% for a full-scale change, measured from

falling edge of LD.

Note 8: Vper = OV. DAC register contents changed from all 0s to all 1s or

from all 1s to all 0s.

Note 9: Vper = 6Vgig at 1kHz. DAC register loaded with all 1s.

Note 10: 10Hz to 100kHz between Rgg and lgyt. Calculation from e, =

V4KTRB where: K = Boltzmann constant (J/K°); R = resistance (Q);

T = resistor temperature (°K); B = bandwidth (Hz).
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LTC8043
BLOCK DIRGRAM
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LTC8043

TYPICAL APPLICATIONS

Unipolar Operation (2-Quadrant Multiplication)
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Table 1. Unipolar Binary Code Table
DIGITAL INPUT
BINARY NUMBER ANALOG OUTPUT
IN DAC REGISTER Vour
MSB LSB
1111 1111 1111 —VRer (4095/4096)
1000 0000 0000 —VRer (2048/4096) = —VRer/2
0000 0000 0001 —VRer (1/4096)
0000 0000 0000 ov

Bipolar Operation (4-Quadrant Multiplication)

R2 R3
Veer 20k 20k
qoVTo 1oy — WA M
5V
- [z |4 |2 L
= 33pF
= 7 Voo Vrer  Res
— CLK
w SR ircspss lour) R1
5| — 10k
=1 (D —AAA—
GNZ — Vout
Table 2. Bipolar Offset Binary Code Table
DIGITAL INPUT
BINARY NUMBER ANALOG OUTPUT
IN DAC REGISTER Vour
MSB LSB
1111 1111 1111 +VRer (2047/2048)
1000 0000 0001 +VRer (1/2048)
1000 0000 0000 ov
0111 1111 1111 —VRer (1/2048)
0000 0000 0000 —VRer (2048/2048) = —VRer
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LTC8043

TYPICAL APPLICATIONS

4o

SOVL e €r08LT

91-MS ‘621117 4IAO A3HYIATHd 38 AVIN ‘8-0S NI I¥NA ‘8LLLLT.
IYANT0Y ‘Yozt = dAL 13009 ISYI-1SHOM A1ddNS|
av¥a/Amog ‘yriogl = XYIA :3000 ISYI-LSHOM ‘A1ddNS)

$

a1 14S X109 an9
€708011 1no)
a4y
aapy EELY
+>
/\
406

AZ'2 0L A0 =1NOp
%0LF ASE = 1A

207
807
va1

NI VL1va TYI43S

400§
71n0p

19
a1 14S X109 an9 a1l 1"S X109 an9
€708011 1noy €708011 1n0y
s 8y s » 84y
Mo aap EECTY Mo adp EECTY \
+\ +A _
"
«B6LLLLT /L 10 Ao
YAl
+
10G¢
A A ¢ L7001
108 408 H
A0¢t
3009 4008
g lnop y lnop A
9va 9jdu] 1amod mo Aap

LY AR



LTC8043

PHCKHGE DGSCBIPTIOﬂ Dimensions in inches (millimeters) unless otherwise noted.

N8 Package
8-Lead PDIP (Narrow 0.300)
(LTC DWG # 05-08-1510)

0.400*
(10.160)
MAX
s] [7] [6] [sl
0.255 + 0.015* >
(6.477 £ 0.381)
i 2] 8] 14
0.300-0.325 0.045 - 0.065 0.130 + 0.005
> —— — A Anh o ano
(7.620 — 8.255) ¢ (1.143-1.651) ‘ ‘ (3.302 £ 0.127)
0.065 4 |
(1.651) —
0.009 - 0.015 TYP —
e Y
(0.229-0.381) | 0125
000 (3.175)  0.015
+0.025 — MIN 0.380
0325 70 o1 ‘ 0045£0015 | |_ ( MIN)
—> (1.143 £ 0.381)
8.955 +0.635
Y -0.381 0.100 £ 0.010 0.018 + 0.003
(2.540 + 0.254) (0.457 £0.076)  nsoses
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm).
Information furnished by Linear Technology Corporation is believed to be accurate and reliable. 7

‘ ’ LI”EAQ However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.



LTC8043
PHCKHGE DGSCRIPTIOﬂ Dimensions in inches (millimeters) unless otherwise noted.

S8 Package
8-Lead Plastic Small Outline (Narrow 0.150)
(LTC DWG # 05-08-1610)

0.189 - 0.197*
(4.801—5.004)

8 7 6 5

1 7 3 A

0.228 — 0.244 0.150-0.157*
(5.791-6.197) (3.810 - 3.988)

e gy

2 4
0.010-0.020
DN TR 450 ] e 0.053 - 0.069
(0.254-0.508) ‘ (1.346 - 1.752) 0,004 - 0.010
0.008 - 0.010 i
(0.203 - 0.254) N g TYP T (0.101 - 0.254)
. ]
1] |._oot6-0050 4 ‘ ‘ ‘ 4
— e 0.014 -0.019 0.050
0406-1.270 (0355-0483) 1 (1.270)
BSC S08 0294
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm).
PART NUMBER DESCRIPTION COMMENTS
LTC1257 Complete Serial 1/0 Voyt 12-Bit DAC 5V to 15V Single Supply in 8-Pin SO and PDIP
LTC1451/LTC1452/LTC1453 Complete Serial 1/0 Voyt 12-Bit DACs Rail-to-Rail Vgyr, 3V/5V Single Supply in 8-Pin SO and PDIP
LTC7541A Parallel I/0 Multiplying lgyt 12-Bit DAC 12-Bit Wide Parallel Input
LTC7543/LTC8143 Serial /0 Multiplying lgyt 12-Bit DACs Clear Pin and Serial Data Output (LTC8143)
.|
I_Inear Technology Corporatlon LT/GP 0196 10K « PRINTED IN USA

1630 McCarthy Bivd., Milpitas, CA 95035-7417 LILIAS Ve
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