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General Description 
The MX7541 is a high performance CMOS multiplying 
12 bit digital-to-analog converter (DAC). Low power 
operation and 12-bit linearity (0.012%) make it suitable 
for a wide range of precision data acquisition and 
control applications. 

Wafer level laser trimmed thin-film resistors and tem-
perature compensated NMOS switches assure true 
12-bit performance over the full operating tempera-
ture range. In addition, all digital inputs are compat-
ible with both CMOS and TTL logic levels. 

Maxim's MX7541 is electrically and pin compatible 
with the Analog Devices AD7541. It is available in 
standard width 18-lead DIP and Small Outline (SO) 
packages. 
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Unipolar Operat ion 

CMOS 12 Bit 
Multiplying Of A Converter 

Features 
• 12 Bit Linearity (1/2 LSB) 
• 1 LSB Gain Accuracy 

• Guaranteed Monotonic 
• Low Power Consumption 
• Four-Quadrant Multiplication 

• TTL and CMOS Compatible 
4 Pin-For-Pin Second Source 

Ordering Information 

Applications 

Machine and Motion Control Systems 

Automatic Test Equipment 

pP Controlled Calibration Circuitry 

Programmable Gain Amplifiers 

Digitally Controlled Filters 

Programmable Power Supplies 

Typical Operating Circuit 

PART TEMP. RANGE PACKAGE* ERROR 

MX7541JN 0°C to +70°C Plastic DIP 1 LSB 

MX7541KN 0°C to +70°C Plastic DIP ••> LSB 

MX7541JCWN 0°C to +70°C Small Outl ine 1 LSB 

MX7541 KCWN 0°C to +70°C Small Outl ine LSB 

MX7541J/D 0°C to +70°C Dice 1 LSB 

MX7541AQ -25°C to +85°C C E R D I P " 1 LSB 

MX7541BQ -25°C to +85°C C E R D I P " V LSB 

MX7541AD -25°C to +85°C Ceramic 1 LSB 

MX7541BD -25°C to +85°C Ceramic LSB 

MX7541SQ -55°C to +125°C C E R D I P " 1 LSB 

MX7541TQ -55°C to +125°C C E R D I P " <•! LSB 

MX 7541SD -55°C to +125°C Ceramic 1 LSB 

MX7541TD -55°C to +125°C Ceramic ' v LSB 

' All devices — 18 lead package. 
" Maxf'm reserves (he right to ship Ceramic packages in lieu of 

CEPDIP packages. 

Pin Configuration 

Top View 
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CMOS 12 Bit 
Multiplying Of A Converter 
ABSOLUTE MAXIMUM RATINGS 
V D D t o G N D -0.3V, +17V 
V R E F t o G N D ±25V 
R F B t o G N D ±25V 
D ig i ta l Input Vol tage to G N D -0.3V, V D D 

O u t p u t Vo l tage (OUT1 , O U T 2 ) (No te 1) -0.3V, V D 0 

Power D iss ipa t ion (Dera te 6 m W / ° C above +75°C) 4 5 0 m W 

O p e r a t i n g Tempera tu re Range 
C o m m e r c i a l MX7541J /K 0°C t o + 7 0 ° C 
Indus t r ia l MX7541A/B - 2 5 ° C t o + 8 5 ° C 
Mi l i ta ry MX7541S/T - 5 5 ° C to +125°C 

S to rage Tempera tu re - 6 5 ° C to +150°C 
Lead Tempera tu re (So lde r i ng 10 seconds ) +300°C 

Stresses above those listed under "Absolute Maximum Ratings" may cauSB permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not implied. Exposure to 
absolute maximum ratings conditions for extended periods may affect the device reliability. 

ELECTRICAL CHARACTERISTICS 
(TA - T M I N TO TMAX, VDD = + 1 5 V , VREF = + 1 0 V , V o U T , = VQUT2 = G N D , u n l e s s o t h e r w i s e s p e c i f i e d ) 

PARAMETER S Y M B O L C O N D I T I O N S MIN . TYP. MAX. U N I T S 

D C A C C U R A C Y 

Reso lu t i on 12 Bi ts 

Non l i nea r i t y M X 7 5 4 1 J / A / S (No te 2) 
MX7541 K / B / T (No te 3) 

± 1 
± 0 . 5 

L S B 

Ga in Er ror (No te 4) U s i n g R F B I T A = + 2 5 ° C 

TMIN t o TMAX 

± 1 2 . 5 
± 1 6 . 7 

LSB 

Power S u p p l y Re jec t i on PSRR V D D = + 1 4 . 5 V t o + 1 5 . 5 V ; T A = 2 5 ° C 

TMIN TO T M A x 

0 .01 

0 . 0 2 
% / % V D D 

O u t p u t Leakage Cu r ren t 
V R E F = ± 1 0 V ; T A = + 2 5 ° C 

TMIN t o T M A X 

± 5 0 
± 2 0 0 

nA 

Reference Inpu t Res is tance RREF T a = 2 5 ° C 5 2 0 k f ! 

D Y N A M I C P E R F O R M A N C E (Note 5) 

O u t p u t C u r r e n t Se t t l i ng T i m e T o 1 / 2 L S B 1 M s 

F e e d t h r o u g h Er ror V R E F = 20Vp.p at 10kHz 1 mVp.p 

D I G I T A L I N P U T S 

Log ic H I G H T h r e s h o l d VlNH +2 .4 V 

Log i c L O W T h r e s h o l d V,NL + 0 . 8 V 

Input Leakage C u r r e n t Dig i ta l Inpu ts = 0V o r VDD ± 1 MA 

Input C a p a c i t a n c e C|N (No te 5) 8 pF 

Input C o d i n g B inary , Of fse t B ina ry 

A N A L O G O U T P U T S 

O u t p u t C a p a c i t a n c e (No te 5) CouT 

D ig i ta l I npu ts = V , N H O U T 1 
O U T 2 

Dig i ta l I npu ts = V | N L O U T 1 
O U T 2 

200 
6 0 
6 0 

200 

PF 

P O W E R R E Q U I R E M E N T S 

O p e r a t i n g S u p p l y Range VDD A c c u r a c y No t G u a r a n t e e d +5 +16 V 

Power S u p p l y C u r r e n t IDD Dig i ta l I npu ts = V ! N H or V | N L 2 m A 

Note 1: VOUTI,2 MAY exceed the A b s o l u t e M a x i m u m Vo l tage ra t ing if the cu r ren t is l im i ted to 3 0 m A or less. 
Note 2: M X 7 5 4 1 J / A / S are m o n o t o n i c to 11 bits. 
Note 3: M X 7 5 4 1 K / B / T are m o n o t o n i c to 12 bits. 
Note 4: M a x i m u m ga in c h a n g e f r o m +25°C to T M IN or TMAX IS ±4.2 L S B s us ing in te rna l feedback resistor. 
Note 5: G u a r a n t e e d by des ign but not 100% tested. 

2 >1/1 >1x1 yy\ 



CMOS 12 Bit 
Multiplying Of A Converter 

Detailed Description 
The basic MX7541 D A C ci rcui t consists of a laser-
t r immed, th in- f i lm R-2R resistor array wi th N M O S 
cur rent swi tches as shown in Figure 1. Binar i ly 
we ighted currents are swi tched to either 0 U T 1 or 
0 U T 2 depending on the status of each input bit. Most 
appl icat ions require only an output op-amp and refer-
ence source. The V R E F input accepts a w ide range of 
s ignals inc lud ing f ixed and t ime vary ing vol tage or 
current inputs. 

lOkn lOkn i Okn 

Dig i ta l Inputs ( D T L / T T L / C M O S Compat ib le ) 
Swi tches Shown For Inputs High 

Figure 1. MX7541 Functional Diagram 

Application Information 
Unipolar Operation 

The most c o m m o n conf igura t ion for the MX7541 is 
shown in Figure 2. The c i rcui t is used for unipolar 
binary operat ion and /o r 2-quadrant mult ip l icat ion. 
T h e code table is g iven in Table 1. Note that the 
polar i ty of the ou tpu t is the inverse of the reference 
input. 

In many appl icat ions, gain ad justment of the MX7541 
wil l not be necessary. In those cases, and also when 
gain is t r immed but only at the reference source, 
resistors R1 and R2 in Figure 2 can be omit ted. 
However, if the t r ims are required and the DAC is to 
operate over a w ide tempera ture range, then low 
t e m p c o (<300ppm/°C) resistors shou ld be used at R1 
and R2. 

Figure 3. Bipolar Operation (4-Quadrant Multiplication) 

Figure 2. Unipolar Binary Operation 

Table 1. Code Table 
— Unipolar Binary 

DIGITAL INPUT 
MSB LSB 

1 1 1 1 1 1 1 1 1 1 1 1 

1 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 

Table 2. Code Table — 
Bipolar (Offset Binary) Operation 

DIGITAL INPUT 
MSB LSB 

1 1 1 1 1 1 1 1 1 1 1 1 

1 0 0 0 0 0 0 0 0 0 0 1 

1 0 0 0 0 0 0 0 0 0 0 0 

0 1 1 1 1 1 1 1 1 1 1 1 

0 0 0 0 0 0 0 0 0 0 0 0 

ANALOG O U T P U T 
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CMOS 12 Bit 
Multiplying Of A Converter 

Bipolar Operation 
Bipolar, o r four -quadran t , operat ion is shown in 
Figure 3. A second ampl i f ier and three matched re-
sistors are required. Match ing to 0.01% is recom-
mended for 12 bit per formance. The code table for 
the output , w h i c h is "offset binary", is l isted in Table 
2. In mul t ip ly ing appl icat ions, the MSB determines 
o u t p u t po la r i t y wh i l e the o ther 11 bi ts con t ro l 
ampl i tude. 

Output Amplifier Offset 
For best l inearity, OUT1 and OUT2 shou ld be termin-
ated at exact ly 0V. In most appl icat ions, OUT1 is 
connec ted to the s u m m i n g junc t ion of an invert ing 
op-amp. The ampl i f ier 's offset vol tage can degrade 
the l ineari ty of the DAC by caus ing OUT1 to be 
terminated to a non-zero voltage. The result ing error 
is typical ly 4 /3Vos to 2Vos, a change of 2/3Vos. An 
ampli f ier w i th 3mV of offset wi l l therefore degrade the 
l ineari ty by 2mV, a lmost a ful l LSB wi th a 10V ref-
erence voltage. For best linearity, a low-offset amplif ier 
such as the MAX400 shou ld be used, or the ampl i f ier 
offset must be t r immed to zero. A good rule of t h u m b 
is that V o s shou ld be no more than 1/10 of an LSB's 
value. 

A n output ampl i f ier 's input bias current (IB) can also 
l imit the DAC's per fo rmance since IB X RFB generates 
an offset error. IB shou ld therefore be m u c h less than 
the DAC ou tpu t cur rent for 1 LSB, typical ly 250nA 
wi th VREF = 10V. One tenth of this value, 25nA, is 
recommended. Offset and l inearity can also be im-
paired if the output amplif ier 's noninver t ing input is 
g rounded through a "bias current compensat ion resis-
tor." Th is resistor adds to the offset at this pin and 
shou ld not be used. 

Compensa tion 
A compensat ion capacitor, C1, may be needed when 
the DAC is used wi th a high speed ou tpu t amplif ier. 
The purpose of the capaci tor is to cancel the pole 
f o rmed by the DAC's output capac i tance and internal 
feedback resistance. Its value depends on the type of 
op -amp used but typical values range f rom 10 to 
33pF. Too small a value causes ou tpu t r ing ing whi le 
excess capac i tance overdamps the output . The size 
of C1 can be minimized, and output sett l ing per-
fo rmance improved, by keeping the PC board t race 
and stray capaci tance at OUT1 as smal l as possible. 

Grounding and Bypassing 
Since OUT1, O U T 2 and the ou tpu t amp's noninver t -
ing input are sensit ive to offset voltages, nodes that 
are to be g rounded should be connec ted direct ly to 
"s ing le po in t " g round th rough a separate, very low 
resistance (less than 0.2f l ) path. The current at OUT1 
and O U T 2 varies w i th input code creat ing a code 
dependent error if these terminals are connec ted to 
g round (or a virtual g round) th rough a resistive path. 

A 1/iF bypass capacitor, in parallel w i th a 0.01 ^ F 
ceramic cap, shou ld be connected as close to the 
DAC's VDD and G N D pins as possible. 

The MX7541 has h igh- impedance digital inputs. To 
min imize noise pick-up, they shou ld be t ied to either 
VDD or G N D when not used. It is also g o o d pract ice 
to connect active inputs to V D D or G N D th rough 
high valued resistors (1Mf l ) to prevent static charge 
accumula t ion if these pins are left f loat ing, such as 
when a circui t card is left unconnected. 

Chip Topography 

Dynamic Considerations 
In static or DC appl icat ions, the AC character ist ics of 
the output ampl i f ier are not crit ical. In higher speed 
appl icat ions, where either the reference input is an 
AC signal or the DAC output must qu ick ly settle to a 
new p rog rammed value, the AC parameters of the 
output op -amp must be considered. 

Another error source in dynamic appl icat ions is par-
asitic coup l i ng of signal f rom the VREF terminal to 
OUT1 or OUT2. This is normal ly a func t ion of board 
layout and package lead-to- lead capaci tance. Signals 
can also be injected into the DAC outputs when the 
digital inputs are switched. This digital feedthrough is 
most ly dependent on circui t board layout and on-
ch ip capacit ive coupl ing. Layout induced feedthrough 
can be min imized wi th guard traces between digital 
inputs, VREF, and the DAC outputs. 

Maxim cannot assume responsioiiity tor use of any circuitry other than circuitry entirety embodied m a Maxim product i-jo circuit patent licenses ri<e 
implied Maxim reserves the right to change the circuitry and specifications without noticc at any time 
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