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CMOS 10 and 12 Bit

Multiplying D/A Converters

General Description Features
The MX7520 and MX7521 are low cost CMOS multi- 4 10 or 12 Bit Resolution
D o actively. Both DACs operate & 8 9 and 10 Bit End Point Linearlty
from a +5V to +15Y supply and dissipate only 20mW. 4 Low Power Consumption — 20mW
Thin-film resistors prmriije typically 0.3% untrimmed 4 TTL and CMOS Compatible
s aroitSl Touts a3 comprias with pots & PWwForin Second Source
CMOS and TTL logic levels. ﬂrduﬂng Information
Maxim's MX7520 and MX7521 are electrically :B?’ 5%;1
compatiio with Arlog Dovices ADTSZ0MMG ADTCZL [ veNR nawaE _ mcKAGE _Ennon
MX7521 is packaged in an 18-lead DIP Both devices MXT520JMN 0°C to +70°C  Plastic DIP 0.2%
are also available in small outline (S0O) packages. WX TE20KN 0°C to +70°C  Plastic DIP 0.1%
Appiications e esiOiET o™
" . o +70 mall Outline A
Machlneland Mmmﬁ LMol Sy MX7520KCWE 0°C to +70°C  Small Outline 0.1%
. ™ MXT520LCWE  0°C1o+70°C _ Small Outline  0.05% |
uP Controlled Calibration Circuitry MXT520/D 0°C 1o +70°C __ Dice 02% |
Programmable Gain Amplifiers MX7520JQ -25°C 10 +85°C  CERDIP** 02% |
Digitally Controlled Filters MXT520K0 -25°C to +85°C  CERDIP*" 0.1%
Programmable Power Supplies MX7520L0 -25°C 1o +B5°C  CERDIP*" 0.05%
MXTE20JD -25°C to +85°C  Ceramic 0.2%
Pin Ganffgurlﬂnn MY TS20KD -26°C 1o +B5°C  Ceramic 01%
MXT520LD -25°C to +B85°C  Caramic 0.05%
Mx75205Q -55°C to +125°C  CERDIP** 0.2%
Top View MXT520TQ -55°C 1o +125°C CERDIP"" 0.1%
—, r——| MX T520UQ -55°C to +125°C  CERDIP** 0.05%
ouT! [ el Bry M 752080 -55°C ta +125°C  Ceramic 0.2%
ouT2 [ (5] Yogs MX7520TD -55°C 10 +125°C  Ceramic 01%
Lo II., AlA XA el Voo [ mx7szoun -85°C to #125°C  Ceramic 0.05%
GITTMSN) L] “Maxzse0 ol BIT 101L58) l" MXT520 — 16 lead package, MXT521 — 18 fead package.
BIT 2 [E] 2] BIT @ ** Maxim reserves the right fo ship Ceramic packages in liau of
BIT 3 [E] 1] BIT A CERDIP packages. _
BIT 4 E 55 BIT 7 Ordering Information confinued on last pags.
BIT5 (4] ] BIT6 Typical Operating Circuit
+10V
wnm] ~ [ ANALoG WY
ouT2 [ 77] Vaer w e s
mg 8} Voo ?_;m Vii# ¥n;_ll1 = )
BIT 1 MS8) (] vwmcine [5) BT 121088 T .,m,_>1 EE?SL
BTz (5] Mx7s2t [mamn | . MX7520  ourzfeds oo Your
BIT3 =] 73] BIT 10 5] GHD M.lx-tw’- 'y MA X400
BIT4 [ 2] BIT 9 . ANAKLA
BITS (] (1] BIT 8 = Y DG303A
8T 6 5] ) BiT 7 SIGH BIT ©
10 Bit Plus Sign Multiplying DAC
MAXIM Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MX7520/MX7521

CMOS 10 and 12 Bit

Multiplying D/A Converters

ABSOLUTE MAXIMUM RATINGS

Mop A0 GMIEY - ciiiiniisrdiiayi b Gal e el s e 0.3V, 17TV Operating Temperature

Ve I ANDY .. rra s g RS b b +25V Commercial (JNEN/LNJCHKC/AC) ........... 0°C to +70°C
Reg o @MDY Ly s i dd e v s b e s i 25y Industrial (JO/KD/ALDWIQEQLAY cooven - =25°C 1o «85°C
Digital Input Voltage to GND  ........ocvvvrrnrrrnnes 0.3V, Vpp Military (ST oo rarranrsnrrnnrnnes -55°C 1o +125°C
Output Voltage (OUTT, OUT2) (Note 1) ... . =03V, Vpp Storage Temperature ........cocuviviinsinins -65°C to +150°C
Power Dissipation (Derate 8mW.,C above +75°C) ...... 450mW Lead Temperature (Soldering 10 88C8) ... ..covvvevniann +300°C

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage o the device. These are siress ratings only and funclional
operation of the device af these or any ofher conditions above those indicated in the operational sections of the specificaticns is not implied. Exposura 10
absolute maximum rating conditions for extended pariods may affect device raliabiiry.

ELECTRICAL CHARACTERISTICS
(Ta=+25°C, Vpp =+ 15V, Vree = +10V. Vaur: = Vourz = GND, unless otherwise specified)

PARAMETER | symsoL | CONDITIONS | MIN.  TYR  MAX. | UNITS
DC ACCURACY (MNote 2)
Resolution st - Bits
Relative Accuracy (Note 3) :::I:r f::ﬁ;ﬁ;:f"’ gﬁ: :g;‘r = : EII:: 3 #\ﬁ igf % FSA

0.05% FSA = 10 Bits L/U +0.05
Monlinearity Tempco A0V < Vgee = +10V (Note 4) 2 ppm/*C
Gain Error <10V = Vrgr = +10V (Note §) 0.3 % FSA
Gain Error Tempco 10V = Vger = =10V (Mote 4,5) 10 ppm/=C
Output Leakage Current OUT1 or OUTZ, T = Thaimi 10 Thuax 200 nA
Power Supply Rejection PSAR | [Mote 3) | 50 a':l,";;
Vaer Input Resistance Ages | Raer tempco = ~150ppm/°C typ. | s 10 20 ki
AC ACCURACY
Output Current Settling Time | To 0.05% of FSR, all digital inputs 500 =
{Mota 3) high to low and low to high.
Feedthrough Error All dlgilul_ inputs low, Vaer = 20Vp_p, 10 mVe_p
{Mote 3,4.6) 100kHz sinewave.
ANALOG OUTPUTS
| | Al cigial inputs high, ourt 120 |
Qutput Capacitance (MNote 3) Cour OUT1 a7 pF
| All digital inputs low, ouTz 120

Output Noise (Note 3) By _i Both outputs, equivalent Johnson noise resistance 10 kil
DIGITAL INPUTS (Ta = Taun 10 Thaax )
Low State Threshoid Vew. | 08 v
High State Threshold Vine L 24 v
Input Current Low to high state *1 [T
Input Coding | Unipolar (Table 1), Bipolar (Table 2) Binary, Offset Binary
POWER REQUIREMENTS
Power Supply Range Voo +5 +15 v
po sy Curon | oo _| DO PORNOND * e
Total Power Dissipation Including Vaer 20 m

Mote 1: Vioyuti o may exceed the Absolute Maximum voltage if the current is limited to 30mA or less,
Mote 2: Full Scale Range is 10V for unipolar mode and £10V for bipolar mode

Note 3: See Test Clrcuits.

Mote & Guaranteed by design but not 100% tested,
Note 5 Using internal feedback resistor, Reg.

Nole B: To minimize feedthrough with the ceramic package, the metal lid must be grounded. If the lid is not grounded, then the feed-

through is 10mV typical and 30mV maximum

V1A X1 2V




CMOS 10 and 12 Bit

Multiplying D/A Converters

Typical Operating Characteristics
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Detailed Description

The basic MX7520/21 DAC circuit consists of a laser-
trimmed, thin-film R-2R resistor array with CMOS
current switches as shown in Figure 1. Binarily
weighted currents are switched to either OUT1 or
OUT2 depending on the status of each input bit.
The Vgee input accepts a wide range of reference
signals including fixed and time-varying voltage or
current inputs,

Mk Ik} L1}

BIT1ms8 @732 HT3 BT N [LER|

Digital Inputs (DTL/TTL/CMOS Compatible)
MXTE20: N = 10

MXTE21: N = 12

(Swilches shown for inputs HIGH)

Figure 1. MX7520/MX7521 Functional Diagram

Application Information

Unipolar Operation

The most common configuration for the MX7520/21
is shown in Figure 2. The circuit is used for unipolar
binary operation and/or 2-guadrant multiplication. R1
is used for gain adjustment. If no adjustment is
desired, R1 and R2 can be omitted. The code table
for unipolar operation is given in Table 1, Note that
the output polarity is the inverse of the reference
input.

V1A XAV

TEMPERATIME (*C) oy V)

A compensation capacitor, C1, may be needed when
the DAC is used with a high speed amplifier. The
purpose of the capacitor is to cancel the pole formed
by the DAC's output capacitance and internal feed-
back resistance. The correct compensation value
depends on the type of op-amp used but typically
ranges from 10 to 50pF.

e
/ 2 AAKN AN
MA X400

Figure 2. Unipolar Binary Operation (2-Quadrant Multiplication }

Table 1: Code Table (MX7520) —
Unipolar Binary Operation

DIGITAL INPUT ANALOG OUTPUT
1 1 11111171 “Vagr (1= 2-10)
1000000001 ~Vegr (1 + 2-10)
1000000000 Npee/2
1T T 1T1L1T1T 111 ~Vaer [(¥%-2-')
DOOOODOOOD Y “Vapr {2-70)
pOOODOOODOOD 0

Mote: 1 LSB = 210 Voo (MX7520)

ICSLXN/OCSLXN



MX7520/MX7521

CMOS 10 and 12 Bit

Multiplying D/A Converters

The output op-amp's offset voltage can degrade DAC
linearity by causing OUT1 to be terminated at a non-
zero voltage. The resulting linearity error is typically
2/3Vos. For best performance, a low-offset amplifier
such as the MAX400 should be used, or the amplifier
oftset must be trimmed to typically no more than 1/10
of an LSB's value. The op-amp’s input bias current
(le) can also limit performance since Ig x Rpg gene-
rates an offset error as well. Ig should therefore be
much less than the DAC's output current for 1 LSB,
which is typically 1uA for the MX7520 and 250nA for
the MX7521,

+ 100 +159
T 9
A2
L1l Eot LI
il MmNy
15 |u s =1' [
Vi g Wi bag . ot
1
o - 1Y)
AMAKLA }. AP - Vout

MX7520 . R
i Amm A
GHD MA X400 ANAXK1AN
3 MAX400
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= Bkl

Voltage Mode (Single Supply)

The MX7520 is connected as a voltage output DAC in
Figure 4. OUT1 is connected to the external reference
and OUT2 is grounded. Vrer, now the DAC output, is
a voltage source with a constant output resistance of
Riadder (nominally 10k{}). In most circuits this output
is buffered with an op-amp.

[s
v
=108 1
ALAXKLAN
Mxs8d o L2
L5V 3
ENG
" A1AXLAN
= ICL7&12
GMD  QUT?
El i

Figure 3. Bipolar Operation (4-Quadrant Multiplication)

Table 2: Code Table (MX7520) —
Bipolar (Offset Binary) Operation

DIGITAL INPUT ANALOG OUTPUT |
1T 1T111T1%11 Ve (1-279) '
100 00D0DDOD ~Vaer (2°8) |
100000000 O 0 '
+ O A O T G I B T A Vage (2-9)
00DO0O00CO0OCOO 1 Vagr (1-29)
0C0O0O0DO00O0O0O0O Vier

Mote: 1 LSB = 2-9 \iyr (MX7520)
Bipolar Operation

Bipolar, or four-quadrant, operation is shown in
Figure 3. A second amplifier and three matched resis-
tors are required. The output vs. code table is listed
in Table 2. In multiplying applications, the MSB
determines polarity while the remaining bits control
amplitude.

To adjust the circuit, load the DAC with a code of
1000 0000 0000 and trim R1 for a OV output. With R1
and R2 omitted, an alternative zero trim is to adjust
the ratio of R3 and R4 for OV out, Full scale can be
trimmed by loading the DAC with all “zeros" or all
“ones” and adjusting the amplitude of Vger or varying
AR5 until the desired positive or negative output is
obtained. The op-amp recommendations made in the
Unip-c:jlar Operation section apply for bipolar operation
as well.

Figura 4. Single Supply Voltage Mode Operation

An advantage of voltage mode operation is single
supply operation for the complete circuit, i.e. a nega-
tive reference is not required for a positive output. It
is important to note that the range of the reference is
restricted. The reference input (voltage at QUT1)
must always be positive and is limited to no more
than 3.5V when Vpp is 15V If the reference voltage is
greater than 3.5V, or Vpp is reduced, linearity is
degraded.

Dynamic Considerations

In static or DC applications, the AC characteristics of
the output amplifier are not critical. In higher speed
applications, where either the reference input is an
AC signal or the DAC output must quickly settle to a
new programmed value, the AC parameters of the
output op-amp must be considered.

Another error source in dynamic applications is para-
sitic coupling of signal from the Vgrer terminal to
OUT1 or OUTZ. This is normally a function of board
layout and package lead-to-lead capacitance. Signals
can also be injected into the DAC outputs when the
digital inputs are switched. This digital feedthrough is
mostly dependent on circuit board layout and on-chip
capacitive coupling. Layout induced feedthrough can
be minimized with guard traces between digital inputs,
Vrer, and the DAC outputs.

VAKX 2V




CMOS 10 and 12 Bit

Multiplying D/A Converters

Test Circuits
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Figure 5. Power Supply Rejection
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Figure 8 Feedthrough Error
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Figure 8 Qutput Current Settling Time
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MX7520/MX7521

CMOS 10 and 12 Bit
Multiplying D/A Converters
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Figure 10. Relative Acouracy
____Ordering Information (continued) _Chip Topography
PART TEMR RANGE  PACKAGE® ERROR
MXTS21JN 0°C to +70°C Plastic DIP 0.2%
METSZ1KN 0°C to +70°C Plastic DIP 0.1% e
e ——
MXTSZILN 0°C to +70°C Plastic DIP 0.05% Z-Abamm) l
-4
MXT521JCWN  0°Clo+70°C  Small Outline  0.2% i
METS2IKCWN  0°C o +70°C Small Qutline 0.1% oD 4
MX7521LCWN  0°C1o+70°C  Small Outline  0.05% (g L‘.
MX7521J/D 0°Cto +70°C  Dice 0.2% 74
MX 752140 -25°C to +85°C  CERDIP** 0.2% i i
MXT521KQ -25°C 1o +85°C  CERDIP** 01% . == T
MY TS21LO -25°C to +85°C  CERDIP™* 0.05% i3 } J
MX7521JD -25°C 10 +85°C  Ceramic 0.2% L.
MEXTS21KD -25°C to «B5*C  Ceramic 0% *-
MX7521LD -25°C to +B5°C  Ceramic 0,05% Pt
- BIT4 H l; z
MY 752150 -55°C to +125°C CERDIP 0.2% L. k. '
MXTS21TQ -55°C 1o +125°C  CERDIP** 01% |
T BITE BITT BITE
MXTEZIUQ -55°C to +125°C  CERDIP*" 0.05%
MXTS2150 -55°C to +125°C  Ceramic 0.2%
MXT521TD -55°C to +125°C  Ceramic 0.1%
MxT521UD -55°C to +125°C  Ceramic 0.05%
* MXT520 — 16 lead package, MXT527 — 18 lead package.
** Maxim resarves the right to ship Caramic packages in lisu of
CERDIP packages.
& MAX1N




CMOS 10 and 12 Bit
Multiplying D/A Converters

Package Information
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)

- E DIM INCHES MILLIMETERS
MinN MAX MiN MAX
i ] - E] A - 0.200 - 5.08
- D -
_i Al | 0.015 - 0.38 -
A o A3 I A2 | 0125 | 0175 | 318 | 445
1

i A2 [ A3 | 0.055 | 0.080 1.40 2.03
_L ih “ B | oME | 0022 0.41 0.56
r | i B1 | 0.045 0.065 1.14 1.65

: : C | o008 | 0012 | 020 | 030

LAl T X D1 | 0.005 | 0.080 | 013 | 2.03
I " E | 0300 | 0325 | 762 | 8.26
| C ] E1 | 0240 | 0.310 6.10 7.87
L B1 b e | 0.100 = 2.54 -
B eA | 0300 | - | 762 | -
eB eB| - |o0400] - | 1018
-...| =D LL o115 [ 01s0 | 292 | 3e
T INCHES | MILLIMETERS
Plastic DIP  [PKG. DM |PINS WAX | M T MAX
PLASTIC P | D | 8 |0.348 | 0390 | 8.84 | 9.91
DUAL-IN-LINE P E 14 |0.735 [ 0.765 | 18.67 | 19.43
P 16 [0.745 | 0.765 | 18.02 | 19.43
PACKAGE P | D | 18 [o885 [0.915 [2248 | 2324
— Y St (0.300 in.} F | D | 20 [1.015|1.045 2578 | 2664
N | D |24 [ 114 [1.265 |2a 08 | 32.13
21-Dia3A
oM INCHES MILLIMETERS
MIN MAX MIN MAX
A | ooss | cioa | 235 | 285
a1 | oood | ooz | a10 | o030
B | o014 | 0.019 0,35 0.49
c |ooos [om3]| o2s | oae
E 0291 0299 7.40 7.60
g 0.050 1.27
H | 0394 | 0.418 | 10.00 10.65
L |oos | coso | o40 | 127

[(HBEHE

INCHES | MILLIMETERS
T . DIM PINS 35 T mAX | MIN | MAX
. L Wide SO 16 | 0.398 | 0.413 | 10.10 | 10.50

i SMALL-OUTLINE 18 | 0.447 | 0.463 | 11.35 | 11.75

LY PACKAGE | 0.496 | 0.512 | 1260 | 13.00

- 24 | 0598 | 0.614 | 1520 | 15.680
(0.300 in.) 2B | 0.697 | 0.713 | 17.70 | 18.10
21-00424

olo|o|o|o
-

MAXIMN = 7
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MX7520/MX7521

CMOS 10 and 12 Bit
Multiplying D/A Converters

Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)

o | INCHES MILLIMETERS
Twmin | MaX | mIN | mMAX
- E1— Al - [ o200 = 5,08
f B | 0.014 | 0023 | 036 | 058
A i l-| ]"'_ € _—| "B1 | 0038 | 0065 | 097 | 165
— C | o008 | 0015 ] 020 | 038 |
E (0220 | 0310 | 550 | 787
* El | 0.290 | 0.320 | 7.37 | B.13
i \ @ 0,100 | 2 64
. d ous B L [ 0125 | 0200 | 348 | 508
A 0 | " Lifowso | - | as -
L C O | 0015 | 0070 | 038 | 1.78
e |- s - |oose| - 2.49
s1|opos | - | o0u3 -
— | 51 =} |-— 5 S IP‘!HS. INCHES  |MILLIMETERS
! CERDIP Ium [ MAX | MIN | MAX
0 B - 0.405 - 10.29
CEHA.MIC DUAL'IN“‘LINE : o 14 = 0.785 = 19.94
W PACKAGE D |18 | - |osan| - |2134
D |18 | - |D8s0| - |24.38
== (0.300 in.) D |20 | - |toe0| - (2692
D |24 - T1280] - [3251
2100458
= INCHES MILLIMETERS
MIN | MAX | MIN | MAX
A - 0225 | - 572
i B o014 0.023 0,36 0.58
] r"_ = _-'| BZ | 0,038 | 0085 | 0.87 | 1.65
C | 0.00B | D05 | 020 | 0.38
A ' ; E | 0220 | 0310 | 559 | 7.87
5 " ah | D230 0.320 1.a7 813
A -t y M
i B " 2] 0.100 2.54
L EL? i L | 0125 | 0200 | 318 | 508
L 0 | 0016 | 0070 | 038 | 1.78
\ ¢ -'"i-.— 51 | D.oos = 0.13 =
- g e
INCHES | MILLIMETERS
DIM [PINS
| i Ceramic SB —1 - ::;‘; MiN t’*';;’;
CERAMIC SIDEBRAZE D 1181 = lo7es| = [10.04
PACKAGE D |6 | - |osad| - [2134
D |18 | - |o@sa| - |z4.3a
) (0.300 in.) D |20 | - |1o80| - |2682
D |2 | - |1280] - |3251

Maxim cannol assume responsibilly for use of any ciréuilsy olfver than ercurry antiraly embodied in g Maam proguct, No circwlt patent leenses ake
implisd Maxm resorves the right to change the circuitry and specifications without nolice al any time.

a Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-TG600

i@ 1995 Maxim Integrated Products Printed USA AL s a registered trademark of Maxim Integrated Products



