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Ordering Information continued at end of data sheet.

*Dice are specified at Ta = +25°C only.
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ABSOLUTE MAXIMUM RATINGS

Vbp to DGND and Vpp to AGND
Vss to DGND and Vss to AGND
VDD to Vss

-0.3V, +6V Continuous Power Dissipation (Ta = +70°C)
-6V, +0.3V 8-Pin Plastic DIP (derate 9.09mW/°C above +70°C)....727mW
-0.3V, +12V 8-Pin SO (derate 5.88mW/°C above +70°C) ................ A471mW

AGND to DGND 0.3V, +0.3V 14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)...800mW

Digital Input Voltage to DGN .3V, (Vpp + 0.3V) 14-Pin SO (derate 8.33mW/°C above +70°C) .............. 667mwW
REFIN (Vss - 0.3V), (Vpp + 0.3V) Operating Temperature Ranges

-0.3V, (Vbp + 0.3V) MAX53_ _C_ i 0°C to +70°C

(Vss - 0.3V), (Vbp + 0.3V) MAX53_ _E_ _ -40°C to +85°C

BIPOFF... .-65°C to +165°C
Vour (Note 1) ..

Continuous Current, Al

3V), (Vbp + 0.3V) Storage Temperature Range ..

Lead Temperature (soldering, 10sec)

(Vss - 0.

ny Pin
Note 1: The output may be shorted to Vpp, Vss, or AGND if the package power dissipation limit is not exceeded.

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

ELECTRICAL CHARACTERISTICS—Single +5V Supply

(Vbp = +5V £10%, Vss = 0V, AGND = DGND = 0V, REFIN = 2.048V (external), RFB = BIPOFF = VOUT (MAX531), CRerouT = 33uF
(MAX531), RL = 10kQ, CL = 100pF, Ta = TmIN to TMAX, unless otherwise noted.)

\ PARAMETER [ symBoOL | CONDITIONS MIN  TYP  MAX [ UNITS |
STATIC PERFORMANCE
Resolution N 12 Bits
MAX53_AC/E +0.5
Relative Accuracy (Note 2) INL LSB
MAX53_BC/E +1
Differential Nonlinearity DNL Guaranteed monotonic +1 LSB
Unipolar Offset Error Vos MAX53__CI/E 0 8 LSB
Unipolar Offset Tempco TCVos 3 ppm/°C
Gain Error (Note 2) GE MAX53__CI/E +1 LSB
Gain-Error Tempco 1 ppm/°C
(Pﬁc‘;‘{zr;”pp'y Rejection Ratio PSRR | 4.5V <Vpp <5.5V 0.4 1 LSBIV
VOLTAGE OUTPUT (VOUT)
MAX531 (G = +1), MAX538 0 VoD - 2
Output Voltage Range \Y
MAX531 (G = +2), MAX539 0 Vpp - 0.4
Output Load Regulation VOUT = 2V, RL = 2kQ 1 LSB
Short-Circuit Current Isc 12 mA
REFERENCE INPUT (REFIN)
Voltage Range 0 VoD - 2 Vv
Input Resistance Code dependent, minimum at code 555 hex 40 kQ
Input Capacitance Code dependent (Note 4) 10 50 pF
AC Feedthrough REFIN = 1kHz, 2Vp-p -80 dB

2 MAXIM
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ELECTRICAL CHARACTERISTICS—Single +5V Supply (continued)

(Vpp = +5V £10%, Vss = 0V, AGND = DGND = 0V, REFIN = 2.048V (external), RFB = BIPOFF = VOUT (MAX531), CRerouT = 33uF
(MAX531), R = 10kQ, CL = 100pF, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS [ MIN  TYP  MAX [ UNITS
REFERENCE OUTPUT (REFOUT—MAX531 only)
Ta = +25°C 2.024 2.048 2.072
Reference Output Voltage Vpp = 5.0V MAX531BC 2.017 2.079 \%
MAX531BE 2.013 2.083
Temperature Coefficient TCREFOUT MAXS31ACIAE/AM/BM 30 =0 ppm/°C
MAX531BC/BE 30
Resistance RREFOUT (Note 5) 0.5 2 Q
Power-Supply Rejection Ratio PSRR 4.5V <Vpp £ 5.5V 300 uVIvV
Noise Voltage en 0.1Hz to 10kHz 400 uvp-p
l(\:/llar;)l:éjigrReqwred External CMIN 33 uF
DIGITAL INPUTS (DIN, SCLK, CS, CLR)
Input High VIH 2.4 \"
Input Low ViL 0.8 \Y
Input Current 1N VIN = 0V or VbD +1 HA
Input Capacitance CIN 8 pF
DIGITAL OUTPUT (DOUT)
Output High VOH ISOURCE = 2mA Vpp- 1 \%
Output Low VoL ISINK = 2mA 0.4 \
DYNAMIC PERFORMANCE
Voltage-Output Slew Rate SR Ta =+25°C 0.15 0.25 Vlius
Voltage-Output Settling Time To £1/2LSB, VOUT = 2V 25 us
Digital Feedthrough CS = Vpp, DIN = 100kHz 5 nv-s
Signal-to-Noise plus Distortion SINAD SEgIeN::F;ETéXZVp'p (G =+lor+2) 68 dB
POWER SUPPLY
Positive Supply Voltage VDD 4.5 5.5 \Y
i = MAX531 260 400
Power-Supply Current oo Qﬂtmuis no?:agr e MAX538, MAX539 140 300 bA
SWITCHING CHARACTERISTICS
CS Setup Time tcss 20 ns
SCLK Fall to CS Fall Hold Time tcsHo 15 ns
SCLK Fall to CS Rise Hold Time tCsH1 0 ns
SCLK High Width tcH 35 ns
SCLK Low Width tcL 35 ns
DIN Setup Time tps 45 ns
DIN Hold Time tDH 0 ns
DOUT Valid Propagation Delay tbo CL = 50pF 80 ns
CS High Pulse Width tcsw 20 ns
CLR Pulse Width tcLrR 25 ns
CS Rise to SCLK Rise Setup Time tcs1 50 ns

MAXIMN 3
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ELECTRICAL CHARACTERISTICS —Dual Supplies (MAX531 Only)

(VpD = +5V £10%, Vss = -5V +10%, AGND = DGND = 0V, REFIN = 2.048V (external), RFB = BIPOFF = VOUT, CrerouT = 33pF,
RL = 10kQ, CL = 100pF, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Resolution N 12 Bits
Relative Accuracy INL Test«id atVopp =5V, MAXSSIACE 05 LSB

Vss = -5V MAX531BC/E *1
Differential Nonlinearity DNL Guaranteed monotonic +1 LSB
Bipolar Offset Error Vos BIPOFF = REFIN, MAX531_C/E +8 LSB
Bipolar Offset Tempco TCVos | BIPOFF = REFIN 3 ppm/°C
Gain Error (Unipolar or Bipolar) GEU MAX531_C/E +1 LSB
Gain-Error Tempco 1 ppm/°C
F(Dl\(l)(\;\{grgupply RejectionRatio | popr | 4.5V < Vpp < 5.5V, -5.5V < Vss < -4.5V 0.4 1 | LsBv
REFERENCE INPUT (REFIN)
Voltage Range Vss + 2 Vpp - 2 \%
Input Resistance Code dependent, minimum at code 555 hex 40 kQ
Input Capacitance Code dependent (Note 4) 10 50 pF
AC Feedthrough REFIN = 1kHz, 2.0Vp-p -80 dB
REFERENCE OUTPUT (REFOUT—MAX531 only)
Ta =+25°C 2.024 2.048 2.072
Reference Output Voltage Vpp = 5.0V MAX531BC 2.017 2.079 \Y%
MAX531BE 2.013 2.083
Temperature Coefficient TCREFOUT MAXSSLACIAEIAM/BM 30 50 ppm/°C
MAX531BC/BE 30
Resistance RrerFouTt | (Note 5) 0.5 2 Q
Power-Supply Rejection Ratio PSRR 4.5V <Vpp < 5.5V 300 uvv
Noise Voltage en 0.1Hz to 10kHz 400 uvp-p
zl;r;g;grReqmred External CMIN 33 uF
DIGITAL INPUTS (DIN, SCLK, CS)
Input High VIH 2.4 \%
Input Low ViL 0.8 v
Input Current N VIN = OV or VDD +1 HA
Input Capacitance CIN 8 pF
DIGITAL OUTPUT (DOUT)
Output High VOH ISOURCE = 2mA Vpp-1 \%
Output Low VoL ISINK = 2mA 0.4 Vv
4 MAXIMN
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ELECTRICAL CHARACTERISTICS—Dual Supplies (MAX531 Only) (continued)

(Vpp = +5V £10%, Vss = -5V +10%, AGND = DGND = 0V, REFIN = 2.048V (external), RFB = BIPOFF = VOUT, CrerouT = 33uF,
RL = 10kQ, CL = 100pF, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER | symBoOL | CONDITIONS [ MIN  TYP  MAX [ UNITS

VOLTAGE OUTPUT (VOUT)

Output Voltage Range MAXS31 (G = +1) Vss + 2 Voo -2 Vv

MAX531 (G = +2) Vss + 0.4 Vpp - 0.4
Output Load Regulation VOUT = 2V, RL = 2kQ 1 LSB
Short-Circuit Current Isc 12 mA
DYNAMIC PERFORMANCE
Voltage-Output Slew Rate SR 0.15 0.25 Vius
Voltage-Output Settling Time To £1/2LSB, VOUT = 2V 25 us
Digital Feedthrough Step 000 hex to FFF hex 5 nv-s
; ) o REFIN = 1kHz, 2Vp-p, (G = +1) 68
Signal-to-Noise plus Distortion SINAD dB
REFIN = 1kHz, 2Vp-p, (G = +2) 68

POWER SUPPLY

Positive Supply Voltage VpD 4.5 5.5 \Y
Negative Supply Voltage Vss -5.5 0 \Y
Positive Supply Current IbD All inputs = 0V or Vpp, no load 260 400 HA
Negative Supply Current Iss All inputs = OV or Vpp, no load -120 -200 HA
SWITCHING CHARACTERISTICS

CS Setup Time tcss 20 ns
SCLK Fall to CS Fall Hold Time tcsHo 15 ns
SCLK Fall to CS Rise Hold Time | tcsH1 0 ns
SCLK High Width tcH 35 ns
SCLK Low Width tcL 35 ns
DIN Setup Time tDs 45 ns
DIN Hold Time tDH 0 ns
DOUT Valid Propagation Delay tbo CL = 50pF 80 ns
CS High Pulse Width tcsw 20 ns
CLR Pulse Width tcLR 25 ns
CS Rise to SCLK Rise Setup Time tcs1 50 ns

Note 2:
Note 3:
Note 4:
Note 5:

Guaranteed by design.

MAXIMN

In single-supply operation, INL and GE calculated from code 11 to code 4095. Tested at Vpp = +5V.
This specification applies to both gain-error power-supply rejection ratio and offset-error power-supply rejection ratio.

Tested at louT = 100pA. The reference can typically source up to 5mA (see Typical Operating Characteristics).
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(Vpp = +5V, VREFIN = 2.048V, Ta = +25°C, unless otherwise noted.)
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(VpD = +5V, VREFIN = 2.048V, Ta = +25°C, unless

MAX531
GAIN AND PHASE vs. FREQUENCY

otherwise noted.)

MAX531 REFERENCE OUTPUT VOLTAGE
vs. REFERENCE LOAD CURRENT

20 <180 2.0520 -
......... RFB CONNECTED TO AGND (6=2)| | 3
RFB CONNECTED TO VOUT (G=1)|% N
" T 2.0515 N
17 GAIN s \
7 5 20510 N
g o \ 5 3 \\
= oS 2.0505
Z e __-Tgtmﬁ\HASE N 5 8 N
© .10 N < ] \
.\ z & 2.0500 N
., o w2 N
o, w
g @ \
-20 \
2.0495 AN
-30 -180 2.0490
1 10 100 800 0 05 1.0 15 2.0 25 3.0 35 40 45 50
FREQUENCY (kHz) REFERENCE LOAD CURRENT (mA)
DIGITAL FEEDTHROUGH
A
B

Sus/div
Vpp = #5V, VRerin = 2V, BIPOLAR CONFIGURATION
A: CS RISING EDGE, 5V/div
B: VOUT, NO LOAD, 1V/div

2us/div

CS = HIGH
A: DIN = 4Vp-p, 100kHz
B: VOUT, 10mV/div

POSITIVE SETTLING TIME (MAX531)

Sus/div
Vpp = 5V, VRerin = 2V, BIPOLAR CONFIGURATION
A: CS RISING EDGE, 5V/div
B: VOUT, NO LOAD, 1V/div

MAXIMN
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SCLK Sk SCLK SCK
MAXIN MNAXI
MAX531 DN | so MICROWIRE MAX531 DN mosi  SP!
MAX538 PORT MAX538 PORT
MAX539 &5 o MAX539  Cs o
DOUT > g DoUT MISO
CPOL =0, CPHA=0
THE DOUT-SI CONNECTION IS NOT REQUIRED FOR WRITING TO THE THE DOUT-MISO CONNECTION IS NOT REQUIRED FOR WRITING TO THE
DEVICE, BUT MAY BE USED FOR VERIFYING DATA TRANSFER . DEVICE, BUT MAY BE USED FOR VERIFYING DATA TRANSFER .
0 4. Microwired O 05. SPI/QSPIO O
+5V 5V
|
REFIN Yoo REFIN Yoo
fE REFOUT BIPOFF REFOUT
+ +
3BF MAXIM S MAXIM
MAX531 MAX531
}E AcKD RFB L BIPOFF RFB
= DGND - AGND
vouT, Vour .I DGND vouT Vour
Vss G4l Viss o=
0VTO -5V 0V T0 -5V
06. 0D0DO0OOOO(©OVO+2.048v00) 07. 00O000D0OO(©OvVO+4.096v00)
01. 0O0oO0Ooooooo O2. 0OoO0oOoooood
(OVO VgepnO OHO OO =+1 (OVO 2VgepnU HO OO = +2
INPUT OUTPUT INPUT OUTPUT
4095 4095
1111 1111 1111 (VREFIN) 0% 1111 1111 1111 +2 (VREFIN) 209
2049 2049
1000 0000 0001 (VREFIN) 7096 1000 0000 0001 +2 (VREFIN) 7006
2048 _ 2048 _
1000 0000 0000 (VREFIN) 4506 = *VREFIN/ 2 1000 0000 0000 *2 (VREFIN) 4096 * +VREFIN
2047 2047
0111 1111 1111 (VRerIN) 209 0111 1111 1111 +2 (VREFIN) 209
1
0000 0000 0001 (VREFI jog5 0000 0000 0001 2 (VRerh) ooz
0000 0000 0000 ov 0000 0000 0000 ov
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1|

CS [CLR[DIN|DOUT  |REFOUT Vpp Vss

2,048V ’
SIGNAL | reriN = 4,_,—,7
IN vouT

INVERTED
R-2R DAC

e * POSITIVE OFFSET

OUTPUT (LSB)

NEGATIVE OFFSET

RFB

(ST RNV NN

MAXIMV
MAX531

BIPOFF 123 45678

_I DAC CODE (LSB)
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ACO DO
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ANALOG GROUND PLANE
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(b) MAX538/MAX539 BYPASSING

011. 000000
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PART TEMP. RANGE PIN-PACKAGE E(Egg)ﬁ TOP VIEW
MAXS31AEPD -40°C to +85°C 14 Plastic DIP _ +1/2
MAX531BEPD -40°C to +85°C 14 Plastic DIP 1 ~
S S BIPOFF [ 1| 14| RFB
MAXS31AESD -40°C to +85°C 14 SO 172

MAX531BESD -40°C to +85°C 14 SO o [2] AAXAM [15] vy,

=

. == MAX531
MAX538ACPA  0°Cto +70°C 8 Plastic DIP CIR [3] 53 12] vour

=
=
N

MAX538BCPA  0°Cto +70°C 8 Plastic DIP 1 scLk [4] [11] vss
MAX538ACSA  0°Cto +70°C 8 SO 112 & [5] o] reFour
MAX538BCSA  0°Cto+70°C 8O 1 oour [5] o] e
MAX538BC/D  0°Cto +70°C  Dice* 1 o010 [7] ] s
MAX538AEPA -40°C to +85°C 8 Plastic DIP 172

MAX538BEPA -40°C to +85°C 8 Plastic DIP 1 DIF/SO
MAXS38AESA -40°C to +85°C 8 SO

MAXE38BESA -40°Ct0 +85°C 8 SO 1

MAX539ACPA  0°C to +70°C 8 Plastic DIP 172

MAX539BCPA  0°Cto +70°C 8 Plastic DIP 1 oooooo

MAX539ACSA  0°Cto +70°C 8 SO

=
=
N

MAX539BCSA  0°Cto +70°C 8 SO

[N

MAX531/MAX538/MAX539

DIN  (BIPOFF)(RFB) Vpp

MAX539BC/D 0°Cto +70°C  Dice*

(AN

MAX539AEPA -40°C to +85°C 8 Plastic DIP

=
=
N

MAX539BEPA -40°C to +85°C 8 Plastic DIP

&N

MAX539AESA -40°Cto +85°C 8 SO

(AN
=
N

AR A A L R N e A N lt |
=
N

=

MAX539BESA -40°C to +85°C 8 SO

*Dice are specified at Ta = +25°C only. 0.120"

(3.048mm)

= (reroun)

@

(DGND) AGND
0.080" )
(2.032mm)

() ARE FOR MAX531 ONLY.

DOUT

TRANSISTOR COUNT: 922
SUBSTRATE CONNECTED TO Vpp

14 MAXIMN
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googo

POPNERS

E
D % f~—FE1—
|-
a3 |
0150 i
c—
ehA
eB
INCHES  [MILLIMETERS INCHES  [MILLIMETERS
MIN MAX | MIN MAX MIN | MAX | MIN | MAX | N_MSool
Al -——— 10200 | ——— |5.08 D |0.348|0.390| 884 | 291 |8 |AB
A110.015 |-—— 10.38 - D |0.735|0.765 1867 |19.43 |14 |AC
A2|0.125 |0.175 |3.18 445 D |0.745]0.765 (1892 [19.43 |16 |AA
A3|0.055 |0.080 |1.40 |2.03 D |0.885|0.915 |22.48|23.24|18 |AD
B 10.016 0.022 1041 056 D |1.015 |1.045 |25.78|26.54 |20 |AE
B1]0.045 |0.065 |1.14 165 D114 |1.265|28.96|32.13 |24|AF
C 10.008 |0.012 [0.20 ]0.30 D [1.360 |1.380 [34.54|35.05|28|*5
D1]0.005 |0.080 |0.13 |2.03
F 10.300 |0.325|7.62 |826 NDTES
E1]0.2400.310 [6.10 [7.87 5. VLo PLASH DR PROTRUSTONG NOT
e 10100 | === 1254 | === 0 EXCEEDNélsglpE(NUSOI%NN) MILLIMETER
3. CONTROLLI :
eA|0.300 | ——= |/62 | ——— 4 MEETS JEDEC MSO001-XX AS SHOWN
Bl ——— (0,400 | —— [10.16 IN ABOVE TABLE
L |0.115 [0.150 |2.92 |3.81 o NIILIR aR oelEn an0aEal

LAV [PickACE FAMLY UL PDIP 300 | L7 | 210043 1 |

MAXIMN 15
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+5vooooooononn
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oopooo@oo

SoicnERS

-g°

INCHES  |MILLIMETERS INCHES ~ [MILLIMETERS

MIN |MAX | MIN | MAX MIN | MAX [ MIN | MAX | N |MS012
A10053|0069]135]1.75 D]0189 01971480500 |8 | A
A1 0.004 10010 | 0.10 |0.25 D|0337]0.344]1855/87/5|14| B
B 10014 |0.019 ] 0.35]0.49 D]0.386|0.394] 9.80]10.00]16| C
C10007 0010 | 0191025
e 0.050 127 ores
E10.150 |0.157 | 3.80/4.00 . D&E DO NOT INCLUDE MOLD FLASH
Toceolocaa Saofecn]  ° M s i
10,010 {00201 0.25]0.50 3. LEADS TO BE COPLANAR WITHIN
L0016 [0.050 ] 0.40]1.27 Joomn Lo0k?

4. CONTROLLING DIMENSION: MILLIMETER

S. MEETS JEDEC MSO0I12-XX AS SHOWN
IN ABOVE TABLE

6. N = NUMBER OF PINS

AAAKNApiciai FANLY DUTLING SOIC 10| 7 210041 A |

/I:JI:JI:II:II:I

.

/

<FINIPICBRAEH

0169-005100000000003-30-16000001000
TEL. (03)3232-6141 FAX. (03)3232-6149
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