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PART TEMP. RANGE PIN-PACKAGE

MAX504CPD 0°C to +70°C 14 Plastic DIP
MAX504CSD 0°Cto +70°C 14 SO
MAX504EPD -40°C to +85°C 14 Plastic DIP
MAX504ESD -40°C to +85°C 14 SO
MAX515CPA 0°C to +70°C 8 Plastic DIP
MAX515CSA 0°Cto +70°C 8 SO
MAX515EPA -40°C to +85°C 8 Plastic DIP
MAX515ESA -40°C to +85°C 8 SO

Refer to the MAX531/MAX538/MAX539 data sheet for military tem-
perature or die equivalents.

godad

TOP VIEW

— VoD
POWER-UP o«
RESET | oo oin [1] 8] voo
T V o 10-BIT DAC REGISTER SCLK E IV ZI VouT
-~ CONTROL " cs [3] MAX515 6] reriv
CS T Locic
selk - L[ (sB) (MSB)! . DouT [ 4] 5] AcND
DIN »| 05! 10DATABITS  ‘"grs | [~ DOUT
16-BIT SHIFT REGISTER DIP/SO
MAX504 appears at end of data sheet.
* MAX504 ONLY
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ABSOLUTE MAXIMUM RATINGS

VDD to DGND and Vpp to AGND ......cccvveviieiieeciene -0.3V, +6V
Vss to DGND and Vss to AGND ....-6V, +0.3V
VDD t0 VGG it -0.3V, +12V
AGND t0 DGND....coiiiiiiiiiieiiiiie e -0.3v, +0.3V
Digital Input Voltage to DGND ..............c....... -0.3V, (Vpp + 0.3V)

REFIN .o, (Vss - 0.3V), (Vpp + 0.3V)
REFOUT to AGND .. e -0.3V, (Vpp + 0.3V)
RFB ..o (Vss - 0.3V), (VDD + 0.3V)
=] =T )= =T (Vss - 0.3V), (Vpp + 0.3V)
VOUT (NOE 1) e Vss, VDD
Continuous Current, Any Pin........ccccccoeeivireeninnn. -20mA, +20mA

Continuous Power Dissipation (Ta = +70°C)
8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) .....727mW

8-Pin SO (derate 5.88mW/°C above +70°C).................. 471mwW
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)..... 800mW
14-Pin SO (derate 8.33mW/°C above +70°C)................ 667mwW

Operating Temperature Ranges
......................................................... 0°C to +70°C
e -40°C to +85°C
Storage Temperature Range................. ....-65°C to +165°C
Lead Temperature (soldering, 10S€C) ........ccccecvverrveeernnen. +300°C

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
(Vbbp =5V, Vss = 0V, AGND = DGND = 0V, REFIN = 2.048V (external), RFB = BIPOFF = VOUT (MAX504), CRerouT = 33uF (MAX504),

RL = 10kQ, CL = 100pF, Ta = TmIN to TmAX, unless otherwise noted.)

] PARAMETER | symBoL | CONDITIONS MIN  TYP  MAX | UNITS
STATIC PERFORMANCE
Resolution N 10 Bits
Relative Accuracy (Note 2) INL +0.5 LSB
Differential Nonlinearity DNL Guaranteed monotonic +1 LSB
Unipolar Offset Error Vos 0 3 LSB
Unipolar Offset Tempco TCVos 3 ppm/°C
gg&\'fgf‘sru%zf;i;fﬂon Ratio PSRR | 4.5V <Vpp <5.5V 0.1 LSBIV
Gain Error (Note 2) GE +1 LSB
Gain-Error Tempco 1 ppm/°C
g;'g;gﬁrRZ‘:i"(‘)’er'S“pp'y PSRR | 4.5V < Vpp <5.5V 0.1 LSB/V
VOLTAGE OUTPUT (VouT)
MAX504 (G = 1) 0 VDD - 2
Output Voltage Range \Y
MAX504 (G = 2), MAX515 Vpp - 0.4
Output Load Regulation VOUT = 2V, R = 2kQ 0.5 LSB
Short-Circuit Current Isc 12 mA
REFERENCE INPUT (REFIN)
Voltage Range 0 VDD - 2 \
Input Resistance Code dependent, minimum at code 0101... 40 kQ
Input Capacitance Code dependent (Note 3) 10 50 pF
AC Feedthrough REFIN = 1kHz, 2Vp-p -80 dB
2 N AXIW
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ELECTRICAL CHARACTERISTICS—Single +5V Supply (continued)

(Vpp =5V, Vss = 0V, AGND = DGND = 0V, REFIN = 2.048V (external), RFB = BIPOFF = VOUT (MAX504), CRerouT = 33uF (MAX504),
RL = 10kQ, CL = 100pF, Ta = TmIN to TmAX, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS | MIN  TYP  MAX | UNITS |
REFERENCE OUTPUT (REFOUT—MAX504 Only)
Ta = +25°C 2.024 2.048 2.072
Reference Output Voltage MAX504C 2.015 2.081 \Y
MAX504E 2.011 2.085
Temperature Coefficient TCREFOUT 30 ppm/°C
Resistance RREFOUT (Note 4) 0.5 2 Q
Power-Supply Rejection Ratio PSRR 4.5V <Vpp 5.5V 200 uviv
Noise Voltage en 0.1Hz to 10kHz 400 uVp-p
Required External Capacitor CREFOUT 3.3 uF
DIGITAL INPUTS (DIN, SCLK, CS, CLR)
Input High VIH 2.4 \Y
Input Low ViL 0.8 Vv
Input Current IIN VIN = 0V or VDD +1 HA
Input Capacitance CIN 8 pF
DIGITAL OUTPUT (DOUT)
Output High VOH ISOURCE = 2mA Vpbp-1 \Y
Output Low VoL ISINK = 2mA 0.4 Y
DYNAMIC PERFORMANCE
Voltage-Output Slew Rate SR Ta = +25°C 0.15 0.25 Vius
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 EsgészlﬁT'zn’ 2Vp-p (G=1or2), 68 dB
POWER SUPPLY
Positive Supply Voltage VbD 4.5 5.5 \Y
Power-Supply Current IpD Qﬂg&ufn_o?c\,/agr vop. mﬁigg: iig ggg HA
SWITCHING CHARACTERISTICS (Note 5)
CS Setup Time tcss 20 ns
SCLK Fall to CS Fall Hold Time tcsHo 15 ns
SCLK Fall to CS Rise Hold Time tcsHL 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 5V Supplies (MAX504 Only)

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

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Resolution N 10 Bits
Relative Accuracy INL +0.5 LSB
Differential Nonlinearity DNL Guaranteed monotonic +1 LSB
Bipolar Offset Error Vos BIPOFF = REFIN +3 LSB
Bipolar Offset Tempco TCVos | BIPOFF = REFIN 3 ppm/°C
ggiitt'iﬁ:{‘gai’izwer's“pp'y PSRR | 4.5V <Vpp <55V, -5.5V < Vss < -4.5V 0.1 LSBV
Gain Error (Unipolar or Bipolar) GE +1 LSB
Gain-Error Tempco 1 ppm/°C
g‘;‘g&igﬁ’RF;‘t’i"c‘)’er'S“pp'y PSRR | 4.5V <Vpp <55V, -5.5V < Vss < -4.5V 0.1 LSB/V

REFERENCE INPUT (REFIN)
Voltage Range Vss + 2 VpD - 2 \
Input Resistance Code dependent, minimum at code 0101... 40 kQ
Input Capacitance Code dependent (Note 3) 10 50 pF
AC Feedthrough REFIN = 1kHz, 2.0Vp-p -80 dB
REFERENCE OUTPUT (REFOUT—MAX504 Only)
Ta = +25°C 2.024 2.048 2.072
Reference Output Voltage MAX504C 2.015 2.081 \
MAX504E 2.011 2.085
Temperature Coefficient TCREFOUT 30 ppm/°C
Resistance RrRerouT | (Note 4) 0.5 2 Q
Power-Supply Rejection Ratio PSRR 4.5V <Vpp <£5.5V 200 puviv
Noise Voltage en 0.1Hz to 10kHz 400 up-p
Required External Capacitor CREFOUT 3.3 uF
DIGITAL INPUTS (DIN, SCLK, @)
Input High VIH 2.4 \Y
Input Low VIL 0.8 \
Input Current IIN VIN =0V or Vbp +1 UHA
Input Capacitance CIN 8 pF
DIGITAL OUTPUT (DOUT)
QOutput High VoH ISOURCE = 2mA Vpp -1 \
Output Low VoL ISINK = 2mA 0.4 \

4 MAXI N
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ELECTRICAL CHARACTERISTICS—Dual +5V Supplies (MAX504 Only) (continued)

(Vbp =5V, Vss = -5V, AGND = DGND = 0V, REFIN = 2.048V (external), RFB = BIPOFF = VOUT, CrerouT = 33uF, RL = 10kQ,
CL = 100pF, Ta = TmIN to TmAX, unless otherwise noted.)

PARAMETER | symBoL | CONDITIONS | MmN TYP  MAX | UNITS
VOLTAGE OUTPUT (VOUT)
Output Voltage Range ©=1 Vss+2 VbD-2 \Y
(G=2) Vss + 0.4 Vpp - 0.4
Output Load Regulation VOUT = 2V, RL = 2kQ 0.5 LSB
Short-Circuit Current Isc 12 mA
DYNAMIC PERFORMANCE
Voltage-Output Slew Rate SR 0.15 0.25 Vlius
Voltage-Output Settling Time To £1/2LSB, VOUT = 2V 16 us
Digital Feedthrough Step all Os to all 1s 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 VDD 4.5 55 \Y
Negative Supply Voltage Vss -5.5 0 \
Positive Supply Current IbD All inputs = 0V or Vpp, no load 260 400 HA
Negative Supply Current Iss All inputs = 0V 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 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 tcLR 25 ns
CS Rise to SCLK Rise Setup Time tcs1 50 ns

Note 2: In single-supply operation, INL and GE calculated from Code 3 to Code 1023.

Note 3: Guaranteed by design.

Note 4: Tested at lout = 100pA. The reference can typically source up to 5SmA (see Typical Operating Characteristics).
Note 5: The timing characteristics limits for the MAX515 are guaranteed by design.

MAXIMN 5
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MAX504/MAX515

goodgdgd

(VDD = +5V, VREFIN = 2.048V, Ta = +25°C, unless otherwise noted.)
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(VDD = +5V, VREFIN = 2.048V, TA = +25°C, unless otherwise noted.)

DIGITAL FEEDTHROUGH

2us/div

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

POSITIVE SETTLING TIME (MAX504)

A Tie A
| 5 o
a R e !
I 1 |
..... Lok P AP TP SN [P PPt | U IR NI B T, FINPIN ISP PN PEU . |
5us/div Sus/div
A: CS RISING EDGE, 5V/div A: CS RISING EDGE, 5V/div
B: VOUT, NO LOAD, 1V/div B: VOUT, NO LOAD, 1V/div
DUAL SUPPLY %5V DUAL SUPPLY 15V
BIPOLAR CONFIGURATION BIPOLAR CONFIGURATION
VREFIN = 2V VREFIN = 2V
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INCHES  MILLIMETERS INCHES ~ IMILLIMETERS
MIN | MAX | MIN | MAX MIN |[MAX | MIN | MAX | N [MS012

2. MOLD FLASH OR PROTRUSIONS NOT
0.228|0.244| 580/6.20 TO EXCEED .15mm (006"

0.010 |0.020| 0.251]0.50 3. LEADS TO BE COPLANAR WITHIN
102mm 004"

A10.053]0.069| 1.35|1.75 D]0.189]0.197]4.80/5.00 |8 | A
A1/0.004 |0.010 | 0.10 |0.25 D]0.337]0.344| 855/8.7/5|14| B
B|0.014 |0.019 ] 0.35]049 D[0.386]0.394| 9.80]10.00]16| C
C|0.007 0010 | 019|025

e 0.050 1.27 NOTES:

E10150 |0157 | 3.8014.00 1. D&E DO NOT INCLUDE MOLD FLASH

H

h

L

0.016 10,050 | 0.40|1.27

4. CONTROLLING DIMENSION: MILLIMETER
S. MEETS JEDEC MS012-XX AS SHOWN
6

IN ABOVE TABLE
. N = NUMBER OF PINS

KAV [Piciact FaMILY DUTLING SIC 150 L7 [[21-0041
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E 10.300 10.32517.62 |8.26 T‘DTDE&SE; DO NOT INCLUDE MOLD FLASH
F1]0.240]0.310 |610 |/.87 2, MOLD FLASH OR PROTRUSIONS NOT
o 10100 | ——< 254 | ——=- TO EXCEED .1Smm (006"

3. CONTROLLING DIMENSION: MILLIMETER
eA|0300 | ——— |/62 | ——-— 4. MEETS JEDEC MS001-XX AS SHOWN
oB ——— 10400 | —— 11016 IN ABOVE TABLE
L [0.115 [0.150 |[2.92 |3.81 N sen o e e oeas

[ LKAV PickiGE FAMILY DUTLING PDIP 300°| 17 [[21-0043 A |
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