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Pin Configurations continued at end of data sheet.
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PART' TEMP. RANGE  PIN-PACKAGE (Igg)
MAX520ACPE 0°C to +70°C 16 Plastic DIP 1
MAX520BCPE 0°C to +70°C 16 Plastic DIP 1
MAX520ACWE 0°C to +70°C 16 Wide SO 1
MAX520BCWE 0°C to +70°C 16 Wide SO 1
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Functional Diagrams continued at end of data sheet.
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ABSOLUTE MAXIMUM RATINGS

Vpp to DGND
Vpp to AGND.
OUT_......

-0.3V to +6V
........ -0.3V to +6V
-0.3V to (Vpp + 0.3V)
REF_....... -0.3V to (Vpp + 0.3V)
ADO, AD1, -0.3V to (Vpp + 0.3V)
SCL, SDAtODGND .....oooiiiiiiiiiiiiiiiiecee e -0.3V to +6V
AGND to DGND
Maximum Current into Any Pin......
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW

16-Pin Wide SO (derate 9.52mW/°C above +70°C) ...... 762mwW

24-Pin Wide SO (derate 11.76mW/°C above +70°C) ....941mW

20-Pin SSOP (derate 8.00mW/°C above +70°C) ........

24-Pin SSOP (derate 8.00mW/°C above +70°C) .........

16-Pin CERDIP (derate 10.00mW/°C above +70°C)....

20-Pin CERDIP (derate 11.11mW/°C above +70°C)....889mW
Operating Temperature Ranges

MAX520_C_ _/MAX521_C_

MAX520_E_ _/MAX521_E_ _

MAX520_MJE/MAX521BMJP .
Storage Temperature Range.............
Lead Temperature (soldering, 10sec)....

...0°Cto +70°C
-40°C to +85°C
-55°C to +125°C
.-65°C to +150°C
..+300°C

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

(VDD =5V +10%, VReF = 4V, RL = o (MAX520), R = 10kQ (MAX521), CL = OpF (MAX520), CL = 100pF (MAX521), Ta = TmIN to TmAX,

unless otherwise noted. Typical values are at Ta = +25°C)

PARAMETER [symBoOL | CONDITIONS [ MIN  TYP  MAX [UNITS]|

STATIC ACCURACY

Resolution 8 Bits
MAX520_ +1

Total Unadjusted Error TUE MAX521A +15 LSB
MAX521B +2

Differential Nonlinearity DNL Guaranteed monotonic +1.0 LSB
MAX520_ 8

Zero-Code Error ZCE Code = 00 hex MAX521_C 18 mV
MAX521_E 20
MAX521BM 20

Zero-Code-Error Supply Rejection Code = 00 hex +1 mV

Zero-Code-Error Temperature Coefficient Code = 00 hex +10 pv/°c
MAX520_ 8
MAX521_C 18

Full-Scale Error Code = FF hex = mV
MAX521_E 20
MAX521BM 20

Full-Scale-Error Supply Rejection Code = FF hex, Vpp = 5V +£10% +1 mV

Full-Scale-Error Temperature Coefficient +10 pv/°c

MAXIM
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ELECTRICAL CHARACTERISTICS (continued)

(Vpbp =5V £10%, VRer_ = 4V, RL = 00 (MAX520), RL = 10kQ (MAX521), CL = OpF (MAX520), CL = 100pF (MAX521), TA = TMIN to TMAX,
unless otherwise noted. Typical values are at Ta = +25°C)

PARAMETER [symBOL | CONDITIONS | MIN  TYP  MAX [UNITS]|
REFERENCE INPUTS
Input Voltage Range 0 VDD \Y
Code = MAX520_ 8 12
Input Resistance RIN 55 hex REF4 4 6 kQ
i (Note 1) MAXS2L I oEroREF3 | 16 24
Input Current PD=1 +10 HA
Code = MAX520_ 30
Input Capacitance FF hex REF4 120 F
i i (Note 2) MAXS2L_ I peFo-REF3 30 ’
i MAX520_ -70
Channel-to-Channel Isolation (Note 3) dB
MAX521_ -60
AC Feedthrough (Note 4) -70 dB
DAC OUTPUTS
Full-Scale Output Voltage 0 VbD Vv
Ta =+25°C 15.8 16 16.2
. MAX520A
Output Resistance (Note 5) Ta = TMIN to TMAX 15.6 16 16.4 kQ
MAX520B 8.4 16.4
MAX521_, OUT_ =4V,
OmAto 25mA 0.25

MAX521_C/E, VRer_ = VDD,

Output Load Regulation code = FF hex, OpA to 500A 15 LSB

MAX521BM, VREr_ = VDD, 20

code = FF hex, OpA to 500pA
Output Leakage Current I\P/II,D‘-\)iSlZl_, OUT_=0V'to Vpp, +10 HA
DIGITAL INPUTS SCL, SDA
Input High Voltage VIH 0.7VbD Y
Input Low Voltage ViL 0.3Vpp \%
Input Current IIN 0V <VIN < VDD +10 HA
Input Hysteresis VHysT | (Note 5) 0.05VpDp Vv
Input Capacitance CIN (Note 5) 10 pF
DIGITAL INPUTS ADO, AD1
Input High Voltage VIH 2.4 Vv
Input Low Voltage ViL 0.8 \Y
Input Leakage IIN VIN =0V to Vpp +10 HA
DIGITAL OUTPUT SDA (Note 6)

IsINK = 3mA 04
Output Low Voltage VoL TSk = BmA 06 Y
Three-State Leakage Current I Vin =0V to Vpbp +10 HA
Three-State Output Capacitance Cout (Note 5) 10 pF

MAXIMN 3
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ELECTRICAL CHARACTERISTICS (continued)

(Vpbp =5V £10%, VRer_ = 4V, RL = 00 (MAX520), RL = 10kQ (MAX521), CL = OpF (MAX520), CL = 100pF (MAX521), TA = TMIN to TMAX,
unless otherwise noted. Typical values are at Ta = +25°C)

PARAMETER [symBOL | CONDITIONS [ MIN  TYP  MAX [UNITS]|
DYNAMIC PERFORMANCE
MAX521_C 1.0
Voltage Output Slew Rate Positive and negative| MAX521_E 0.7 Vius
MAX521BM 0.5
MAX520_, to 1/2LSB, no load 2
Output Settling Time us
MAX521_, to 1/2LSB, 10kQ and 6
100pF load (Note 7)

. Code = 00 hex, all digital inputs from .
Digital Feedthrough OV 10 VoD 5 nv-s
Digital-Analog Glitch Impulse Code 128 to 127 12 nvV-s
Signal to Noise + Distortion Ratio SINAD ngz—:livﬁég at1kHz, Vop = 5V, 87 dB
Multiplying Bandwidth VREF_ = 4Vp-p, 3dB bandwidth 1 MHz
Wideband Amplifier Noise MAX521_ 60 UVRMS
POWER REQUIREMENTS
Supply Voltage VpD 4.5 5.5 \Y

Operating mode, out-| MAX520_ 4 20 A

s v C " | put unloaded, all dig- | MAX521_C 10 20 A
upply Curren bD ital inputs OV or Vpp MAX521_E/BM 10 24 m.

Power-down mode (PD = 1) 4 20 HA

Note 1: Input resistance is code dependent. The lowest input resistance occurs at code = 55 hex.

Note 2: Input capacitance is code dependent. The highest input capacitance occurs at code = FF hex.

Note 3: VRer_ = 4Vp-p, 10kHz. Channel-to-channel isolation is measured by setting the code of one DAC to FF hex and setting the
code of all other DACs to 00 hex.

Note 4: VRer_ = 4Vp-p, 10kHz, DAC code = 00 hex.

Note 5: Guaranteed by design.

Note 6: 12C-compatible mode.

Note 7: Output settling time is measured by taking the code from 00 hex to FF hex, and from FF hex to 00 hex.

4 MAXIMN




oooo/ooooozonnnns8nnnbAC
oooonooonnn

TIMING CHARACTERISTICS

(Vpp =5V £10%, Ta = TmIN to TmAX, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Serial Clock Frequency fscL 0 400 kHz
Bus Free Tim'e. Between a STOP and a tBUF 13 us
START Condition

Hold Time, (Repeated) Start Condition tHD, STA 0.6 us
Low Period of the SCL Clock tLow 1.3 us
High Period of the SCL Clock tHIGH 0.6 us
Setup Time for a Repeated START Condition tsu, STA 0.6 us
Data Hold Time tHD, DAT | (Note 8) 0 0.9 us
Data Setup Time tsu, DAT 100 ns
Rise Time of Both SDA and SCL Signals, Receiving trR (Note 9) 20 + 0.1Cb 300 ns
Fall Time of Both SDA and SCL Signals, Receiving tF (Note 9) 20 + 0.1Cb 300 ns
Fall Time of SDA Transmitting (Note 6) tF ISINK < 6mA (Note 9) 20 + 0.1Cb 250 ns
Setup Time for STOP Condition tsu, STO 0.6 us
Capacitive Load for Each Bus Line Cb 400 pF
Pulse Width of Spike Suppressed tsp (Notes 10, 11) 0 50 ns

Note 8: A master device must provide a hold time of at least 300ns for the SDA signal (referred to V| of the SCL signal) in order to
bridge the undefined region of SCL'’s falling edge.

Note 9: Cb = total capacitance of one bus line in pF. tr and ti measured between 0.3Vpp and 0.7Vpp.

Note 10: An input filter on the SDA and SCL input suppresses noise spikes less than 50ns.

Note 11: Guaranteed by design.

gooooo
(Vbp = 5V, DAC outputs unloaded, Ta = +25°C, unless otherwise noted.)
MAX520 MAX520
MAX520 REFERENCE INPUT CURRENT vs. REFERENCE VOLTAGE INPUT
SUPPLY CURRENT vs. TEMPERATURE TEMPERATURE (SHUTDOWN MODE) FREQUENCY RESPONSE
VT T T f e T T . 2
9 |- g Z VRer = 4V : H
gﬁﬁ%g’m ',\\"A%%EE oR 2 = 35 [ ONEREFINPUT DRIVEN g 0 N g
8 - = _ 2 [FVpp=5
, £ 30 8, | Veer-avppsiNE WavE
3 = ™ [ CENTERED AT 25V
= 6 o 2 5
2 2 5
= 5 £ 20 f S -8
o pru] w
4 =T E -10
3 S / o 12
§ 10 =
2 g / 14
1 5 9 L/ -16
0 0 < 18
60 -30 0 30 60 90 120 150 60 -30 0 30 60 90 120 150 1k 10k 100k ™ 10M
TEMPERATURE (°C) TEMPERATURE (°C) FREQUENCY (Hz)
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(Vbp = 5V, DAC outputs unloaded, Ta = +25°C, unless otherwise noted.)

MAX520
POSITIVE SETTLING TIME

ouT2
1V/div
1ps/div
0UT2 =NO LOAD, REF2 =4V,
DAC CODE = 00 HEX to FF HEX
MAX520
WORST-CASE 1LSB DIGITAL STEP CHANGE
(CAPACITIVE LOAD < 5pF)
T - - .
| H \
B booum
ETTTITEITIEREY SRRy FRESURPP R, [ 20mV/div
| : AC COUPLED
\ H ‘
L i
500ns/div

REF2 =4V, DAC CODE = 7F HEX to 80 HEX

MAX520
NEGATIVE SETTLING TIME

0uT2
1V/div

|
|
|
|

\

]

1ps/div
0UT2 = NO LOAD, REF2 =4V,
DAC CODE = FF HEX to 00 HEX

MAX520
WORST-CASE 1LSB DIGITAL STEP CHANGE
(CAPACITIVE LOAD = 25pF)

500ns/div
REF2 = 4V, DAC CODE = 7F HEX to 80 HEX

ouT2
20mV/div
AC COUPLED
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(Vbp = 5V, DAC outputs unloaded, Ta = +25°C, unless otherwise noted.)

Icc (mA)

0.8

0.6

04

Vop - Vour (V)

0.2

MAXIMN

MAX521
SUPPLY CURRENT vs. TEMPERATURE

N

| "ALL DAC CODES FF HEX

Vpp =5.5V
ALL REF INPUTS = 0.6V
ALL DIGITAL INPUTS to Vpp

MAX520/521-08

ALL DAC CODES 00 HEX

—_—

-20 20 60

TEMPERATURE (°C)
MAX521

DAC OUTPUT HIGH VOLTAGE
vs. OUTPUT SOURCE CURRENT

100 140

VRer= 5V
DAC CODE = FF HEX
| LOAD to AGND

MAX5200521-11

/]

/

-/VOUT = VReF X (255/256)

0 2 4 6 8 10 12 14
OUTPUT SOURCE CURRENT (mA)

16

MAX521
POSITIVE SETTLING TIME

SHUTDOWN Igg (1A)

Vour (V)

0.8

0.6

0.4

0.2

T

1ps/div
OUT1 LOADED WITH 10k< Il 100pF, REF1 = 4V,
DAC CODE = 00 HEX to FF HEX

MAX521
SHUTDOWN SUPPLY CURRENT
vs. TEMPERATURE

MAX521
SUPPLY CURRENT
vs. REFERENCE VOLTAGE

. 10 R
Vpp = 5.6V z g
\ ALLREFINPUTS =0.6V  |§ ALL REFERENGE |5
N ALL DIGITAL INPUTS to Vpp= 8 /_\ INPUTS DRIVEN |2
N z 6 ~
/| E —
38 . ALL DAC CODES = FFHEX |\
2 [~ ALL DAC CODES = 00 HEX
0 |
60 20 20 60 100 140 0 1 2 3 4 5
TEMPERATURE (°C) REFERENCE VOLTAGE (V)
MAX521 MAX521
DAC OUTPUT LOW VOLTAGE REFERENCE VOLTAGE INPUT
vs. OUTPUT SINK CURRENT FREQUENCY RESPONSE
. o 2
VRer = 5V 3
DAC CODE = 00 HEX g 0 S
| LOAD to Vpp : 2
g AN\
s i)
/ e 6
5 4Vp-p SINE
o -8
/ w 2Vp-p SINE
L Z 40 |+1VppSINE i
=5 0.5Vp-p SINE
2 0TI T N
14 |
Ve = SINE WAVE \
16 | CENTERED AT 2.5V \
-18
0 2 4 6 8 10 1k 10k 100k ™ 10M
OUTPUT SINK CURRENT (mA) FREQUENCY (Hz)
MAX521
NEGATIVE SETTLING TIME
outt i outi
1V/div I....l....|....|....-¥....|...-|....|...-|.... Wi
i i
1ps/div
OUT1 LOADED WITH 10kQ 11 100pF, REF1 =4V,
DAC CODE = FF HEX to 00 HEX
-
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(Vbp = 5V, DAC outputs unloaded, Ta = +25°C, unless otherwise noted.)

N
* MAX521
< WORST-CASE 1LSB DIGITAL STEP CHANGE
E i 7l outt
N - 20mv/div
° i AC COUPLED
m ....... -!. ..... | |

500ns/div

REF1 =5V, DAC CODE =80 HEX to 7F HEX

CLOCK FEEDTHROUGH REFERENCE FEEDTHROUGH AT 1kHz

AR ENELE

'ihﬂﬂﬂllEEH

A =SCL, 400kHz, 5V/div A=REF1, 1V/div (4Vp-p)
B =0UT1, 5mV/div B =0UT1, 50pV/div, UNLOADED
REF1 =5V, DAC CODE = 7F HEX FILTER PASSBAND = 100Hz to 10kHz, DAC CODE = 00 HEX

REFERENCE FEEDTHROUGH AT 10kHz REFERENCE FEEDTHROUGH AT 100kHz

A=REF1, 1V/div (4Vp-p) A=REF1, 1V/div (4Vp-p)
B = 0UT1, 50pV/div, UNLOADED B =0UT1, 50uV/div, UNLOADED
FILTER PASSBAND = 1kHz to 100kHz, DAC CODE = 00 HEX FILTER PASSBAND = 10kHz to 1MHz, DAC CODE = 00 HEX

8 MAXIMN
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MAX520 MAX521 oa ooo
DIP/SO SSOP DIP SO/SSOP
1 1 1 1 OuT1 DAC1OOODODO
2 2 2 2 OouTo DACOO O ODODO
3 3 3 3 REF1 DACIOOOODODOOOODODO
4 5 4 4 REFO pACOD 0O O0O0OODOOOO
— 4,7,14, 17 — 7,9, 16, 20 N.C. 000@Eoooooooooon)
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16 20 20 24 ouT2 DAC20 0000
G
oA / ! : )
E ' () EE <)() EL_ tBUF —»EE
! ! 1S, STA |11 , " i
, 1 ' 1> 1D, STA I i
| = tow » > = t, AT ; b s, 570 E‘_"E :
W N z T
140, STA e wt R e ; i E
} T } ) }
START CONDITION REPEATED START CONDITION STOP CONDITION ~ START CONDITION

01 2000000000000000000O0
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SLAVE ADDRESS

= —

0 1 0 1 OorAD2 ADI ADD 0  ACK
SDA [ L1 [ | [

LSB

SLAVE ADDRESS BITS AD2, AD1, AND ADO CORRESPOND TO THE LOGIC STATE
OF THE ADDRESS INPUT PINS AD2, AD1, AND ADO.

gs bOoooooo

R2 R1 RO RST PD A2 A A0 ACK

SDA | [ T T T 1T 1 [

MSB LSB

SCL

R2,R1,R0:  RESERVED BITS. SETTOO0.
RST: RESET BIT, SETTO 1 TO RESET ALL DAC REGISTERS.

PD: POWER-DOWN BIT. SET TO 1 TO PLACE THE DEVICE IN THE 4pA
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OPERATIONAL STATE.

ADDRESS BITS. DIGITAL ADDRESS FOR DACO TO DAC7. DETERMINES
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ACK: ACKNOWLEDGE BIT. THE MAX520/MAX521 PULL SDA LOW DURING THE
9TH CLOCK PULSE.
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PARTf TEMP. RANGE PIN-PACKAGE (Igg)
MAX520ACAP 0°C to +70°C 20 SSOP 1
MAX520BCAP 0°C to +70°C 20 SSOP 1
MAX520AC/D 0°Cto +70°C Dice* 1
MAX520BC/D 0°C to +70°C Dice* 1
MAX520AEPE -40°C to +85°C 16 Plastic DIP 1
MAX520BEPE -40°C to +85°C 16 Plastic DIP 1
MAX520AEWE  -40°C to +85°C 16 Wide SO 1
MAX520BEWE  -40°C to +85°C 16 Wide SO 1
MAX520AEAP  -40°C to +85°C 20 SSOP 1
MAX520BEAP -40°C to +85°C 20 SSOP 1
MAX520AMJE  -55°Cto +125°C 16 CERDIP 1
MAX520BMJE  -55°C to +125°C 16 CERDIP 1
MAX521ACPP 0°C to +70°C 20 Plastic DIP 1
MAX521BCPP 0°C to +70°C 20 Plastic DIP 2
MAX521ACWG 0°C to +70°C 24 Wide SO 1
MAX521BCWG 0°Cto +70°C 24 Wide SO 2
MAX521ACAG 0°C to +70°C 24 SSOP 1
MAX521BCAG 0°C to +70°C 24 SSOP 2
MAX521BC/D 0°Cto +70°C Dice* 2
MAX521AEPP -40°C to +85°C 20 Plastic DIP 1
MAX521BEPP -40°C to +85°C 20 Plastic DIP 2
MAX521AEWG  -40°C to +85°C 24 Wide SO 1
MAX521BEWG  -40°C to +85°C 24 Wide SO 2
MAX521AEAG -40°C to +85°C 24 SSOP 1
MAX521BEAG  -40°C to +85°C 24 SSOP 2
MAX521BMJP  -55°C to +125°C 20 CERDIP 2

* Dice are specified at Ta = +25°C, DC parameters only.

T MAX520 “A” grade parts include a 1%-accurate, factory-trimmed

output resistance.
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INCHES MILLIMETERS
l——  —] DIM
MIN [ MAX | MIN [ MAX
|-——— 1 — A — 0.200 — 5.08
‘ D ‘ + A1 | 0015 — 0.38 —
* A ’ \A3 A2 | 0425 | 0175 | 3.18 | 4.45
A A2 * A3 | 0.055 | 0.080 | 1.40 | 2.03
+ i j ] B | 0016 | 0022 | 041 | 056
. . Bl | 0.045 | 0.065 | 1.14 | 1.65
i * C 0008 | 0012 | 020 | 0.30
L a1 I . [ D1 | 0.005 | 0.080 | 0.13 | 2.03
y il 07015 Y E | 0.300 | 0.325 | 7.62 | 8.26
| ] . E1 | 0.240 | 0310 | 610 | 7.87
€ el || l—B1 oA e | 0.100 - 2.54 -
B — | | eA | 0.300 - 7.62 -
——eB —— eB | - 0.400 - 10.16
‘ - L | 0115 | 0150 | 292 | 3.81
e A T R R T . INCHES _ |MILLIMETERS
Plastic DIP  [PKG.|DIM IPINSI-RR—=ms 0N T MAX
PLASTIC P | D | 8 [0348 0390 884 | 9.91
DUAL-IN-LINE P D 14 |0.735 | 0.765 | 18.67 | 19.43
P | D | 16 |0.745 | 0.765 | 18.92 | 19.43
PACKAGE P | D | 18 |0.885 | 0.015 | 22.48 | 23.24
7 e (0.300in.) P | D |20 [1015[1.045 2578 | 26,54
N | D | 24 | 1.14 | 1.265 | 28.96 | 32.13
21-0043A
o INCHES MILLIMETERS
MIN | MAX | MIN [ MmAX
- D————» A | 0.093 | 0.104 | 235 | 2.65
Al | 0004 | 0.012 | 010 | 0.30
( 0°-8° | B | 0.014 | 0019 | 0.35 | 0.49
ﬁ * A * Cc [ 0009 [ 0013 | 023 [ 032
Yy Ololmm = E | 0201 | 0299 | 7.40 | 7.60
| |-— - * * [0.004n.] * 7 e 0.050 1.27
Al c ol e H | 0394 | 0419 | 10.00 | 10.65
L [ 0016 [ 0050 [ 040 | 127
HHH / / HEEHH 1
INCHES  |MILLIMETERS
T . DIM PINS 0 S T MAX | MIN_ | MAX
E Wide SO D | 16 | 0.398 | 0.413 | 10.10 | 10.50
SMALL-OUTLINE D | 18 | 0.447 [0.463 1135 [11.75
A PACKAGE D | 20 | 0.496 | 0.512 | 12.60 | 13.00
. D | 24 | 0598 | 0.614 | 15.20 | 15.60
(0.3001in.) D | 28 | 0.697 | 0.713 | 17.70 | 18.10
21-0042A
MAXIN 19
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a
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SSOP
SHRINK
SMALL-OUTLINE
PACKAGE

DIM INCHES MILLIMETERS
MIN MAX MIN MAX
A | 0.068 | 0.078 1.73 1.99
Al | 0.002 | 0.008 0.05 0.21
B | 0.010 | 0.015 0.25 0.38
C | 0.004 | 0.008 0.09 0.20
D SEE VARIATIONS
E | 0.205 | 0.209 5.20 5.38
e 0.0256 BSC 0.65 BSC
H | 0301 | 0311 7.65 7.90
L [0.025 | 0.037 0.63 0.95
a 0 8 0 8
INCHES  |MILLIMETERS
DIM | PINS MIN | MAX | MIN | MAX
D 14 10.239]0.249 | 6.07 | 6.33
D 16 |0.239|0.249 | 6.07 | 6.33
D 20 (0.2780.289 | 7.07 | 7.33
D 24 |0.317]0.328 | 8.07 | 8.33
D 28 |0.397]0.407 | 10.07 |10.33
21-0056A
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