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MAX5550

Farh, 10v I, ZAI5vTN.
30mAXHLiHERDAC

ABSOLUTE MAXIMUM RATINGS

VDD IO GND oo -0.3V to +6V
OUTA, OUTBto GND.....................

REFIN, CS/AO, DOUT/AI, SPI/I2C, FSADJA,

FSADJB to GND ........

-0.3V to (Vpp + 0.3V)

-0.3Vto (Vpp + 0.3V)

SCLK/SCL, DIN/SDA ......oooiiiiiiiiiiieeeeeee -0.3V to +6V
Continuous Power Dissipation (Ta = +85°C)
16-Pin Thin QFN (derate 17.5mW/°C above +70°C)..1398.6mW

Operating Temperature Range ..........c..cccooeeneinn
Junction Temperature .....
Storage Temperature Range
Lead Temperature (soldering, 10s)

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

(Vbp = +2.7V to +5.25V, GND = 0O, VRerIN = +1.25V, internal reference, RFsapJ_ = 20kQ; compliance voltage = (Vpp - 0.6V),
VscLk/scL = 0, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vpp = +3.0V and Ta = +25°C.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
STATIC PERFORMANCE—ANALOG SECTION
Resolution 10 Bits
Integral Nonlinearity INL louT_ = TmA to 30mA (Note 2) +2 LSB
Differential Nonlinearity DNL Guaranteed monotonic +1 LSB
Offset los -50 -16 LSB
Zero-Scale Error louT_ = TmMA to 30mA, code = 0x000 1 uA
Full-Scale Error lout_ = TmA to 30mA, code = Ox3FF, 16 LSB
includes offset
REFERENCE
Internal Reference Range 1.21 1.25 1.29 \
Internal Reference Tempco 30 ppm/°C
External Reference Range 0.5 15 Y
External Reference Input Current 108 225 pA
DAC OUTPUTS
Full-Scale Current (Note 3) 1 30 mA
g:i?gévs:rrent Leakage in 1 UA
Output Capacitance 10 pF
louT_ = 30mA 1
Current Source Dropout Voltage Ta = +25°C 055 v
(Vop - VouT.) louT_ = 20mA
Ta =-40°C to +85°C 0.6
gﬁfeur;[tlmpedance at Full-Scale 100 KQ
Capacitive Load to Ground CLoAD 10 nF
Series Inductive Load LLoAD 100 nH
lt/loa;émum FSADJ_ Capacitive Crsany. 75 oF
DYNAMIC PERFORMANCE
Settling Time ts CLOAD = 24pF, LLoAD = 27nH (Note 4) 30 us
Digital Feedthrough 2 nVs

MAXIWN




Farih, 10y I, ZA75vTN,
30mAXLiHERDAC

ELECTRICAL CHARACTERISTICS (continued)

(Vbp = +2.7V to +5.25V, GND = 0, VRerIN = +1.25V, internal reference, RrsapJ_ = 20kQ; compliance voltage = (Vpp - 0.6V),
VscLk/scL = 0, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vpp = +3.0V and Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Digital-to-Analog Glitch Impulse 40 nVs
DAC-to-DAC Current Matching 2 %

: Vpp = +3V 400
Wake-Up Time ys
VpD = +5V 10
POWER SUPPLIES
Supply Voltage VbD +2.70 +5.25 \
Supply Current IDD Vpp = +5.25V, no load 3 6 mA
Shutdown Current 1.2 uA
LOGIC AND CONTROL INPUTS
, +2.7V < VpD < +3.4V 0.7x
Input High Voltage (Note 5) VIH VbD \Y
+3.4V < Vpp £ +5.25V 2.4
Input Low Voltage ViL (Note 5) 0.8 \
. 0.1x
Input Hysteresis VHYS VoD \
Input Capacitance CIN 10 pF
Input Leakage Current lIN +1 PA
Output Low Voltage VoL ISINK = 3mA 0.6 Vv
Output High Voltage VOH | ISOURGCE = 2mA Vg'g‘ v
12C TIMING CHARACTERISTICS (Figure 2)
SCL Clock Frequency fscL 400 kHz
Setup Time for START Condition tSU:STA 600 ns
Hold Time for START Condition tHD:STA 600 ns
SCL Pulse-Width Low tLow 130 ns
SCL Pulse-Width High tHIGH 600 ns
Data Setup Time tSU:DAT 100 ns
Data Hold Time tHD:DAT 0 70 ns
SCL Rise Time fRCL 20+ 01 300 ns
x CB
SCL Fall Time tFoL 20><+C(;l1 300 ns
SDA Rise Time tRDA 20;02'1 300 ns
SDA Fall Time 1FDA 20;02'1 300 ns

MAXIMV 3
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Farh, 10v I, ZAI5vTN.
30mAXdiHERDAC

ELECTRICAL CHARACTERISTICS (continued)

(VbD = +2.7V to +5.25V, GND = 0, VRerIN = +1.25V, internal reference, RrsapJ_ = 20kQ; compliance voltage = (Vpp - 0.6V),
VscLk/scL = 0, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vpp = +3.0V and Ta = +25°C.) (Note 1)

MAX5550

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Bus Free Time Bgtyveen a STOP {BUF 13 us
and START Condition
Setup Time for STOP Condition tsuU:sTO 160 ns
II\E/I:;:mBuurz gisacmve Load for Cs 400 oF
SPI TIMING CHARACTERISTICS (Figure 6)
SCLK Clock Period tcp 100 ns
SCLK Pulse-Width High tCH 40 ns
SCLK Pulse-Width Low tcL 40 ns
CS Fall to SCLK Rise Setup Time tcss 25 ns
SCLK Rise to CS Rise Hold Time tCsH 50 ns
DIN Setup Time tDS 40 ns
DIN Hold Time tDH 0 ns
SCLK Fall to DOUT Transition tDO1 CLoAD = 30pF 40 ns
CS Fall to DOUT Enable tCsE CLOAD = 30pF 40 ns
CS Rise to DOUT Disable tcsD CLoAD = 30pF 40 ns
SCLK Rise to CS Fall Delay tcso 50 ns
CS Rise to SCLK Rise Hold Time tcs 40 ns
CS Pulse-Width High tcsw 100 ns
SPI TIMING CHARACTERISTICS FOR DAISY CHAINING (Figure 6)
SCLK Clock Period tcp 200 ns
SCLK Pulse-Width High tCH 80 ns
SCLK Pulse-Width Low tcL 80 ns
CS Fall to SCLK Rise Setup Time tcss 25 ns
SCLK Rise to CS Rise Hold Time tCsH 50 ns
DIN Setup Time tDs 40 ns
DIN Hold Time tDH 0 ns
SCLK Fall to DOUT Transition tDO1 CLoAD = 30pF 40 ns
CS Fall to DOUT Enable tcsSE CLOAD = 30pF 40 ns
CS Rise to DOUT Disable tcsp CLoAD = 30pF 40 ns
SCLK Rise to CS Fall Delay tcso 50 ns
CS Rise to SCLK Rise Hold Time tcs 40 ns
CS Pulse-Width High tosw 100 ns

Note 1: 100% production tested at Ta = +25°C. Limits over temperature are guaranteed by design.

Note 2: INL linearity is guaranteed from code 60 to code 1024.

Note 3: Connect a resistor from FSADJ_ to GND to adjust the full-scale current. See the Reference Architecture and Operation section.

Note 4: Settling time is measured from (0.25 x full scale) to (0.75 x full scale).

Note 5: The device draws higher supply current when the digital inputs are driven with voltages between (Vpp - 0.5V) and (GND +
0.5V). See the Supply Current vs. Digital Input Voltage graph in the Typical Operating Characteristics.
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(Vpp = +3.0V, GND = 0, VRerFIN = +1.25V, internal reference, RFsapJ_ = 20k, Ta = +25°C. unless otherwise noted).

[aa)
wn
=

=
a

FULL-SCALE CURRENT (mA)

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

0

29.88
29.86
29.84
29.82
29.80
29.78
29.76
29.74
29.72

INL vs. CODE

MAX5550 toc01

d

|

0 128 256 384 512 640 768 896 1024
CODE

DNL vs. TEMPERATURE

MAX5550 toc04

-40 -15 10 35

TEMPERATURE (°C)

60 85

FULL-SCALE CURRENT vs. TEMPERATURE

/1 I Vpp=5V | =
\Y
\\
Vpp=3V \\
DD =
N
N
-40 -15 10 35 60 85
TEMPERATURE (°C)

MAXIV

INL (LSB)

3.0

2.5

2.0

DNL vs. CODE
]
0 128 256 384 512 640 768 896 1024
CODE
MAXIMUM INL ERROR vs.
OUTPUT CURRENT RANGES
//
A
//
/
12 455 25 459 816 454

OUTPUT CURRENT RANGE (mA)

SETTLING TIME
(FULI. -SCALE POSITIVE STEP)

MAX5550 toc08

.RLOAD 65Q
CLOAD 24DF

10ps/d|v

INL (LSB)

ZERO-SCALE CURRENT (nA)

cs
2V/div

Vour_
1V/div

40
35
30
2.5
2.0
15
1.0
0.5

0

45
4.0
3.5
3.0
2.5
2.0
15
1.0
0.5

0

-40

-40

INL vs. TEMPERATURE

MAX5550 toc03

0SSSXVIN

-15 10 35

TEMPERATURE (°C)

60 85

ZERO-SCALE OUTPUT GURRENT
vs. TEMPERATURE

P
MAX5550 toc06

Vpp =5V

e
-15 10 35
TEMPERATURE (°C)

85

SETTLING TIME
(FUI.L -SCALE NEGATIVE STEP)

MAX5550 10c09

RLOAb =65Q |
CLoaD = 24pF

10us/div

| Cs
‘1 2vydiv

| Vour_
1 1V/div



MAX5550
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REBEREMES)

(Vpp = +3.0V, GND = 0, VRerFIN = +1.25V, internal reference, RFsapJ_ = 20k, Ta = +25°C. unless otherwise noted).
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REBEREMESE)

(Vbp = +3.0V, GND = 0, VRerIN = +1.25V, internal reference, RrsapJ_ = 20kQ, Ta = +25°C. unless otherwise noted).

SUPPLY CURRENT SUPPLY CURRENT
vs. SUPPLY VOLTAGE vs. TEMPERATURE
2.80 ; ; ; o 2.760 ‘ ‘ o
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25 30 35 40 45 50 55 40 -15 10 35 60 85
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
WAKE-UP TIME
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’ REFIN | REFINE RiBEIRBEIC L C< 220\ O.1UF T V7 4T\ RIS CE BIRUITEL CONDIZ 1/ 2 LT < b,
8, 16 GND TR
9 OUTB |DACBH7., OUTBIE. BA3OMADEHEREMBL ET,
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BRELTLES ), BID IR —IVEREESICIE. 4A0KQIEHEFSADIAE GNDOBICER L T S0,
12 OUTA |DACAH#. OUTAlE. BASOMADHEHERAEMBL ET,
i’ v BEAS. Vpp&+2.7V~+5.25VOBREICER L TS T/ XICTEBRYEE LS
DD |0 ApFI>F o HTVpp&EGNDIZ/NA /X2 LT 0,
— EP | T 2K—X K/t K, GNDICEBEL TS0, REDISY REEE LTERLENTES 0,
S 4 MAX5550M ') 7 7 I//ZIEIE%(IUL;%l w7 TE
Eo>T. DACOEREADIILZAT—ILER(IFs) &
P—FFIOF¥ BEMLET . SOFT/NAZUF. VT DT 7 TER

MAX5550(310EY b, T2 7). BRATT7UD
DAC (7720 arFdA7 IS L]%50R)T. SPI
E—RIZCBLTES10Msps. 12CE—RIZHBI\TE
400kspsDDACE#M L — b TEIEL T, ZU):I‘/
N=%F. 16EY N TN ZZBKLUASADAC
LIORY, BWTBRRAT 77U I LAhBEBRIN
F9, BRATT7ZUTT7LA1E. DACEHY30mAD
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I2CE38(SPI/I12C = GND)
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(H2)o SCLEKUSDAII/NA A E—=F 2 IANTHY.
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T71 RIVIRRETY,

STARTH K U'STOPS A4

Y RAZIISTARTEMA(S) TREZRBIB L £ (SCLAVNA
JRRET. SDAINI A SO—IIBR), YAZIESTOP
FH(P)TEEEKRT LEI(SCLAYNAIARET. SDAIZ
A—ho/N\1I2E81) (B3), YAFZHODSTARTHE
Ik DT, EEDBEBHNMAXSE50ICBMENET,
YAZIE. STOPERHAHEFRITL T, FEERTLET,
STOPERHICE DT, NI EMEINZE T, STOPRHK
T3 <. RESTARTRHA(SHHER I NDIBEET.
INZSTOT 4 TIREEMIFLE T,

F£1. +1.25V (typ)DU 77 LUV RBEICE DL IV R 7=V DEFR B L UREsapy DER

FULL-SCALE OUTPUT CURRENT (mA)* RrsaDY (kQ)
TmA-2mA 1.5mMmA-3mA 2.5mA-56mA 4. 5mA-9mA 8mA-16mA 15mA-30mA Calculated 1% EIA Std
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SERIAL DATA INPUT

FUNCTIONS
C5|C4|C3|C2|C1)CoO D9-DO
0 0 0 0 0 0 XXXXXXXKXXX No operation.
0 0 0 0 0 1 10-bit DAC data Logd DAC data to both DAC registers and both input registers from the
shift register.
0 0 0 0 1 0 10-bit DAC data Load DAC register A and input register A from the shift register.
0 0 0 0 1 1 10-bit DAC data Load DAC register B and input register B from the shift register.
0 0 0 ’ 0 0 10-bit DAC data Logd both channel input registers from the shift register, both DAC
registers are unchanged.
0 0 0 ’ 0 1 10-bit DAC data Load input register A from the shift register; DAC register A is
unchanged.
0 0 0 ’ ’ 0 10-bit DAC data Load input register B from the shift register; DAC register B is
unchanged.
0 0 0 1 1 1 XXXXXKXXXX Update both DAC registers from their corresponding input registers.
0 0 1 0 0 1 0. 0.0,0,0.0,:0.0.0 Update DAC register A from input register A.
0 0 1 0 1 0 XXXXXXXXXX Update DAC register B from input register B.
0 0 1 0 1 1 XXXXXXXXXX Internal reference mode.
0 0 1 1 0 0 XXXXXXXKXXX External reference mode (default mode at power-up).
0 0 1 1 0 1 P 000000000 Shut down both DACs.
0 0 1 1 1 0 P00 0000000 Shut down DACA.
0 0 1 1 1 1 XXXXXXXXXX Shut down DACB.
0 1 0 0 0 0 XXKXXKXKX DACA 1mA-2mA full-scale current range mode (default mode at
power-up)
0 1 0 0 0 1 XXXXXXXXXX DACA 1.5mA-3mA full-scale current range mode.
0 1 0 0 1 0 XXXKXXXXXX DACA 2.5mA-5mA full-scale current range mode.
0 1 0 0 1 1 XXXKXXKXXX DACA 4.5mA-9mA full-scale current range mode.
0 1 0 1 0 0 XXXXXXXXXX DACA 8mA-16mA full-scale current range mode.
0 1 0 1 0 1 XXXXXXXXXX DACA 15mA-30maA full-scale current range mode.
1 0 1 1 0 1 XXXXXXXXXX Power up both DACs.
1 0 1 1 1 0 XXXXXXXXXX Power up DACA.
1 0 1 1 1 1 P 0000000004 Power up DACB.
’ 1 0 0 0 0 XXXXXKXKK DACB 1mA-2maA full-scale current range mode (default mode at
power-up)
1 1 0 0 0 1 XXXXXXXXXX DACB 1.5mA-3mA full-scale current range mode.
1 1 0 0 1 0 XXXXXXXXXX DACB 2.5mA-5mA full-scale current range mode.
1 1 0 0 1 1 XXXXXXXXXX DACB 4.5mA-9mA full-scale current range mode.
1 1 0 1 0 0 XXXKXXXXXX DACB 8mA-16mA full-scale current range mode.
1 1 0 1 0 1 XXXXXXXXXX DACB 15mA-30mA full-scale current range mode.
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SIDE VIEW TME PACKAGE OUTLINE

8, 12, 16L THIN QFN, 3x3x0.8mm

T CGHENT CoNTRGL o, [V ]
—DRAWING NOT TO SCALE— 21-0136 H (s
pra|  sLa 1230 16L 313 EXPOSED PAD VARIATIONS
REF_ | MIN. |NOM.|MAX | MIN. |[NOM |MAX_ | MIN.|NOM.| MAX. D2 E2

A_J070]0.75 080 [0.70] 0.75 | 080 | 0.70] 0.75 [ 080 €8s N Tvom Tvax | win Trnom [max| PNIP | JEDEC
b [025[030]035 [ 020]025]030 020[025[030
D |290]3.003.10 | 2.90 | 3.00 | 3.10 | 2.90 | 3.00 | 3.10
E [290]3.00]3.10]290]3.00]3.10| 290] 3.00] 3.10
.
L
N

TQ833-1 025 070 | 125 | 025 | 0.70 | 1.25 | 0.35x45° | WEEC

T1233-1 095 | 1.10 | 1.25 | 095 | 1.10 | 1.25 | 0.35x45° | WEED-1
T1233-3 095 | 1.10 [ 125 | 0.95 | 1.10 | 1.25 | 0.35x45° | WEED-1
T1233-4 095 | 110 | 1.25 | 0.95 | 1.10 | 1.25 | 0.35x45° | WEED-1
T1633-1 0.95 | 110 | 1.25 | 095 | 1.10 | 1.25 | 0.35x45° | WEED-2
T1633-2 0.95 | 1.10 | 125 | 0.95 | 1.10 | 1.25 | 0.35x45° | WEED-2

0.65 BSC. 0.50 BSC. 050 BSC.
0.35 [ 055 [ 0.75 [ 0.45 [ 0.55 [ 0.65 [ 0.30 [ 0.40 ] 0.50
8 12 16

ND 2 3 4

N > 3 n T1633F-3 | 065 | 0.80 [ 0.95 [ 0.65 | 0.80 [ 095 | 0225 x45° [ weED2
a1 | o Jooz]o0s| o Jooz[oos]| o Jooz]oos T1633FH-3 | 065 | 0.80 |0.95 | 065 |080 [095 | 0225x45° | WEED2
e 020 REF 020 REF 0.20 REF 116334 | 095 [ 1.10 [1.25 [ 095 [ 110 [ 125 [ 035 x45° [weED2
k Jozs] - [ - Joas| - [ - Joas] -] -

NOTES:

1. DIMENSIONING & TOLERANCING CONFORM TO ASME Y14.5M-1994.
2. ALL DIMENSIONS ARE IN MILLIMETERS. ANGLES ARE IN DEGREES.
3. NIS THE TOTAL NUMBER OF TERMINALS.

THE TERMINAL #1 IDENTIFIER AND TERMINAL NUMBERING CONVENTION SHALL CONFORM TO
JESD 95-1 SPP-012. DETAILS OF TERMINAL #1 IDENTIFIER ARE OPTIONAL, BUT MUST BE LOCATED
WITHIN THE ZONE INDICATED. THE TERMINAL #1 IDENTIFIER MAY BE EITHER A MOLD OR
MARKED FEATURE.

& DIMENSION b APPLIES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN 0.20 mm AND 0.25 mm
FROM TERMINAL TIP.

ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E SIDE RESPECTIVELY.
7. DEPOPULATION IS POSSIBLE IN A SYMMETRICAL FASHION.
A\ COPLANARITY APPLIES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERMINALS.
9. DRAWING CONFORMS TO JEDEC M0220 REVISION C.

&MARK\NG IS FOR PACKAGE ORIENTATION REFERENCE ONLY. @ DALLAS ',
11. NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY. SEMICONDUCTOR IVI/J‘ I/vl
TE PACKAGE OUTLINE

8, 12, 16L THIN QFN, 3x3x0.8mm
APPROVAL DOCUMENT CONTROL NO. REV.
2
{ (R4

—DRAWING NOT TO SCALE— 21-0136 H
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Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 408-737-7600 15

© 2006 Maxim Integrated Products, Inc. All rights reserved. MAXIM s a registered trademark of Maxim Integrated Products, Inc.

0SSSXVIN


http://japan.maxim-ic.com/packages

