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Ordering Information continued at end of data sheet.
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ABSOLUTE MAXIMUM RATINGS

VpD, VLoGIC, CS, SCLK, DINto GND ...........c.......... -0.3Vto +6V
H_,L,andW_toGND ........ccooeeiiiiiinns -0.3V to (Vpp + 0.3V)
DOUT to GND ...t -0.3V to (Vpp + 0.3V)
AGND to GND -0.3V to +0.3V
Input and Output Latchup Immunity..........cccoooiiiin. +200mA

Maximum Continuous Currentinto H_, L_, and W_......... +500pA

Continuous Power Dissipation (Ta = +70°C)
16-Pin QSOP (derate 8.3mW/°C above +70°C)........ 666.7mW
16-Pin QFN (derate 18.5mW/°C above +70°C) ......... 1481mW

Operating Temperature Range ..............cccoceeoeee -40°C to +85°C
Storage Temperature Range -60°C to +150°C
Maximum Junction Temperature .............cccccooviiiinnnn. +150°C
Lead Temperature (soldering, 10S) ........cccoovviviiiiiiiieann. +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

(Vpp = +2.7V to +3.6V (MAX5408/MAX5409), Vpp = +4.5V to +5.5V (MAX5410/MAX5411), VH_ = Vpp, VL_ = 0, Ta = TmIN to TmAX.

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

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
End-to-End Resistance 7 10 13 kQ
Maximum Bandwidth (Note 1) Cw_ = 50pF 100 kHz
Absolute Tolerance +0.25 dB
Tap-to-Tap Tolerance +0.1 dB
Total Harmonic Distortion + Noise | THD+N VIN = 1VRMS, f = 1kHz, tap = -6dB 0.002 %
Channel Isolation -100 dB
Interchannel Matching f = 20Hz to 20kHz, tap = -6dB +0.5 dB
Mute Attenuation -90 dB
Power-Supply Rejection Ratio PSRR -80 dB
Wiper Resistance Rw 1000 1700 Q
Wiper Capacitance Cw 10 pF
Digital Clock Feedthrough fscLk = 20Hz to 20kHz, tap = -6dB -90 dB
Tomperatire Goufien 3 ppmPC
Ratiometric Resistgnpe 5 opm/°C
Temperature Coefficient
DIGITAL INPUTS (VLoaic > 4.5V)

Input High Voltage VIH 2.4 \
Input Low Voltage ViL \
Input Leakage Current + uA
Input Capacitance 5 pF
DIGITAL INPUTS (VLoaic < 4.5V)

) 0.7x
Input High Voltage VIH VLOGLC \
0.3x

Input Low Voltage ViL Viogic V
Input Leakage Current +1 uA
Input Capacitance 5 pF
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ELECTRICAL CHARACTERISTICS (continued)

(Vpp = +2.7V to +3.6V (MAX5408/MAX5409), Vpp = +4.5V to +5.5V (MAX5410/MAX5411), VH_ = Vpp, VL_ = 0, Ta = TmIN to TMAX.
Typical values are at Ta = +25°C, unless otherwise specified.)

PARAMETER | symsoL | CONDITIONS | MmN TYP  MAX | UNITS
DIGITAL OUTPUT
Output High Voltage VoH ISOURCE = 0.5mA Vlr%GISC v
Output Low Voltage VoL ISINK = 2mA 0.4 \
TIMING CHARACTERISTICS (Figure 1)
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 40 ns
SCLK Rise to CS Rise Hold Time tcsH 0 ns
DIN Setup Time tDs 40 ns
DIN Hold Time tDH 0 ns
SCLK Fall to DOUT Valid
Propagation Delay Do CLOAD = 200pF 80 ns
CS Rise to SCLK Rise Hold Time tcs 40 ns
CS Pulse Width High tcsw 100 ns
Wiper Settling Time tiw Zero-crossing detect disabled 1 us
POWER SUPPLIES
MAX5408/MAX5409 2.7 3.6
Supply Voltage VbD \
MAX5410/MAX5411 4.5 55
Active Supply Current | fscLk = 2MHz (Note 2) 100 A
Standby Supply Current bb (Note 3) 0.2 10 H
Logic Supply Voltage VLoGIC 2.7 55 Vv
Logic Active Supply Current | fscLk = 2MHz, DOUT = floating (Note 2) 120 A
Logic Standby Supply Current Loaic DOUT = floating (Note 3) 0.5 10 H

Note 1: Guaranteed by design, not production tested.
Note 2: Supply current measured while changing wiper position with zero crossing enabled.
Note 3: Supply current measured while wiper position is fixed.
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W (Vpp = +3V (MAX5408/MAX5409), Vpp = +5V (MAX5410/MAX5411), DOUT = floating))
E WIPER RESISTANCE vs. END-TO-END RESISTANCE % CHANGE
WIPER VOLTAGE vs. TEMPERATURE
* 9% T = 020 g
< 995 |- TAP POSITION 31 Z E o015 // Z
Nz 5 N 2
o 994 —E = 010 2
a / =
| 3 / =
S 93 , 2005
0 = / =
3 99 A % 0
=, 2 ” 2 /
‘- & 991 / S 005 /
= // uZ‘J /
) 90 - 2010 v
N 4
* %9 | & 015 Ve
Vpp =5V =Vogic, L_=GND
< 988 -0.20
0 05 10 15 20 25 30 35 40 45 50 40 5 10 3% 60 8
WIPER VOLTAGE (V) TEMPERATURE (°C)
TOTAL SUPPLY CURRENT
ATTENUATION vs. TAP POSITION vs. TEMPERATURE
0 g 60 ‘ ‘ ‘ =
g ZERO-CROSSING ENABLED P
10 N 3 55 | IroTAL = oD + lLogic 7 3
N g = ACTIVE MODE P :
2 AN } = 50 v }
) N z /
5 30 AN £® P
5 \ > 0
&= -40 &
= \ » 3 v
50 N 2 ]
\\ e 0P
-60 25
-70 20
0 4 8 12 16 20 24 28 3 40 5 10 3% 60 8
TAP POSITION TEMPERATURE (°C)
TAP-TO-TAP SWITCHING TRANSIENT LOGIC CURRENT
(ZERO-CROSSING DISABLE) vs. LOGIC VOLTAGE
MAX5408-11 toc05
: 0.30 i i 5
v i STANDBY MODE H
it P s ~ 025 [-SCLK=GND // 2
|....1 | = E
| i Z 020 /1
e g::
: = v
[ VYA _ S 015
63 : e g /
V/div 2 010 /]
V=5V o e
V=0 S e
005 4
0
dps/div 25 30 35 40 45 50 55

LOGIC SUPPLY VOLTAGE (V)

4 MAXIMV




N ?1 7/‘!/‘ 7]'—?‘471"
O F7F—=/IN—FTA KT >3 XA—F

BB ERE)
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F1. MAX5408/MAX5410D ) PIVA 2 Z 7T —RABEIAV VK
8-BIT SERIAL WORD
FUNCTION

A0 A1 A2 D4-DO

0 0 0 5-bit DAC data Set position of wiper WOA

0 0 1 5-bit DAC data No change

0 1 0 5-bit DAC data Set position of wiper W1A

0 1 1 5-bit DAC data No change

1 0 0 4-bit mute data, DO = “don’t care” Data for mute register (see Table 3)

’ 0 ’ 4-bit zero-crossing detection data, Data for zero-crossing detection register

DO = “don't care” (see Table 5)

Readback contents of wiper register for WOA

1 1 0 00000 DOUT perreg

1 1 0 00001 No change
Readback contents of wiper register for W1A

1 1 0 00010 DOuT perreg

1 1 0 00011 No change

1 1 0 00100 Readback contents of mute register at DOUT
Readback contents of zero-crossing detection

! ! 0 00101 register at DOUT °
Immediate update then analog power-down

1 1 1 D4 =0, D3-D0 = “don’t care” when zero crossing is enabled. No effect
when zero crossing is disabled.

i &
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&2. MAX5409/MAX5411DI)ZPZNWVA 2571 —RAEKEAV VK

8-BIT SERIAL WORD

FUNCTION

A0 Al A2 D4-DO

0 0 0 5-bit DAC data Set position of wiper WOA

0 0 1 5-bit DAC data Set position of wiper WOB

0 1 0 5-bit DAC data Set position of wiper W1A

0 1 1 5-bit DAC data Set position of wiper W1B

1 0 0 4-bit mute data, DO = “don’t care” Data for mute register (see Table 4)

’ 0 ’ 4-bit zero-crossing detection data, | Data for zero-crossing detection register

DO = “don’t care” (see Table 6)

1 1 0 00000 Readback contents of wiper register for WOA at DOUT
1 1 0 00001 Readback contents of wiper register for WOB at DOUT
1 1 0 00010 Readback contents of wiper register for W1A at DOUT
1 1 0 00011 Readback contents of wiper register for W1B at DOUT
1 1 0 00100 Readback contents of mute register at DOUT

1 1 0 00101 Readback contents of zero-crossing detection register at DOUT
1 1 1 D4 =0, D3-DO0 = “don’t care” Analog power-down

1 1 1 D4 =1, D3-DO0 = “don’t care” Analog power-up

#&3. MAX5408/MAX5410D I 1— kLIRS EY FESE

DATA BIT VALUE FUNCTION

D4 0 Set wiper WOA to preprogrammed value (-62dB on power-up)
1 Set wiper WOA to mute (-90dB)

D3 “don’t care” No change

D2 0 Set wiper W1A to preprogrammed value (-62dB on power-up)
1 Set wiper W1A to mute (-90dB)

D1 “don't care” No change

Do “don’t care” No change

&z4. MAX5409/MAX5411DI1— L IRFEY FES

DATA BIT VALUE FUNCTION

D4 0 Set wiper WOA to preprogrammed value (-62dB on power-up)
1 Set wiper WOA to mute (-90dB)

D3 0 Set wiper WOB to preprogrammed value (-62dB on power-up)
1 Set wiper WOB to mute (-90dB)

D2 0 Set wiper W1A to preprogrammed value (-62dB on power-up)
1 Set wiper W1A to mute (-90dB)

D1 0 Set wiper W1B to preprogrammed value (-62dB on power-up)
1 Set wiper W1B to mute (-90dB)

DO “don’t care” No change

MAXIWN 7
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#5. MAX5408/MAX54100E0o/ 0> JBRHELDRIEY MER

DATA BIT VALUE FUNCTION
D4 0 Disable wiper WOA zero-crossing detection circuit
1 Enable wiper WOA zero-crossing detection circuit
D3 “don’t care” No change
D2 0 Disable wiper W1A zero-crossing detection circuit
1 Enable wiper W1A zero-crossing detection circuit
D1 “‘don’t care” No change
DO “don’t care” No change

#6. MAX5409/MAX54110EO O IRHEL DRI EY MER

T4 7 IVEADOUTIZT v 27 IV ANESDINZS.S
IV oYAUINESEET, CSEJFINII/NAIZTD
EDOUTH Fa =TI, DOUTIER!)—ZF— b
E-RICHEWZET, CSEBAFHMICO—ICTDEDOUT
N1 x—JlIbah, RAY—F—FrE—RKHTFT1t—
JIEahzd,

J— KRHMAX5408~MAX5411ICEZ A FN=%IZCS
HERGEINICNTICTDE. U— RNV IERM TN
9, BRINET—ZIPRDCSOO—EEE TDOUTIC
EZRFENFEY, U—RN\UIEKIF, T NLDRY
AOLBIDTF—5%=EEZELFT, DOUTOTF—% (3.

DATA BIT VALUE FUNCTION
D4 0 Disable wiper WOA zero-crossing detection circuit
1 Enable wiper WOA zero-crossing detection circuit
D3 0 Disable wiper WOB zero-crossing detection circuit
1 Enable wiper WOB zero-crossing detection circuit
D2 0 Disable wiper W1A zero-crossing detection circuit
1 Enable wiper W1A zero-crossing detection circuit
D1 0 Disable wiper W1B zero-crossing detection circuit
1 Enable wiper W1B zero-crossing detection circuit
DO “don’t care” No change
R7. BREDAN—IE
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$6. FgHH

TAO—FI—>

E5(2. MAX5408~MAX5411 ) ZIbA 5 T1—2
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BHERE)
PIN- WIPERS PER
PART TEMP RANGE PACKAGE RESISTOR
MAX5409ETE -40°C to +85°C 16 Thin QFN 2
MAX5410EEE -40°C to +85°C 16 QSOP 1
MAX5410ETE -40°C to +85°C 16 Thin QFN 1
MAX5411EEE -40°C to +85°C 16 QSOP 2
MAX5411ETE -40°C to +85°C 16 Thin QFN 2
FvJEH

TRANSISTOR COUNT: 12,875
PROCESS: BICMOS
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TS PACKAGE OUTLINE,
12, 16, 20, 24, 28L THIN QFN, 4x4x0.8mm

AFTRGVAL TOCUMDNT CONTROL WO, V.
21-0139 E %

COMMON _DIMENSIONS

121 4x4 20L 4x4

PKG.
CODES MIN. | NOM. [ MAX.| MIN. | NOM.

EXPOSED PAD VARIATIONS
12 €2

DOWN
BONDS
MAX, | ALLOVED

T1244-3 | 195 | 210 | 225 195 | 210 [ 225| YES

MIN. [NOM. | MAX. | NIN. | NOM. | NAX. | MIN. | NOM | MAX.| MIN | NOM. | MAX. | MIN. | NOM. | MAX.
0.70 |0.75 | 080 (070 |0.75 | 080 | 670 | 0.75 | 080 | 0.70 | 0.75 | 0.80 | 0.70 | 075 | 080
0.05 005 005 | 00 | 002

00 [o02 00 [oo2 [005 [ 00 [0z

0.05 T1244-4 | 1.95 | 210 | 225|195 | 210 | 225| NO

020 REF 0.20 REF 020 REF

T1644-3 | 195 | 210 | 225 195 | 210 [ 225| YES

NOTES:

1. DIMENSIONING & TOLERANCING CONFORM TO ASME Y14.5N—1994.
2. AL DIMENSIONS ARE IN MILLIMETERS. ANGLES ARE IN DEGREES.
3. N IS THE TOTAL NUMBER OF TERMINALS.

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

A DIMENSION b APPLIES TO METALUIZED TERNINAL AND IS MEASURED BETWEEN 0.25 mm AND 0.30 mm
FROM TERMINAL TIP.

A 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. DRAWNG CONFORMS TO JEDEC MO220, EXCEPT FOR T2444-—3, T2444—4 AND T2844~1,
& MARKING IS FOR PACKAGE ORIENTATION REFERENCE ONLY.

11. COPLANARITY SHALL NOT EXCEED 0.08mm

12. WARPAGE SHALL NOT EXCEEND 0.10mm

LEAD CENTERLINES TO BE AT TRUE POSITION AS DEFINED BY BASIC DIMENSION “e”, +0.05.

14. NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY

-DRAWING NOT TO SCALE-

b 025 10.30 | 035025 | 030 | 035 025 | 030|048 | 0.23 | 030 | 015 | 020 | 025 T1644-4 195 | 210 | 225| 195 | 210 | 225 NO
D [390[400 | 410 [390 [400 [ 410 | 390] 400 | 410 [390 | 400 [ 410 [300 [400 [420 | [72044-2 | 195 | 210 [225] 195 | 210 [225] vES
€ |390[400 | 410|390 [400 [ 410 [ 390400 | 410 [390] 400 [ 410 [390 [ 400 [40 | [72044-3 [ 195 | 210 |225[ 195 [ 210 [225] No
e 080 BSC. 065 BSC. 050 BSC. 050 BSC. 0.40 BSC. T2444-2 | 195 | 210 [225] 195 [ 210 [ ee5| YES
k Joes] - | - Joes] - T - Joes] - | - foas] - [ - Joes] - T - T2444-3 | 245] 260]263] 245 260 [ 263 | YES
L 045055 [ 065045 [055[ 0es [ 0as[os5 [ 0e5[ 030 [ 040050 [030 [ 040|050 | [Teasa—a | e4s| 260[263] 245 | 260 263| NO
N 12 6 2 24 28 12844-1 | 250 [ 260[270] 250 | e60[ 70| NO
) 3 4 s 6 7

NE 3 4 5 6 7
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L8 pPACKAGE OUTLINE,
12, 16, 20, 24, 28L THIN QFN, 4x4x0.8mm
APPROVAL TOCUVENT CONTROL. NG REV.

21-0139 E |2
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DIM[ MIN [ MAX [ MIN [ Max
- A loer |08 |155 | 173
H H H H AL].004 [ .0098 [0102 [ 0.249
\ A2[.0s5 |06t | 140 1.55
B |.008 |.012 020 | 030
C [.0075 | 0098 [o0.191 | 0.249
H 7\1 £ D SEE_VARIATIONS
E [150 [uas7 [381 ]399
e 025 BSC 0635 BSC
H | 230 | 244 |584 | 6.20
h [.010 016|025 [ 041
H H H H H H H H L [016 [ 035 041 0.89
J B N SEE VARIATIONS
o« [ 00 [ 8 Jo s
— e B‘H' A h X 450~ = VARIATIONS:
{ [ A2 INCHES MILLIMETERS

) ) Al c MIN. | Max [ MIN [ Max [N |
Cl (:H:H:H:Hj_'— r ‘/ _f/- r 189 | 196 | 480 | 498 [16AB
| f ; L 0020 | 0070 | 0.05 | 048

337 | 344 | 856 | 874 |20[aD]
0500 | 0550 | 1270 | 1397
337|344 | 856 | 874 |24lag]
0250 | 0300 | 0635] 0762
386 |.393 | 980 | 998 [28[aF
0250 | 0300 | 0.635 | 0.762
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NOTES:
. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 006’ PER SIDE.  ([HDALLAS 41 /IXI/WI

3>, CONTROLLING DIMENSIONS: INCHES, reoreEng AT
4>, MEETS JEDEC MO137.

PACKAGE OUTLINE, QSOP .150", .025" LEAD PITCH
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