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Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

General Description

The MAX4060-MAX4063 are differential-input micro-
phone preamplifiers optimized for notebook/PDA audio
systems. These devices feature Rail-to-Rail® outputs
with excellent power-supply rejection and common-
mode rejection ratios, making them ideal for low-noise
applications in portable audio systems.

The MAX4060/MAX4062/MAX4063 are capable of
switching their output between the differential input and
a single-ended auxiliary microphone amplifier input. In
addition, the MAX4060/MAX4062/MAX4063 have a low-
noise microphone bias generator. The differential gain
of the MAX4061/MAX4062/MAX4063 is set with a single
resistor. The MAX4060 has a fixed gain of 10V/V and is
PC99/2001 compliant. The MAX4063 has a comple-
mentary output allowing CODECs with differential
inputs to be optimally driven. The MAX4061/MAX4063
include a complete shutdown mode. In shutdown, the
supply current is reduced to 0.3uA and the current to
the microphone bias is cut off for ultimate power saving.

The MAX4060 operates from a 4.5V to 5.5V single sup-
ply and the MAX4061/MAX4062/MAX4063 operate from
2.4V to 5.5V. All devices are specified over the extend-
ed operating temperature range, -40°C to +85°C. The
MAX4060/MAX4061 are available in tiny 8-pin QFN and
8-pin UMAX packages. The MAX4062 is available in a
10-pin yMAX package and the MAX4063 in a 14-pin
TSSOP package.

H H INPUT CONTROL
Applications ;
Notebook Audio AES-42 Compliant s|smon Voo . ImAux2
Systems Microphones

PDA Audio Systems
USB Audio Peripherals

Signal Conditioning

Ordering Information
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2.4V to 5.5V Single-Supply Operation

Adjustable Gain

High PSRR (86dB at 1kHz)

High CMRR (70dB at 1kHz)

Low Input-Referred Noise

On-Board Microphone Bias

750pA Supply Current

0.3pA Shutdown Current

+4kV ESD Protection (AUX_IN)

Complementary Output (MAX4063)

Rail-to-Rail Outputs

THD + N: 0.04% at 1kHz

Available in Space-Saving Packages
8-Pin QFN (MAX4060/MAX4061)
8-Pin pMAX (MAX4060/MAX4061)
10-Pin pMAX (MAX4062)
14-Pin TSSOP (MAX4063)

Typical Operating Circuit

TEMP PIN- TOP

PART RANGE PACKAGE  MARK e N
MAX4060EGA  -40°C to +85°C 8 QFN ABY
MAX4060EUA  -40°C to +85°C 8 UMAX — N auls
MAX4061EGA  -40°C to +85°C 8 QFN ABZ -
MAX4061EUA  -40°C to +85°C 8 UMAX — e 4
MAX4062EUB  -40°C to +85°C 10 PMAX — Ré_‘ =
MAX4063EUD*  -40°C to +85°C 14 TSSOP —

24VT055V

MAXIVI
MAX4063

‘\'\C outls
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*Future product—contact factory for availability.

Pin Configurations and Selector Guide appear at end of
data sheet.

Rail-to-Rail is a registered trademark of Nippon Motorola, Ltd.

MAXIMN

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX4060-MAX4063

Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vcc to GND). .o -0.3V to +6V
Any Other Pinto GND .......ooocooviiiiiii, -0.3Vto (Vcc + 0.3V)
Duration of Short Circuit to GND or VGG ...oooovvvveeennn. Continuous
Continuous Input Current (any Pin) ....occovevviiieeiiiee +10mA
Continuous Power Dissipation (Ta = +70°C)
8-Pin QFN (derate 4.7mW/°C above +70°C) ................ 379mW
8-Pin uMAX (derate 4. 1mW/°C above +70°C) .............. 330mw

10-Pin uMAX (derate 5.6mW/°C above +70°C) ........... 444mW
14-Pin TSSOP (derate 8.3mW/°C above +70°C) .......... 667mwW
Operating Temperature Range ..............ccccceeees -40°C to +85°C
Storage Temperature Range................
Lead Temperature (soldering, 10S) .......ccccoovvviieniinrenn.. +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

(Vce = 3V for MAX4061/MAX4062/MAX4063, Ve = 5V for MAX4060, GND = 0, SHDN = Vg, INT/AUX = 0, Rg = 11.11kQ,
RL = 100kQ to 1.5V, RBIAS = =, TA = TMmIN to TMAX, unless otherwise noted. Typical values are at T = +25°C.) (Notes 1 and 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
MAX4061/MAX4062/
Inferred from 2.4 5.5
MAX4063
Supply Voltage Range Vce PSRR test \
MAX4060 4.5 55
Supply Current lcc 0.75 1.2 mA
Voo - Vi 2 50
RL = 100kQ ce - Ton
) VoL - GND 2 50
Output Voltage Swing VouT mV
Ve - VoH 50 200
RL = 2kQ
VoL - GND 50 200
Output Common-Mode Voltage Vocm 1.25 15 1.75 \Y
Slew Rate SR Ay = 10V/V +1 V/us
Supply Current in Shutdown ISHDN VSHDN = 0, MAX4061/MAX4063 0.001 1 LA
o To GND 30
Output Short-Circuit Current Isc mA
To Vce 30
DIFFERENTIAL INPUT (INT/AUX = 0 for MAX4060/MAX4062/MAX4063, default for MAX4061)
Input Offset Voltage Vos +0.1 +5 mV
Common-Mode Input Voltage Vcem Inferred from CMRR test 1 2 Vv
Range
Maximum Differential Input
Voltage VDIFFMAX | Av = 1V/V, MAX4061/MAX4062/MAX4063 1 \%
Small-Signal Bandwidth BW._3dB 600 kHz
Input Resistance RIN Either differential input 100 kQ
Input Resistance Match RMATCH 1 %
2 M AKX/




Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

ELECTRICAL CHARACTERISTICS (continued)

(Vce = 3V for MAX4061/MAX4062/MAX4063, Vcc = 5V for MAX4060, GND = 0, SHDN = Vg, INT/AUX = 0, Rg = 11.11kQ,
RL = 100kQ to 1.5V, RBJAS = =, TA = TMmIN to TmAX, unless otherwise noted. Typical values are at Ta = +25°C.) (Notes 1 and 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Ay = 10V/V, f = 1kHz 100

Input Noise-Voltage Density en Ay = 100V/V, f = 1kHz, MAX4061/MAX4062/ o0 nVAHz
MAX4063 only

RMS Output Noise Voltage VNRMS | Ay = 10V/V, BW = 22Hz to 22kHz 125 uVRMS
1V < VoM < 2V, RG = open 1 1.13 1.3
\Y = 0.7VRMS,

Differential Gain AVDIFF M?A%OGWMAF;(%GZ/ RG =TTk 96 10 104 |y
MAX4063 RG = 1.01kQ 96 100 104
1V < Veom < 2V, VouT = 0.7Vrms, MAX4060 9.6 10.0 10.4

Common-Mode Rejection Ratio CMRR VoM = 500mVp-p, f = 1kHz 70 dB
Ta = +25°C 72 86

Power-Supply Rejection Ratio PSRR Ta = TMIN - TMAX 60 dB
Vce =5V £100mV, f = 1kHz 86

AUXILIARY INPUT (MAX4060/MAX4062/MAX4063, INT/AUX = Vcc)

Small-Signal Bandwidth BW.3dB 200 kHz

Input Resistance RIN 100 kQ

Input Noise-Voltage Density en f=1kHz 45 nVAHz

RMS Output Noise Voltage VNRMS | BW = 22Hz to 22kHz 385 uVRMS

;T’J:',:'O?;ZO”'C Distortion THD + N | f= 1kHz, BW = 22Hz to 22kHz 0.05 %
Ta = +25°C 65 90

Power-Supply Rejection Ratio PSRR dB
Ta = TMIN - TMAX 50

Voltage Gain (Note 4) Avaux | Vout = 0.7VRMS -10.7 -10 -9.3 VIV

BIAS OUTPUT (MAX4060/MAX4062/MAX4063)
IBIAS = 0.8mA to GND, MAX4060 2 2.2

Output Voltage VouT Vv
IBiAS = 0.5mA to GND, MAX4062/MAX4063 2 2.2

MAXIMN 3
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MAX4060-MAX4063

Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

ELECTRICAL CHARACTERISTICS (continued)

(Vcc = 3V for MAX4061/MAX4062/MAX4063, Ve = 5V for MAX4060, GND = 0, SHDN = Vg, INT/AUX = 0, Rg = 11.11kQ,
RL = 100kQ to 1.5V, RBJ|AS = =, TA = TMmIN to TMAX, unless otherwise noted. Typical values are at T = +25°C.) (Notes 1 and 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
, Igias = 0.8mA to GND, MAX4060 2 25 kQ
Output Resistance RouTt
Igias = 0.5mA to GND, MAX4062/MAX4063 22 40 Q

IBIAS = 0.8mA to GND, BW = 22Hz to

22kHz, MAX4060 50
Output Noise Voltage VNRMS HVRMS
IBIAS = 0.5mA to GND, BW = 22Hz to

22kHz, MAX4062/MAX4063 (Note 3) 20
IBIAS = 0.8mA to GND,
Vce = 4.5V 10 5.5V S0 80
MAX4060
IBlAS = 0.8mA, Vcc = 5V 70

+ 100mVp-p, f = 1kHz
Power-Supply Rejection Ratio PSRR dB
IBIAS = 0.5mA to GND, 50 74

MAX4062/MAX4063 | VCC = 2.4V 10 5.5V

(Note 3) IBlAS = 0.5mA, Vce = 3V
+ 100mVp.p, f = 1kHz

71

DIGITAL INPUTS (SHDN for MAX4061/MAX4063 and INT/AUX for MAX4060/MAX4062/MAX4063)

Input Leakage Current IIN VIN=0orVcc +1 pA
. 0.7 x
Input Voltage High VINH V
p g g Voo
0.3 x
Input Voltage Low VINL V
P g Vce
Shutdown Enable Time tON MAX4061/MAX4063 10 us
Shutdown Disable Time tOFF MAX4061/MAX4063 10 us

Note 1: All specifications are 100% tested at Ta = +25°C. Specification limits over temperature (Ta = TMIN to TmaX) are guaranteed
by design, not production tested.

Note 2: MAX4062/MAX4063 require a 1uF capacitor from BIAS to ground.

Note 3: The ADJ pin is open circuit (MAX4063 only).

4 MAXIMN




Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Typical Operating Characteristics

(Vee = 3V (MAX4061/MAX4062/MAX4063), Voc = 5V for MAX4060, Ay = 10V/V, RL > 100kQ to 1.5V, SHDN = Vcc (MAX4061/
MAX4063 only), Ta = +25°C.)

GAIN vs. FREQUENCY POWER-SUPPLY REJECTION RATIO
(NO LOAD) vs. FREQUENCY (DIFF INPUT) SUPPLY CURRENT vs. TEMPERATURE
5 0 o 1.0 2
Vo =5V g g g
3
i M 08 =
0 v = Vee =5V
\ -40 7 £ v |
= -3 = / ) = 06 co=
z 6 & Ay =10V A 3
% = 04
-80 1 s
9 LU~ P @
1 100 L= N 02
Hl Ay = 100V
" s 100 11 :
10 100 1k 10k 100k M 10 100 1k 10k 100k M 40 25 -10 5 20 35 50 65 80
FREQUENCY (Hz) FREQUENCY (Hz) TEMPERATURE (°C)
SHUTDOWN SUPPLY CURRENT
SUPPLY CURRENT vs. SUPPLY VOLTAGE vs. TEMPERATURE Von vs. TEMPERATURE
09 s 100 8 1000 s
s < Vor =Vce - Vour s
07 / = S0 z
= / Z —= ILoAD = 2.5mA
£ 06 4 £ 100
= 3 1 -
£ 05 > — z
> o // -
S 04 2 7 S
o = 01 =
= 03 = 7 10
%) E 4
02 2 001 /
01 |Av=10VNV ILoaD = 50uA ]
NO LOAD ‘
0 ‘ 0001 1
20 25 30 35 40 45 50 55 -40 -15 10 35 60 85 -40 -15 10 35 60 85
SUPPLY VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C)
VoL vs. TEMPERATURE VoH vs. LOAD CURRENT VoL vs. LOAD CURRENT
1000 . 175 ‘ g 300 g
B Vor = Ve - Vout /ig 2
. W S 7
Vec=3V_g

" IL0AD = 2.5MA ] 125 V 200 /
100 / // ¢ 3V/ v
/ / 150
75 7 y
//4—Vcc:5v 100 /| /4{

VoL (mV)

Vor (mV)

VoL (mV)
| 5
A

10 50 // L / Voo =5V
25 // 50 / ,/
ILoAD = S0uA
1 0 0
4 5 10 3% 60 8 0 1 2 3 4 5 0 1 2 3 4 5
TEMPERATURE (°C) LOAD CURRENT (mA) LOAD CURRENT (mA)
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MAX4060-MAX4063

Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Typical Operating Characteristics (continued)

(Vcc = 3V (MAX4061/MAX4062/MAX4063), Vcc = 5V for MAX4060, Ay = 10V/V, RL = 100kQ to 1.5V, SHDN = Vcc (MAX4061/

MAX4063 only), Ta = +25°C.)

MAX4060 TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE
MIC BIAS VOLTAGE vs. TEMPERATURE vs. FREQUENCY (DIFF INPUT) vs. FREQUENCY (AUX INPUT)
2.300 ‘ - 1 - 1 .
Iias = 800pA E E Vout =2.26Vp_p E Vout =2.26Vp-p E
2.075 g g g
— 2250
= 01 Vo =3V 01 Lo
& 22 s =z j
= = i = <zt %.
S 2200 > =+ iy
< = —— Voo =5V z Veg =5V
2 2175
o 0.01 0.01
2150
2125
2100 0.001 0.001
40 5 10 3% 60 8 10 100 1% 10k 100k 10 100 1K 10K 100k
TEMPERATURE (C) FREQUENCY (Hz) FREQUENCY (Hz)
TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE
vs. OUTPUT AMPLITUDE vs. OUTPUT AMPLITUDE vs. OUTPUT AMPLITUDE
(DIFF INPUT, Vgc = 3V) (DIFF INPUT, V¢c = 5V) (AUX INPUT, Vgc = 3V)
10 p o 10 — « 10 g o
E BW = 22kt E E BW = 22kHz + F BW = 224tz z
i L : =iz /f n
% 01 Y HKH’Z - % 01 N % 01 f= 1kHz =
2 ==— =2k e ~— g " ==
f= 10kHz ] X = 10kHz ]
0.01 0.1 f = 10kHz =] 0.01
0.001 0.001 0.001
0 05 10 15 20 25 30 0 05 10 15 20 25 30 35 0 05 10 15 20 25 30
OUTPUT VOLTAGE (Vp.p) OUTPUT VOLTAGE (Vp.p) OUTPUT VOLTAGE (Vp-p)
TOTAL HARMONIC DISTORTION PLUS NOISE
vs. OUTPUT AMPLITUDE INPUT-REFERRED NOISE MAX4060
(AUX INPUT, Vgg = 5V) vs. FREQUENCY (DIFF INPUT) MIC BIAS OUTPUT NOISE
10 800 - ; -
E BW = 22kHz E N Veo =59V
/ g 700 N § L BW = 22Hz TO 22kHz
1 ,/ 600 [N
S / \
= % _ 500 \
= = 1kHz % \
5 0.1 = = 400 \ SuV/div
= % Z MWW
= = 300 \
N\
0.1 f = 10kHz 200 N
. N
\
100 ]
0.001 0
0 05 10 15 20 25 30 35 10 100 1% 10k 100k "
OUTPUT VOLTAGE (Vp-p) FREQUENCY (Hz) 100msy/div
6 MAXI/V




Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Typical Operating Characteristics (continued)

(Vee = 3V (MAX4061/MAX4062/MAX4063), Voc = 5V for MAX4060, Ay = 10V/V, RL > 100kQ to 1.5V, SHDN = Vcc (MAX4061/
MAX4063 only), Ta = +25°C.)

E90VXVIN-090VXVIN

MAX4062 SMALL-SIGNAL TRANSIENT RESPONSE
MIC BIAS OUTPUT NOISE FOR DIFF INPUT
- - - - - - MAX40§0 10c19 MAX4060 to?_Z_O
Veg =5V I
BW=22H2 TO 22KHz oo i
: Jpur
SmV/div
iR Suv/div
Joutput
50mV/div
100ms/div 10us/div
SMALL-SIGNAL TRANSIENT RESPONSE LARGE-SIGNAL TRANSIENT RESPONSE
FOR AUX INPUT FOR DIFF INPUT
MAX4060 toc21 MAX4060 toc?:
“““““““““““““““““ INPUT

B t— C T T oomv/div
INPUT . . o .
5mV/div : S : o
; QUTPUT
EEUOE! SO I ) 1V/div
OUTPUT /DS TRPS PO AU DS

50mV/div

10us/div 10ps/div

LARGE-SIGNAL TRANSIENT RESPONSE

FOR AUX INPUT OUTPUT OVERDRIVEN
MAXI000 0028 e e AAKA0G0 loc2d
INPUT DIFFERENTIAL INPUT S
ZOOmV/dW L. . S - IR
INPUT
500mV/div
oo E ol Jouteur
— T\  1vrdiv
10us/div
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MAX4060-MAX4063

Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Pin Description

PIN
NAME FUNCTION
MAX4060 | MAX4061 | MAX4062 | MAX4063
’ . > > TNT/AUX Internal (Differential) or Auxiliary (Single-Ended) Input Select. Drive
TNT/AUX low to select internal or high to select auxiliary mic input.
2 3 3 4 ouT Amplifier Output. OUT is high impedance when in shutdown mode.
External Electret Microphone Capsule Bias Output. BIAS has a
3 — — — BIAS .
greater than 2kQ output impedance.
4 4 5 6 Vce Power Supply. Bypass the Vcc to GND with a 0.1uF capacitor.
5 5 6 9 N+ Nonlnvertlng Differential Amplifier Input. AC-couple the audio signal
into IN+.
6 6 7 10 IN- :&vertlng Differential Amplifier Input. AC-couple the audio signal into
7 7 8 11 GND Ground
8 o 9 12 AUX_IN Sllngle—-Ended Input for Auxiliary Microphone. AC-couple the audio
signal into AUX_IN.
Gain-Selectable Input. Connect an external resistor between G1 and
— 1 1 1 G2 G2 to set the gain for the differential amplifier.
(See Adjustable Differential-Gain Setting section).
=—=— | Shutdown Input. Drive SHDN high for normal operation. Drive SHDN
— 2 — 3 SHDN
low for shutdown mode.
External Electret Microphone Capsule Bias Output Bypass BIAS with
— — 4 5 BIAS ;
1uF Capacitor to Ground
o o o 7 ADJ Adjustable Gain Select for AUX_IN (see Auxiliary Input-Gain Adjust-
ment section).
Complementary Amplifier Output. When INT/AUX = low, this is the
o o L 8 OUF complement signal of the OUT pin, biased around the internally
derived reference. When INT/AUX = high, OUT is a buffered version
of the internal DC reference used by the AUX amplifier.
— — — 13 N.C. No Connection. Not internally connected.
. 8 10 14 G Gain-Selectable Input. Connect an external resistor between G1 and
G2 to set the gain for the differential amplifier.

Detailed Description

The MAX4060-MAX4063 are differential microphone pre-
amplifiers providing high-quality audio, optimized for use
in computer and mobile applications. These devices fea-
ture rail-to-rail outputs, very high power-supply rejection,
and common-mode rejection, making them ideal for low-
noise applications. The MAX4060-MAX4063 are particu-
larly effective when layout constraints force the
microphone amplifier to be physically remote from the
ECM microphone and/or the rest of the audio circuitry.

The MAX4060/MAX4062/MAX4063 are capable of
switching their output between the differential input and
an inverting single-ended input. INT/AUX selects either
the differential input or single-ended auxiliary input. In
addition, the MAX4060/MAX4061/MAX4063 have an
internal bias generator to bias the microphone in either
differential or single-ended modes. The MAX4063 has a
complementary output allowing CODECs and other
devices with differential inputs to be optimally driven
(see Functional Diagram). The MAX4061/MAX4063

MAXIMN




Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Functional Diagram

BIAS 24VT055Y
——
7 6
ADJ Vee
12JAUX_IN
MAXIMN
MAX4063
14]G1
BIAS o INT/AUX |2
1]1G2
I 9 IN+ ouTj4
\/
0uT|8
[ 10}
I
Vee
——
1 eV TG Y S A SR BIAS
——
............... BIAS|5
REF VBIAS _T_
GND =

include a complete 0.3uA shutdown mode for ultimate
power savings. The differential gain of the
MAX4061/MAX4062/MAX40683 is set with a single resis-
tor connected between the G1 and G2 pins. The
MAX4060 has a fixed gain of 10V/V, while the MAX4063
has an internal default gain of 10V/V on the AUX_IN
input, although this can be adjusted to different values
(see the Differential Gain-Setting and Auxiliary Input-
Gain Adjustment sections).

Differential Input
The main microphone input is a low-noise, differential
input structure. This is an almost essential element
when faced with amplification of low-amplitude analog
signals in digitally intense environments such as note-

MAXIMN

book PCs or PDAs. Used correctly, the advantages
over a single-ended solution are:

e Better power-supply noise rejection

e |ess degradation from noise in PC board ground
planes

e Microphone and preamplifier may be placed physi-
cally further apart, easing PC board layout restrictions

Fixed Differential Gain (MAX4060)
The MAX4060 has an internal fixed gain of 10V/V for its
differential input. This feature simplifies design, reduces
pin count and footprint, and eliminates external gain-
setting resistors.

E90VXVIN-090PXVIN



MAX4060-MAX4063

Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Adjustable Differential-Gain Setting
The MAX4061/MAX4062/MAX4063 allow the user to
alter the gain to optimize the signal-to-noise ratio (SNR)
of their system. The gain is set by a single external
resistor (RGg) connected between the G1 and G2 pins,
where:

Rg = 100kQ / (Av - 1)

where Ay is the required voltage gain.

Hence, an 11.11kQ resistor yields a gain of 10V/V, or
20dB. Leaving the pins unconnected results in a gain
of 1V/V. Gain is defined as:

For MAX4061/MAX4062/MAX4063:
Av = Vout/ (VIN+ - VIN-)

For MAX4063:
Av = (Vout - VouT) / (VIN+ - VIN-)

The resistor can be either fixed or variable, allowing the
use of a digitally controlled potentiometer to alter the
gain under software control.

Auxiliary Input-Gain Adjustment (MAX4063)
On the MAX4060/MAX4061/MAX4062, the voltage gain
of the auxiliary input is internally fixed at -10V/V.

The MAX4063 provides the option to adjust this gain.
Connect a resistor RapJ1 between the ADJ and OUT
pins to reduce the gain. To increase the gain, connect
resistor RapJ2 between the ADJ and AUX_IN pins. RADJ1
and RapJ2 are calculated from the following formulas:

RaDJ1 = 2.5MQ / ((50 / Ay) - 5)
(to decrease the gain)

RabJ2 = (0.5MQ) / (Av - 10)
(to increase the gain)

where Ay is the voltage gain. RapJ1 and RapJ2 are in Q.

Input Capacitors
The two differential microphone inputs and the single-
ended auxiliary input of the MAX4060-MAX4063 have
on-chip bias components, allowing the user to AC-cou-
ple any signals on to the input. The input resistance is
100kQ (typ), so the capacitor size may be chosen
accordingly to define the LF rolloff desired. This can be
calculated as:

CiN =1/ (2nfcuTRIN)
This assumes a low source impedance driving the inputs.
A further consideration for the differential input is the
effect of these series input capacitors on low-frequency,
common-mode rejection. Any mismatch in the values of

these two capacitors degrades the CMRR at frequen-
cies where the impedance of the capacitor is significant

10

compared to the input resistance of the amplifier—this is
usually most noticeable at low frequencies. One way to
avoid the need for matched or tight tolerance capaci-
tors is to deliberately oversize the values on the differ-
ential inputs and to set the lower 3dB point (fcyT) of the
amplifier by sizing the output capacitor appropriately.
The input impedance matching on the differential input
is typically 1%, allowing input capacitor matching to be
effective at improving low-frequency PSRR.

Common-Mode Rejection Ratio
The common-mode rejection ratio (CMRR) refers to the
amount of rejection that the amplifier is capable of pro-
viding to any signal applied equally to the IN+ and IN-
inputs. In the case of amplifying low-level microphone
signals in noisy digital environments, it is a key figure of
merit. In audio circuits, this is generally measured for
VIN as an AC signal:

CMRR(dB) = Apm/ AcMm = VINDIFF / AVINCM

where Apwm is the differential gain, Acwm is the common-
mode gain, AVINCM is the change in input common-
mode voltage (IN+ and IN- connected together) and
VINDIFF is the differential input voltage.

Input voltages are sufficiently small such that the output
is not clipped in either differential or common-mode
application. The topology used in the MAX4061/
MAX4062/MAX4063 means that the CMRR actually
improves at higher differential gains—another advan-
tage of using differential sensing.

Auxiliary Input
The auxiliary input is a single-ended input intended to
be used with a jack-socket type microphone input
(Figure 1). Internal DC-bias components (as on the
main inputs) allow the input signal to be AC-coupled.
Mechanically switched jack sockets can be used in
conjunction with the INT/AUX select pin, allowing the
auxiliary microphone input to be automatically selected
when a jack socket is inserted.

Microphone Bias Voltage

MAX4060
The MAX4060 has a microphone bias voltage designed
to comply with the Microsoft/Intel PC99/2001 audio
standard. It features source impedance of greater than
2kQ, and delivers more than 2V of bias when loaded
with a current of 800uA. This limits operation of this part
to supplies between 4.5V to 5.5V (see Figure 2).

MAX4061/MAX4062/MAX4063
The MAX4061/MAX4062/MAX4063 have a lower bias
voltage and low-impedance outputs (optimum electret
bias resistor can then be set externally). This gives a

MAXIMN




Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown
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Figure 1. MAX4062 with Auxiliary Input Configuration
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Figure 2. MAX4060 Used for Biasing a Microphone

MAXIMN

low-noise, flexible solution that can run from 2.4V to
5.5V, suitable for hand-held devices such as PDAs that
typically have audio power supplies in the 3V region.

Output

MAX4060/MAX4061/MAX4063 DC Bias
The output voltage has a DC-bias voltage independent
of the power supplies, resulting in superior PSRR per-
formance. The MAX4061/MAX4063 outputs are high
impedance when the part is in shutdown mode. AC-
coupling the output into the next audio stage (e.g.,
CODEC) is recommended (see Figure 4).

Differential Output (MAX4063)
The MAX4063 features a differential output stage (OUT
and OUT), allowing optimum performance when con-
nected to ADCs and CODECs with differential inputs.
This differential output is particularly useful in designs
where the microphone preamplifier is mounted some
distance away from the CODEC/ADC, as the low-imped-
ance, differential line provides excellent noise rejection
and immunity (see Figure 4).

When the AUX input is selected, OUT is a buffered ver-
sion of the internal DC reference.
Applications Information

Shutdown Mode
The MAX4061/MAX4063 feature a low-power, complete
shutdown mode. When SHDN goes low, the supply cur-
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MAX4060-MAX4063

Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown
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Voo | MAXIMN
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VALUES SHOWN PROVIDE A DIFFERENTIAL GAIN OF 10V/V.
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Figure 3. MAX4063 Used to Bias a Microphone Connected to the Auxiliary Input and the Differential Input

rent drops to 0.3pA, the output enters a high-imped-
ance state, and the bias current to the microphone is
switched off. Driving SHDN high enables the ampilifier.
SHDN should not be left floating.

Power Supplies and Layout
The MAX4060 operates from a 4.5V to 5.5V single sup-
ply and the MAX4061/MAX4062/MAX4063 operate from
a 2.4V to 5.5V single supply. Bypass the power supply
with a 0.1pF capacitor to ground. In systems where

12

analog and digital grounds are available, the
MAX4060/MAX4061/MAX4063 should be connected to
the analog ground.
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Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown
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TYPICAL VALUES PROVIDE A DIFFERENTIAL GAIN OF 10V/V.

Figure 4. Using the MAX4063 with Differential Input and Differential Output Configuration
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MAX4060-MAX4063

Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Pin Configurations

TOP VIEW
mmaux [1] (8] AUX_IN . y
ot [2] Mmaxam [5] g 62 [1] [10] o @ [ 4] o
s [2] MAX4060 ol iNT/AUX [2| AVMIAXIM [g] apxn INTAUX [2] 13] N.C.
MAX4062 -
Voo [4] a our [3] Elao  SONV[3| L acian [i2] Aoxow
BIAS | 4 7| IN- ouT | 4 MAX4063 11| GND
UMAX/QFN [4] 7] 4] 1)
vee [5] 6] i BiAs [ | [10] -
e[1]” 5] 61 — Voo [6] 9] In+
SHON [2| MMM 7] 6y u D) E E o0
MAX4061
ouT [3] 6] IN-
Vee [4] 2] TSSOP
UMAX/QFN
Selector Guide
SINGLE- SUPPLY
AUXILIARY | DIFF INPUT MICROPHONE | SHUTDOWN DIFF
PRODUCT INPUT GAIN ENDED INPUT BIAS MODE OUTPUT VOLTAGE
GAIN V)
MAX4060 v 20dB 20dB v — — 451055
MAX4061 — ADJ — — v — 241055
MAX4062 v ADJ 20dB v — — 241055
MAX4063 v ADJ ADJ v v v 241055

Chip Information

MAX4060/MAX4061/4062 TRANSISTOR COUNT: 264
MAX4063 TRANSISTOR COUNT: 351

PROCESS: BICMOS
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Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.)

MAXIMN

2]
o
uw
o
TOP VIEW SIDE_VIEW BOTTOM VIEW <
a
L3 E
- 4% a
i 3
A—\ 3
— E b1
Detail _|
ATy
4\ N/\
Top ‘mold  Btm" mold
NOTE: PIN 1 WILL BE IDENTIFIED BY PIN 1 package package
DOT & MARKING ORIENTATION.
D
4xe|_.T
| " .
' / : \ ' PNy Ra;:hus optional
A A2
1 | S i \
ANTT G T T /) A3
I | \/\‘ ¥
[} | D)
SIDE_VIEW L~ : Vi 4dV/ . 4V4'4!
- “\ Detail A PRIPRIETARY INDRATION
Tmo
PACKAGE DUTLINE, 6L & 8L, 3x3 GFN (DUAL),
No_.” Lat CHIP DN LEAD
VAL RN GO 6. L}
210121 D |4
COMMON DIMENSIONS VARIATIONS
SYMBOL MIN MAX SYMBOL | MIN MAX MIN MAX
A 0.80 1.00 D 2.90 |3.10 2.90 |3.10
Al 0 0.05 E 2.90 |3.10 2.90 [3.10
A2 0.65 0.90 N 6 8
A3 0.15 0.25 e 0.95 BSC 0.65 BSC
L2 0 0.10 b 0.27 | 0.43 0.25 | 0.40
L3 0 0.10 L 0.21 [0.44 0.21 [ 0.44
b1 0.17 0.30 L1 0.21 ]0.37 0.21 |0.37
o1 o 12 JEDEC MO0-220
SPEC VARIATION EEC-2
Note:
1. All dimensions are in mm.
2. Package outline exclusive of mold flash & metal burr.
3. Package outline inclusive of plating.
4. N is the total number of terminals.
5. Package surface finishing of Ra0.4um max.
Shaded areas are not leads. Do not make electrical »,
contact in this area. Use numbered leads for electrical /VI /J K I /VI
contact. ]
PACKAGE OUTLINE, 6L & 8L, 3x3 QFN (DUAL),
CHIP_ON LEAD
APPROVAL. | DOCUMENT CONTROL NO. REV. 2
210121 D |7
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MAX4060-MAX4063

Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,

go to www.maxim-ic.com/packages.)
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HAAH ]

p

| _E { § 0.50£0.1

0.6£0.1

BEELLE

0.6£0.1 —={

D
TOP VIEW

f {
s I
AN

FRONT VIEW

—

NOTES:

4X S —=

|

1

BOTTOM VIEW

LI/ S—
L

SIDE VIEW

1. D&E DO NOT INCLUDE MOLD FLASH.

|-

-
p,

INCHES MILLIMETERS

DIM| MIN MAX MIN MAX
A - 0.043 - 1.10
A1 | 0.002 | 0.006 0.05 0.15
A2 | 0.030 | 0.037 0.75 0.95
b 0.010 | 0.014 0.25 0.36
c 0.005 | 0.007 0.13 0.18
D 0.116 | 0.120 2.95 3.05
e 0.0256 BSC 0.65 BSC

E 0.116 | 0.120 2.95 3.05
H 0.188 | 0.198 4.78 5.03
L 0.016 | 0.026 0.41 0.66
o 0 60 Qe 60
S 0.0207 BSC 0.5250 BSC

PROPRIETARY INFORMATION

IDRALLAS /WIAXI VI

TITLE:

8LUMAXD.EPS ~

2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15MM (.006”).
3. CONTROLLING DIMENSION: MILLIMETERS.
4. MEETS JEDEC MO-187C-AA.

PACKAGE OUTLINE, 8L uMAX/uSOP

APPROVAL

DOCUMENT CONTROL NO.

21-0036

REV.

J

A
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Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.)

on

o

qE A

| | " INCHES | MILLIMETERS | |2

u u DIM| MIN | MAX | MIN | MAX | |2

|| H l l H A | 0.037] 0043 | 0.94 | L0 e
HEMW L AL| 0.002 | 0006 | 005 | 015

| |

D1[ 0116 | 0120 [ 295 [ 3.05
D2[ 0.114 | o118 [ 289 [ 3.00
E1]| 0116 | 0120 [ 295 | 3.05
E2| 0114 | 0118 | 289 | 3.00
E [ 0187] 0199 [ 475 [ 5.05
L [0.0157 [0.0275] 0.40 [ 0.70
L1[0.037 REF 0.940 REF
b | 0.007 | 0.0106] 0177 | 0.270
e

C

S

a

00197 BSC | 500 BSC
0.0035]0.0078] 0.090 | 0.200
00196 REF | 498 REF
0° [e° 0° [e°

T

|

[]
1

030 — |—

TOP VIEW BOTTOM VIEW

D2 E2

EH:H:H:H:H:_LA [4 J}_[C

_||_b PEEERSE ) LlEr

FRONT VIEW SIDE VIEW
NOTES:
1. DE DO NOT INCLUDE MOLD FLASH. /VI 1 X1 /VI
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.006"). e seme
3. CONTROLLING DIMENSION: ~MILLIMETERS.
4. MEETS JEDEC MO187. F.’!?Sl(fGE e e
21-0061 HA
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MAX4060-MAX4063

Differential Microphone Preamplifiers with
Internal Bias and Complete Shutdown

Package Information (continued)

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.)

£
w
I-——I-OO #1.00 @
32 1| &
@]
Z
o
] 3
1 100 3 COMMON _DIMENSTONS 2
: ) TERS NCHES
H i MIN X, M| AX
Al — 10 043
A 005 15| 002 6
A[ 085 095 | 033 | 037
b| 019 030 | .007 012
bl 019 025 | .007 010
c[ 0090 | 020 | .0035 | .
N of 0090 0135 ] 0035 | 0053
BOTTOM VIEW SEE VARIATIONS [SEE VARIATIONS
0P VIEW E| 4.30 450 | 169 .
SEE DETAIL A e 0.65 BSC .026 BSC
e+ A ¢ H| 625 650 | 246 | 256
A fe No c 50 | 070 | 020 | 028
) — 1 ! " N|SEE_VARIATIONS [SEE_VARIATIONS
i | R o o~ 1 5 | 0° 1 &°
o.olc ﬁ; <~ | ]
o)
D SE,‘_‘,I,IJEG E - JEDEC VARIATIONS
SIDE VIEW END_VIEW MO-153 | N MILLIMETERS INCHES

MIN. MAX. MIN. MAX.
AB-1 141D 4.90 S.10 193 201

0.25 b AB 16 4,90 5.10 193 201
BSC- PARTING , Lol AC 20 640 | 660 | 252 | 260
—I_ _____ WITH PLATING /m\_ AD 24 7.70 7.90 303 311
\ | | AE 28 9.60 9.80 378 | 386
m L cl c|
DETAIL A BASE METAL —1° =
NOTES: LEAD TIP DETAIL
1. DIMENSIONS D AND E DO NOT INCLUDE FLASH
2, MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.Smm PER SIDE -,
3. CONTROLLING DIMENSION: MILLIMETER /VI /J K I /VI
4, MEETS JEDEC OUTLINE MO-153. SEE JEDEC VARIATIONS TABLE.
. “N’ REFERS TO NUMBER OF LEADS PROPRIETARY DETRIATION
THE LEAD TIPS MUST LIE WITHIN A SPECIFIED ZONE. THIS TOLERANCE
ZONE IS DEFINED BY TWO PARALLEL PLANES, ONE PLANE IS THE SEATING PLANE, PACKAGE OUTLINE, TSSOP, 4.40 MM BODY
DATUM [-C-1; THE OTHER PLANE IS AT THE SPECIFIED DISTANCE FROM [-C-1 IN THE APPROVAL TACOHENT CONTRGL NG, = 1
DIRECTION INDICATED. 21-0066 3 /1

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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