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ABSOLUTE MAXIMUM RATINGS

VDD 10 GND ..o -0.3V to +6V Operating Temperature Range

EXTCLK, SHDN t0 GND ......oooviiiiiiiiiiiic -0.3V to +6V MAX749_CEE

INV_, LP_, BP_, N_/HP_, S_, COM, MAX749_EEE ........cccooiiiiiiiiiie
CLK 10 GND ..o -0.3V to (Vpp + 0.3V)

Maximum Current into Any Pin ... 50mA Storage Temperature

Continuous Power Dissipation (Ta = +70°C)
16-Pin QSOP (derate 8.30mW/°C above +70°C)......... 667mwW

Die Temperature .........cccccoiiiiiiiii e

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—MAX7490
(Vpp = EXTCLK = +5V, fcLk = 625kHz, Ta = TMIN to Tmax, 10k it 50pF load to Vpp/2 at LP_, BP_, and N_/HP_, SHDN = Vpp, 0.1uF

from COM to GND, 50% duty-cycle clock input, COM = Vpp/2. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | symBoL | CONDITIONS MIN  TYP  MAX | UNITS
FILTER
Center Frequency Range fo Mode 1 0'023 0 kHz
Clock-to-Center Frequency Mode 1, R1 = R3 = 50kQ , R2 = 10kQ,
+ + %
Accuracy feLkfio Q =5, deviation from 100:1 02 07 A
Q Accuracy Mode 1, R1 =R3 = 50kQ, R2 = 10kQ, Q =5 +0.2 +2 %
fo Temperature Coefficient +1 ppm/°C
Q Temperature Coefficient 5 ppm/°C
DC Lowpass Gain Accuracy Mode 1, R1 = R2 = 10kQ +0.1 +0.5 %
Vos1 DC offset of input inverter +3 +12.5
DC Offset Voltage (Figure 8) Vos2 DC offset of 1st integrator +4 +15 mV
Vos3 DC offset of 2nd integrator +4 +30
Crosstalk (Note 2) fIN = 10kHz -60 dB
. ; Vbp/2 Vbp/2
Input: COM externally driven 05 Vpp/2 405
COM Voltage Range Vcom Vo2 - V
. ; : DD DD
Output: COM internally driven 0.2 Vpp/2 402
Input Resistance at COM Rcom 140 250 325 kQ
Clock Feedthrough Up to 5th harmonic of fc|k 200 UVRMS
Noise (Note 3) g/lo_d? 1,R1=R2 = R3 =10kQ, LP output, 60 WVRMS
Output Voltage Swing 0.2 Vpp - 0.2 \
Input Leakage Current at COM SHDN = GND, Vcom= 0 to Vpbp +0.1 +10 A
CLOCK
Maximum Clock Frequency foLk 4 MHz
Internal Oscillator Frequency fose EXTCLK = GND, Cosc = 1000pF 95 135 175 kHz
(Note 4) EXTCLK = GND, Cosc = 100pF 1.35 MHz
Clock Input High Vpp-0.5 \
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ELECTRICAL CHARACTERISTICS—MAX7490 (continued)

(Vpp = EXTCLK = +5V, fclk = 625kHz, Ta = TMIN to Tmax, 10k it 50pF load to Vpp/2 at LP_, BP_, and N_/HP_, SHDN = Vpp, 0.1uF
from COM to GND, 50% duty-cycle clock input, COM = Vpp/2. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Clock Input Low 0.5 \
Clock Duty Cycle 505 %
SHDN AND EXTCLK
Input High VIH Vpp - 0.5 V
Input Low ViL 0.5 \
Input Leakage Current VINPUT = 0 to VDD +0.4 +10 A
POWER REQUIREMENTS
Supply Voltage VbD 4.5 55 \
Power-Supply Current IDD ’F\%‘g iX:%LE’l Ié)a:démode 1. R1=R3 = 50k, 35 40 mA
Shutdown Current IsHpN | SHDN = GND 1 HA
INTERNAL OP AMPS CHARACTERISTICS
Output Short-Circuit Current +18 mA
DC Open-Loop Gain RL > 10kQ, C| < 50pF 130 dB
Gain Bandwidth Product GBW RL > 10kQ, C| < 50pF 7 MHz
Slew Rate SR RL > 10kQ, C| < 50pF 6.4 V/us

MAXIMV 3
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ELECTRICAL CHARACTERISTICS—MAX7491

(Vpp = EXTCLK = +3V, fcLk = 625kHz, Ta = TMIN to Tmax, 10k it 50pF load to Vpp/2 at LP_, BP_, and N_/HP_, SHDN = Vpp, 0.1uF
from COM to GND, 50% duty-cycle clock input, COM = Vpp/2. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | symBoL | CONDITIONS | MIN TYP  MAX | UNITS
FILTER
Center Frequency Range fo Mode 1 0'023 © kHz
ilzoccuiatlzycenter rreaueney feLkffo g O:d; 1deT?atio?3frorio1ké%) :Y1R2 o 0.2 0.7 %
Q Accuracy I\Q/Iozdz 1, R1 = R3 = 50kQ, R2 = 10kQ, 102 12 %
fo Temperature Coefficient +1 ppm/°C
Q Temperature Coefficient +5 ppm/°C
DC Lowpass Gain Accuracy Mode 1, R1 = R2 = 10kQ +0.1 +0.5 %
Vos1 DC offset of input inverter +3 +12.5
([f):icgﬁ)rzsg;[ Voltage Vos2 DC offset of 1st integrator +4 +15 mV
Vos3 DC offset of 2nd integrator +4 +25
Crosstalk (Note 2) fIN = 10kHz -60 dB
Input: COM externally driven V_DODQZ Vpp/2 \{;.D(?/f
COM Voltage Range Vcom ' ' Vv
Output: COM internally driven Vbp/2 Vbp/2 VbD/2
-0.1 +0.1
Input Resistance at COM Rcom 60 80 120 kQ
Clock Feedthrough Up to 5th harmonic of foLk 200 UVRMS
. Mode 1, R1= R2 = R3 = 10kQ,
Noise (Note 3) LP output, Q = 1 60 UVRMS
Output Voltage Swing 0.2 Vpp -0.2 Y
Input Leakage Current at COM SHDN = GND, Vcom = 0 to Vpp +0.1 +10 UA
CLOCK
Maximum Clock Frequency foLk 4 MHz
Internal Oscillator Frequency fose EXTCLK = GND, Cosc = 1000pF 95 135 175 kHz
(Note 4) EXTCLK = GND, Cosc = 100pF 1.35 MHz
Clock Input High Vpp-0.5 Y
Clock Input Low 0.5 \
Clock Duty Cycle 5045 %
SHDN AND EXTCLK
Input High VIH Vpp - 0.5 V
Input Low ViL 0.5 V
Input Leakage Current VINPUT = 0 to VDD +0.4 +10 A

4 MAXIM
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ELECTRICAL CHARACTERISTICS—MAX7491 (continued)

(Vpp = EXTCLK = +3V, fcik = 625kHz, Ta = TMIN to Tmax, 10k it 50pF load to Vpp/2 at LP_, BP_, and N_/HP_, SHDN = Vpp, 0.1uF
from COM to GND, 50% duty-cycle clock input, COM = Vpp/2. Typical values are at Ta = +25°C, unless otherwise noted.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
POWER REQUIREMENTS
Supply Voltage VbD 2.7 3.6 \
Power-Supply Current IoD :;:2 fig;(g?gig R1=R3 = 50k, 35 4.0 mA
Shutdown Current ISHDN SHDN = GND 1 HA
INTERNAL OP AMPS CHARACTERISTICS
Output Short-Circuit Current +11 mA
DC Open-Loop Gain RL > 10kQ, C|_ < 50pF 130 dB
Gain Bandwidth Product GBW RL > 10kQ, CL < 50pF 7 MHz
Slew Rate SR RL = 10kQ, CL < 50pF 6 V/us

Note 1: Resistive loading of the N_/HP_, LP_, BP_ outputs includes the resistors used for the filter implementation.

Note 2: Crosstalk between internal filter sections is measured by applying a 1VRrwums 10kHz signal to one bandpass filter section input
and grounding the input of the other bandpass filter section. The crosstalk is the ratio between the output of the grounded
filter section and the 1VRrMms input signal of the other section.

Note 3: Bandwidth of noise measurement is 80kHz.

Note 4: fosc (kHz) = 135 x 103/ Cosc (Cosc in pF)

REERE
(Vpp = +5V for MAX7490, Vpp = +3V for MAX7491, fcLk = 625kHz, SHDN = EXTCLK = Vpp, COM = Vpp/2, Mode 1, R3 = R1 = 50kQ,
R2 = 10kQ, Q =5, Ta = +25°C, unless otherwise noted.)

2ND-ORDER BANDPASS FILTER 2ND-ORDER BANDPASS FILTER
FREQUENCY RESPONSE PHASE RESPONSE fcLk/fo DEVIATION vs. foLk
10 = 300 g 0 \\ o
0 g 250 ~~ g W 7 g
10 / \ . -0.2 Vpp =5V
) / N 200 &£ I
/ - = 03 Vpp=3V
g -20 4 \\ & = ®
= / g 150 = 04
<<_§ -30 = \ a
N < 05
100 é
-40 2 05
50 | Vop=+5V
-50 fouk = 625KkHz 07
-60 o L0=5] || -08
1 10 100 1 10 100 100 1000 10,000
FREQUENCY (kHz) FREQUENCY (kHz) foL (kHz)
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(Vpp = +5V for MAX7490, Vpp = +3V for MAX7491, fcLk = 625kHz, SHDN = EXTCLK = Vpp, COM = Vpp/2, Mode 1, R3 = R1 = 50k,
R2 = 10k, Q =5, Ta = +25°C, unless otherwise noted.)

foLk/fo DEVIATION (%)

Q DEVIATION (%)

Iop (MA)

0.2

0.1

-0.1
-0.2
-0.3
-0.4
-0.5
-0.6

4.0
3.9
3.8
3.7
3.6
3.5
34
3.3
32
3.1
3.0

foLk/fo DEVIATION vs. Q

Vpp =5V g

7 E:
Vpp=3V
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Q
Q DEVIATION vs. TEMPERATURE
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40 15 10 35 60 85
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e—
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1
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Vop (V)
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NOISE (uVRms)

Iop (MA)
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\

500
450
400
350
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50
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MAX7490-05
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A=MODE 1 é
B=MODE 3 g
=
B
.——-—-W':_ A
1k 10k
INPUT FREQUENCY (Hz)
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(Vpp = +5V for MAX7490, Vpp = +3V for MAX7491, fcLk = 625kHz, SHDN = EXTCLK = Vpp, COM = Vpp/2, Mode 1, R3 = R1 = 50kQ,
R2 = 10kQ, Q = 5, Ta = +25°C, unless otherwise noted.)

MAX7490 MAX7491 MAX7490
THD + NOISE vs. FREQUENCY THD + NOISE vs. INPUT VOLTAGE THD + NOISE vs. INPUT VOLTAGE
-20 E - = - 2
A =MODE 1 : 10 A= MODE 1|2 10 A= MODE1 |2
-30 |B=MODE3 £ 20 B=MODE 3]s 20 B=MODE 3]=
= = =
-40
30 -30
50 _ ) )
_ = _
% 0 . S 40 % -40 l
@D Lt L2 @
70 S 50 S 50
: 80 — 3 \\ g I
- [a=)]
= et =0 NI 20 N\
90 70 M \E 70 \
i - N - ~ ~— B
100 % T‘M\-: J . \\-. ’
-10 ) i A —
120 90 -90
1K 10k 0 05 10 15 20 25 30 0 1 2 3 4 5
INPUT FREQUENCY (H2) INPUT VOLTAGE (Vp-p) INPUT VOLTAGE (Vp-p)
INTERNAL OSCILLATOR PERIOD INTERNAL OSCILLATOR PERIOD
OUTPUT VOLTAGE SWING vs. RLoaD vs. SMALL CAPACITANCE vs. LARGE CAPACITANCE
50 e 2500 = 160 =
15 17 : z : £ g
' Vpp =5V 25 2000 >
_ / oo 2 }\ S 120 \
S 40 3 = \\
= frwr} (=)
o / € 1500 & 100
S 35 = =
3> Vop=3V = g 8 N\ Vop=3v
> = 1000 = \
5 30 % 3 \ Vop =3V = N
o o
= \,/ = 40 ™
25 /] g 0 N £ Voo =5V | NN
/ =z Vplsy | 2 .
20 0 ‘ 0
0 4 8 12 6 2 0 200 400 600 800 1000 1 2 3 4 5 6 71
RLoap (k) TO COM CAPACITANCE (pF) CAPACITANCE (nF)
INTERNAL OSCILLATOR FREQUENCY INTERNAL OSCILLATOR FREQUENCY
vs. SUPPLY VOLTAGE vs. TEMPERATURE
133 > 144 g
- Cosc = 1000pF s = W Cosc = 1000pF g
z g I ]
= 1% RV AN
5 2 A
= juw}
ug 131 = 138 ~ Vpp =3V
2 = 136 SN
£ 130 = \\
5 S 1 ~
312 =LY
2 18 2 150 Vpp =5V
= = 128 \\L
& 127 i B
= N = 12
126 124
30 35 40 45 50 55 4 45 10 3% 60 8
Voo (V) TEMPERATURE (°C)
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MAX7490/MAX7491

R1. 7145 DEEE—F

MODE LP HP BP N LP-N* | HP-N* COMMENTS

fcLk/fo ratio is the nominal value. Good for bandpass filters
1 . . . with identical sections cascaded, higher order Butterworth filters,
high-Q bandpass, low-Q notches.

Same as Mode 1 with fck/fo ratios greater than the nominal

1B ° [ [
value.
Combination of Mode 1 and Mode 3; fcLk/fo ratios always
2 . . . less than the nominal value. Less sensitivity to resistor tolerances

than Mode 3.

Extension of Mode 2 that allows higher frequencies. Highpass
2N . and lowpass outputs are summed with external op amp and
two resistors. Good for lowpass elliptic filters.

Adjustable fo above and below the nominal frequency.
3 . . . Commonly used for multiple-pole Chebyshev filters, all-pole
higher order bandpass, lowpass, and highpass filters.

Extension of Mode 3 that needs an external op amp and
3A . . . . . two additional resistors. Commonly used for lowpass or higher
elliptic or Cauer filters.

“LP-N=0—/32/YF, HP-N = N\A/XZ /v F, BHREEIMIIART U TanBELET, [REBEOEZEIE2)ESBLTTSI,

R2. HEDER

TERM DEFINITION
foLk The clock frequency applied to the switched-capacitor filter.
o The center frequency of the 2nd-order complex pole pair, fo, is determined by measuring the peak response
frequency at the bandpass output.
fNOTCH The frequency of minimum amplitude response at the notch output.
Q Quality factor, or Q’. is the ratig of fo to the -3dB bandwidth of the 2nd-orderlbandpass filter. Q also determines
the amount of amplitude peaking at the lowpass and highpass outputs, but is not measured at these outputs.
Hosp The gain in V/V of the bandpass output at f = fo.
HoLp The gain in V/V of the lowpass output at f—>0Hz.
Honp The gain in V/V of the highpass output at f—>fcLk/2.
Hon1 The notch output gain as f—0Hz.
Honz The notch output gain at f = fok/2.
LP-N A notch output with HoN1 > Hong.
HP-N A notch output with HoN1 < HoN2.

10 MAXIM




FAPNVIZIN=YN - RAYFPFINZ TN

com

Vin

Com

M2, /vF. N RNZARUO—/ZAEAZRHET D
E—R1D2RT 1 ILE

JIFRO/INY RINZORIDEREISE—CY, / VFD
HAOFEBIT/ vFRLERREB L THDH. FNnLl
EXIFFCHYFET, E—RZEZFRALTE—DI1YF b~
FENIEOIBEART—RERL. BR/NT—
D—2O0—/XX 7415, ’Q/ Vv FRUEHIRD/N>
RINZTAWNFEERTDIEELTELT,

£— K 10m®E
_fok
100

fnotch = fO
_Rs

R2

fo

R2
Holp = —
R1

-R3
Hopp = H

Hong(as f — 0Hz) = -Re

R1

_R2
Hong (at f =fork /2) = ==

E—F1B

M3ICE— M 1BOBRZERL &9, RORURGIEO—/NZ
EADSIMBEBANNDT 4 — KNy JBEZRDSED
EHISEMENTNE T, hnlck. AFEZ LEBIS
20V INHRILERBOBENTEICEVIT, TD
T RIEENICE— M EEUKREEEEZIFDO—HT.
SOQRULBMELII B o k/fottZEIRLF 9,

MAXIMV

M3. /vF. N RNARUA—/XZAHAZRHET D
E-—RIBO2RT 1LY

E— F1BD&EE

B foLk R6
100 VR6+R5

fn=fO
B8 |_Re

R2 \R6+R5
-R2R6+R5

Rt R6

HoLp =

Hong(as f — 0Hz) = -R2

R1

_R2
Hone (@t f =fork /2) = ar

E—FR2

HM4ICE— F2DERZRLE T, E—R2IFE—RF1&
E—R3IZEAEHLELEDTY, 2OE—RFTIE.
fCLK/fotiﬁr%"L: CDERDAMEREIUENESLL B ET,
BL. BRHFSEICHLTE-RIKUENSNREEE
RLET, E—R2INANR/ yFHEHZEFSE. 2D
HAD /v FREREISOOY VARBOAICZEASIN
9,

11

L6V .LXVIN/O6VLXVIN



MAX7490/MAX7491

FAPNVIZIN=YN - RAYFFINZ 71N

T— F2MEEt=

fo=fCA 1+E
100 R4
¢ ok
| = CLK
100
_Rs [, B2
R2 R4

oo _-Rel R4 )
O "R (Rare
-R3

R1

Hogp =

HON‘l(f —>0HZ)—_R—2{ R4 \

Rt (Ra+r2)

_R2
Hong (at f =fork /2) = ==

E—F2N

M5ICE— R2NDBHEZRLE T, ZOE—FIE—R
SADERZT— R2ICHRLIZEHED T, NA/NZHD
RUOO—/ZHAM2DDOHNEEIRRGRUR ZBL T
mEzn, E-R2LVEENERBZFEDOO—/YR
JUTF TN =R LET, E—R2[30—/YXT

HP/N S BP LP
VN, R1

Com

4. INA/XR /) wF INY RINZROO—/XZAE L%
BHIDIE—R202R T 1)L

T— F2NDEEER

fok |4, B2

100 R4

poofo i, PBu
100 RL

_Rs ||, Re

R2 R4

fo =

J7 4y OBREICBERISEET, MAXT490/ o0 (R Re)(Re) (R4
I i ont(f = O0Hz) = | =%+ —=-| | —
MAX74910E 53 v & ARy — KEHET 25, "Ry TR MR)LM+W}
N NSZBEAROO—/SZHEHIZZDRDEZ >3 >D
REANICEBMECEET, MITART U FF1D
FEIRBEICRY)ET,
Ce
e o
R3
R2
HP/N S BP LP
R1
ViN -
+
> ¢ > /\/\/\/
Re
+ : R
AV -
LOWPASS
COM Ru >—&— NOTCH

QUTPUT

Com

5. 0=/ /Y FHENERHIT DT R2ND2RT 1LY

12

MAXIMN




FAPNVIZIN=YN - RAYFPFINZ TN

E—FK3

MOICE— F3DBpZRL F9. ZDETE— MIRERD
CRREAET A IIVY ERAEDT  TIVIBE(ZER) %
BoOCW&E9d, ZORBEE— RTIE. HMR2ZKRURAD
LERISHROERMZ AMLERO EICETICHEBHTE
F9, E-RIFBEE—DI/OY TERBZIFDOZH
FIEDITIANT 2R T DIEHICERSNET,
ZOE— R SROE®B/NY R/NZ O—/NXIKRU
NANZTANETZTRTDIEOHICERTDILEL
[SSEER

£— K30aHE

i - LK [F2
100 VR4

_R3 [R2

R2 R4
HOHP=i2?
HOLP=i§?
HOBP=ﬁ§%

E—F3A

M7IZE— F3ADERRZERLF T, T—R2EMALID
E—RIF. AMIFRTUTEEMLTNE T, AR
7T DERSEICDNTIIRIZSRL TR S 2D

vy, R

CoM

6. N1/ N RNXZARUO—/XZAENZRHETD
E—R3D2REI IV

HART U TNE 2DODAEIBRIATH DR RUR ZELT
NANZHDEO—NRNAEHNEMET DI LK.
INAINZ S/ FROO—/INZ/ UF=E/KRLET, B
RyBRUOR DEEEMD /v FRAKREZRHE T D —H/T. R2
RURAD N RINZARDERBEREL X T, Zhid.
JYUF(CADRT)ERBE D EICETICHLERTED
7=60TY ., E— R3AIZO—/XR T A IV RUI/INAISZD
ITTFAVvIRIENDTI740ILIDEAICELT
WEd, BETY TT74 VI TAILYTIE. 1DETMT
ARTUTHREBEERIET, NEART7 V> TDRER
AD%E, TA4INIDBEREI a IADEEI 3D
Mg/ —RELTHERLTTE LY,

Com

Re
RL

LOWPASS
Ry >—@— NOTCH
OUTPUT

CoM

7. \NA/XZ /Y FRIIO—/NR /) U FHDERBETDE— RZAD2RT 1LY

MAXIMV

13

L6V .LXVIN/O6VLXVIN



MAX7490/MAX7491

TFAPNVIZIN=YN - RAYFPF NPTV

R3. HWBARIART VT

PART GBW (MHz) SLEW RATE (V/us) ISUPPLY/AMP (MmA) PIN-PACKAGE
MAX4281 2 0.7 0.5 5S50T23
MAX4322 5 2.0 1.1 5S0T23
MAX4130 10 4.0 1.15 5S50T23
MAX4490 10 10.0 2.0 5S0T23
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]4. 2023 >OHADCATIEY b
MODE VOSN/HP VOSBP VOSLP
1 E/F(z)zs; [F::;)r (R2/R3) + (R2/R1)] - (Vosa) Voss VOSN/HP - VOS2
1o E/F?;; 23; (R2/R3) + (R2/R1)] - (Vosa) Voss (VosnHP - Vos2)[1 + R5 / R6)]
Vosi[1 + (R2/R3) + (R2/R1) + (R2 / R4) -
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TOTAL SECTIONS TOTAL BW TOTAL Q
1 1.000 B 1.00Q
2 0.644B 1.55Q
3 0.510B 1.96 Q
4 0.435B 2.30Q
5 0.386 B 2.60Q
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japan.maxim-ic.com/packages = 2B T =\, )

_>| I~ INCHES MILLIMETERS
DIM| MIN MAX MIN MAX

|_| |_| 061 068 155 173

004 .0098 | 0102 0.249

000 ee [ ]
\ T i | Feefos Lo Tio i
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.010 016 0.25 0.41
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SEE VARIATIONS
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B BAH’ h X 45 ——| VARIATIONS:
_L A2 INCHES MILLIMETERS
) ) I A Al MIN. MAX. MIN. MAX. | N
Uil R Jf:LI

189 | 496 | 480 | 498 [16]an
s R
L

f 1 .025 BSC 0635 BSC

J I_I 230 244 [5.84 6.20
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OTES:
. D & E DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED .006” PER SIDE.

N
1
2
j. HEI?A'I'D S#SJVEEQE%%%%IDQASC&(ASSSD Y APPLY ONLY TO 16 AND 28 /VI /J K I /VI
S

X|n|[g|un g |uv|B|X|»n| o

. CONTROLLING DIMENSIONS: INCHES. T
.~ MEETS JEDEC MO137. PACKAGE DUTLINE, 0SUP, 50", 025" LEAD PITCH

APPROVAL DOCUMENT CONTROL NO.
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