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MAX2605DMAX2609 Evaluation Kits

General Description

The MAX2605DMAX2609 evaluation kits (EV kits) simplify
evaluation of this family of voltage-controlled oscillators
(VCOs). These kits enable testing of the devicesO per-
formance and require no additional support circuitry.
Both signal outputs use SMA connectors to facilitate
connection to RF test equipment.

These EV kits are fully assembled and tested. Their oscil-
lation frequencies are set to approximately the midrange
of the respective VCOs.

Features

Easy Evaluation
Complete, Tunable VCO Test Board with Tank

Circuit

Low Phase Noise

Fully Assembled and Tested

Ordering Information

aren[ens
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Component Suppliers PART TEMP. RANGE  IC PACKAGE
SUPPLIER PHONE FAX WEBSITE MAX2605EVKIT -40iC to +85iC 6 SOT23-6
AVX 803-946-0690 | 803-626-3123 | avx-corp.com MAX2606EVKIT -40iC to +85iC 6 SOT23-6
Coilcraft | 847-639-6400 | 847-639-1469 | coilcraft.com MAX2607EVKIT ___ -40iCto +85iC  6SOT236
EFJohnson | 402-474-4800 | 402-474-4858 | efiohnson.com MAX2608EVKIT ~40iC to +85iC 6 S0T23-6
Murata 814-237-1431 | 814-238-0490 | murata.com MAX2609EVKIT -40iC to +85iC 6 SOT23-6
MAX2605 Component List MAX2606 Component List
DESIGNATION QTY DESCRIPTION DESIGNATION QTY DESCRIPTION
1000pF 5% ceramic capacitors 1000pF 5% ceramic capacitors
(0603) (0603)
Cl,c4 2 Murata GRM39COH102J025A or Cl,c4 2 Murata GRM39COH102J025A or
AVX 06035A102JAT2A AVX 06035A102JAT2A
12pF 5% ceramic capacitors 4.7pF 0.25% ceramic
C2,C3 2 (0603) C2,C3 2 capacitors (0603)
Murata GRM39COG120J050A Murata GRM39COG4R7CO050A
cs 1 10 F 10%, 16V tantalum capacitor cs 1 10 F 10%, 16V tantalum capacitor
AVX TAJC106K016 AVX TAJC106K016
R1 1 270 5% resistor (0603) R1 1 270 5% resistor (0603)
R2, R3 2 Not installed R2, R3 2 Not installed
R4 1 10 5% resistor (0603) R4 1 10 5% resistor (0603)
L1, L2 2 Not installed L1, L2 2 Not installed
L4 L5 2 680nH inductors L3 1 270nH 2% inductor
' Coilcraft 1008CS-681XJBC Coilcraft 1008CS-271XJBC
L3 1 1.2. H inductor L4, L5 2 33QnH inductor
Coilcraft 1206CS-122XJBC Coilcraft 1008CS-331XJBC
Ul 1 MAX2605EUT Ul 1 MAX2606EUT
SMA connectors (edge mount) SMA connectors (edge mount)
J1, J2 2 EFJohnson 142-0701-801 or J1,J2 2 EFJohnson 142-0701-801 or
Digi-Key J502-ND Digi-Key J502-ND
VCC,GND, 6 Test points VCC,GND, 6 Test points
TUNE Digi-Key 5000K-ND TUNE P
None MAX2605/6/7 EV kit circuit board None MAX2605/6/7 EV kit circuit board
None MAX2605BMAX2609 data sheet None MAX2605BMAX2609 data sheet
MM Maxim Integrated Products 1

For free samples and the latest literature, visit www.maxim-ic.com or phone 1-800-998-8800.
For small orders, phone 1-800-835-8769.



MAX2605DMAX2609

Evaluate

MAX2605DbMAX2609 Evaluation Kits

MAX2607 Component List

MAX2608 Component List

Quick Start

The MAX2605DMAX2609 evaluation kits are fully
assembled and factory tested. Follow the instructions in
the Connections and Setup section for proper device
evaluation.

Test Equipment Required
¥ Low-noise power supplies (these are recommended

for oscillator noise measurement). Noise or ripple will
frequency-modulate the oscillator and cause spectral
spreading. Batteries can be used in place of power
supplies, if necessary.

b Use a DC power supply capable of supplying

+2.7V to +5.5V. Alternatively, use two or three 1.5V

batteries.

DESIGNATION | QTY DESCRIPTION DESIGNATION | QTY DESCRIPTION
1000pF 5% ceramic capacitors 1000pF 5% ceramic capacitor
(0603) (0603)
C1,ca 2 Murata GRM39COH102J025A or cl ! Murata GRM39COH102J025A or
AVX 06035A102JAT2A AVX 06035A102JAT2A
3pF 0.25% ceramic capacitors 1pF 0.25% ceramic capacitors
C2,C3 2 (0603) C2,C3 2 (0603)
Murata GRM39COGO030C050A Murata GRM39COG010C050A
cs 1 10 F 10%, 16V tantalum cap acitor 100pF 5% ceramic capacitors
AVX TAJC106K016 C4, C6 2 (0603)
R1 1 270 5% resistor (0603) Murata GRM39COG101J050A
R2, R3 2 Not installed cs 1 10 F 10%, 16V tantalum capacitor
R4 1 10 5% resistor (0603) AVX TAJC106K016
L1, L2 2 Not installed R1 1 270 5% resistor (0603)
L3 1 68nH 2% inductor R2, R3 Not installed
Coilcraft 1008CS-680XJBC R4 1 10 5% resistor (0603)
. o i
L4, L5 2 129nH inductors L1 1 22pH 2% inductor
Coilcraft 1008CS-121XJBC Coilcraft 0805CS-220XGBC
Ul 1 MAX2607EUT L4 L5 2 68nH 2% inductors
SMA connectors (edge mount) Coilcraft 0805CS-680XJBC
J1, J2 2 EFJohnson 142-0701-801 or Ul 1 MAX2608EUT
Digi-Key J502-ND SMA connectors (edge mount)
VCC,GND, . J1,J2 2 EFJohnson 142-0701-801 or
TUNE 6 | Testpoints Digi-Key J502-ND
None MAX2605/6/7 EV kit circuit board VCC,GND, 6 Test points
None MAX2605EMAX2609 data sheet TUNE Digi-Key 5000K-ND
None MAX2608/9 EV kit circuit board
None MAX2605BMAX2609 data sheet

P Use a DC power supply capable of supplying
+0.4V to +2.4V, continuously variable, for TUNE.
Alternatively, use two 1.5V batteries with a resistive
voltage divider or potentiometer.

¥ An RF spectrum analyzer that covers the operating
frequency range of the MAX2605BEMAX2609

¥ A50 coaxial cable with SMA connectors

¥ An ammeter (optional)
Connections and Setup
1) Connect a DC supply (preset to +3V) to the V cc and

GND terminals (through an ammeter, if desired) on
the EV Kkit.

2) Turn on the DC supply. If used, the ammeter reading

MAXI N




MAX2605DMAX2609 Evaluation Kits

MAX2609 Component List

DESIGNATION | QTY DESCRIPTION
1000pF 5% ceramic capacitors
c1 1 (0603)
Murata GRM39COH102J025A or
AVX 06035A102JAT2A
1pF 0.25% ceramic capacitors
C2,C3 2 (0603)
Murata GRM39COG010C050A
100pF 5% ceramic capacitors
C4, C6 2 (0603)
Murata GRM39COG101J050A
cs 1 10 F 10%, 16V tantalum capacitor
AVX TAJC106K016
R1 1 270 5% resistor (0603)
R2, R3 Not installed
R4 1 10 5% resistor (0603)
L1 1 8.2nH 2% inductor
Coilcraft 0805CS-080XGBC
27nH 2% inductors
L4, L5 2 .
Coilcraft 0805CS-270XJBC
Ul 1 MAX2609EUT
SMA connectors (edge mount)
Ji,J2 2 EFJohnson 142-0701-801 or
Digi-Key J502-ND
VCC,GND, 6 Test points
TUNE Digi-Key 5000K-ND
None MAX2608/9 EV kit circuit board
None MAX2605BMAX2609 data sheet

approximates the typical operating current specified
in the MAX2605EMAX2609 data sheet.

3) Connect the VCO output (OUT+ or OUT-) to a spec-
trum analyzer with a 50 coaxial cable.

4) Apply a positive variable DC voltage between 0.4V
and 2.4V to TUNE.

5) Check the tuning bandwidth on the spectrum analyz-
er by varying the tuning voltage (+0.4V to +2.4V).

Layout Considerations

The EV kit PC board can serve as a guide for laying out
a board using the MAX2605BMAX2609. Generally, the
VCC pin on the PC board should have a decoupling
capacitor placed close to the IC. This minimizes noise

MAXIMN

coupling from the supply. Also, place the VCO as far
away as possible from the noisy section of a larger sys-
tem, such as a switching regulator or digital circuits.

The VCO® performance is strongly dependent on the
availability of the external tuning inductor. For best per-
formance, use high-Q components and choose their val-
ues carefully. To minimize the effects of parasitic ele-
ments, which degrade circuit performance, place the

tuning inductor and C gyp close to the VCO. For higher-
frequency versions, include the parasitic PC board

inductance and capacitance when calculating the

oscillation frequency. In addition, remove the ground

plane around and under the tuning inductor to minimize
the effect of parasitic capacitance.

Noise on TUNE translates into FM noise on the outputs;
therefore, keep the trace between TUNE and the control
circuitry as short as possible. If necessary, use an RC
filter to further suppress noise, as done on the EV kits.

arenfens
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MAX2605DbMAX2609 Evaluation Kits
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Figure 1. MAX2605/MAX2606/MAX2607 EV Kits Schematic
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Figure 2. MAX2608/MAX2609 EV Kits Schematic
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MAX2605DMAX2609 Evaluation Kits
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Figure 3. MAX2605/MAX2606/MAX2607 EV Kits Component

Placement GuideNTop Silk Screen

Figure 4. MAX2608/MAX2609 EV Kits Component Placement

GuideNTop Silk Screen
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Figure 5. MAX2605/MAX2606/MAX2607 EV Kits PC Board

LayoutNComponent Side

MAXIMN

Figure 6. MAX2608/MAX2609 EV Kits PC Board LayoutN

Component Side
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Figure 7. MAX2605/MAX2606/MAX2607/MAX2608/MAX2609
EV Kits PC Board LayoutNGround Plane

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

The MAX4104/MAX4105/MAX4304/MAX4305 op amps
feature ultra-high speed, low noise, and low distortion in

a SOT23 package. The unity-gain-stable MAX4104
requires only 20mA of supply current while delivering

625MHz bandwidth and 400V/ps slew rate. The
MAX4304, compensated for gains of +2V/V or greater,

delivers a 730MHz bandwidth and a 1000V/ps slew
rate. The MAX4105 is compensated for a minimum gain
of +5V/V and delivers a 410MHz bandwidth and a

1400V/sec slew rate. The MAX4305 has +10V/V mini-
mum gain compensation and delivers a 340MHz band-

width and a 1400V/us slew rate.

Low voltage noise density of 2.1nV/AHz and -88dBc
spurious-free dynamic range make these devices ideal
for low-noise/low-distortion video and telecommunica-
tions applications. These op amps also feature a wide
output voltage swing of +3.7V and +70mA output current-
drive capability. For space-critical applications, they
are available in a miniature 5-pin SOT23 package.

Applications

Video ADC Preamp

Pulse/RF Telecom Applications
Video Buffers and Cable Drivers
Ultrasound

Active Filters

ADC Input Buffers

Typical Application Circuit

INPUT +
maxam 810 16-BIT
HIGH-SPEED
MAX430 Do
e AVAVAV
33W

%\ 330

ADC BUFFER WITH GANY(A 2V/IV)

MAXIN

N AKX/

740MHz, Low-Noise, Low-Distortion

Op Amps in SOT23-5

Features
© Low 2.1nV/ AHz Voltage Noise Density

© Ultra-High 740MHz -3dB Bandwidth (MAX4304,
AvcL = 2VIV)

© 100MHz 0.1dB Gain Flatness (MAX4104/4105)

© 1400V/ps Slew Rate (MAX4105/4305)

© -88dBc SFDR (5MHz, R = 100%) (MAX4104/4304)
© High Output Current Drive: £70mA

© Low Differential Gain/Phase Error: 0.01%/0.01;
(MAX4104/4304)

© Low £1mV Input Offset Voltage
© Available in Space-Saving 5-Pin SOT23 Package

Selector Guide

MINIMUM
PART STABLE BAI\Z@/_'\I;I)DTH PIN-PACKAGE
GAIN (VIV)
MAX4104 1 625 5-pin SOT23, 8-pin SO
MAX4304 2 740 5-pin SOT23, 8-pin SO
MAX4105 5 410 5-pin SOT23, 8-pin SO
MAX4305 10 340 5-pin SOT23, 8-pin SO
Ordering Information
PIN- SOT
PART TEMP. RANGE PACKAGE TOP MARK
MAX4104ESA  -40iCto +85{C 8 SO N
MAX4104EUK-T -40iC to +85;C 5 SOT23-5 ACCO

Ordering Information continued at end of data sheet.

Pin Configurations

TOP VIEW

OUTE
VEEE
IN+|E

E| Vee

MNAXIMN
MAX4104
MAX4105
MAX4304
MAX4305

z| IN-

SOT23-5

Pin Configurations continued at end of data sheet.

Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.

For small orders, phone 1-800-835-8769.
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MAX4104/MAX4105/MAX4304/MAX4305

740MHz, Low-Noise, Low-Distor tion
Op Amps in SOT23-5

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VCC t0 VEE) . ueiee i +12V Operating Temperature Range ..........ccccveeeennne
Voltage on Any Pin to Ground.......... (VEe- 0.3V) to (Vcc + 0.3V) Storage Temperature Range.................
Short-Circuit Duration (VouT to GND).......vvvvveviinee. Continuous Lead Temperature (soldering, 10sec)
Continuous Power Dissipation (Ta =+70C)

5-pin SOT23 (derate 7.1mW/;C above +70;C)........... 571mwW

8-pin SO (derate 5.9mW/jC above +70iC)................. 471mW

Stresses beyond those listed under OAbsolute Maximum RatingsO 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 specificatio ns is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vcc = +5V, VEe=-5VY, Vcm = 0, R = 100k%%, Ta = TMIN to Tmax, unless otherwise noted. Typical values are at Tao = +25C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ggg;“”g Supply Voltage Vec/Vee | Guaranteed by PSRR test +35 45 455 v
| t Offset Volt Vi V, 0 MAX4_0_ESA ! 6 \%
npu set Voltage = m

P g oS ouT MAX4_0_EUK 1 8
Input Offset-Voltage Drift TCVos 25 pv/ic
Input Bias Current IB 32 70 HA
Input Offset Current los 0.5 5.0 HA
Differential Input Resistance RIN -0.8vV2 VN2 0.8V 6 k¥
Common-Mode Input RN | Either input 15 Ms
Resistance
Input Common-Mode Voltage Vem | Guaranteed by CMRR test 28 +4.1 v
Range
Common-Mode Rejection Ratio CMRR -2.8V2Vcm 2 4.1V 80 95 dB
;Zf‘ig“’e Power-Supply Rejection | posp. | vee = 3.5V t0 5.5V 75 85 dB
Ne_gan_ve Power-Supply PSRR- | Veg=-3.5V to -5.5V 55 65 dB
Rejection Ratio
Quiescent Supply Current Is Vout=0 20 27 mA
Open-Loop Gain AvoL -2.8V2 Vgyt?2 2.8V, R_=100% 55 65 dB
. RL = 100kY2 +3.5 -3.7t0 +3.8
Output Voltage Swing VouT Vv
RL = 100Y%2 +3.0 -3.5t0+3.4
Output Current Drive louT RL = 30% +53 +70 mA
Short-Circuit Output Current Isc RL = short to ground 80 mA
Open-Loop Output Impedance ZouT 9 Yo

2 MAXIMN




740MHz, Low-Noise, Low-Distor tion
Op Amps in SOT23-5

AC ELECTRICAL CHARACTERISTICS
(Mcc = +5V, VEE= -5V, Vcm = 0, RL = 100%; Ay = +1V/V for MAX4104, +2V/V for MAX4304, +5V/V for MAX4105, +10V/V for MAX4305;
Ta = +25C; unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX4104 625
-3dB Bandwidth BW(-3dB) | VouT=100mVp-p MAX4304 740 MHz
MAX4105 410
MAX4305 340
MAX4104 100
. _ MAX4304 60
0.1dB Bandwidth BW(0.1) | VouTt = 100mVp-p VAXAL0S 80 MHz
MAX4305 70
MAX4104 115
Full-Power Bandwidth FPBW | Vourt=2Vp-p MAXa304 285 MHz
MAX4105 370
MAX4305 320
MAX4104 400
Slew Rate SR Vout = 2Vp-p MAX4304 1000 Vius
MAX4105 1400
MAX4305 1400
Settling Time to 0.1% ts Vout = 2Vp-p 0 0.1% 20 ns
to 0.01% 25
MAX4104/ fc = 5MHz -88
Spurious-Free SFDR | Vour=2Vp-p MAX4304 fc = 20MHz -67 dBc
Dynamic Range MAX4105/ fc = 5MHz -74
MAX4305 fc = 20MHz -61
. . . MAX4104/MAX4304 0.01
Differential Gain Error DG NTSC, R = 150% %
MAX4105/MAX4305 0.02
. . MAX4104/MAX4304 0.01
Differential Phase Error DP NTSC, R = 150%2 degrees
MAX4105/MAX4305 0.02
Input Voltage Noise Density en f=1MHz 2.1 nV/AHz
Input Current Noise Density in f=1MHz 3.1 pA/AHz
Output Impedance ZouT f=10MHz 1 1

MAXIMN 3
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MAX4104/MAX4105/MAX4304/MAX4305

740MHz, Low-Noise, Low-Distor tion
Op Amps in SOT23-5

Typical Operating Characteristics
(Vcc = +5V, VEg= -5V, R = 330%, R = 100%, Ta = +25C, unless otherwise noted.)

MAX4104 MAX4304 MAX4105
SMALL-SIGNAL GAIN SMALL-SIGNAL GAIN SMALL-SIGNAL GAIN
vs. FREQUENCY/¢A=+1) vs. FREQUENCY/¢p= +2) vs. FREQUENCY/¢A= +5)
5 3 5 e ——r Q 5 Q
VouT= 100mVp E VouT= 100mVp-p § Vout= 100mVp §
4 g @ 4 i m 4 g
Iz i = 3
3 : Z 3 : 0z 3 :
2 5 2 5 2
g 1 8 1 a1
zZ 0 N 0 E 0
< z - 3 \
)
1 \\ z 4 !
2 S -2 % -2
-3 A -3 -3
-4 -4 -4
-5 -5 -5
100k M 10M  100M 1G 100k M 10M  100M 1G 100k M 10M  100M  1G
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
MAX4305 MAX4104 MAX4304
SMALL-SIGNAL GAIN GAIN FLATNESS GAIN FLATNESS
vs. FREQUENCY/¢A= +10) - vs. FREQUENCY/¢A= +1) ° vs. FREQUENCY/ (A= +2) °
5 8 0.5 8 0.5 8
VouT= 100mVpl c VouT 100mVplp 5 VouT= 100mVpij g
5 4 g 0.4 S 5 04 g
g 5 I 2 E
z 3 : 0.3 2 o3 E
S 2 02 S 02
8 1 g o1 2 o1
N z 3 0
2 ) ™ = ™
Z -0.1 i Z 01 N
g -2 -0.2 \ % 0.2 \ il
-3 0.3 \ -0.3 \J
-4 0.4 -0.4
5 0.5 -0.5
100k M 10M  100M  1G 100k M 10M  100M 16 100k M 10M  100M 1G
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
MAX4105 MAX4305 MAX4104
GAIN FLATNESS GAIN FLATNESS LARGE-SIGNAL GAIN
vs. FREQUENCY/(f= +5) vs. FREQUENCY/¢= +10) vs. FREQUENCY/¢p= +1)
0.5 3 0.5 —rrrrrm— 8 5 s
VouT= 100mVp 5 VouT= 100mVpip 3 VouT= 2Vp-p s
o 04 g @ 04 Et 4 g
z SIS g E:
Z 03 : Z o3 : 3 :
g 02 S o2 2
@ 0.1 @ 0.1 g 1
N N z
3:‘ 0 ™™ 2(' 0 ~~~~ P 0
= o1 A = 01 ) ° 4
r x U -
2 02 \ 2 o2 2
-0.3 \ -0.3 \ -3
0.4 \ -0.4 \ -4
0.5 -0.5 5
100k M 10M  100M 16 100k M 10M  100M 1G 100k M 10M  100M 1G
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
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740MHz, Low-Noise, Low-Distor tion
Op Amps in SOT23-5

MAX4304 MAX4105
LARGE-SIGNAL GAIN LARGE-SIGNAL GAIN
vs. FREQUENCY/¢A= +2) vs. FREQUENCY/GA= +5)

5 [T g 5 g
— . Vout= 2Vp-p s Vour= 2Vp-p 5
) ):,( o 4 3
AS) < ) %
z 3 =z 3 =
5 2 S 2
g ! g 2
= 2 0
E 1 = 4 \\
o) 2
z -2 % -2
-3 -3
-4 -4
-5 -5
100k M 10M 100M 1G 100k 1M 10M 100M 1G
FREQUENCY (H2) FREQUENCY (Hz)
POSITIVE POWER-SUPPLY REJEC NEGATIVE POWER-SUPPLY REJEC
& vs. FREQUENCY & vs. FREQUENCY
T 0 g = 2 g
8 10 : 8 10 g
[= JIE B 2
g -20 ] ﬁ 0
W -30 / wo-10
> 40 s > 20 3/ Q
& 50 ,// & .30 A
8 f/ 8 d
~ -60 P & -40 B
% -70 g ”g" -50 /
a -80 // f a -60 LA
-90 — -70
-100 -80
100k M 10M  100M 1G 100k 1M 10M  100M 1G
FREQUENCY (Hz) FREQUENCY (H2)
VOLTAGE NOISE DENSITY vs. FREQ CURRENT NOISE DENSITY vs. FREQ
(INPUT REFERRED) o (INPUT REFERRED) o
63 .
s 10 I :
5 5 I g
& 2B il :
2 2 NI
g g i
g ¢ 1IN
7 7 \
O 10 o) \
z =z
) =
:
S 3
1
1 10 100 1k 10k 100k 1M 10M 1 10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz) FREQUENCY (Hz)

MAXIMN

NORMALIZED GAIN (dB)

CMR (dB)

OUTPUT IMPEDAMEE (

Typical Operating Characteristics (continued)
(Vcc = +5V, VEE= -5V, RF = 330%, R = 100%, Ta = +25C, unless otherwise noted.)

MAX4305
LARGE-SIGNAL GAIN
vs. FREQUENCY/¢A= +10)

5 8
Vout= 2Vp-p 5
4 g
3 s
2
1
0 L
-1
2
-3
-4
5
100k 1M 10M  100M 1G
FREQUENCY (Hz)
COMMON-MODE REJECTION
vs. FREQUENCY R
0 :
-10 g
2
-20 p——— =
-30 S V1 \~
//
-40
-50 y
-60
-70 ,/
/1
-80 LA
/1
-90 [—1H
-100
10k 100k 1M  10M 100M 1G
FREQUENCY (Hz)
CLOSED-LOOP OUTPUT IMPEDA
vs. FREQUENCY v
1000 mé’
i B
s
100 s
10
1
0.1
7
0.01
100k 1M 10M  100M 1G
FREQUENCY (Hz)
5
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MAX4104/MAX4105/MAX4304/MAX4305

740MHz, Low-Noise, Low-Distor tion
Op Amps in SOT23-5

Typical Operating Characteristics (continued)
(Vcc = +5V, VEg= -5V, R = 330%, R = 100%, Ta = +25C, unless otherwise noted.)

MAX4104/MAX4304 MAX4105/MAX4305 MAX4104/MAX4304
_ DIFFERENTIAL GAIN AND PHASE DIFFERENTIAL GAIN AND PHAS HARMONIC DISTORTION vs. FREQU
£ 0.005 g £ oo 8 g 0~ 8
£ 0.004 ¢ 2 od—r=T — § T .| Vour2vep :
a 3 a gz E
o -0.004 — £ L ool £ 3 0
m m L | E
8 -0.014 8 o0 g 30
R = 15W R = 150 =
-0.018 -0.01 2 -40 /
0 100 0 100
=) § ] -50
S 0013 Ty S 0.02f——T— é -60
| gomro : /
Z 0.009 T 0.014 T g 2ND HARMONI(Q
m — & 0.00 AL/
L 0.00q L -90 Tt
= 5 0.00( Ty 3RD HARMONIIC
-0.003 -0.003 -100 SRRV
0 100 0 100 100k M 10M 100M
IRE IRE FREQUENCY (Hz)
MAX4105/MAX4305 MAX4104/MAX4304 MAX4105/MAX4305
HARMONIC DISTORTION vs. FREQ! HARMONIC DISTORTION vs. Lgl HARMONIC DISTORTION vs. LOAI
0 T 8 5 0 T g g 0 T §
10 | Vour 2Vp-p i 8 g0 | f=5MHz | : T -10 | f=5MHz| 3
gz Vout= 2Vp-p i oz VouT= 2Vp-p %
5 20 S 20 2 6 20 g
g i i
Z -30 o) -30 o) -30
= =
S 40 b -40 O -40
b 7 o o 50
o 50 2ND HARMONTT A Q 50 Q -
o L A & -60 i~ & -60 ]
2 60 ] K m 9 2ND HARMONIC | 2 N 2ND HARMONIC
N / }
-70 3RD HARMONICL v Z -70 3RD HARMONIC % -70 [-N\{"3RD HARMONIC
< l/ T 3\ I —
-80 — v -80 \ « -80 \ —
L L
-90 // 90 R -90
-100 -100 -100
100k M 10M 100N 0 100200300400500600 700800900 1k 0 100200300400500 600700800900 1k
FREQUENCY (Hz) LOADY) LOADW)
MAX4104/MAX4304 MAX4105/MAX4305
HARMONIC DISTORTION HARMONIC DISTORTION
vs. OUTPUT SWING N vs. OUTPUT SWING N OUTPUT SWING vs. LOAD RESIS;'A
3 ' L 8 8 8
8 10| f=5MHz : B 0l f=swHz 3 3
z % z i 2 7 3
o -20 s 0 -2 : 2 g
= = S /]
& -30 & -30 o 6 /
= = z
9 -40 0 -40 = /
8 3 5 5
o -50 o -50 = /
z 4 E 4
5 -60 g 0 2ND HARMONIIC z l
p
& 70 2ND HARMONIC é 70 \ \{\ 3 5
T | Nt T
-80 |-3RD HARMON - -80 7"Z3RD Ao —— )
-90 AT 90 | | |
R N
-100 -100 S E— 1
05 10 15 20 25 30 35 40 05 10 15 20 25 30 35 40 0 50 100 150 200 250 300 350 400
OUTPUT SWING (Vp-p) OUTPUT SWING (Vp-p) LOAD RESISTANGE (
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740MHz, Low-Noise, Low-Distor tion
Op Amps in SOT23-5

Typical Operating Characteristics (continued)
(Vcc = +5V, VEg= -5V, R = 330%, R = 100%, Ta = +25C, unless otherwise noted.)

INPUT OFFSET VOLTAGE INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs. TEMPERATURE ® vs. TEMPERATURE o vs. TEMPERATURE o
g 30 g 4 g 35 g
< - F =
g ;i g = 3 /,// é ~ %
x < B — E : 5 x4 g
K 15 : % ] - E ;
2
Q 10 3 z
> L @) %
I 05 o1 8 33 /
g 0.0 E < T
O 05 c 0 2o -
5 -1.0 5 E /
$ as g ! z
T 20 = T2 — | o
. — :
-2.5
-3.0 -3 30
-40 -15 10 35 60 85 -40 -15 10 35 60 85 -40 -15 10 35 60 85
TEMPERATURE (C) TEMPERATURE (;C) TEMPERATURE (C)
SUPPLY CURRENT SUPPLY CURRENT POSITIVE OUTPUT VOLTAGE SWI
vs. TEMPERATURE N vs. SUPPLY VOLTAGE vs. TEMPERATURE o
25 3 25 $ 4.0 3
e 2 2
~ 24 s = 24 3 3
z R S 3.9 El
E 3 : E 3 g > K
= N O 38 R = 100K/ =
Z 22 g 22 z
g g z 37
€ 21 L 21 S :
0 @)
> 20 — > 20 % 3.6
g 19 & 19 D 35
? 18 ? 18 > R = 100K
3.4
17 17
16 16 3.3
15 15 3.2
-40 15 10 35 60 85 9.0 9.5 10.0 10.5 11.0 40 -15 10 35 60 85
TEMPERATURE (jC) SUPPLY VOLTAGE (V) TEMPERATURE (jC)
MAX4104 MAX4304 MAX4105
SMALL-SIGNAL PULSE RESPONSE SMALL-SIGNAL PULSE RESPONSE SMALL-SIGNAL PULSE RESPONSE
(Ay=+1) (Av=+2) (Av=+5)
MAX4104 TOCHH MAX4104 TOCII MAX4104 TOCJJ
+50mV +25mV "
IN GNI IN GNDF10mV
GND
-50mvV -25mV -10mvV
+50mV +50mV
+50mV
ouTt GNI  OuUT GND OUT GND
-50mv
-50mV -50mv
10ns/div 10ns/div 10ns/div

MAXIMN 7
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MAX4104/MAX4105/MAX4304/MAX4305

740MHz, Low-Noise, Low-Distor tion
Op Amps in SOT23-5

Typical Operating Characteristics (continued)

(Vcc = +5V, VEg= -5V, R = 330%, R = 100%, Ta = +25C, unless otherwise noted.)

MAX4305 MAX4104
SMALL-SIGNAL PULSE RESPONSE LARGE-SIGNAL PULSE RESPONSE
(Av=+10) (A/=+1)
MAX4104 TOCKK MAX4104 TOCLL
IN +1V
+5mV GND
-5mv IN GND
-1v
+50mV
+1V
ouT GND ouT GND
-1v
-50mvV
10ns/div 10ns/div
MAX4305 MAX4105
LARGE-SIGNAL PULSE RESPONSE LARGE-SIGNAL PULSE RESPONSE
(Av=+2) (Av=+5)
MAX4104 TOCMM MAX4104 TOCNN
IN IN
+500mV +200mV|
GND
GND -200mvV
-500mV
+1V +1V
ouT GND out GND
-1V -1v
10ns/div 10ns/div
MAX4305
LARGE-SIGNAL PULSE RESPONSE
(Ay=+10)
MAX4104 TOCOO
IN
+100mV| GND
-100mV
+1V
ouT GND
-1V

10ns/div

8 MAXIMN




740MHz, Low-Noise, Low-Distor

Pin Description

PIN
NAME FUNCTION
SOT23-5 SO
N 1,538 N.C. Not internally connected.
4 2 IN- Amplifier Inverting Input
3 3 IN+ Amplifier Noninverting
Input
2 4 VEE Negative Power Supply
1 6 ouT Amplifier Output
5 7 Vcc Positive Power Supply

Detailed Description

The MAX4104/MAX4105/MAX4304/MAX4305 are ultra-
high-speed, low-noise amplifiers featuring -3dB band -
widths up to 880MHz, 0.1dB gain flatness up to
100MHz, and low differential gain and phase errors of
0.01% and 0.01j, respectively. These devices operate
on dual power supplies ranging from +3.5V to +5.5V
and require only 20mA of supply current.

The MAX4104/MAX4304/MAX4105/MAX4305 are optt
mized for minimum closed-loop gains of +1V/V, +2V/V,
+5V/V and +10V/V (respectively) with corresponding
-3dB bandwidths of 880MHz, 730MHz, 430MHz, and
350MHz. Each device in this family features a low input
voltage noise density of only 2.1nV/AHz (at 1MHz), an
output current drive of £70mA, and spurious-free
dynamic range as low as -88dBc (5MHz, R | = 100%%).

Applications Infor mation

Layout and Power-Supply Bypassing

The MAX4104/MAX4105/MAX4304/MAX4305 have an
extremely high bandwidth, and consequently require
careful board layout, including the possible use of
constant-impedance microstrip or stripline techniques.

To realize the full AC performance of these high-speed
amplifiers, pay careful attention to power-supply
bypassing and board layout. The PC board should
have at least two layers: a signal and power layer on
one side, and a large, low-impedance ground plane on
the other side. The ground plane should be as free of
voids as possible. With multilayer boards, locate the
ground plane on a layer that incorporates no signal or
power traces.

MAXIMN

tion
Op Amps in SOT23-5

Regardless of whether or not a constant-impedance
board is used, it is best to observe the following guide -
lines when designing the board:

1) Do not use wire-wrapped boards (they are much too
inductive) or breadboards (they are much too
capacitive).

2) Do not use IC sockets. IC sockets increase reac -
tances.

3) Keep signal lines as short and straight as possible.
Do not make 90j turns; round all corners.

4) Observe high-frequency bypassing techniques to
maintain the amplifierOs accuracy and stability.

5) Bear in mind that, in general, surface-mount compo -
nents have shorter bodies and lower parasitic reac -
tance, resulting in greatly improved high-frequency
performance over through-hole components.

The bypass capacitors should include 1nF and 0.1 pF
ceramic surface-mount capacitors between each sup -
ply pin and the ground plane, located as close to the

package as possible. Optionally, place a 10 pF tantalum
capacitor at the power supply pinsO point of entry to the
PC board to ensure the integrity of incoming supplies.

The power-supply trace should lead directly from the

tantalum capacitor to the Vcc and VEE pins. To mini-
mize parasitic inductance, keep PC traces short and

use surface-mount components.

Input termination resistors and output back-termination
resistors, if used, should be surface-mount types, and
should be placed as close to the IC pins as possible.

DC and Noise Errors
The MAX4104/MAX4105/MAX4304/MAX4305 output
offset voltage, VouT (Figure 1), can be calculated with
the following equation:
Vout =[Vos + (IB+ X Rs) + (IB- X (RF | Re))] [1 + RF/ Ra]
where:

Vos = input offset voltage (in volts)

1 + RF/Rg = amplifier closed-loop gain (dimensionless)
IB+ = noninverting input bias current (in amps)

IB- = inverting input bias current (in amps)

RG = gain-setting resistor (in ohms)

RF = feedback resistor (in ohms)

Rs = source resistor at noninverting input (in ohms)

The following equation represents output noise density:

u 2 2
,\;‘(lnXRs) + an(RF”RG)E +en

e R
enouT) = &+—Fa
€ Rcl
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MAX4104/MAX4105/MAX4304/MAX4305

740MHz, Low-Noise, Low-Distor

Op Amps in SOT23-5

tion

FB
Ig. —»
Vout

g+ ——
IN MAXIM
MAX4104
R MAX4105
MAX4304
— MAX4305

Figure 1. Output Offset Voltage

where:

in = input current noise density (in pA/ AHz)

en = input voltage noise density (in nV/ AHz)

The MAX4104/MAX4105/MAX4304/MAX4305 have a

very low, 2.1nV/AHz input voltage noise density and
3.1pA/AHz input current noise density.

An example of DC-error calculations, using the
MAX4304 typical data and the typical operating circuit

with RF = Rg = 330% (RF || Re = 165%) and Rs = 50%
gives:

Vout = ;%2 x 10789 (50) + 382 x 1070 (165W) +1 x 10'35 [1+1]
VOUT = 15.8mV

Calculating total output noise in a similar manner yields
the following:

€n(oum) =

| -12 o -12 o2 -96°
[1+1] Vg%.l x 107 x 503 + B.1x 107*% x 1653 +2.1x 107°9
enouT) = 4.3nVVHz

With a 200MHz system bandwidth, this calculates to
60.8uVRMSs (approximately 365uVp-p, using the six-
sigma calculation).

ADC Input Buffers
Input buffer amplifiers can be a source of significant
error in high-speed ADC applications. The input buffer
is usually required to rapidly charge and discharge the
ADCOs input, which is often capacitive. In addition, the
input impedance of a high-speed ADC often changes

10

Rr
78N 73N CABLE

78N CABLE

INH
MAXIM
= MAX4104 7
Rr MAX4105
78N MAX4304 —
MAX4305

Figure 2. Video Line Driver

very rapidly during the conversion cycleNa condition
that demands an amplifier with very low output imped -
ance at high frequencies to maintain measurement
accuracy. The combination of high-speed, fast slew
rate, low noise, and low-distortion available in the
MAX4104/MAX4105/MAX4304/MAX4305 makes them
ideally suited for use as buffer amplifiers in high-speed
ADC applications.

Video Line Driver

The MAX4104/MAX4105/MAX4304/MAX4305 are opti
mized to drive coaxial transmission lines when the
cable is terminated at both ends, as shown in Figure 2.
To minimize reflections and maximize power transfer,
select the termination resistors to match the character -
istic impedance of the transmission line. Cable frequen -
Cy response can cause variations in the flatness of the
signal.

Driving Capacitive Loads
The MAX4104/MAX4105/MAX4304/MAX4305 provide
maximum AC performance when driving no output load
capacitance. This is the case when driving a correctly
terminated transmission line (i.e., a back-terminated
cable).

In most amplifier circuits, driving a large load capaci -
tance increases the chance of oscillations occurring.
The amplifierOs output impedance and the load capaci-
tor combine to add a pole and excess phase to the
loop response. If the poleOs frequency is low enough
and phase margin is degraded sufficiently, oscillations
may result.

A second concern when driving capacitive loads origi -
nates from the amplifierOs output impedance, which

MAXIMN
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Op Amps in SOT23-5
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Figure 3a. MAX4104 Frequency Response with Capacitive
Load and No Isolation Resistor

Figure 3b. MAX4304 Frequency Response with Capacitive
Load and No Isolation Resistor
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Figure 3c. MAX4105 Frequency Response with Capacitive
Load and No Isolation Resistor

appears inductive at high frequencies. This inductance
forms an L-C resonant circuit with the capacitive load,
which causes peaking in the frequency response and
degrades the amplifierOs phase margin.

The MAX4104/MAX4105/MAX4304/MAX4305 drive
capacitive loads up to 10pF without oscillation.
However, some peaking may occur in the frequency
domain (Figure 3). To drive larger capacitance loads or
to reduce ringing, add an isolation resistor between the
amplifierOs output and the load (Figure 4).

The value of Riso depends on the circuitOs gain and the
capacitive load (Figure 5). Figure 6 shows the
MAX4104/MAX4105/MAX4304/MAX4305 frequency
response with the isolation resistor and a capacitive

MAXIMN

Figure 3d. MAX4305 Frequency Response with Capacitive
Load and No Isolation Resistor

load. With higher capacitive values, bandwidth is domi -
nated by the RC network formed by Rijso and Ci; the
bandwidth of the amplifier itself is much higher. Also
note that the isolation resistor forms a divider that
decreases the voltage delivered to the load.

MaximOs High-Speed Evaluation Boards
The MAX4104 evaluation kit manual shows a suggest-
ed layout for MaximOs high-speed, single-amplifier evat
uation boards. This board was developed using the
techniques described previously ( see Layout and
Power-Supply Bypassing section). The smallest avail-
able surface-mount resistors were used for the feed -
back and back-termination resistors to minimize the

11
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MAX4104/MAX4105/MAX4304/MAX4305

740MHz, Low-Noise, Low-Distor tion
Op Amps in SOT23-5
4
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- MAX4304 z
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Figure 4. Using an Isolation Resistor (Riso) for High Capacitive
Loads
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Figure 5. Optimal Isolation Resistor (Risp) vs. Capacitive
Load

Pin Configurations (continued)

Figure 6. Frequency Responses vs. Capacitive Load with 15>
Isolation Resistor

distance from the IC to these resistors, thus reducing
the capacitance associated with longer lead lengths.

SMA connectors were used for best high-frequency
performance. Because distances are extremely short,
performance is unaffected by the fact that inputs and
outputs do not match a 50%% line. However, in applica -
tions that require lead lengths greater than 1/4 of the
wavelength of the highest frequency of interest,
constant-impedance traces should be used.

Fully assembled evaluation boards are available for the
MAX4104 in an 8-pin SO package.

__Ordering Infor  mation (continued)

TOP VIEW

MAXIM
nelt] “maxaos [8] ne.
MAX4105

IN—E zl Vee
IN+[ 3] 6] out
MAX4304
Veel 4] MAX4305 s ne.

SO

12

PIN- SoT
PART TEMP. RANGE 5 AcKAGE  TOP MARK
MAX4105ESA  -40iCto +85;C 8 SO N
MAX4105EUK-T -40iCto +85{C 5 SOT23-5 ACCP
MAX4304ESA  -40iCto +85iC 8 SO N
MAX4304EUK-T -40iCto +85;C 5S0T23-5 ACCQ
MAX4305ESA*  -40{Cto +85;C 8 SO N
MAX4305EUK-T -40iCto +85;C 5S0T23-5  ACCR

*Future productNcontact factory for availability.

TRANSISTOR COUNT: 44
SUBSTRATE CONNECTED TO ¥E

Chip Infor mation
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ECL/PECL Phase-Frequency Detectors

General Description Features

The MAX9382/MAX9383 are high-speed PECL/ECL Guaranteed Minimum Pulse Width Eliminates
phase-frequency detectors designed for use in high-

. Y Dead Band
bandwidth phase-locked loop (PLL) applications. The ) ) )
devices compare a single-ended reference (R) and a 450MHz Typical Bandwidth withupto +  Phase
VCO (V) input and produce pulse streams on differen- Detection

tial up (U) and down (D) outputs. When integrated, the
difference of the output pulse streams provides a con-
trol voltage proportional to input phase or frequency dif- 44mA Typical Supply Current
ference. Guar_an@eed mini_m_um short pulse_ duration +2kV ESD Protection (Human Body Model)
completely eliminates minimum phase difference

requirements during the lock condition, maximizing Pin Compatible with MCK12140 and MCH12140

loop jitter performance. Available in 8-Pin hpMAX and SO Packages
The MAX9382/MAX9383 feature low propagation and

reset delay, making them ideal for high-frequency clock

synchronization use. The MAX9382 uses 100K logic

levels, has a supply voltage range of Vcc - VEE = 4.2V

to 5.5V, and is pin compatible with MotorolaOs

MCK12140. The MAX9383 uses 10H logic levels with a

supply voltage range of Vcc - VEE = 4.75V to 5.5V and . .

is pin compatible with the MCH12140. Ordering Information

75k Internal Input Pulldown Resistors

The MAX9382/MAX9383 are available in industry-stan- PART TEMP RANGE PIN-PACKAGE
dard 8-pin SO and space-saving 8-pin UMAX packages.
MAX9382EUA* -40;C to +85;C 8 UMAX
) ) MAX9382ESA -40;C to +85iC 8 SO
Applications MAX9383EUA* -40iC t0 +85;{C 8 pMAX
Precision Clock Distribution MAX9383ESA -4GCto +85{C  8SO
Central Office *Future productN contact factory for availability.
DSLAM
DLC
Base Station
ATE
Functional Diagram Pin Configuration
TOP VIEW
p—h —U
R _ . MAXIMV
R —U _ MAX9382
MAXIM Q u E MAX9383 El Vee
MAX9382 1S ulz |—0 7R
MAX9383
b[s}— 6] v
o D D[4 J_ 5] Vee
»—L/g—r D
MAX/SO
MAXI/M Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit MaximOs website at www.maxim-ic.com.
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ABSOLUTE MAXIMUM RATINGS

VO m VEE e ettt ettt ettt e et e eeaaaans +6.0V
INPULS (R, V) eeiie e (Mcc) to (VEe- 0.3V)
Continuous OUtput CUITENT........ccoviiiiiiieie e 50mA
Surge OULPUL CUIMTENT......oviiiieiiiiiiiiiie e 100mA
Junction-to-Ambient Thermal Resistance in Still Air*

8-Pin pMAX ..

8-PiN SO oo
Junction-to-Ambient Thermal Resistance with*

500LFPM Airflow

8-Pin UMAX ..o +155;{C/W

8-PiN SO ..o +99;C/W

Junction-to-Case Thermal Resistance

Operating Temperature Range ..
Junction Temperature.................
Storage Temperature Range ..........ccccoecvvveeennnns
ESD Protection

Human Body Model (R, V, U, ) I +2kV
Soldering Temperature (10S).........ccccocvevieiieieenienieen +300iC

*Ratings are for single-layer board.

Stresses beyond those listed under OAbsolute Maximum RatingsO 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 specificatio ns is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

MAX9382 DC ELECTRICAL CHARACTERISTICS

(Vce - VEE = 4.2V to 5.5V. Outputs loaded with 50
(Notes 1, 2, 3)

+1% to Ve - 2V, unless otherwise noted. Typical values at Vcc - VEE = 4.5V.)

-40 C +25 C +85 C
PARAMETER SYMBOL | CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX MIN TYP MAX

INPUTS (R, V)

Input High Vin Vce - Vce - | Vee- Vce - | Vee- Vce - Y

Voltage 1.165 0.880 | 1.165 0.880 | 1.165 0.880

Input Low Vi Vee - Vce - | Vee - Vce - | Vee - Vcce - Vv

Voltage 1L 1.810 1.475 | 1.810 1.475 | 1.810 1.475

Input High _

Current IiH VIN = VIHMAX 150 150 150

Input Low _

Current I VIN = VILMIN 0.5 0.5 0.5

OUTPUTS (U, ,D, )

Single-Ended

Outgput High Vi VIN = V|H Or Vcc- Vec- Vec-| Vec- Vec- Vec- | Vec- Vec- Vee- Y
OH VIL 1.085 0990 0.880 | 1.035 0.960 0.880 | 1.035 0.940 0.880

Voltage

Single-Ended

0utgput Low v ViIN=ViHor | Vcc- Vcc- Vec- | Vec- Vec- Vec- | Vec- Vec- Vee- v
oL ViL 1.800 1.810 1555 |1.850 1.770 1.620 | 1.810 1.730 1.600

Voltage

Differential VOH- | VINZVIHOT | 5a5 gy 585 810 585 800 mv

Output Voltage VoL ViL

POWER SUPPLY

Supply Current ‘ IEE | (Note 4) 43 56 44 56 45 58 mA

2 M A/




ECL/PECL Phase-Frequency Detectors

MAX9383 DC ELECTRICAL CHARACTERISTICS

(Vce - VEE = 4.75V to 5.5V. Outputs loaded with 50 +1% to Vcc - 2V, unless otherwise noted. Typical values at Vcc - VEg = 5.2V.)
(Notes 1, 2, 3)

-40 C +25 C +85 C
PARAMETER SYMBOL {CONDITIONS UNITS
MIN | TYP [ MAX | MIN | TYP [ MAX | MIN | TYP | MAX
INPUTS (R, V)
Input High Vi Vce - Vcec- | Vec- Vcc - | Vee- Vec - v
Voltage 1.230 0.890 | 1.130 0.810 | 1.060 0.720
Input Low Vi Vce - Vce- | Vee- Vcc - | Vee- Vcce - v
Voltage I 1.950 1.500 | 1.950 1.480 | 1.950 1.480
Input High
| VIN=V 1 1 1
Current IH IN = VIHMAX 50 50 50
Input Low
| VIN=V 0.5 0.5 0.5

Ccurrent IL IN = VILMIN
OUTPUTS (U, ,D, )
Single-Ended
Outgput High Vo VIN=ViHor | Vcc- Vec- Vec-| Vec- Vec- Vec- | Vec- Vec- Vece- v

ViL 1.115 1.010 0.890 | 0.980 0.924 0.810 | 0.945 0.900 0.720
Voltage
Single-Ended
Out?)ut Low VoL VIN = VIH or Vcc- Vecc- Vec- | Vec- Vec- Vec- | Vec- Vec- Vee- v

ViL 1990 1.832 1.650 | 1.950 1.740 1.630 | 1.950 1.700 1.595
Voltage
Differential VOH - VIN = V|H Or
Output Voltage VoL ViL 650 822 650 817 650 803 mVv
POWER SUPPLY
Supply Current | IEE | (Note 4) | 37 52 | 38 52 39 52 mA

MAX9382/MAX9383 AC ELECTRICAL CHARACTERISTICS

(Over specified DC input parameters, f = 100MHz, outputs loaded with 50  +1% to Vcc - 2V, unless otherwise noted.) (Note 5)

-40 C +25 C +85 C
PARAMETER [SYMBOL {CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
R Input to U
P tPRU Figure 1 575 650 750 590 660 780 635 720 830 ps
Output Delay
V Input to D .
tpvD Figure 1 575 650 750 590 660 780 635 720 830 ps
Output Delay
R Input to D .
tPRD Figure 1 945 1120 1320 | 960 1110 1360 | 1005 1150 1360 ps
Output Delay
V Input to U
P tPvu Figure 1 945 1120 1320 | 960 1110 1360 | 1005 1150 1360 ps
Output Delay
Minimum Pulse .
. tPmin Figure 1 370 470 370 450 370 430 ps
Duration

MAXIMN 3
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ECL/PECL Phase-Frequency Detectors

MAX9382/MAX9383 AC ELECTRICAL CHARACTERISTICS (continued)

+1% to Vcc - 2V, unless otherwise noted.) (Note 5)

(Over specified DC input parameters, f = 100MHz, outputs loaded with 50

-40 C

+25 C

+85 C

PARAMETER |SYMBOL | CONDITIONS UNITS
MIN TYP MAX | MIN TYP  MAX | MIN TYP MAX
Maximum h usable
Operating fuax | Phase 400 450 400 450 400 450 MHz
difference
Frequency range
VIN = 200MHz,
Phase Offset 50% duty 30 70 28 60 28 60 ps
cycle (Note 6)
VIN = 400MHz,
’j_‘:tded Random | o0 | 50% duty 02 10 02 1.0 02 10 Rpl\js
ter cycle (Note 7) ( )
Output Rise/ Fall 20% to 80%,
R, tF 80 160 100 180 110 190 ps

Time

Figure 2

Note 1:
Note 2:
Note 3:

ating temperature range.

Note 4:
Note 5:
Note 6:

All pins open except V cc and VEE.
Guaranteed by design and characterization. Limits are set to +6 sigma.
Phase offset is defined as the difference in propagation delay timing between the two input paths. It is measured between

Measurements are made with the device in thermal equilibrium.
Current into a pin is defined as positive. Current out of a pin is defined as negative.
DC parameters are production tested at +85 jC. DC limits are guaranteed by design and characterization over the full oper-

the U and D outputs at the differential crosspoint with a rising edge simultaneously applied at the R and V inputs.

Note 7:

Device jitter added to the input signal.

MAXIMN
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Typical Operating Characteristics Z
(Vce - VEE = +4.5V (MAX9382) or Vcc - VEE = +5.2V (MAX9383), VIH = Vcc - 1.00V, ViL = Vcce - 1.60V, fr = fy = 100MHz, outputs >
loaded with 50 to Vcc - 2V, Ta = +25C, unless otherwise noted.) ><
MAX9382 MAX9383 @
SUPPLY CURRENT vs. TEMPERATURE TRANSITION TIME vs. TEMPERATURE TRANSITION TIME vs. TEMPERATURE w
450 g 150 H 200 g o0
z - 2 1 2 Y
E425 waxessz |3 & L : & : =
w - ME- w _
= 4 125 [ RISE TIME_— e Y 175 — <
x 40.0 = / = / >
4 — z z
3 L — o o RISE TIME |_—"] A
375 MAX9383 E 100 = E 150 — ><
> @ FALL TIME & _— =
T Z Z / O
o < <
2350 i i // w
75 125 b— (@0)
325 FALL TIME W
30.0 50 100 ‘
-40  -15 10 35 60 85 40  -15 10 35 60 85 40 -15 10 35 60 80
TEMPERATURT ( TEMPERATURE ( TEMPERATURE (
E OUTPUT SHORT-PULSE DURATION PROPAGATION DELAY
; vs. TEMPERATURE - vs. TEMPERATURE -
8 550 g 750 ‘ H
'E(_c % g tPRUORAVD §
3 525 g E 725 §
2 N 3
= 500 > 700
o MAX9382 2
E 475 A E 75 | MAX9383 A
o 10 _——W L~
= 450 N Q 650 [—— —
5 450 N =
a MAX9382
3 425 MAX9383] 625
400 600
40 -15 10 35 60 80 40 -15 10 35 60 85
TEMPERATURSE ( TEMPERATURS (
— DIFFERENTIAL OUTPUT VOLTAGE OUTPUT PHASE ERROR
‘E vs. FREQUENCY N vs. INPUT PHASE DIFFERENCE
% 830 é 2 50 é
0 820 3 x :
z MAX9388 g € 40 J‘F‘ g
z [
& s10 w ﬂ
3 MAX938p '\\ 2 w0 Ik}
X 800 a
= =
=4 \l Z 20
w
@ 790 £
w e}
L 10
a 780
770 0
0 500 1000 1500 2000 -4 -2 0 2 4
FREQUENCY (MHz) INPUT PHASE DIFFERENCE (ns)
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Pin Description

PIN NAME FUNCTION
1 Inverting Up Output. Pulse stream is generated at this pin when f gr > fy or V lags R in phase.
Terminate with 50 resistor to Vcc - 2V or equivalent.
Noninverting Up Output. Pulse stream is generated at this pin when f r > fy or V lags R in phase.
2 U . f : .
Terminate with 50 resistor to Vcc - 2V or equivalent.
3 Inverting Down Output. Pulse stream is generated at this pin when fy > fr or R lags V in phase.
Terminate with 50 resistor to Vcc - 2V or equivalent.
4 D Noninverting Down Output. Pulse stream is generated at this pin when fy > fgr or R lags V in phase.
Terminate with 50 resistor to Vcc - 2V or equivalent.
5 VEE Negative Supply
\Y, Single-Ended VCO Input
7 R Single-Ended Reference Input
8 v Positive Supply. Bypass from Vcc to VEg with 0.1pF and 0.01pF ceramic capacitors. Place the
cc capacitors as close to the device as possible with the smaller value capacitor closest to the device.

Detailed Description

The MAX9382/MAX9383 are high-speed phase or fre-
guency detectors. The MAX9382 is compatible with 100K
logic and has a power-supply range of V cc - VEE= 4.2V
to 5.5V. The MAX9383 is compatible with 10H logic with a
power-supply range of Vcc - VEE = 4.75V to 5.5V. Both
devices are specified to function from -40 jC to +85;C.

Each device is symmetrical; the R and V input functions
may be swapped, together with the U and D output
functions, and the inputs and outputs relabeled.
Because of this device symmetry, a necessary condi-
tion for correct phase measurement operation is that
the and outputs must both be high (state O condi-
tion) when the rising edge of the leading input is
received. This condition is automatically generated
when the two inputs are at different frequencies.

Phase Detection
The MAX9382/MAX9383 are intended for use in high-
bandwidth PLL applications. These devices compare a
single-ended VCO input (V) to a single-ended refer-
ence input (R) to determine the phase or frequency
relationship between V and R. The device differential
outputs U, and D, provide pulse trains with duty
cycle proportional to the phase or frequency difference
between R and V. These outputs are the up and down
signals required to control the system VCO. Figure 1
shows typical waveforms when V leads R and V lags R.
Subtracting and integrating these two outputs provide
the necessary VCO control signal. Figure 3 shows the
device transfer function obtained. The detector can

detect phase differences up to £2 . The application
frequency and the characteristics of the device internal
reset circuits determine the usable input phase differ-
ence range.

Frequency Detection

Figure 4 is the state diagram for the MAX9382/
MAX9383. With the two inputs at the same frequency,
and input R leading input V, the device toggles
between states 0 and 2. Similarly, if input R lags input
V, the device toggles between states 0 and 1. With the
two inputs at different frequencies, the output becomes
a function of the frequency difference. The normalized
ideal transfer function is given by:

Vout_AvE 1'fif°rfv fr
- va

and

Vout_AvE 1'if0rfR fy
- ZfR

Output Pulses
When inputs R and V are at the same phase and fre-
quency, outputs U, and D, produce a stream of
minimum duration pulses that occur at the rising edges
of the input waveforms. This is the lock condition. If
either input starts to lead the other in phase, the width
of pulses on the corresponding output (U for R input, D
for V input) increases in proportion to the phase differ-
ence. In a PLL implementation, these outputs direct the

MAXIMN
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R/ N/ /= /
vl /s /T /N /
u__ |, /2 /
v \
D /\ /Y
D \/ \/

e he Tew™ Temn

a) INPUT AND OUTPUT WAVEFORMS FOR V LEADING R

R/ /N /S /

/\
\/

<—
tpvD tPRD

b) INPUT AND OUTPUT WAVEFORMS FOR V LAGGING R

Figure 1. Typical Waveforms when fr = fy

system VCO to increase or decrease frequency to
maintain the lock condition.

The minimum output pulse duration is an important
parameter for the design of the signal processing func-

tions, which follow the phase detector. When controlling
a charge-pump integrator, a detector can produce a

dead-zone characteristic at the lock condition if the

minimum pulse width is too short. MAX9382/MAX9383
eliminate this dead-zone characteristic, and the result-
ing phase offset at lock, by providing a well-defined

minimum output pulse width.

Applications Information

The MAX9382/MAX9383 input and output levels are
defined to be relative to the positive supply voltage. In
ECL systems, the positive supply voltage is convention-
ally chosen to be system ground. This arrangement
produces the best noise immunity, since ground is nor-
mally a system-wide reference voltage. Operate the
devices with Vcc connected to ground and V gg con-
nected to a negative supply for ECL systems. With

MAXIMN

Figure 2. Output Transition Times

PECL systems, connect Vcc to a positive supply and
VEE to ground.

Power-Supply Bypassing
Adequate power-supply bypassing is necessary to
maximize the performance and noise immunity of ECL
devices. This is particularly true of a PECL system
where the power-supply voltage is used as a reference.
Bypass Vcc to VEE with high-frequency surface-mount
ceramic 0.1pF and 0.01pF capacitors in parallel and as
close to the device as possible, with the 0.01pF capaci-

€BEBXVIN/CBEGXVIN



MAX9382/MAX9383

ECL/PECL Phase-Frequency Detectors

fv>R fv<R
OR OR
V LEADS R V LAGS R

Figure 3. Average Output Voltage vs. Phase Difference

tor closest to the device pins. Use multiple parallel vias
for ground plane connection to minimize inductance.

Circuit Board Traces
Input and output trace characteristics affect the perfor-
mance of ECL/PECL devices. Connect each of the
detector® inputs and outputs to a 50  characteristic
impedance trace. Avoid impedance discontinuities,
maintain the distance between differential traces, avoid
sharp corners, and keep the electrical length of the dif-
ferential traces matched. This maximizes common-
mode noise rejection and reduces signal skew. Trace
vias cause impedance discontinuities, so keep the
number of vias in the 50 traces to a minimum. Reduce
reflections by maintaining the 50 characteristic
impedance through connectors and across cables.

Output Termination
Terminate outputs through 50 to Vcc - 2V or use an
equivalent Thevenin termination. When a single-ended
signal is taken from a differential output, terminate both
outputs. For example, if the U output of the MAX9382 or
MAX9383 is connected to a single-ended input, termi-
nate both the U and  outputs.

Chip Information

TRANSISTOR COUNT: 706
PROCESS: Bipolar

f

STATE 2

RJ(

o

STATE O

4

STATE 1

DE

o

Figure 4. MAX9382/MAX9383 State Diagram
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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 .)

ARAA T

; ? y 0.50+0.1 E H
0.6+0.1
1
0.6+0.1 —y [—
D
TOP VIEW

f f

Al

FRONT VIEW

— b

NOTES:

3. CONTROLLING DIMENSION:
4. MEETS JEDEC MO-187C—AA.

4X S —] I—— 8

1

BOTTOM VIEW

SIDE VIEW

1. D&E DO NOT INCLUDE MOLD FLASH.
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15MM (.006”).
MILLIMETERS.

INCHES MILLIMETERS
DIM | MIN MAX MIN MAX
A - 0.043 - 1.10
Al [ 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

0! 6! 0! 6!

S 0.0207 BSC 0.5250 BSC

DRALLAS /MIAXIVI

PROPRIETARY INFORMATION

TITLE

PACKAGE OUTLINE, 8L uMAX/uSOP

APPROVAL DOCUMENT CONTROL NO

21-0036

REV.

J

A

MAXIMN

BLUMAXD.EPS
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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 .)

INCHES MILLIMETERS
DIM| MIN MAX MIN MAX
A 0.053 | 0.069 1.35 1.75
Al | 0.004 | 0.010 0.10 0.25

ﬁ Q Q Q Q Q ) 0.014 0.019 0.35 0.49

SOICN .EPS

B
N Cc | 0007 | 0010 | 0.19 0.25
e 0.050 BSC 1.27 BSC
E | 0150 | 0157 | 3.80 4.00
E H H 0.228 | 0.244 | 5.80 6.20
L | 0016 | 0050 | 0.40 1.27
O l
ANAN
EI EI EI EI EI EI I VARIATIONS:
1
INCHES MILLIMETERS
TOP VIEW DIM| MIN MAX MIN MAX | N |MS012

D 0.189 | 0.197 4.80 5.00 8| AA
0.337 | 0.344 8.55 8.75 |14| AB
D 0.386 | 0.394 9.80 10.00 |16| AC

o

m. C——i
e e I T 1

—]

=

—h;

FRONT VIEW SIDE VIEW

NOTES:

1. D&E DO NOT INCLUDE MOLD FLASH. -,

2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.006”). @Qﬁ&h&%/VIljxl/Vl

3. LEADS TO BE COPLANAR WITHIN 0.10mm (.004”). PROPRIETARY INFORMATION

4. CONTROLLING DIMENSION: MILLIMETERS. TITLE

S. MEETS JEDEC MSO012. PACKAGE OUTLINE, .150" SOIC

6. N = NUMBER OF PINS' APPROVAL DOCUMENT CONTROL NO. REV. 1
210041 |B|A

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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