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47MHz to 870MHz Analog CATV
Transimpedance Amplifier

General Description Features

The MAX3654 analog transimpedance amplifier (TIA) is 47MHz to 870MHz Operation
designed for CATV applications in fiber-to-the-home .
(FTTH) networks. This high-linearity amplifier is intended -6dBm to +2dBm Optical Input Range
for 47MHz to 870MHz subcarrier multiplexed (SCM) sig- 21dBm OIP3, 47dBm OIP2
nals in passive optical networks (PON). A gain-control

5.5pA/NHz EIN (Amplifier Alone)
62dB Gain at 47MHz

input supports AGC operation with optical inputs hav-
18dB Transimpedance (Gain) Control

ing -6dBm to +2dBm average power. With 62dBQ max-
imum gain at 47MHz and 18dB gain control range, the

Integrated +4dB Gain Tilt (with Typical Photodiode)
+5V Single-Supply Operation

minimum RF output level is 14dBmV/channel at -6dBm
optical input. A compact 4mm x 4mm package
includes all of the active RF circuitry required to convert
analog PIN photocurrent to a 75Q CATV output.

This 700mW SiGe RF IC provides a low-cost, low-power
integrated analog CATV receiver solution for FTTH ONTs.

700mW Power Dissipation
-40°C to +85°C Operating Temperature Range

@ € & & O O O O O o o

4mm x 4mm TQFN Package

Applications
FTTH Optical Network Termination (ONT)

Ordering Information

PIN-
PART TEMP RANGE PACKAGE PKG-CODE

MAX3654ETE+ -40°C to +85°C 16 TQFN-EP*  T1644F-4-A

+ Denotes lead-free package.
Pin Configuration appears at end of data sheet. *EP = Exposed pad.

Typical Application Circuit
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MAXIM Maxim Integrated Products 1

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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MAX3654

47MHz to 870MHz Analog CATV
Transimpedance Amplifier

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VCC.......cooovvviiiiiiiii,
IN+, IN-, VAGC, OUT+, OUT-, MUTE, HYST
TESTA, TEST2. oo

Output Current (OUT+, OUT-)

-0.3V to +6.0V
-0.3Vto +5.5V
-0.3Vto +5.5V

Continuous Power Dissipation, 16-Lead TQFN-EP Package

(Ta = +70°C) (derate 16.9mW/°C above +70°C)....1349.1mW
Operating Temperature Range ...........cccccooevenn. -40°C to +85°C
Storage Temperature Range ........................ ..-55°C to +150°C
Lead Temperature (soldering,10S) .........coocvvviiieeiinneennn, +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.

DC ELECTRICAL CHARACTERISTICS

(Voo = +4.75V to +5.25V, typical values at Ve = +5.0V, Ta= +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Current Ilcc 136 170 mA
Gain Control Input Current VaGge = 1.4V 50 200 uA
Mute Input High VIH 2.0 v
Mute Input Low ViL 0.8 v
Mute Input Current e, hH 30 PA

AC ELECTRICAL CHARACTERISTICS
(Voo = +4.75V to +5.25V, output ZL = 75Q, typical values at Vo = +5.0V, Ty = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating Frequency Range f 47 870 MHz
Frequency Response Flatness 47MHz to 870MHz (Notes 2, 6) +0.3 +0.75 dB

Vagec £0.175V 60.5 62 63.5
Transimpedance, Differential (ZT) 47MHz Vagc = 0.500V 515 53 545 dBQ
Vage = 1.400V 42 43.5 45
Gain Control Stability Vage = 0to 1.4V, RHysT = open (Note 3) +0.75 +1.6 dB
Gain Tilt I(_,L‘noetzg 276(;))1\/le compared to 47MHz 3 4 55 dB
Output Second-Order Intercept OolpP2 (Note 5) >47 dBm
Output Third-Order Intercept OIP3 (Notes 4, 5) 18 21 dBm
Eﬂst"c’)zlggte'”p”t Noise Including EIN | Vagc <0.175V (Notes 4, 6) 8 | pANFZ
Gain Hysteresis, Optical RrvsT = open +0.13 dB
RHysT = GND +0.65
Differential Output Level, Mute MUTE < 0.8V, 50MHz -58 -45 dBc
RF Output Return Loss -S22 47MHz to 870MHz 13 dB

Note 1: DC parameters are tested at +25°C, and guaranteed by design and characterization at -40°C and +85°C.
Note 2: Maximum difference between frequency response at any point and a straight line connecting frequency response at

end points.

Note 3: Gain control stability is the maximum variation in transimpedance (over process, voltage, and temperature) for any VaGgc

control voltage.

Note 4: AC parameters guaranteed by design and characterization.

Note 5: OIP2 and OIP3 measured using two tones at f1 = 800MHz and 2 = 850MHz, Poyt = -16dBm, Vagc = 1.4V.
Note 6: Includes the effects of a packaged photodiode having the characteristics shown in Figure 2.
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47MHz to 870MHz Analog CATV
- - -
Transimpedance Amplifier
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Figure 1. Test Circuits for Characterization
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MAX3654

47MHz to 870MHz Analog CATV
Transimpedance Amplifier
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Figure 2. Photodiode and Header Model Figure 3. Functional Diagram

(Voo = +5.0V, Tx = +25°C, unless otherwise noted.)
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Typical Operating Characteristics
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47MHz to 870MHz Analog CATV
Transimpedance Amplifier

Typical Operating Characteristics (continued)
(Voo = +5.0V, Tx = +25°C, unless otherwise noted.)
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MAX3654

47MHz to 870MHz Analog CATV
Transimpedance Amplifier

Pin Description

PIN NAME FUNCTION
1,4,9,12 Vce +5.0V Power Supply
2 IN+ Positive Analog Photodiode Input Connection. Typically connected to photodiode cathode.
3 IN- Negative Analog Photodiode Input Connection. Typically connected to photodiode anode.
5 VAGC AGC Control Input. Range is 0 to 1.4V. See the Typical Operating Characteristics Gain vs. Control
Voltage graph.
6 MUTE Mute Control Input, TTL. MUTE < 0.8V to mute output.
7 HYST AGC Hysteresis Control Input. A resistor from HYST to GND controls the hysteresis level.
8, 14, 16 GND Ground
Negative RF Output. The voltage on this pin decreases with increasing optical power when IN+ is
10 OouT- .
connected to the photodiode cathode.
Positive RF Output. The voltage on this pin increases with increasing optical power when IN- is
11 OUT+ .
connected to the photodiode anode.
13 TEST1 Reserved for Test. Connect to GND for normal operation.
15 TEST2 Reserved for Test. Connect to GND for normal operation.
Ep Ep Exposed Pad. The exposed pad must be soldered to the circuit-board ground for proper thermal and
electrical performance.

Detailed Description

The MAX3654 is a broadband, high-linearity, low-noise
transimpedance amplifier. The transimpedance (gain)
can be adjusted between 43.5dBQ and 62dBQ using
the voltage at an external control input (VAGC). When
connected as shown in the Typical Application Circuit,
optical input levels from -6dBm to +2dBm will produce
a minimum output of 14dBmV/channel, and 4dB tilt
compensation. Gain deviation over frequency from
47MHz to 870MHz is less than +0.75dB.

Low-Noise Variable Gain Amplifier
The input stage is a low-noise analog transimpedance
amplifier (TIA) connected differentially to the analog
photodiode. Desired performance can be achieved
with a photodiode having capacitance (Cpp) up to 1pF.

VAGC and Hysteresis Control
The gain-control pin VAGC sets overall TIA gain imple-
mented as three switchable gain stages, each with a
continuously variable gain control, as shown in Figure 3.

This produces a continuously variable gain ranging
from 62dBQ (at VAGC = 0.175V) to 43.5dBQ at
(VAGC=1.4V). A set of comparators examines the

VAGC input to select a gain stage. As the voltage at
VAGC crosses the two locations in the gain vs. VAGC
curve, where the gain stage changes (350mV and
700mV), there will be small deviations in the output
which may lead to a brief interruption of CATV signals.
See the Typical Operating Characteristics for Gain vs.
Control Voltage.

A hysteresis control input is provided to limit dithering
when the optical level is close to a gain-switching point.
The hysteresis level is controlled by the value of RHYST.
Hysteresis is minimum (0.13dB) when this pin is open.

RF Output and Cable Tilt Compensation
With a typical photodiode, the gain at 870MHz is 4dB
higher than at 47MHz. The overall frequency response
of the TIA is within £0.75dB of a straight line connecting
the values at 47MHz and 870MHz.

Mute
In normal operation, the TTL MUTE pin is held high.
When MUTE is low, the output signal is attenuated by
more than 45dB.

MAXIN




47MHz to 870MHz Analog CATV
Transimpedance Amplifier

Applications Information

Photodiode Parasitics
The MAX3654 TIA is designed to operate with a low-
capacitance analog photodiode. Proper system design
includes considerations of lead configuration, pad, and
through-hole geometry, and PC board layer selection for
connections to the IC. The TIA is designed to operate
correctly when the total capacitance of the photodiode,
package, leads and PC board is between 1.0pF and
2.5pF.

RF Output
The differential TIA RF output should be connected
(AC-coupled) to a balun transformer for normal single-
ended output.

AGC Operation
For AGC operation, the optical average power can be
measured from the voltage drop across the lower bias
resistor, using high impedance to isolate the photodi-
ode as shown in the EV kit schematic. TIA gain is
inversely proportional to the voltage present at VAGC
from 0.175V to 1.4V. From 0 to 0.175V, the gain is con-
stant and maximum. The nominal gain is given by:

ZT(dBQ) = 62dBQ + 20 x Iog{ 175mv }

VAGC(mV)
(0.175V < VAGC <1.4V).

When connected as shown in the Typical Applications
Circuit, the MAX3654 will maintain the electrical output
constant (15dBmV/ch) for optical signals in the
-6dBm to +2dBm range.

Evaluation Kit and PC Board Layout
The factory-assembled EV kit for the MAX3654 pro-
vides two versions: optical input and electrical input.

The optical input circuit includes photodiode bias cir-
cuitry, an op amp to adjust VAGC according to the DC
photodiode current (for AGC operation), an output
balun, and a 75Q output connector. Through-hole pads
are provided to attach the triplexer analog photodiode
leads. Since photodiode capacitance and package
lead inductance affect the amount of uptilt, in configu-
rations where lead inductance is significantly lower
than the value shown in Figure 2, the uptilt may be
increased by providing discrete inductance on the PC
board. When a Cpp = 0.5pF (typ) photodiode is mount-

MAXIM

ed with 5mm (nominal) leads into through-hole vias as
in the EV kit configuration, a 4dB uptilt will normally be
achieved. It is important to configure the layout with
capacitance and inductance in the anode and cathode
connection as symmetric as possible.

The electrical input circuit is normally configured with a
50Q input for use with conventional test and measure-
ment equipment. If desired, the MAX3654 input can
also be terminated with 75Q as shown in the EV kit data
sheet. The 75Q EV kit outputs should be connected to
50Q test and measurement equipment using a mini-
mum loss pad.

For more information, see the Maxim website:

MAX3654 EV Kit data sheet—
http://www.maxim-ic.com/Fiber.cfm

Minimum Loss Pad—
http:/AMwww.maxim-ic.com/a|

notes.cfm/appnote number/972

Pin Configuration

TOP VIEW ST
O ] jun ] (&)
= o o =
12y yoi10p 19
TESTH |13 T {8 | GND
aND | 14 MAXIA | L1
e MAX3654 ]
TEsT2 150 e | muTE
GND |16 o EPT P15 [ vaee
1 fel i3l 4
(&) + ! 1S
£ =z =z £
*THE EXPOSED PAD MUST BE 4T""N %FN
CONNECTED TO GROUND. mm x 4mm

Chip Information

TRANSISTOR COUNT: 3376
PROCESS: SiGe Bipolar
SUBSTRATE: SOI
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47MHz to 870MHz An

alog CATV

Transimpedance Amplifier

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.) For the latest package outline information, go to www.maxim-ic.com/packages.) (TQFN 4mm x

4mm x 0.8mm, Package Code: T1644.)
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[ COMMON DIMENSIONS EXPOSED PAD VARIATIONS
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NOTES:
1. DMENSIONING & TOLERANCING CONFORM TO ASNE Y14.5N-1994.
2. ALL DIMENSIONS ARE IN MLLIMETERS. ANGLES ARE IN DEGREES.
3N ls THE TOTAL mm or muu.s.
A e G CONVENTION SHALL
iy nsmlswmm;nw«nmuzmmuusr-:mwu
THE ZONE NDICATED. THE TERMNAL #1 IDENTFIER WAY BE ETHER A MOLD OR MARKED FEATU
A\ DNENSION b APPLES T0 METALUIZED TERNNAL AND IS MEASURED BETWEEN 025 mm AND 030 mm
FRON TERMINAL TP,
A\ WO AND NE REFER TO THE NUNBER OF TERMNALS ON EACH D AND € SIOE RESPECTVELY.
7. DEPOPULATION IS POSSIBLE N A SYNNETRICAL FASHION.
A\ COPLANARITY APPLES TO THE EXPOSED HEAT SINK SLUG AS WELL AS THE TERMINALS.
9. DRAWNG CONFORMS TO JEDEC NO220, EXCEPT FOR T2444-1, T2444-3, T2444—4 AND T2B44~1,
&MARKNC IS FOR PACKAGE ORIENTATION REFERENCE ONLY.
11. COPLANARITY SHALL NOT EXCEED 0.08mm
12, WARPAGE SHALL NOT EXCEEND 0.10mm
LEAD GENTERLINES TO BE AT TRUE POSITION AS DEFINED BY BASIC DMENSION “e”, £0.05. E .D..A.uL_.!‘Asgﬁ /vl /JKI/VI
L PACKAGE OUTLINE,
12,16, 20, 24, 28L THIN QFN, 4x4x0.8mm
AL TN TR G A
-DRAWING NOT TO SCALE- ‘ 21-0139 ‘ D {/2

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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