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Analog CATV Transimpedance Amplifier

General Description Features
The MAX3660 high-linearity analog RF transimpedance ¢ Pin Compatible with MAX3654
amplifier (TIA) is intended for passive optical network
(PON) video receiver applications. With 66dBQ maxi- ¢ Operates to > 1000MHz
mum variable gain and integrated uptilt, the MAX3660 ¢ 23dBmV/ch Output at 870MHz
provides 23dBmV/channel +1dB at 870MHz 12 L . .
(19dBmV/channel at 47MHz) for optical inputs between ¢ 4.5pA/Hz"'< Amplifier EIN without Photodiode
+2dBm to -8dBm (at 4.2% OMI) using simple feed-for- ¢ 58dBm OIP2
ward automatic gain control (AGC). It can also be config-
ured with feedback AGC for even greater dynamic ¢ 24dBm OIP3
range. CNR is better than 48dB from 47MHz to 870MHz ¢ No Input Matchina Required
(1.0AW photodiode and -165dB/Hz RIN) at -8dBm with onp greq
4.2% OMI, or -6dBm with 3.3% OMI. CSO and CTB are ¢ Single +5V Supply
better than -61dBc and -65dBc, respectively. The device . W Dissipati
supports extended frequency operation to > 1000MHz. 650m ssipation )
The very low true-TIA input impedance accommodates ¢ -40°C to +85°C Operating Temperature Range
a variety of photodiodes, eliminating the need for an
input matching network and improving yield. orde”-ng Information
A Ii ti PART TEMP RANGE PIN-PACKAGE
pplications MAXB3660ETE+ -40°C to +85°C 16 TQFN-EP*
FTTH Optical Network Termination (ONT) +Denotes a lead-free/RoHS-compliant package.
*EP = Exposed pad.
Pin Configuration
TOP VIEW .
g 3 3 #
12 g0 19
) L
Typical Application Circuit appears at end of data sheet. a0l s L7 st
S N V3G 2 A S (N
GND[15; P16 | MUTE
a6t +E i D5 |aec
11 ol i3l 4l
8 z 2 3
THIN QFN-EP
(4mm x 4mm)
*THE EXPOSED PAD MUST BE CONNECTED TO GROUND.
MAXIM Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,
or visit Maxim’s website at www.maxim-ic.com.
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Analog CATV Transimpedance Amplifier

Supply Voltage Range, Vcc
IN+, IN-, VAGC, MUTE,

Output Current (OUT+, OUT-)
Maximum Voltage (OUT+, OUT-)

MAX3660

ABSOLUTE MAXIMUM RATINGS

-0.3V to +5.5V

HYST, TEST oo (VEE - 0.4V) to (Voe + 0.4V)

DC ELECTRICAL CHARACTERISTICS

(Vce = +4.75V to +5.25V, Ta = -40°C to +85°C. Typical values are at Voc = +5V, Ta = +25°C, unless otherwise noted.) (Note 1)

Continuous Power Dissipation (Ta = +70°C)

16-Pin TQFN-EP (derate 16.9mW/°C above +70°C)..1349mW
Operating Temperature Range ............cccoceeenn -40°C to +85°C
Storage Temperature Range
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.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Current lcc 130 180 mA
Gain Control Input Current lvAGC Vvage = 1.4V -15 -200 HA
MUTE Input High ViH 2.0 v
MUTE Input Low ViL 0.5 %
MUTE Input Current L, 4 | VMUTE = 0.5V, 2.0V +30 HA

AC ELECTRICAL CHARACTERISTICS

(Vce = +4.75V to +5.25V, Ta = -40°C to +85°C, output Z| = 75Q, unless otherwise noted. Typical values are at Vcc = +5V, Ta =

+25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Frequency Response Flatness 47MHz to 870MHz 0.9 4B
(Notes 2, 3, 4) 47MHz to 1000MHz 1.0

47MHz, Vyage = OV 66
47MHz, Vyagc = 0.175V (Note 2) 63.5 66 67.5
Transimpedance, Differential ZT 47MHz, Vyage = 0.5V (Note 2) 54 56.5 58 dBQ
47MHz, Vyagc = 1.4V (Note 2) 45.5 48 49.5
47MHz, Vwage = 1.6V 46.5
Gain Tilt Linear, 870MHz vs. 47MHz (Note 4) 3.8 4.5 5.0 dB
Gain Control Stability 0.175V < Vvage < 1.4V, RHysT = open 108 +20 | dB
(Notes 2, 5)
< <
Output Second-Order Intercept OlP2 47MHz to 870MHz, 0.175V < Vvage < 1.4V 58 dBm
(Note 6)
Output Third-Order Intercept opg | 47/MHz 10 870MHz, 0.175V < Vvage <14V | 5 o4 dBm
(Note 6)
2 MAXIMN
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AC ELECTRICAL CHARACTERISTICS (continued)

(Vce = +4.75V to +5.25V, Ta = -40°C to +85°C, output Z|. = 75Q, unless otherwise noted. Typical values are at Vcc = +5V, Ta =
+25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
i i < <
Gain Control Hysteresis RHYST = open +0.14 daB
(Notes 1, 7) RHysT = GND +0.75 (optical)
Transimpedance, Mute VMUTE £ 0.8V, 47MHz 20 dBQ
RF Output Return Loss -S22 47MHz to 870MHz (Notes 4, 8) 20 dB

Note 1: DC parameters are tested at Tao = +25°C and +85°C.

Note 2: Guaranteed by design and characterization.

Note 3: Frequency response flatness is the maximum difference between the frequency response at any point and a line connect-
ing the end points of 47MHz and 870MHz.

Note 4: Measured using the MAX3660 EV kit circuit in Figure 4 with an Excelight SXT5241-Q/GPA triplexer (8mm photodiode lead
length).

Note 5: Gain control stability is the maximum variation in transimpedance (over process, voltage, and temperature) for any valid
VAGC voltage.

Note 6: OIP2 and OIP3 values are tested with tones at 800MHz and 850MHz.

Note 7: Hysteresis is referred to optical gain, equivalent to two times electrical gain (dB).

Note 8: Not including balun.

v
4808Q) ce
(ol
5Q 1nH 5nH N

' ' IN+/- ] » >—o/ o W — OUT+/-

70 60dBQ
TOTIA

60dBQ 2
O-#O—10 66082 [
)

MAXIM
> ) MAX3660
T |
MUTE HYST VAGC
Figure 1. Photodiode and Header Model Figure 2. Functional Diagram
MAXIV 3
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Typical Operating Characteristics

(Vce = +5.0V, Ta = +25°C, unless otherwise noted. CNR, CSO, and CTB are for the MAX3660 EV Kit at PN = -8dBm, with channels
above 350MHz attenuated 6dB.)

GAIN (ZT) vs. FREQUENCY

MAX3660

(Vvaec = 0.10V, 0.175V, 0.25V, 0.35V, 0.7V, GAIN (ZT) vs. VAGC DEVIATION FROM LINEAR TILT vs. FREQUENCY
1.05V, 1.4V, 1.6V; Tp = -40°C, +25°C, +85°C) (Ta = -40°C, +25°C, +85°C) (Vvage = 0 TO 1.6V; T = -40°C, +25°C, +85°C)
80 . 75 g 10 5
- ‘ ‘ ‘ ‘ 7| - 3 08 2
Vynge = 0.1V /5/// z \\ E 06 1 |
70 A 7 o
- - 1 .5 // // 6 \ 04—t Ta=-40°C
g & [T== :f’ PP g u F - 875MHz S 02 a
= | =1 5/ zd // e \ N V g Th=+25°C g
=~ | L2~ Iz =
= == e = % N Z 02 3 /
3 5 = o 3 \ \ g -0 v S
5 =7 50 |— F=47MHz -0.4 //’;/
T == N 206 |Ta=+85°C /\/‘ z
45 Vyagc = 1.6V 4 08
0 [ 1] w0 10
0 200 400 600 800 1000 1200 1400 1600 041 1 10 0 200 400 600 800 1000
FREQUENCY (MH2) VAGC (V) FREQUENCY (MH2)
DEVIATION FROM IDEAL GAIN vs. VAGC EQUIVALENT INPUT NOISE
(FREQUENCY = 47MHz, Tp = -40°C, +25°C, +85°C) 0IP2, 0IP3 vs. VAGC vs. FREQUENCY
10 | . 80 " 70 s
22 Ta=-40°C 2 70 \ l\ \ § 22 %
g \| Ta= 25 \JJ \ /\/ \ o2 y - s
= ' = 60 V N Q ’ /
S 02 / /’ s ‘K T 62 N T, - 050
[ae} <<
g 0 W ; y/ £ 5 N = 60 [
g 02 2 g S 58 -7 =~ =
= [ . S 4 56 T
z 0 l Ta=+85°C 0IP3 - /"\b//
-0.6 V 30 \\/ 5.4 Tp=-40°C
08 \/—& 52
-1.0 20 o~ 50
0 04 08 12 16 0 05 10 15 20 0 100 200 300 400 500 600 700 800 900
VAGG (V) VAGC (V) FREQUENCY (MH2)
CNR vs. FREQUENCY CSO0, CTB vs. FREQUENCY $22
(110 CHANNELS, OMI = 4.2%/2.1%) (110 CHANNELS, Piy = +2dBm, OMI = 4.2%/2.1%) NORMALIZED TO 75Q
60 u 5 50 ‘ ‘ 2 0 .
Pn= +2TBm % 55 ) § 5 §
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P = -20Bm W IV -10 DUT AND BALUN 1
=) ‘ g cS | N S~ = P
c w0 [ Py = 2B £ &5 ~S— s e
[==4 =-Z20bm - == N
5 > " o Re N 8 e N
‘ L~ 19} Y 7\ P L~ -
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L e T / 25— N A
45 | Pin=-8Bm - /A com \y /
7
Ppy=-8dBm | Pin=-6dBm
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Pin Description

099EXVIN

PIN NAME FUNCTION
1,4,9, 12 Vee +5.0V Supply
2 IN+ Positive Analog Input. Connect to photodiode cathode.
3 IN- Negative Analog Input. Connect to photodiode anode.
5 VAGC AGC Control Input. See the Gain (ZT) vs. Frequency graph.
6 MUTE Active-Low Mute Control Input. VMUTE < 0.8V to disable output.
7 HYST AGC Hysteresis Control Input. A resistor from HYST to GND controls the hysteresis level.
8,14, 15, 16 GND Supply Ground
10 OuUT- Negative RF Output
11 OuT+ Positive RF Output
13 TEST Reserved for test. Connect to GND for normal operation.
. Ep Exposed Pad. The exposed pad must be soldered to the circuit board ground for proper thermal
and electrical performance.

Detailed Description

The MAX3660 variable gain TIA has differential AC-
coupled photocurrent inputs and 75Q differential RF
output. When used with a low-cost operational amplifi-
er, photodiode assembly, bias network, and balun, the
MAX3660 provides a complete high-performance
BPON/GPON video receiver with a simple and effective
feed-forward AGC. It can also be used with feedback
AGC.

Low-Noise Variable-Gain Amplifier
The low-noise differential input is designed to be AC-
coupled to the anode and cathode of the analog photo-
diode in a PON triplexer. The maximum input current to
achieve rated linearity is 1.675mAp-p.

Very low TIA input impedance provides excellent fre-
quency response with no (internal or external) compen-
sation between photodiode and amplifier, thus
simplifying design, manufacturing, and photodiode
selection.

VAGC and Hysteresis Control
The overall transimpedance is controlled using the VAGC
input pin. See the Typical Operating Characteristics for
descriptions of the transimpedance, OIP2 (CSO), and
OIP3 (CTB) performance for VAGC voltages between 0
and 1.8V.

The MAX3660 has a very flat and stable gain vs. volt-
age characteristic in the range 0.175V < Vyagc < 1.4V,
enabling a simple feed-forward AGC based on average

MAXIM

optical power level as measured by the photodiode DC
current (see Figure 4 for the EV kit schematic).

Feedback AGC can be used to achieve a wider
dynamic range, in which case the VAGC voltage would
be controlled by an external power detector, such as
the MAX2014, typically through a microcontroller inter-
face. In this case, the maximum voltage at VAGC
should be kept below approximately 1.65V to maintain
adequate linearity levels for typical GPON applications.

The forward signal path is implemented with three
switched variable gain stages, each covering one-third
of the total dynamic range. When the voltage input at
VAGC crosses the points on the Gain (ZT) vs. VAGC
curve where a new stage is selected (Vyvagc = 350mV
and VyaGgc = 700mV), there can be a small (approxi-
mately 50ns) deviation in the output, causing an inter-
ruption to the CATV signal. Hysteresis is provided for
the VAGC input to prevent the output signal from dither-
ing when the average optical input level is very close to
one of these two switching points. The amount of hys-
teresis can be controlled by the value of RHYST, and is
minimum (0.14dB) when RHYST is open.

RF Output and Cable Tilt Compensation
The MAX3660 includes integrated cable compensation
(uptilt). With a photodiode assembly similar to that
described in Figure 1, the output at 870MHz is 4dB
higher compared to the output at 47MHz. About half of
the uptilt is due to the combination of photodiode
capacitance and the inductance of the triplexer leads,
and half is internal to the MAX3660.
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RF Output and Input Stage
The differential outputs should be connected to a
balun transformer to produce a single-ended 75Q out-
put. If the MAX3660 is used to drive a single-ended
postamplifier, the use of a balun is recommended
(refer to Maxim Reference Design HFRD-22.4) to
achieve adequate linearity and noise performance.
With a typical low-cost balun, output return loss (-S22)
is better than 15dB up to 550MHz and is limited by the
balun performance.

When MUTE is logic-low, the transimpedance is less
than 20dBQ.

Applications Information

Photodiode/TIA Interface
The MAX3660 is designed to provide a 23dBmV/chan-
nel output at 870MHz with excellent CSO, CTB, and
CNR, and its frequency response extends well beyond
1000MHz.

The RF output has 4dB £1dB of uptilt and £0.9dB of
flatness (47MHz to 870MHz) when used with a photodi-
ode and assembly having characteristics similar to
those shown in Figure 1, which is consistent with a typi-
cal low-cost FTTH triplexer connected by 5mm leads to
matched vias. The MAX3660’s very low input imped-
ance (approximately 10Q) also provides tolerance to
variations in photodiode and assembly electrical char-
acteristics.

It is particularly important to provide electrical symme-
try in the anode and cathode connections, including
the triplexer/ROSA lead routing and PCB mounting con-
figuration. Consult the EV kit and Maxim reference
designs for examples of good layout techniques. With
typical optical transmitter characteristics, the MAX3660
achieves CSO and CTB better than -65dBc and
achieves CNR (including amplifier noise, photodiode
shot noise, and transmitter RIN) of 48dB (at -6dBm or
greater with OMI = 3.3%, or at -8dBm or greater with
OMI = 4.2%) between 47MHz and 870MHz. Refer to
the MAX3660 EV kit data sheet for a description of the
setup used for CSO, CTB, and CNR typical operating
characteristics measurements.

To achieve optimum CNR performance, the AGC should
be configured so that the MAX3660’s gain is greatest
(VvaGgc < 0.175V) at the lowest intended optical input
level, typically -6dBm or -8dBm. To maintain CTB and
CSO performance, care should also be exercised when
designing the AGC so that the maximum operating
VAGC level is limited to approximately 1.6V. Operating

with input signal levels greater than 1.6mAp-p can result
in a reduction in linearity due to clipping.

Photodiode Bias Network
A combination of resistors and inductors, such as
shown in Figure 3, provides DC bias to the photodi-
ode. The series connection of two inductors and one
resistor is intended to mitigate effects of inductor self-
resonance.

The DC voltage drop across the lower resistor provides
an effective means to measure average optical power
for use as a signal strength indicator and/or feed-for-
ward AGC.

The value of the resistors can be adjusted to vary the
feed-forward gain. Depending on the specific photodi-
ode characteristics and desired frequency response,
between 5V and 12V should normally be used for Vpp.

Vpp

0.1uF
10uH

1.8kQ BEAD

%
0.001pF

}_l— TIA IN+
0.001}2,— TIA IN-

1kQ Vmon
1.8kQ2 BEAD
10uH
Figure 3. Photodiode Bias Network
MAXIMN
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Gain vs. VAGC Voltage
The overall transimpedance at 47MHz is related to the
voltage at VAGC by the relation:

175mV

ZT(dBQ):GGdBQ+20Iog[ } 0.175V < Vyage <1.4V
Vyagc (mV) ( ce )

The gain at 870MHz is 4dB greater (70dBQ at VyAGC =
0.175V) because of the uptilt, although the amount of
uptilt can be modified as described above.

Between 0 and 0.175V the gain is constant, and above
1.5V it falls off relatively quickly. Operation above
VvaGc = 1.6V should be avoided to obtain adequate
linearity performance.

The high-impedance VAGC input should be driven by a
source (op amp, DAC, etc.) capable of sinking up to
200uA.

Feed-Forward AGC
With a feed-forward circuit like that of the EV kit, the
MAX3660 provides a constant (£1dB) output of
19dBmV/channel at 47MHz and 23dBmV/channel at
870MHz, for optical input levels ranging between
-8dBm and +2dBm at OMI| = 4.2%.

Feedback AGC
The VAGC voltage can also be controlled from a power
detector, such as the MAX2014 or MAX9933, for feed-
back AGC.

It is important to note that the Gain (ZT) vs. VAGC char-
acteristic includes hysteresis at the two points where
the input stage switches gain (350mV and 700mV),
which can cause problems such as limit-cycle oscilla-
tion with continuous analog feedback implementations.
The feedback circuit should be designed to avoid oscil-
lation or dithering.

MAXIM

Uptilt
The integrated uptilt results in equal input levels pro-
ducing an output voltage that is 4dB greater at 870MHz
compared to 47MHz, eliminating the loss normally
associated with an external passive tilt network. The
amount of uptilt can be varied by adjusting the triplexer
lead length, or by adding small inductors in series with
the anode and cathode, to compensate for photodi-
odes/triplexers that differ significantly from Figure 1.

Equivalent Input Noise
The typical equivalent input referred noise (EIN) of the
MAX3660 with a photodiode connected at the input is
5.5pA/Hz 12, yielding 48dB or better CNR under normal
BPON/GPON conditions. Without a photodiode con-
nected, the typical EIN is 4.5pA/Hz /2.

RF Output
The RF output should be connected to the MAX3660
using AC-coupling capacitors and a balun transformer
to achieve the desired noise and linearity performance.
Without the capacitors, shorting OUT+ and OUT-
together, or shorting OUT+ or OUT- to ground, can
draw sufficient current to damage the output stage.

EV Kit Circuit
The MAX3660 EV kit circuit shown in Figure 4 was used
to collect the data in the Typical Operating
Characteristics figures. When connected to a photodi-
ode-equipped triplexer, the EV kit circuit provides a
complete receiver, including photodiode bias, feed-for-
ward AGC, and output transformer.

Jumper JU1 controls the MUTE input, JU3 sets the
amount of hysteresis, and JU2 controls the input of the
op amp driving the VAGC input. Install JU2 to enable
feed-forward VAGC, or alternatively, the gain can be
controlled by TP6 with JU2 removed.
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VPD

MAX3660
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VPD
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Figure 4. MAX3660 EV Kit Schematic
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Typical Application Circuit

VD

0.1uF
10pH

+5V
1.8kQ BEAD 4
Vo TEST[—
o MAXIM —=
0.001uF MAX3660

}_‘ 0.001uF
IN+ 7 OUT+ _| CX2038

-80Bm TO +2dBm,
-6dBm TO +2dBm
b—| }_‘ IN- 75Q
0.001pF
1kQ
HYST  WUTE VAGC il }
| =
1.8ke2 BEAD Rivst v
100k
N 1uF
10uH '
- 100k
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Chip Information Package Information
PROCESS: SiGe BiPOLAR For the latest package outline information and land patterns, go

to www.maxim-ic.com/packages.

SUBSTRATE: SOI

PACKAGE TYPE | PACKAGE CODE | DOCUMENT NO.
16 TQFN-EP T1644+3 21-0139

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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