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700 MHz to 2.7 GH
Quadrature Demodul

ADLS328

FEATURES

Operating RF and LO frequency: 700 MHz to 2.7 GHz
Input IP3

33.5dBm @ 900 MHz

30.5 dBm @1900 MHz
Input IP2: >70 dBm @ 900 MHz
Input P1dB: 14.7 dBm @ 900 MHz
Noise figure (NF)

14.0 dB @ 900 MHz

15.6 dB @ 1900 MHz
Voltage conversion gain: ~4 dB
Quadrature demodulation accuracy

Phase accuracy: ~0.2

Amplitude balance: ~0.05 dB
Demodulation bandwidth: ~370 MHz
Baseband 1/Q drive: 2 V pp into 200
Single 5V supply

APPLICATIONS

Cellular W-CDMA/CDMA/CDMA2000/GSM
Microwave point -to -(multi)point radios
Broadband wireless and WiMAX

GENERAL DESCRIPTION

The ADL5382 is a broadband quatdire FQ demodulator that
covers an RF input frequency range from 700 MHz tGRZ.

With a NF = 14 dB, IP1dB = 14.7 dBm, and 1IP3 = 8Brh at

900 MHz, the ADL5382 demodulator offers outstanding dynamic
range suitable for the demanding infrastructirectconversion
requirements. The differential RF inputs provide a-vehaved
broadband input impedance of 50 and are best driven from a
1:1 balun for optimum performance.

Excellent demodulation accuracy is achieved with amplitude and
phase balances ~0.05 dB and ~0.2°, respectively. The demodulated
in-phase (I) and quadrature (Q) differential outputs are fully
buffered and provide a voltage conversion gain of ~4 dB. The
buffered baseband outputs are capable of driving a-pV p
differential signal into 200 .
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The fully balanced design minimizes ef§éicom seconebrder
distortion. The leakage from the LO port to the RF port is

< 65dBc. Differential doffsets at the |1 and Q outputs &pically
<10mV. Both of these factors contribute to the excellent 11P2
specificationsvhich is >60 dBm.

The ADL382 operates off a single 4.75 V to 5.25 V supply. The
supply current is adjustable with an external resistor from the
BIAS pin to ground.

The ADL5382 is fabricated using the Analog Devices, Inc.,
advanced Silicoermanium bipolar process and is available
in a 24lead exposed paddle LFCSP.
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ADLS538

SPEEICATIONS

Vs=5V, Ta=25°C, fo = 900 MHz, £ = 4.5 MHz, P = 0 dBmBIAS pin open, £=50 , unless otherwise med. Baseband outputs
differentially loaded with 450 . Loss of the balun used to drive the RF podevasibedded from these measureitsen

Tablel.
Parameter Condition Typ Max | Unit
OPERATING CONDITIONS
LO and RF Frequency Range 2.7 | GHz
LO INPUT LOIP, LOIN
Input Return Loss LO driven differentially through a balun #00MHz 11 dB
LO Inpu Level 0 +6 dBm
1/Q BASEBAND OUTPUTS QHI, QLO, HI, ILO
Voltage Conversion Gain 450 differential load on | and Q outputs a®00 MHz 3.9 dB
200 differential load on | and Q outputs at 900 MHz 3.0 dB
Demodulation Bandwidth 1V pp signd, 3 dB bandwidth 370 MHz
Quadrature Phase Error At 900 MHz 0.2 Degrees
I/Q Amplitude Imbalance 0.05 dB
Output DC Offset (Differential) 0 dBm LO inpuait 900MHz +5 mV
Output Common Mode VPOS 2.8 \%
0.1 dB Gain Flatness 50 MHz
Output Swing Differential 200 load 2 V pp
Peak Output Current Each pin 12 mA
POWER SUPPLIES VPA, VPL, VPB, VPX
Voltage 525 |V
Current BIAS pin open 220 mA
Reias= 4 k 196 mA
DYNAMIC PERFORMANERF = 900 MHz
Conversion Gain 3.9 dB
Input P1dB 14.7 dBm
SecondOrder Input Intercept (11P2) 5 dBm each input tone 73 dBm
Third-Order Input Intercept (IIP3) 5 dBm each input tone 335 dBm
LO to RF RFIN, RFIP terminated in 50 92 dBm
RF to LO LOIN, LOIP terminatein 50 89 dBc
IQ Magnitude Imbalance 0.05 dB
IQ Phase Imbalance 0.2 Degrees
LOto IQ RFIN, RFIP terminated in 50 43 dBm
Noise Figure 14.0 dB
Noise Figure under Blocking Conditions| With a 5 dBm interferer 5 MHz away 19.9 dB
DYNAVIC PERFORMANCHR&t= 1900 MHz
Conversion Gain 3.9 dB
Input P1dB 14.4 dBm
SecondOrder Input Intercept (11P2) 5 dBm each input tone 65 dBm
Third-Order Input Intercept (IIP3) 5 dBm each input tone 30.5 dBm
LO to RF RFIN, RFIP terndted in 50 71 dBm
RF to LO LOIN, LOIP terminated in 50 78 dBc
IQ Magnitude Imbalance 0.05 dB
IQ Phase Imbalance 0.2 Degrees
LOto IQ RFIN, RFIP terminated in 50 41 dBm
Noise Figure 15.6 dB
Noise Figure under Blocking Conditisn | With a 5 dBm interferer 5 MHz away 20.5 dB
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ADL5382

Parameter Condition Min  Typ Max | Unit

DYNAMIC PERFORMANCRFRt 2700 MHz RFIP, RFIN
Conversion Gain 3.3 dB
Input P1dB 145 dBm
SecondOrder Input Intercept (11P2) 5 dBm each input tone 52 dBm
Third-Order Input Intercept (IIP3 5 dBm each input tone 28.3 dBm
LO to RF RFIN, RFIP terminated in 50 , 1xbBPpearing at RF port 70 dBm
RF to LO LOIN, LOIP terminated in 50 55 dBc
IQ Magnitude Imbalance 0.16 dB
IQ Phase Imbalance 0.1 Degrees
LOto 1Q RFIN, RFIPrtainated in 50 , 1xLOappearing at BB port 42 dBm
Noise Figure 17.6 dB
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ABSOLUTE MAXIMING&AT

Table2. Stresses above those listed under Absolute MexiRatings
Parameter Rating may cause permanent damage to the device. This is a stress
Supply Voltagg(VPA, VPL, VPB, YPX 55V rating only; functional operation of the device at these or any
LO Input Power 13 dBm (re: 50 ) other conditions above those indicated in the operational
RFInput Power 15 dBm (re: 50 ) section of this specification is not implied. Exposure to atesolu
Internal Maximum Power Dissipation 1230 mW maximum rating conditions for extended periods may affect
N 54°C/W device reliability.
i 3°C/W
Maximum Junction Temperature 150°C
Operating Temperature Range 40°C to +85°C ESD CAUTIE(S);\l( I disch ) p

o o electrostatic discharge) sensitive device.
Storage Temperature Range 65°C to +125°C Charged devices and circuit boards can discharge

‘ without detection. Although this product features

patented or proprietary protection circuitry, damage

‘!% I\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCPTOONZEESCRI

Table 3. Pin Function Desciptions

(O |[24] |23 |£| 21| |20] |19 )
CMRF CMRF RFIP RFIN CMRF VPX
1|VvPA VPB |18
2 [com VPB | 17
3 [BIAS QHI [ 16
ADL5382
TOP VIEW
4 |VPL (Not to Scale) QLO (15
5 [vpL IHI | 14
6 vpPL ILo |13
CML LOIP LOIN CML CML COM
q 7 8 m 10f f11] [12 )

NOTES
1. CONNECT THE EXPOSED PAD TO A LOW IMPEDANCE
THERMAL AND ELECTRICAL GROUND PLANE.

Figure2. Pin Configuration

07208-002

Pin No. Mnemonic Description

1,4106, VPA, VPL, VPB, VR Supply.Positive supply for LO, IF, biasirmmnd baseband sections. These pins shobkidecoupled

17 to 19 to the board ground using appropriatesized capacitors.

2,7,10to0 12,/ COM, CML, CMRF Ground.Connect to a low impedance ground plane.

20,23, 24

3 BIAS Bias ControlA resistor (Rag can be connected between BIAS and COM to reduce the mixer core
current. The default setting for this pin is open.

8,9 LOIP, LOIN Local Oscillatoinput. Pins must be acoupled. A differential drive through a balun (recommended
balun isthe M/A-COM ETG1-13) is necessary to achieve optimal performance.

13to 16 ILO, IHI, QLO, QHI| IChannel and @Channel Mixer Baseband OutpufBhese outputs lave a 50 differential output
impedance (25 per pin). The bias level on these pins is equal to VPQS V. Each output pair can
swing 2 V pp (differential) into a load of 200 . Output 3 dB bandwidth is 370 MHz.

21,22 RFIN, RFIP RF InputA singleended 3 signal can be applied to the RF inputs through a 1:albn (recommended
balun isthe M/A-COM ETGC1-13). Grounereferenced inductors must also be connected to RFIP and
RFIN (recommended values = 33 nH).

EP Exposed PaddleConnect to a low impedance thermal and electrical ground plane.
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ADLS538

TYPICAL PERFORMANCE CHARACTERISTICS

Vs=5V, Ta=25°C, LO drive level = 0 dBmyd&== open, RF input balun loss is-dmbeddedynless otherwise noted.
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DISTRIBUTIONS FOR-= 900 MHz

100 100 . =
— Th=—40°C | é,_/——’ = Tp=-40°C Il o
= Tp =+25°C — Tp =+25°C J /
Th = aseC 7 Tp = +85°C q
80 =/ 80 /
41
r
J
W 60 o 60 H
2 2 i
z z )
g g A
e 40 / g 40 !
w [}
o o il
I
1y
20 20 i
/ }
— | CHANNEL
—=- Q CHANNEL -
0 ~ 0 . . .
31 32 33 34 35 36 37 g 45 50 55 60 65 70 75 80 85 §
INPUT IP3 (dBm) 5 INPUT IP2 (dBm) 5
Figure21. 11P3 Distribution&s= 900 MHz Figure24. 1IP2 Distributions for | Channel and Q Chaie8d0 MHz
100 100 .
— Tp =-40°C I —Ta=a0c Y
— Tp =+25°C = Tp=+25°C
Tp = +85°C Tp = +85°C
80 80
S S
w60 n 60
Q r Q
< <
= E
Z zZ
5 g
€ 40 € 40
w w
o a
20 f 20
0 o 0 i
12 13 14 15 16 17 § 125 13.0 135 14.0 14.5 15.0 155 §
INPUT P1dB (dBm) g NOISE FIGURE (dB) g
Figure22. IP1dB Distributioni-= 900 MHz Figure25. NiseFgureDistributions kr= 900 MHz
100 100
— Tp =-40°C = Ta=-40°C 7
— Tp =+25°C — Tp = +25°C
Tp = +85°C Tp = +85°C
80 80
w60 w60
g 2 /
E E
z z
g g
40 40
i i
a o /
20 20 /
0 VA

0
-1.00 -0.75 -0.50 -0.25 0 025 050 0.75

202 -0.1 0 0.1 02 § 1.00 §
GAIN MISMATCH (dB) g QUADRATURE PHASE ERROR (Degrees) g
Figure23. 1Q Gain Mismatch Distributipfs= 900 MHz Figure26. 1Q Quadrature Phasgor Distributionske= 900 MHz

RevA| Page 1®f 28




ADL5382

DISTRIBUTIONS FOR-= 1900 MHz
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DISTRIBUTIONS FOR-= 2700 MHz

100 T 100 T T
— Tp =-40°C // — Tp =-40°C
— Tp =+25°C — Tp =+25°C
Tp = +85°C / Tp = +85°C
80 80
w 60 o 60
Q Q
< <
= =
Z 4
3 / 3
g 40 / g 40
L w
o o
20 / 20
— | CHANNEL
—- Q CHANNEL
0 " 0 L A .
26 27 28 29 30 31 8 45 60 65 70 75 80 85 &
INPUT IP3 (dBm) g INPUT IP2 (dBm) g
Figure33. [IP3 Distribution&e= 2700 MHz Figure36. [IP2 Distributions for | Channel and Q Chagme2700 MHz
100 T 100 . —
— Ta=-40°C = Tp =-40°C
= Tp=+25°C — Tp =+25°C
Tp = +85°C Tp = +85°C
80 r 80 /
- |
g ‘ g
(LI:J) 60 ld.)'] 60
g d g
g 40 g 40
| | w
o | o
|
20 ; 20
: | Q, : / h
12 13 14 15 16 17 g 16.0 16.5 17.0 17.5 18.0 18.5 190 3
INPUT P1dB (dBm) s NOISE FIGURE (dB) g
Figure34. IP1dB Distribution-= 2700 MHz Figure37. MiseFigureDistributions &= 2700 MHz
100 T 100 T —
— T =-40°C — Tp =-40°C /
— Tp =+25°C — Tp =+25°C
Ta = +85°C T = +85°C /
80 / 80 /’
w60 o 60
2 g
= [
Z 4
D s /
% 40 g 40
a g
20 20 .
0 o 0 P ®
-0.1 0 0.1 0.2 03 2 -1.00 -0.75 -0.50 -0.25 0 025 050 075 100 8
GAIN MISMATCH (dB) 5 QUADRATURE PHASE ERROR (Degrees) g
Figure35. 1Q Gain Mismatch Distributiphe= 2700 MHz Figure38. IQ QuadratuhaseError Distributionske= 2700 MHz

RevA| Page 12f 28




ADL5382

CIRCUIT DESCRIPTION

The ADL5382 can be divided into five sections: the local
oscillata (LO) interface, the RF voltage-current (\-to-1)
converter, the mixers, the differential emitter follower outputs,
and the bias circuit. A detailed block diagram of the device is
shown in Figure39.

BIAS
?
IHI
(X)
n )ILO
) LOIP
RFIP ~U POLYPHASE
/> QUADRATURE
REIN PHASE SPLITTER
)LOIN
) QHI
®
QLo §

Figure39. Block Diagram

The LO interface generates two LO signals at 90° of phase
difference to drive two mixers in quadrature. RF signals are
converted into currents by the-#d-1 converters that feed into

the two mixers. The differential | and Q puts of the mixers

are buffered via emitter followers. Reference currents to each
section are generated by the bias circuit. A detailed description
of each section follows.

LO INTERFACE

The LO interface consists of a polyphase quadrature splitter
followed by a limiting amplifier. The LO input impedance is set
by the polyphase, which splits the LO signaltintodifferentid
signals in quadrature. Each quadrature LO signal then passes
through a limiting amplifier that provides the mixer with a
limited drive signal. For optimal performance, the LO inputs
must be driven differentially.

V-TO-l CONVERTER

The differential RF input signal is applied to a resistively
degenerated common base stage, which converts the differential
input voltage to output current§ he output curents then

modulate the two half frequency LO carriers in the mixer stage.

MIXERS

The ADL5382 has two doubbalanced mixers: one for the
in-phase channel (I channel) and one for the quadrature channel
(Q channel). These mixers are based on the Gilbert cell design
of four crossconnected transistors. The output currents from
the two mixers are summed together in the resistive loads that
then feed into the subsequent emitter follower buffers.

EMITTER FOLLOWER BEERS

The output emitter fobwers drive the differential | and Q
signals offchip. The output impedance is set bydip 25
series resistors that yield a 5@ifferential output impedance
for each baseband port. The fixed output impedance forms a
voltage divider with the load insglance that reduces the effective
gain. For example, a 500differential load has 1 dB lower
effective gain than a high (10 kdifferential load impedance.

BIAS CIRCUIT

A band gap reference circuit generates the proportitmal
absolute temperature (RT) as well as temperatuiredependent
reference currents used by different sections. The mixer current
can be reduced via an external resistor between the BIAS pin
and ground. When the BIAS pin is open, the mixer runs at
maximum current and therefothe greatest dynamic range.

The mixer current can be reduced by placing a resistance to
ground; therefore, reducing overall power consumption, noise
figure, and IIP3. The effect on each of these parameters is
shown in FigurélO,Figurel3, and Figuré4.
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APPLICATIONS INFQRMA

BASIC CONNECTIONS

Figure41shows the basic connections schematic for the ADL5382.

POWER SUPPLY

The nominal voltage sy for the ADL5382 is ¥ and is
applied to the VPA, VPB, VPL, and VPX pins. Ground should

be canected to the COM, CML, and CMRF pins. The exposed
paddle on the underside of the package should also be soldered

to a low thermal and electrical impedanceund plane. If the
ground plane spans multiple layers on the circuit boargethe
layersshould be stitched together with nine vias under th
exposed paddle. The Application Note AM2 discusses the
thermal and electrical grounding of the LFCSP in deéfaith
of the supply pins should be decoupled using two capacitors;
recommended capacitor values are 100 pF and0.1

ETC1-1-13

RFC

1000pF

33nH

5

LOCAL OSCILLATOR (LONPUT

For optimum performance, the LO port should be driven
differentially through a balun. The recommendedunis

the M/A-COM ETC211-13. The LO inputs to the device should
be aecoupled with 100QF capacitorsThe LO port is designed
for a broadband 50 match from 700 MHz to 2.7 GHz. The
LO return loss can be seen in FigR@eFigure40shows the LO
input configuration.

LO INPUT
(® Loir
1000pF

ETC1-1-13 ===
() LoiN
1000pF

07208-040

Figured0. Differential LO Drive
The recommended LO drive level is between 6 dBm ardB#b.

The applied LO frequency range is between 700 MHz and 2.7 GHz.

1000pF

33nH

|| | | | || |
Vpos 2% 23 22 21 20 19
E & T Z & &
s = & & = > |
[1{1vPAT © o vPB 18|[] _T_ _T_ O Vpos
0.14F 100pF [| | 100pF 0.14F
;; ;; %7—[ 2 COM vee 17| [H ;; g
[1|3 BIAS QHI16 :—(é)QHI
ADL5382 1
1[4 veL QLO 15 _4@@_0
Veos |5 veL H14][] IHI
0.14F 100pF |
g g | 6VPL§ s oz o4 g gu_on ——@n_o
O 9 9 O O O
7 8 9 10 11 12
L1 | || || L1 ||
v

1000pF

@j

LO

1000pF

ETC1-1-13

.

07208-041

Figure4l1. Basic Connections Schematic
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RF INPUT

The RF inputs have a differential input impedance of
approximately 50 . For optimum performance, the RF port
should be driven differentially through a balun. The recommended
balun isthe M/A-COM ETCZ21-13. The RF inputs to the device
should be acoupled with 000 pF capacitors. Grourgferenced
choke inductors must also be connected to RFIP and RE&N (
recommended value 83nH, Coilcraft 0603CS3NX) for
appropriate biging. Several important aspects must be taken
into account when selecting an appropriate choke inductor for
this application. First, the inductor must be able to handle the
approximately 40nA of standing dc current being delivered

from each of the RF inppins (RFIP, RFIN). The suggested
0603 inductor has a 6@@A current rating. The purpose of the
choke inductors is to provide a very low resistance dc path to
ground and high ac impedance at the RF frequency so as not to
affect the RF input impedance. Boke inductor that has a self
resonant frequency greater than the RF input frequency ensures
thatthe choke is still looking inductive and therefore has a more
predictable ac impedance (j L) at the RF frequency. Fig@re
shows the RF input afiguration.

33nH

@) RFIN

1000pF

ETC1-1-13

1000pF
@) RFIP

RF INPUT
33nH

07208-042

Figured2. RF Input

The differential RF p return loss isharacterized as shown in
Figure43.

-10

22 \

Y

07 09 11 13 15 17 19 21 23 25 27 29
FREQUENCY (GHz)

Figure43. Differential RF Port Return Loss

BASEBAND OUTPUTS

The baseband outputs QHI, QLO, IHI, and ILO are fixed
impedance ports. Each basebanid pas a 50 differential
output impedance. The outputs can be presented with differential
loads as low as 200(with some degradatiom gain) or high
impedance differential loads (5000r greater impedance yields
the same excellent linearity) that is typicalroA®C. The
TCM9-1 9:1 balun converts the differential IF output to single
ended. When loaded with 50 , this balun presents a 450
load to the @vice. The typical maximum linear voltage swing
for these outputs is 2 \tpdifferential. The bias level oretbe
pins is equal to VPOS2.8 V. The output 8B bandwidth is

370 MHz. Figuré4shows the baseband output configion.

07208-043

QHI () (0 qni
\V;

QLo (1 (o) qLo
\V;

i1 (19) (0 i

\V;

iLo @ (@0 ¥
v L

Figured4. Baseband Output Configuration
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ERROR VECTOR MAGNDHE (EVM) PERFORANCE

EVM is a measure used to quantify the performance of a digital
radio transmitter or receiver. A signal received by a receiver
would have altonstellation pointst the ideal locations; however,
various imperfections in the implementation (s@shmagnitude
imbalance, noise flopand phase imbalanceause the actual
constellation points to deviate from the ideal locations.

The ADL5382 shows excellent EVM performance for various
modulation schemegigure45shows the EVM @rformance of
the ADL5382 with a 16 QAM, 200 kHz low IF.

EVM (dB)
B

-30 \
-35 \\

—4

i \\

45 ~——

-50

85 75 65 55 45 35 25 15 -5

07208-045

RF INPUT POWER (dBm)

Figure45. EVM, RF = 900 MHz, IF = 200 kHz vs.
RF Input Power for a 16 QAMKE§@n/s Signal

Figure46shows theero-IF EVM performance of a 1Hz

IEEE 802.16e WAX signal through the ADL5382. The
differential dc offsets on the ADL5382 are in the order of a few
millivolts. However, ac coupling the baseband owpuith

10uF capacitoreliminatesdc offsets and enhances EVM
performanceWith a 10 MHz BW signal, 10Fac coupling
capacitors wittthe 500 differential load results in a higbass
corner frequencyf ~64 Hz which absorbs an insignificant
amount of modulated signal energy from the baseband signal.
By using acouplingcapacitors athe baseband outputs, the dc
offset effects, which can limit dynamic range at low input power
levels, can be eliminated.

EVM (dB)

N /

N _/

_5965 —60 —55 —50 —45 —40 —35 30 25 -20 -15-10 -5 0 5 10
RF INPUT POWER (dBm)
Figured6.EVMRF = 2.6 GHIF = 0 Hzs.RAnput Power for a 16 QAM
10MHz Bandwidth Mobile WiMAX Sig#eCCoupled Baseband Outputs)
Figure47 exhibitsmultiple W-CDMA low-IF EVM
performancecurves ovea wide RF input power ranggo the
ADL5382.In the case ofexo-IF, thenoise contribution byhe
vector signal analyzéecones predominant at lower power
levels, making it difficult to measure SNR accurately.

07208-046

[
koA
S 25
s
Y _30

-35 OHz

5MHz
_a0 N AN
—45 : A‘f

© 7.5MHz
—75 —70 —65 —60 —55 —50 —45 —40 —35 —30 —25 —20 —15 10 -5
RF INPUT POWER (dBm)

Figured7.EVMRF = 180 MHz, IF&Hz,2.5MHz 5 MHzand 7.5 MHgs.RF
Input Power for a \@DMASignal(AGCoupled Baseband Outputs)

2.5MHz
| |

07208-047
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Figure48. lllustration of the Image Problem

LOW IF IMAGE REJEON

The image rejection ratio is thetio of the intermediate frequency
(IF) signal leveproduced by the desired inpfrequency to that
produced by the image frequency. The image rejection ratio is
expressed idecibels. Appropriate image rejection is critical
because the image power can be much higher than that of the

desired signal, thereby plaguing the down conversion process.

Figure48illustrates the image problem. If the upperesidnd
(lower sideband) is the desired band, a 90° shift to the Q channel
(I channel) cancels the image at the lower sideband (upper
sideband)Phase and gain balarmetween | and) channels

are critical for high levels of image rejection.

Figure49shows the excellent image rejection capabilities of
the ADL5382 for low IF applications, such asQBMA. The
ADL5382 exhibits image rejgan greater than 45 dB over a
broad frequency range

70 T T T T
2.5MHz LOW IF

50 —] I \
| [7smHzLOW IF NN

5MHz LOW IF

60

40

30

IMAGE REJECTION (dB)

20

10

0
700 900 1100 1300 1500 1700 1900 2100 2300 2500 2700 ¥

RF FREQUENCY (MHz) g

Figure49. Image Rejection vs. RF Frequency f@RNA Signal,
IF = 2.84Hz 5MHz and 7.5 MHz

EXAMPLE BASEBAND INTERFACE

In most direct conversion receiver designs, it is desirable to
select a wanted carrier within a specified band. The desired
channel can be demoldted by tuning the LO to the appropriate
carrier frequency. If the desired RF band contains multiple
carriers of interest, the adjacent carriers would also be down
converted to a lower IF frequency. These adjacent carriers can
be problematic if they are large relative to the wanted carrier as
they can overdrive the baseband signal detection circuitry. As a
result, it is often necessary to insert a filter to provide sufficient
rejection of the adjacent carriers.

It is necessary to consider the overall sewand load impedance
presented by the ADL53&&d ADC input to design the filter
network. The differential baseband output impedance of the
ADL5382 is 50 . The ADL5382 is designed to drive a high
impedance ADC input. It may be desirable to terminate the
ADC input down to lower impedance by usingeaninating
resistor, such as 500 . The terminating resistor helps to better
define the input impedance at the ADC inptitthe cost of a
slightly reduced gain (see tB&cuit Descriptionsection for

details @ theemitterfollower output loading effectsThe order

and type of filter network depends on the desired high frequency
rejection required, padsand ripple, and group delay. Filter
design tables provide outlines for various filter types and orders,
illustrating the normaked inductor and capacitor values for a

1Hz cutoff frequency and 1 load. After scalinghe normalized
prototype element values by the actual desiredffitequency
and load impedance, the series reactance elements are halved to
realize the final balanced filter network component values.
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ADL5382

As an example, a secendder Butterworth, lowpass filter Figure5landFigure52show themeasured frequency response
design is shown iRigure50where the differential load impedance and group delay of the filter.

is 500 and the source impedance of the ADL5382 is 50 . The 10

normalized series inductor value for thetbol, loadto-source

impedance ratio is 0.074 H, and the normalized shunt capacitor 5 |- \

is 14.814 F. For a 10.9 MHz cutoff frequency, the sargled
equivalent circuit consists of a 0.54 pH series inductor followed
by a 433 pF shunt capacitor.

The balanced configuration is realized as the 0.54 uH inductor
is split in half to realize the network shown in Figbde

Rs Y Ly = 0.074H

N\

\

MAGNITUDE RESPONSE (dB)
&

. qomges L] AN
- C 14.814F 2R Y
s CONFIGURATION NT T
-20 =
Rs-01 fo=1Hz 0 05 10 15 20 25 30 35 %
RL FREQUENCY (MHz) g
Rs Y 0.54H ) . )
N Figureb1.SixthOrderBaseband Filter Response
DENORMALIZED l | 900
Vg SINGLE-ENDED 433pF IR %
EQUIVALENT T 1
. 800
fc = 10.9MHz
'% ¥ 0.27uH 0
AMA M *
l sR v __ 600
BALANCED T2 2
\ 433pF =
S CONFIGURATION T :E % ¥ 2 500
A 3 — P~
W AN 8 i
Rs v 0.27uH 2 S 400 V4 il
Figure50.SecondOrderButterworth, LowPass Filter Design Example 300 /,/
A complete design examplesisown in Figuré3. A sixthorder 200 ||
Butterworth differential filter having a 1.9 MHz corner frequency
. . 100 o
interfaces the output of the ADL5382 to that of an ADC input. 0 02 04 06 08 10 12 14 16 18 &
The 500 load resistor defines the input impedance of the FREQUENCY (MHz) 5
ADC. The filter adheres to tyqal direct conversion YCDMA Figure52.SixthOrderBaseband Filter Group Delay

applications, where 1.92 MHz away from the carrier IF frequency;,
1dB of rejection is desired and ®IHz away 1@ B of rejection
is desired.
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Figure53.Skth-Order LowPass ButterwortfBaseband Filter Schematic
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As the load impedance of the filter increasesfiltiee design ° N

becomesnore challenging in terms of meag the required \

rejection and pass band specifications. In the preWsus a ° A\

CDMA example, the 500 load impedance resulted in the ° \

design of a sixtlorderfilter that has relatively large inductor % 5 \\

values and small capacit@lueslf the load impedance 200 , ?j \

the filter design becomes much more manageablshown in E I

Figure54, e resultant inductor and capacitor values become =

much more practical. § N

10pH  8pH = -1 \‘\

> 20

02 06 10 14 18 22 26 30 34 38
FREQUENCY (MHz)

Figures5.Fourth-Order LowPass \WACDMA Filter Magnitude Response

Y
80pF
100pF

A
07208-054

07208-055

10pH 8uH

Figure54.Fourth-Order LowPass \ACDMA Filtéschematic 900
Figure55and Figure56illustratethe magnitude response and 800
group delay response of tfarth-order filter, respectively. 700
s 600
£
g 500
w
2 400
300 ]
//
200
—-——’/
100

02 04 06 08 10 12 14 16 18 20
FREQUENCY (MHz)

Figure56. FourthOrder LowPass WCDMA Filteri@up DelayResponse

07208-056
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