FEATURES

Upconversion or Downconversion
High 1IP3: +28.2dBm at 5.8GHz
+22.8dBm at 12GHz
8.0dB Conversion Loss at 5.8GHz
+14.3dBm Input P1dB at 5.8GHz
Integrated LO Buffer: 0dBm LO Drive
Bypassable Integrated LO Frequency Doubler
Low LO-RF Leakage: <-30dBm
50Q2 Single-Ended RF, LO and IF Ports
3.3V/115mA Supply
Fast Turn ON/OFF for TDD Operation
2mm x 3mm, 12-Lead QFN Package

APPLICATIONS

Microwave Transceivers
Wireless Backhaul
Point-to-Point Microwave
Phased-Array Antennas
C, X and Ku Band RADAR
Test Equipment

Satellite MODEMs

| t ’\D LTC5549

TECHNOLOGY 2GHz to 14GHz Microwave

Mixer with Integrated
LO Frequency Doubler
DESCRIPTION

The LTC®5549 is a general purpose passive double-
balanced mixer that can be used for upconversion or
downconversion. The RF port is designed for the 2GHz to
14GHz band and the IF port is optimized for 500MHz to
6GHz operation. Anintegrated LO bufferamplifier supports
LO frequencies from 1GHzto 12GHz, requiring only 0dBm
LO power. The LTGC5549 delivers high IIP3and input P1dB
with low power consumption.

An internal LO frequency doubler can be enabled by a
CMOS-compatible digital control pin, allowing operation
with a lower, one-half LO input frequency. This allows the
mixer’s LO portto be used with existing synthesizers, such
as the LTC6946 and LTC6948 family.

The LTC5549’s high level of integration minimizes the total
solution cost, board space and system level variation with
its 2mm x 3mm package size.

ALY, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear
Technology Corporation. All other trademarks are the property of their respective owners.

TYPICAL APPLICATION
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LTC5549

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

(Note 1)

SUPPIY VOItAGE (VGG crvvererermreerreeeeeseeeeseeeeereeeneeenes 4V TOPVIEW

Enable Input Voltage (EN)................ -0.3Vto Vg + 0.3V 2 g 2

X2 Input Voltage (X2) ......ccccccueeuenee -0.3Vto Vg + 0.3V T2l 11l ol

LO Input Power (1GHz t0 12GH2) .......coovev.. ... +10dBm ao [0 N T

LO Input DC Voltage ........cccccoovrvinrinriinrinienee, +0.1V b e L e

RF Power (2GHz t0 14GHZ) .......coovvveerce +20dBm I S

RF DC VORAGE ...vvvveeeeeeceeeiiiicieennnne 0.1V e N ARATAR: &

IF Power (0.5GHZ t0 6GHZ) ......cc...vevovrrevrne +20dBm AERLI LY

[FDC VORAQE ..o, +0.1V 5 © &

Operating Temperature Range (Tg)........ -40°C to 105°C oLEAD (zrg?anPé\mG;LASﬂ oo
Storage Temperature Range .................. -65°C to 150°C T = 150°C, 6,0 = 25°GW

Junction Temperature (Ty) ..ooeverererererercienees 150°C EXPOSED PAD (PIN 13) IS GND, MUST BE SOLDERED TO PCB
ORDER INFORMATION

Lead Free Finish

TAPE AND REEL (MINI) | TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC55491UDB#TRMPBF | LTC55491UDB#TRPBF | LGTZ 12-Lead (2mm x 3mm) Plastic QFN ~40°C t0 105°C

TRM =500 pieces. *Temperature grades are identified by a label on the shipping container.
Consult LTC Marketing for parts specified with wider operating temperature ranges.

Consult LTC Marketing for information on lead b

ased finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/

DC ELGCTGICHL CHHRHCTGI“SHCS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Tg = 25°C. V¢ = 3.3V, EN = High, unless otherwise noted. Test circuit shown in

Figure 1. (Note 2)

PARAMETER | CONDITIONS | MIN TYP MAX UNITS
Power Supply Requirements
Supply Voltage (V¢c) ° 3.0 3.3 3.6 \
Supply Current Enabled EN = High, X2 = Low 115 136 mA
EN = High, X2 = High 130 155 mA
Disabled EN = Low 100 HA
Enable (EN) and LO Frequency Doubler (X2) Logic Inputs
Input High Voltage (On) ) 1.2 V
Input Low Voltage (Off) o 0.3 Y
Input Current -0.3Vto Vg + 0.3V -30 100 HA
Chip Turn-On Time 0.2 us
Chip Turn-Off Time 01 s

5549fa
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LTC 5549

ﬂC GLGCTBKHL CH HBHCTERISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Tg = 25°C. V¢ = 3.3V, EN = High, P g = 0dBm, Pgg = -5dBm (-5dBm/tone for two-
tone 1IP3 tests), unless otherwise noted. Test circuit shown in Figure 1. (Notes 2, 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS
LO Frequency Range [ 11012 GHz
RF Frequency Range ° 21014 GHz
IF Frequency Range ) 500 to 6000 MHz
RF Return Loss Zo =50Q, 2GHz to 13.6GHz >9 dB
LO Input Return Loss Zo =509, 1GHz to 12GHz >10 aB
IF Return Loss Zo =509, 0.7GHz to 6GHz >10 aB
LO Input Power X2 = Low -6 0 6 dBm
X2 = High -6 0 3 dBm
Downmixer Application with LO Doubler Off (X2 = Low)
Conversion Loss RF Input = 2GHz, LO = 3.89GHz 7.8 dB
RF Input = 5.8GHz, LO = 3.91GHz 8.0 dB
RF Input = 9GHz, LO = 7.11GHz 94 aB
RF Input = 12GHz, LO = 10.11GHz 10.8 dB
Conversion Loss vs Temperature Tc =—40°C to 105°C, RF Input = 5.8GHz ) 0.009 dB/°C
2-Tone Input 3rd Order Intercept RF Input = 2GHz, LO = 3.89GHz 26.0 dBm
(AfRe = 2MHz) RF Input = 5.8GHz, LO = 3.91GHz 28.2 dBm
RF Input = 9GHz, LO = 7.11GHz 24.4 dBm
RF Input = 12GHz, LO = 10.11GHz 22.8 dBm
SSB Noise Figure RF Input = 2GHz, LO = 3.89GHz 7.9 aB
RF Input = 5.8GHz, LO = 3.91GHz 8.1 aB
RF Input = 8.5GHz, LO = 6.61GHz 10.2 dB
RF Input = 10GHz, LO = 8.11GHz 10.4 aB
L0 to RF Leakage flo = 1GHz to 12GHz <=30 dBm
LO to IF Leakage flo = 1GHz to 12GHz <27 dBm
RF to LO Isolation frr = 2GHz to 14GHz >45 aB
RF Input to IF Output Isolation frr = 2GHz to 14GHz >35 dB
Input 1dB Compression RF Input = 5.8GHz, LO = 3.91GHz 14.3 dBm
Downmixer Application with LO Doubler On (X2 = High)
Conversion Loss RF Input = 5.8GHz, LO = 1.955GHz 8.2 dB
RF Input = 9GHz, LO = 3.555GHz 9.9 dB
RF Input = 12GHz, LO = 5.055GHz 11.9 dB
Conversion Loss vs. Temperature Tg =—40°C to 105°C, RF Input = 5.8GHz ) 0.009 dB/°C
2-Tone Input 3rd Order Intercept RF Input = 5.8GHz, LO = 1.955GHz 27.9 dBm
(AfRr = 2MHz) RF Input = 9GHz, LO = 3.555GHz 24.8 dBm
RF Input = 12GHz, LO = 5.055GHz 22.0 dBm
SSB Noise Figure RF Input = 5.8GHz, LO = 1.955GHz 9.6 dB
RF Input = 8.5GHz, LO = 3.305GHz 10.7 dB
RF Input = 10GHz, LO = 4.055GHz 12.6 dB
L0 to RF Input Leakage fLo = 1GHz to 5GHz <=35 dBm
2L0 to RF Input Leakage flo = 1GHz to 5GHz <-28 dBm
LO to IF OQutput Leakage flo = 1GHz to 5GHz <=30 dBm
2L0 to IF Output Leakage fLo = 1GHz to 5GHz <=31 dBm
Input 1dB Compression fre = 5.8GHz, f g = 1.955GHz 13.8 dBm
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LTC5549

ﬂC GLGCTBKHL CH HBHCTERISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Tg = 25°C. V¢ = 3.3V, EN = High, P g = 0dBm, Pjg = -5dBm (-5dBm/tone for two-

tone 1IP3 tests), unless otherwise noted. Test circuit shown in Figure 1. (Notes 2, 3)

PARAMETER | CONDITIONS | MmN TYP MAX |  UNITS
Upmixer Application with LO Doubler Off (X2 = Low)
Conversion Loss RF Qutput = 2GHz, LO = 3.89GHz 7.7 dB
RF Output = 5.8GHz, LO = 3.91GHz 7.8 dB
RF Output = 9GHz, LO = 7.11GHz 9.2 dB
RF Output = 12GHz, LO = 10.11GHz 10.7 dB
Conversion Loss vs Temperature Tc =—40°C to 105°C, RF Output = 5.8GHz 0.009 dB/°C
Input 3rd Order Intercept (Afjp = 2MHz) | RF Output = 2GHz, LO = 3.89GHz 25.0 dBm
RF Output = 5.8GHz, LO = 3.91GHz 24.4 dBm
RF Output = 9GHz, LO = 7.11GHz 23.9 dBm
RF Output = 12GHz, LO = 10.11GHz 19.9 dBm
SSB Noise Figure RF Output = 2GHz, LO = 3.89GHz 7.8 dB
RF Output = 5.8GHz, LO = 3.91GHz 8.8 dB
RF Output = 8.5GHz, LO = 6.61GHz 10.4 dB
RF Output = 10GHz, LO = 8.11GHz 111 dB
L0 to RF Output Leakage flo = 1GHz to 12GHz <=30 dBm
LO to IF Input Leakage flo = 1GHz to 12GHz <27 dBm
IF to LO Isolation fir = 500MHz to 6GHz >45 aB
IF to RF Isolation fip = 500MHz to 6GHz >40 aB
Input 1dB Compression RF Qutput = 5.8GHz, LO = 3.91GHz 15.5 dBm
Upmixer Application with LO Doubler On (X2 = High)
Conversion Loss RF Qutput = 5.8GHz, LO = 1.955GHz 8.1 dB
RF Output = 9GHz, LO = 3.555GHz 9.7 dB
RF Output = 12GHz, LO = 5.055GHz 11.8 dB
Conversion Loss vs Temperature T =—40°C to 105°C, RF Output = 5.8GHz 0.009 dB/°C
2-Tone Input 3rd Order Intercept RF Output = 5.8GHz, LO = 1.955GHz 23.2 dBm
(Afip = 2MHz) RF Output = 9GHz, LO = 3.555GHz 23.5 dBm
RF Output = 12GHz, LO = 5.055GHz 20.0 dBm
SSB Noise Figure RF Output = 5.8GHz, LO = 1.955GHz 10.9 dB
RF Output = 9GHz, LO = 3.555GHz 12.3 dB
RF Output = 10GHz, LO = 4.055GHz 12.7 dB
L0 to RF Output Leakage fLo = 1GHz to 5GHz <=35 dBm
2L0 to RF Output Leakage flo = 1GHz to 5GHz <=30 dBm
L0 to IF Input Leakage flo = 1GHz to 5GHz <-30 dBm
2L0 to IF Input Leakage fLo = 1GHz to 5GHz <=31 dBm
Input 1dB Compression RF Qutput = 5.8GHz, LO = 1.955GHz 15.4 dBm

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute

Maximum Rating condition for extended
reliability and lifetime.

periods may affect device

Note 2: The LTC5549 is guaranteed functional over the -40°C to 105°C

case temperature range (8,¢ = 25°C/W).

Note 3: SSB noise figure measurements performed with a small-signal
noise source, bandpass filter and 2dB matching pad on input, with
bandpass filters on L0, and output.
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LTC 5549

T'I'PICHL PEBFOﬂmm\CE CHHRHCTGGISTICS EN = high, test circuit shown in Figure 1.

Supply Current vs Case
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T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS 2GHz to 13GHz downmixer application.

Ve = 3.3V, EN = high, X2 = low, T¢ = 25°C, P g = 0dBm, Pgp = -5dBm (-5dBm/tone for two-tone 1IP3 tests, Af = 2MHz), IF = 1.89GHz,

unless otherwise noted. Test circuit shown in Figure 1.
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LTC 5549

T'I'PICHL PGBFOﬂmm\CE CHHRHCTGRISTICS 2GHz to 13GHz downmixer application.

Vgc = 3.3V, EN = high, X2 = low, T¢ = 25°C, P g = 0dBm, Pgr = -5dBm (-5dBm/tone for two-tone IIP3 tests, Af = 2MHz), IF = 1.89GHz,

unless otherwise noted. Test circuit shown in Figure 1.
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T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS 2GHz to 13GHz downmixer application with LO
frequency doubler enabled. Vg = 3.3V, EN = high, X2 = high, T¢ = 25°C, P g = 0dBm, Pgg =-5dBm (-5dBm/tone for two-tone IIP3
tests, Af = 2MHz), IF = 1.89GHz, unless otherwise noted. Test circuit shown in Figure 1.
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LTC 5549

T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS 2GHz to 13GHz upmixer application.
Ve = 3.3V, EN = high, X2 = low, T¢ = 25°C, P g = 0dBm, Pz = -5dBm (-5dBm/tone for two-tone IIP3 tests, Af = 2MHz), IF = 1.89GHz,
unless otherwise noted. Test circuit shown in Figure 1.
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LTC5549

T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS 2GHz to 13GHz upmixer application with LO
frequency doubler enabled. V¢g = 3.3V, EN = high, X2 = high, T¢ = 25°C, P g = 0dBm, P|r = -5dBm (-5dBm/tone for two-tone 1IP3
tests, Af = 2MHz), output measured at 5.8GHz, unless otherwise noted. Test circuit shown in Figure 1.

CONVERSION LOSS (dB), 11P3 (dBm) CONVERSION LOSS (dB), 11P3 (dBm)

CONVERSION LOSS (dB), IIP3 (dBm)

Conversion Loss and IIP3 vs Case
Temperature (Low Side LO)

28 |
% IIP3
24 “\\ T — =
DY R S s e NN
20 F 40 IS
18} 25°C Dy
| ====85°C '

L 105°C
14 1 RS
12 CONVERSION LOSS —— 354
10 AR

. A S ) %4\\"”’“

4 5 6 7 8 9 10 11 12 13
RF FREQUENCY (GHz)

5549 G33

Conversion Loss and IIP3 vs Case
Temperature (High Side LO)

26
L \
S e e U
22 S EE NN
20 N
ARy ~
—— —40°C DO
18 [ —— 95°C “..\\\
16 | ====85° TN
----- 105°C R
14 | =
12 | 2223
CONVERSION LOSS |, 22~
10 NS /e
R o
8 ﬁ'f-——'
6

2 3 4 5 6 7 8 9 10
RF FREQUENCY (GHz)

5549 G36

Conversion Loss and IIP3 vs IF

Frequency (Low Side LO)
28 ‘ /,_///__\/
26 1P3 Y
24 = o
L7
22 -
20
—— RF=5.8GHz |
18 — — RF=9.8GHz
16
14
12 CONVERSION LOSS =
10 | Tt
/—_ﬁ_//-r
8 —
6
05 1 15 2 25 3 35 4 45 5 55 6

IF FREQUENCY (GHz)

5549 G39

CONVERSION LOSS (dB), IIP3 (dBm)

CONVERSION LOSS (dB), IIP3 (dBm)

INPUT P1dB (dBm)

Conversion Loss and 1IP3 vs LO

Power (Low Side LO)
28
5 h |
IIP3
24 I - ‘-ﬁ§ﬁ§
22 N
20 &
—— —6dBm N
18 | — — 0dBm
16 | ====3dBm
14 -
‘ ‘ /__/
12 CONVERSION LOSS R A=
el A
10 AN
8

4 5 6 7 8 9 10 11 12 13
RF FREQUENCY (GHz)

5549 G34

Conversion Loss and 1IP3 vs LO
Power (High Side LO)

26
===
St d
2 N 1P
20 N
18 -6dBm \\%\
—— 0dBm SO\
16 [ ———- 3¢Bm N
14 ‘
12 Tl
CONVERSION LOSS | /e b L
10 | ”/—::,-;\/m
. ',/J’_’f
8 "m—
6

2 3 4 5 6 7 8 9 10
RF FREQUENCY (GHz)

5549 G37

Input P1dB vs IF Frequency

17
16 -
-~
/ \L1
15 N
/
14 \v,/_\&\
13 =1 \\
12 “"\
11 | —— HS LO RF = 5.8GHz /]
—— LS LO RF = 9.8GHz N
| | | | | |

10
051 15 2 25 3 35 4 45 5 55 6
IF FREQUENGY (GHz)

5549 G40

CONVERSION LOSS (dB), IIP3 (dBm)

CONVERSION LOSS (dB), IP3 (dBm)

LO AND 2LO LEAKAGE (dBm)

Conversion Loss and IIP3 vs
Supply Voltage (Low Side LO)

28 ‘
% \ 1IP3
2 N
22 NN
N
20 ~
~N

1g | —— 30V N

——33V
16 | =——- 3.6V
14 i
12 CONVERSIONL0SS | ___L~T
10 —
8 =

4 5 6 7 8 9 10 11 12 13
RF FREQUENCY (GHz)

5549 G35

Conversion Loss and IIP3 vs
Supply Voltage (High Side LO)

26
24 \4'—\ -
I~ — e T
2 TIP3
\\\\
20 AN
N
——33V |
16 | ==== 3.6V
14
12
10 |— CONVERSION LOSS __|__
8

6
2 3 4 5 6 7 8 9 10

RF FREQUENCY (GHz)

5549 G38

LO and 2L0 Leakage to RF
-10
-20
2L0-RF
-30
N /
—40 [y !X\]Q\

NN

LO FREQUENGY (GHz)

5549 G41

5549fa

For more information www.linear.com/LTC5549

LY N


http://www.linear.com/LTC5549

LTC 5549

PIN FUNCTIONS

GND (Pins 1, 3, 4, 6, 10, 12, Exposed Pad Pin 13):
Ground. These pins must be soldered to the RF ground
on the circuit board. The exposed pad metal of the pack-
age provides both electrical contact to ground and good
thermal contact to the printed circuit board.

IF (Pin 2): Single-Ended Terminal for the IF Port. This pin
is internally connected to the primary side of the IF trans-
former, which has low DC resistance to ground. A series
DC blocking capacitor should be used to avoid damage to
theintegrated transformerwhen DC voltageis present. The
IF port is impedance matched from 500MHz to 6GHz, as
long as the LO is driven with a 0 +6dBm source between
1GHz and 12GHz.

RF (Pin 5): Single-Ended Terminal for the RF Port. This
pin is internally connected to the primary side of the RF
transformer, which has low DC resistance to ground. A
series DC blocking capacitor should be used to avoid
damage to the integrated transformer when DC voltage is
present. The RF port is impedance matched from 2GHz to
14GHz as long as the LO is driven with a 0 +6dBm source
between 1GHz and 12GHz.

EN (Pin 7): Enable Pin. When the voltage to this pin is
greater than 1.2V, the mixer is enabled. When the input
voltage is less than 0.3V, the mixer is disabled. Typical
current drawn is less than 30pA. This pin has an internal
376k<2 pull-down resistor.

X2 (Pin 8): Digital Control Pin for LO Frequency Doubler.
When the voltage to this pin is greater than 1.2V, the LO
frequency doubler is enabled. When the input voltage
is less than 0.3V, the LO frequency doubler is disabled.
Typical current drawn is less than 30pA. This pin has an
internal 376kQ pull-down resistor.

Ve (Pin9): Power Supply Pin. This pin must be externally
connectedtoaregulated 3.3V supply, withabypass capaci-
tor located close to the pin. Typical current consumption
is 115mA.

LO (Pin 11): Input for the Local Oscillator (LO). The LO
signal is applied through this pin. A series DC blocking
capacitor should be used. Typical DC voltage at this pin
is1.6V.

5549fa
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BLOCK DIRGRAM

LTC5549

= 5549 BD

GND PINS ARE NOT SHOWN.
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TEST CIRCUIT

eJeno  ircssas  enn[igb—
= S =
| | o
RF 13 Lo
SHC g gy 1 L i ——+—+4—] I—@m
¢l Zp=500 | | 20 =500 c4
= I L=14mm Lo L=35mm L =
_—1s]enp GND Eﬂ—_l_
EN X2 Ve
8 —19]
EN Vee
(3.0VT03.6V)
X2 c2
REF DES VALUE SIZE VENDOR COMMENT
C1,C4 0.15pF 0402 AVX ACCU-P 04021JR15ZBS
C2,C5 22pF 0402 AVX
C3 1uF 0603 AVX

Figure 1. Standard Test Circuit Schematic

5549fa
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LTC5549

APPLICATIONS INFORMATION

Introduction

The LTC5549 consists of a high linearity double-balanced
mixer core, LO buffer amplifier, LO frequency doubler
and bias/enable circuits. See the Block Diagram section
for a description of each pin function. The RF, LO and IF
are single-ended terminals. The LTC5549 can be used
as a frequency downconverter where the RF is used as
an input and IF is used as an output. It can also be used
as a frequency upconverter where the IF is used as an
input and RF is used as an output. Low side or high side
LO injection can be used. The evaluation circuit and the
evaluation board layoutare shownin Figure 1and Figure 2,
respectively.

5549 F02

Figure 2. Evaluation Board Layout

RF Port

The mixer’s RF port, shown in Figure 3, is connected to the
primary winding of anintegrated transformer. The primary
side of the RF transformer is DC-grounded internally and
the DC resistance of the primary side is approximately
3.2Q. A DC blocking capacitor is needed if the RF source
has DC voltage present. The secondary winding of the
RF transformer is internally connected to the mixer core.

The RF port is broadband matched to 50Q from 2GHz to
14GHz with a 0.15pF shunt capacitor (C1) located 1.4mm
away from the RF pin. The RF port is 50Q matched from
2GHz to 10GHz without C1. An LO signal between —6dBm
and 6dBm is required for good RF impedance matching.

LTC5549

)

RF —

RF
5
%_ IC1 Z0 = 500 1

- L L=1.4mm =

AN

[

5549 Fo3

Figure 3. Simplified RF Port Interface Schematic

0

P

10 = N
\ L/ L
v v

20 \ I
\\i LOW SIDE LO
\ ——— IF=900MHz |
\] — — IF = 1890MHz

~ === IF = 4000MHz

RETURN LOSS (dB)
&
T /
<
e

25

30

2 3 45 6 7 8 910111213 14
RF FREQUENCY (GHz)

(a)

5549 F04a

LOW SIDE LO
——— IF = 900MHz
5 [ —— IF= 1890MHz
— ==~ IF = 4000MHz y
— 10
[aa]
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(b)
Figure 4. RF Port Return Loss (a) C1 = 0.15pF (b) C1 Open

5549 Foda

The measured RF input return loss is shown in Figure 4
for IF frequencies of 900MHz, 1890MHz and 4GHz.

LO Input

The mixer’s LO input circuit, shown in Figure 5, consists
of a single-ended to differential conversion, high speed

5549fa
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APPLICATIONS INFORMATION

;l
e

1
1
1
1
1
1
1
1
X2 Vee
8
5549 F05

Figure 5. Simplified LO Input Schematic

LTC5549

X<

limiting differential amplifierand an LO frequency doubler.
The LTC5549’s LO amplifier is optimized for the 1GHz
to 12GHz LO frequency range. LO frequencies above or
below this frequency range may be used with degraded
performance. The LO frequency doubler is controlled by
a digital voltage input at X2 (Pin 8). When the X2 voltage
is higher than 1.2V, the LO frequency doubler is enabled.
When X2 is left open or its voltage is lower than 0.5V, the
LO frequency doubler is disabled.

The mixer’s LO input is connected to a singled-ended to
differential buffer and ESD devices. The DC voltage at the
LOinputisabout 1.6V. ADC blocking capacitoris required
for the LO circuit to operate properly.

The LO is 50Q matched from 1GHz to 12GHz. With a
0.15pF shunt capacitor (C4) located 3.55mm away from
the LO pin. The LO port is 50Q2 matched from 1GHz to
8.4GHz without C4. External matching components may
be needed for extended LO operating frequency range.
The measured LO input return loss is shown in Figure 6.
The nominal LO input level is 0dBm, although the limiting
amplifiers will deliver excellent performance overa+6dBm
input power range.

IF Port

The mixer’s IF port, shown in Figure 7, is connected to the
primary winding of anintegrated transformer. The primary
side of the IF transformer is DC-grounded internally and
the DC resistance is approximately 6.2€2. A DC blocking
capacitoris needed ifthe IF source has DC voltage present.
The secondary winding of the IF transformer is internally
connected to the mixer core.

The IF portis broadband matched to 50€2 from 500MHz to
6GHz. An LO signal between -6dBm and 6dBm is required
for good IF impedance matching. Frequencies outside of
this range can be used with degraded performance.

The measured IF port return loss is shown in Figure 8.

0 T T T T T T T
—— X2 =LOW, EN = HIGH
—— X2 =LOW, EN = LOW

5 [ ===- X2 = HIGH, EN = HIGH

g 10 ey o~ 1

é . Sy '\\\ /H‘Aé

z A/

E 20 \‘.,/ \\
v

25

30
1 23 456 7 8 910111213
LO FREQUENGY (GHz)

5549 F06

Figure 6. LO Input Return Loss

LTC5549

5549 FO7

Figure 7. Simplified IF Port Interface Schematic
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Figure 8. IF Port Return Loss
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APPLICATIONS INFORMATION

Enable Interface

Figure 9 shows a simplified schematic of the EN pin in-
terface. To enable the chip, the EN voltage must be higher
than 1.2V. The voltage at the EN pin should never exceed
Ve by more than 0.3V. If this should occur, the supply
currentcould be sourced throughthe ESD diode, potentially
damaging the IC. If the EN pin is left floating, its voltage
will be pulled low by the internal pull-down resistor and
the chip will be disabled.

X2 Interface

Figure 10 shows a simplified schematic of the X2 pin
interface. To enable the integrated LO frequency doubler,

LTC5549

BIAS

5549 F09

Figure 9. Simplified Enable Input Circuit

the X2 voltage must be higher than 1.2V. The X2 voltage
at the pin should never exceed Vg by more than 0.3V. If
this should occur, the supply current could be sourced
through the ESD diode, potentially damaging the IC. If the
X2 pin is left floating, its voltage will be pulled low by the
internal pull-down resistor and the LO frequency doubler
will be disabled.

Supply Voltage Ramping

Fast ramping of the supply voltage can cause a current
glitchinthe internal ESD protection circuits. Depending on
the supply inductance, this could result in a supply volt-
age transient that exceeds the maximum rating. A supply
voltage ramp time of greater than 1ms is recommended.

LTC5549

5549 F10

Figure 10. Simplified X2 Interface Circuit

5549fa
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TYPICAL APPLICATION

Due to the wideband nature of the RF, LO and IF ports, in this manner only requires that the input and output
the LTC5549 may be used as an upmixer even when the  frequencies are within the specified frequency ranges.
lower (IF) input frequency is applied to the RF port and  One example is shown in Figure 11, where the RF input
the higher (RF) output is taken from the IF port. Operation  ranges from 1.6GHzto4.5GHzand the IF outputis 5.2GHz.

1.6GHz to 4.5GHz @ 5.2GHz
o>
é 3.6GHz to 0.7GHz

5549 F11a

(a) Application Configuration

CONVERSION LOSS (dB), 11P3 (dBm)
)

CONVERSION LOSS
| |

8
1.5 2 2.5 3 3.5 4 45
INPUT FREQUENCY (GHz)

5549 F11b

(b) Conversion Loss and I1IP3 vs Input Frequency
(Low Side LO, Output = 5.2GHz)

Figure 11. An Upmixer Application with Input at the RF Port and Output at the IF Port

5549fa
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

UDB Package
Variation A
12-Lead Plastic QFN (3mm x 2mm)
(Reference LTGC DWG # 05-08-1985 Rev @)

0.25 +0.05
0.85+0.05
005 | o
| oy Iy O o | —_—
U U 0.65 +0.05 - «¢
—r] ‘ ‘C]i 0.77 £0.05
? 0.05 REF
2.50+0.05 537 -1
~———F DETALB DETAIL B
[ e PACKAGE 0.25+0.10
OUTLINE ¢
4> T«i 0.25+0.05 C1—— v
l<«—0.50 BSC ] |
0.75 £0.05 0.77 £0.10
~——350+0.05—» 0.05 REF
RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS DETAIL A
APPLY SOLDER MASK TO AREAS THAT ARE NOT SOLDERED R=013 <— 0.15 REF
TYP <—0.60 £0.10
y 10 2l
0.40 £0.10 ‘ ]
U 0.40 REF

|

|
—+t——F———} 2004010

r

Li 3.00£0.10 H‘

0.20 REF 0.75+0.05
t—000 Yoy
¢ SIDE VIEW
0.00-0.05
NOTE:

—=

V7 B

9 O 1
@ =N
1z —— DETAILA

0.40 +0.10

—=

0.50 +£0.10 —

»‘ L— 0.50+0.10

(UDB12) DFN 0814 REV 0

025+005—>

0.50 BSC —N

BOTTOM VIEW—EXPOSED PAD

1. DRAWING IS NOT A JEDEC PACKAGE OUTLINE
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE

MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION ON THE

TOP AND BOTTOM OF PACKAGE
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 9/15 | Order part number correction. 2
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' LlnEAD However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
TECHNOLOGY tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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TYPICAL APPLICATION

5GHz to 14GHz Downconversion

Conversion Loss and 11P3 vs Input
Frequency (Low Side LO, IF = 4GHz)

Zo=50Q 22 \ \
5GHzto 146H L= 1AMM 4GHz E ol A\ IIP3
~ e
- SN =TT=IN
oo
= 2 RN
S 2
2 18 —— DOWNMIXING |
8 — — UPMIXING
Z 16
S 1
o /4
12 Z
0.15pF 22pF w =
I g 10 mi
= 1GHz to 10GHz 8 CONVERSION LOSS
L1 1
6
5549 TAO2a 5 6 7 8 9 10 11 12 13 14
RF FREQUENCY (GHz)
5549 TA02b
PART NUMBER | DESCRIPTION COMMENTS

Mixers and Modulators

LTC5551 300MHz to 3.5GHz Ultrahigh Dynamic Range | +36dBm 1IP3; 2.4dB Gain, <10dB NF, 0dBm LO Drive, +18dBm P1dB,
Downconverting Mixer 670mW Power Consumption

LTC5567 400MHz to 4GHz, Active Downconverting Mixer | 1.9dB Gain, 26.9dBm [I1P3 and 11.8dB NF at 1950MHz, 3.3V/89mA Supply

LTC5577 300MHz to 6GHz High Signal Level Active 50Q Matched Input from 1.3GHz to 4.3GHz, 30dBm [IP3, 0dB Gain,
Downconverting Mixer >40dB LO-RF Isolation, 0dBm LO Drive

LTC5510 1MHz to 6GHz Wideband High Linearity Active | 50 Matched Input from 30MHz to 6GHz, 27dBm 0IP3, 1.5dB Gain,
Mixer Up- or Down-Conversion

LTC5544 4GHz to 6GHz Downconverting Mixer 7.50B Gain, >25dBm 1IP3 and 10dB NF, 3.3V/200mA Supply

LT5578 400MHz to 2.7GHz Upconverting Mixer 27dBm OIP3 at 900MHz, 24.2dBm at 1.95GHz, Integrated RF Output Transformer

LT5579 1.5GHz to 3.8GHz Upconverting Mixer 27.3dBm OIP3 at 2.14GHz, NF = 9.9dB, 3.3V Supply, Single-Ended LO and RF Ports

LTC5576 3GHz to 8GHz High Linearity Active 25dBm 0IP3, -0.6dB Gain, 14.1dB NF, —154dBm/Hz Output Noise Floor, —28dBm LO
Upconverting Mixer Leakage at 8GHz

Amplifiers

LTC6430-20 | High Linearity Differential IF Amp 20MHz to 2GHz Bandwidth, 20.8dB Gain, 51dBm 0IP3, 2.9dB NF at 240MHz

LTC6431-20 | High Linearity Single-Ended IF Amp 20MHz to 1.4GHz Bandwidth, 20.8dB Gain, 46.2dBm QIP3, 2.6dB NF at 240MHz

RF Power Detectors

LTC5564 15GHz Ultra Fast 7ns Response Time RF 600MHz to 15GHz, —24dB to 16dBm Input Power Range, 9ns Comparator Response
Detector with Comparator Time, 125°C Version

LT5581 6GHz Low Power RMS Detector 40dB Dynamic Range, +1dB Accuracy Qver Temperature, 1.5mA Supply Current

LTC5582 40MHz to 10GHz RMS Detector +0.5dB Accuracy Over Temperature, £0.2dB Linearity Error, 57dB Dynamic Range

LTC5583 Dual 6GHz RMS Power Detector Up to 60dB Dynamic Range, +0.5dB Accuracy Over Temperature, >50dB Isolation

RF PLL/Synthesizer with VCO

LTC6948 Ultralow Noise, Low Spurious Frac-N PLL with | 373MHz to 6.39GHz, —157dBc/Hz WB Phase Noise Floor, —274dBc/Hz Normalized

Integrated VCO

In-Band 1/f Noise

5549fa
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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