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Evaluating the HMC8362/HMC8364 Low Noise Quadband Voltage Controlled
Oscillators (VCOs)

FEATURES

Self contained board, including HMC8362 or HMC8364 low
noise quadband VCO, ADG1604 4:1 multiplexer, filtering
options, and LT3042 voltage regulator and header
connectivity to allow use of Arduino Uno or Linduino
microcontroller

Externally powered by a single 6 V supply

EVALUATION KIT CONTENTS
EV1HMC8362LP6G or EVIHMC8364LP6G evaluation board

EQUIPMENT NEEDED

Power supply (6 V)

Power supply (low noise, variable 0V to 13.5V)
50 Q terminations

Signal source analyzer

ONLINE RESOURCES

HMC8362 data sheet
HMC8364 data sheet
Linduino DC2026C Demo Manual

GENERAL DESCRIPTION

The EVIHMC8362LP6G and EV1IHMCB8364LP6G allow the
evaluation of the performance of the HMC8362 and HMC8364
low noise quadband voltage controlled oscillators (VCOs). A
photograph of the evaluation board is shown in Figure 1. The
evaluation board contains the HMC8362 or HMC8364 VCO, an
LT3042 ultralow noise voltage regulator, a jumper, an ADG1604
4:1 multiplexer, and subminiature Version A (SMA) and

2.92 mm K connectors.

Consult the HMC8362 and HMC8364 data sheets in conjunction
with this user guide when working with the evaluation boards.
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GETTING STARTED

EVALUATION BOARD SETUP PROCEDURE 5.

To configure the EVIHMC8362LP6G or EVIHMC8364LP6G for
the first time, perform the following steps:

1. Verify that the analog power supply used to power the 6.
evaluation board is configured to allow an output of 6.0 V
and 200 mA of compliance current.

2. Disable the power supply output.

3. Using a double shielded BNC cable and a BNC to SMA 7
adapter, connect the analog power supply to J1.

4. Use the supplied shorting jumpers to configure the logic, as 3.
shown in Figure 2. In the configuration shown in Figure 2,
alternative 5 V supply, the ADG1604 multiplexer, VCO 9.

Band 1 of the HMC8362 or HMC8364, and the output
buffer amplifier are all enabled. When a jumper is
disconnected, the corresponding signal is pulled up to Vcc.
To reset a pin, connect the shorting jumper from the pin to
the adjacent ground (GND). Figure 2 is annotated in green
to indicate where a jumper is connected and thus shorted
to ground.

23626-002

Figure 2. Connector P3 Jumper Configuration: Alternative 5 V Supply,
Multiplexer, VCO Band 1, and Buffer Amplifier Enabled
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Connect the low noise, variable power supply to the SMA
connector on the tuning port (J2) using a double shielded
BNC cable and a BNC to SMA adapter. Torque this
connection to 8 in/Ib using an SMA torque wrench.
Connect a 50 Q RF cable capable of mating to the 2.92 mm
K connector at J3, and torque this connection to 8 in/Ib.
Connect the other end of the cable to a signal source
analyzer.

Enable the 6 V power supply. Approximately 103 mA is
drawn if the device is configured correctly.

Enable the variable power supply, and adjust the tuning
voltage to within the range of the VCO band being used.
Verify that the correct output frequency is observed on the
signal source analyzer. An example using the HMC8362 is
outlined in the Evaluation and Test section.
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EVALUATION BOARD HARDWARE

The EVIHMC8362LP6G and EVIHMC8364LP6G are identical

except for Resistor R6, which sets the current limit function of
the LT3042, and C31, which is the ac coupling capacitor on the
RF output port.

The evaluation board schematics, assembly, silkscreen, and bill
of materials are available in the Evaluation Board Schematic and
Artwork section and Ordering Information section. The Gerber
fabrication files are available at www.analog.com/HMC8362 and
www.analog.com/HMC8364.

POWER SUPPLIES

The EVIHMC8362LP6G and EVIHMC8364LP6G boards are
powered by a 6 V dc (150 mA) power supply connected to the
J1 SMA connector labeled 6.0 V. This supply path includes a
single ultralow noise, low dropout linear regulator, the LT3042.
As an extra safeguard, the LT3042 is configured to use the
current-limit feature. A resistor (R6) sets the current limit on
ILIM (Pin 5) of the LT3042 to 114 mA (R6 = 1100 Q) for the
EVIHMCS8362LP6G and 156 mA (R6 = 806 Q) for the
EVIHMC8364LP6G.

Users that intend to use an external power supply such as the
Linduino® or Arduino® Uno microcontroller to directly
program the logic from the P3 header must remove the five
10 kQ resistors (R9, R10, R11, R12, and R13) or damage may
occur.

A second low noise power supply cable providing up to 13.5 V
is required to tune the VCOs. Use of a noisy power supply on
the tuning port results in narrow-band FM modulation and

sidebands.

VOLTAGE CONTROLLED OSCILLATOR (VCO)

The HMC8362 and HMC8364 include a total of four VCO cores
that generate a range of fundamental frequencies. The
frequency range of each core overlaps the adjacent core to allow
continuous frequency coverage including any supply and
temperature variation.

By generating fundamental frequencies, the need for additional
filtering can be reduced or eliminated because there are no
subharmonics. The tuning sensitivity across the band is similar
for each core, which simplifies the loop filter design. Any
frequency planning or dynamic loop bandwidth adjustment
required to manage spurs or settling time is made easier by the
consistent tuning sensitivity from core to core. The integrated
common tuning (VTUNE on J2) and RF output (J3) ports
simplify layout. Each band has an allowable tune voltage of

1.0 Vdcto 13.5 V dc.

The oscillator cores must be selected, one at a time, depending
on the frequency range required at any point in time by the
application. The VCO cores are selected by simply enabling the
supply voltage at its respective bias pin (VC1 through VC4).
The EVIHMC8362LP6G and EVIHMC8364LP6G boards
accomplish this VCO core selection through the use of the

ADG1604 4:1 multiplexer. The VCO cores can be enabled and
disabled in any sequence desired.

The EVIHMCS8362LP6G and EVIHMC8364LP6G boards
include additional filtering to prevent supply voltage overshoot
and undershoot, which can damage the device if overshoot
exceeds 5.5 V. This filtering provides 5 V of biasing that settles
within about 1 ps.

BUFFER AMPLIFIER

The buffer amplifier used in the HMC8362 and HMC8364 is a
broadband cascode design that draws approximately 12 mA and
is shared by all four VCO cores. Pin 8 (VCB) of the HMC8362
and HMC8364 provides the bias voltage for the upper half of
the cascode amplifier. The VCO outputs provide the biasing for
the lower half of the cascode amplifier stage. When one of the
four VCOs is enabled, the cascode amplifier becomes fully
enabled and provides an output signal at Pin 5 (RFOUT). The
buffer amplifier was designed to handle the power supplied by
only one VCO at a time. To prevent long-term damage that can
occur if more than one VCO is powered up simultaneously, the
EV1IHMC8362LP6G and EVIHMC8364LP6G boards
incorporate the ADG1604 4:1 multiplexer. As configured on the
EVIHMC8362LP6G and EVIHMC8364LP6G, the ADG1604
multiplexer incorporates exclusive OR (XOR) logic and the
ability to break contact with one VCO for a minimum of 30 ns
before closing the contacts on the next switch to power up a
different VCO core. To minimize the switching time of the
ADG1604, 5 V logic is used but 3 V can also be used through
an external power supply or microcontroller such as a Linduino
or Arduino Uno.

Refer to the ADG1604 data sheet for more information
regarding the ADG1604 logic and use with other logic levels.

Users can opt to leave the VCO enabled and power down Pin 8
(VCB) to mute the output signal, which leaves the lower stage of
the cascode enabled. However, because the upper circuitry is
disabled, RF is not routed to the output.

Figure 5 shows the EVIHMC8362LP6G with VCO Band 1, but
with the output buffer muted (VCB_EN on P3 = 0).

For additional details on the buffer amplifier circuitry, consult
the HMC8362 or HM(C8364 data sheet.

RF OUTPUT

The EVIHMC8362LP6G and EVIHMC8364LP6G boards have a
single RF output port (J3). J3 is supplied by a buffer amplifier that is
common to all four VCO cores.

J3 is a single-ended RF output that operates up to 26.6 GHz.
The actual frequency range and power level at any given time
depends on which quadband VCO variant is being evaluated
and the VCO core that is enabled. Consult the HMC8362 and
HMCB8364 data sheets for additional information relative to the
specific variant being evaluated for more information.
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LOOP FILTER

Although the EVIHMC8362LP6G and EVIHMC8364LP6G
boards do not incorporate the entire loop filter, they do provide
the means to filter noise that may appear on the tuning port
when evaluating only the VCOs.

By default, a 100 pF capacitor (C12) is placed near Pin 27
(Vrune) of the HMC8362 and HMC8364 to filter high frequency
noise that may couple onto the tune port path when evaluating
the various VCOs.

The EVIHMC8362LP6G and EVIHMC8364LP6G boards also
include placements for the last pole of a loop filter on the tuning
port path for use when configuring the HMC8362 and
HMCB8364 with an Analog Devices, Inc., standalone phase-
locked loop (PLL) product like the ADF41513. Although the
tuning port path and input capacitance of the VCO makes up
the last pole of the loop filter, this user guide refers to the last
pole as that which can be accessed by the user.

Due to the increased length of the loop filter path that typically
occurs when using evaluation boards to build a synthesizer,
placement of the loop filter components becomes critical. Loop
stability and overall performance is improved by placing the
first pole of the loop filter as close to the PLL charge pump (CP)
output as possible while placing the last pole as close to the
tuning port pin (Vrune) of the VCO. The placement of any

additional poles that may exist between the first and last pole of
the loop filter are not as critical. Therefore, these filter poles
remain on the ADF41513. The placements for this last pole on
the EVIHMC8362LP6G and EVIHMC8364LP6G are
populated by default and consist of R32 (0 Q) by default) and a
100 pF capacitor (C12) near Pin 27 (Vruxz). Users can replace
these components with the proper values as needed.

The tuning voltage requirements of the HMC8362 and
HMCB8364 (1.0 V to 13.5 V) require an active loop filter to be
used unless the charge pump of the PLL can output at least 14 V.
The PLL evaluation board typically includes placements for the
operational amplifier, its biasing circuitry, and any component
placements. Therefore, these components are not included on
the EVIHMC8362LP6G and EVIHMC8364LP6G.

SMA Connector ]2 provides a means to connect the PLL CP
output to the tuning port (VTUNE) when the
EVIHMC8362LP6G and EVIHMC8364LP6G are used with an
optional PLL evaluation board. ]2 can also be used to manually
tune the VCO within its band when evaluating the open-loop
VCO performance.

DEFAULT CONFIGURATION

All components necessary for local oscillator generation are
inserted on the EVIHMC8362LP6G and EVIHMCS8364LP6G
boards.
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EVALUATION BOARD SOFTWARE

SOFTWARE

Currently, there is no software available for the
EVIHMC8362LP6G and EVIHMC8364LP6G because they can
be evaluated without the use of software. However, the
EV1IHMC8362LP6G and EVIHMCB8364LP6G are configured in
a manner that allows use of a Linduino, Arduino Uno, SDP-K1,
or similar microcontroller board, which may be beneficial for

users needing to develop and test switching algorithms for their
application.

To connect the SDP-K1 interface board to the
EV1HMC8362LP6G or EVIHMC8364LP6G, flip the SDP-K1
board over so that the digital input/output pins (Pin 8 through
Pin 14) of the SDP-K1 line up with the odd numbered pins of
Connector P3 (Pin 3 to Pin 15), respectively, as shown in
Figure 3.

23626-003

Figure 3. SDP-K1 Board Mounted to the EVIHMC8362LP6G
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EVALUATION AND TEST

To configure the EVIHMC8362LP6G and EV1IHMC8364LP6G
for the first time, follow Step 1 through Step 6 outlined in the
Evaluation Board Setup Procedure section.

The frequency vs. tuning voltage listed in the following steps are
specific to the EVIHMC8362LP6G, but the same process is
applicable to the EVIHMCB8364LP6G. The frequency range and
performance are different.

1. Enable the variable power supply, and adjust the tuning
voltage to 8.45 V.

2. Ifthe EVIHMC8362LP6G is configured correctly, a signal
at approximately 13.5 GHz with approximately 0 dBm to
2 dBm of output power appears on a spectrum analyzer or
signal source analyzer. Refer to Figure 4.

3. Remove the bias for the buffer amplifier (VCB), which
results in the output power decreasing by approximately
28 dBm. Refer to Figure 5.

4.  Finally, use the signal source analyzer to measure the phase
noise. Refer to Figure 6.

REF 10dBm

MKR1 13.499 70GHz #RES BW 100kHz CENTER 13.50000GHz

-0.49dBm #VBW 50MHz SPAN 50.00MHz

SWEEP 4.600ms (1001pts)

Figure 4. EVIHMC8362LP6G, VCO Band 1, Viune = 8.45 V, 13.5 GHz, Includes
Insertion Loss of RF Cable

23626-006
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MKR1 13.499 156GHz #RES BW 100kHz CENTER 13.50000GHz
—28.050dBm #VBW 50MHz SPAN 50.00MHz
SWEEP 4.600ms (1001pts)

Figure 5. EVIHMC8362LP6G, VCO Band 1, VTUNE = 8.45 V, 13.5 GHz, Buffer
Amplifier Disabled (J3 Output Muted), Includes Insertion Loss of RF Cable

23626-007

—40
L 1kHz
-50 % —46.0811dBc/Hz
60 1l [l
N [
-70 b 10kHz
= .80 —73.4403dBc/Hz
< ™ ||
3 -9 ..
™
2 100 . | 100kHz
w ~101.0399dBc/Hz
g -110 § i i |
; -120 N~ tvHz
@ 130 \L1J29.029 Bc/H
T -140 i 1\L
-150 10MHz )
—154.9427dBc/Hz
-160 T T 1T
-170 40MHz —
-161.4121dBc/Hz
-180
1k 10k 100k M 10M

23626-008

FREQUENCY (Hz)

Figure 6. EVIHMC8362LP6G Phase Noise at J3, VCO Band 1, Viune = 8.45 V,
13.5GHz
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EVALUATION BOARD SCHEMATIC AND ARTWORK
EVIHMC8362LP6G SCHEMATIC

Figure 7 shows the schematic for the EVIHMC8362LP6G. For the EVIHMC8364LP6G variant, two component values that must be
changed are highlighted within this schematic.
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Figure 7. EVIHMC8362LP6G Schematic
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SILKSCREEN LAYERS

PRIMARY SIDE

08-064075 REV-A 2
Figure 8. EVIHM(C8362LP6G and EV1HMC8364LP6G Silk Screen and Metal 1 Figure 10. EVIHMC8362LP6G and EV1HMC8364LP6G Metal 3 (RF and DC)
(Top Side)

|_'/
@]
@)
a
O

+ 2

Figure 9. EVIHMC8362LP6G and EV1HMC8364LP6G Metal 2 (Ground) Figure 11. EVIHMC8362LP6G and EV1HMC8364LP6G Metal 4 (Backside)
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EVIHMC8362LP6G/EVIHMC8364LP6G

ORDERING INFORMATION

BILL OF MATERIALS
Table 1.
Reference Designator | Description Value Manufacturer Part Number
C1,C27,C28,C32,C29, Ceramic capacitor, X7R, automotive grade 0.1 uF Murata GCM155R71C104KA55D
33
C5,C6,C7,C10 Ceramic capacitor, general-purpose 1000 pF Murata GRM1555CTH102JA01
C2,C4,C11 Ceramic capacitor, X7R 4.7 uF Kemet C1206C475K3RACTU
C12 Capacitor, multilayer ceramic, high 100 pF TDK C1005NPOTH101JO50BA
temperature, 4.7 uF
C15,C17,C18,C20,C26 | Ceramic capacitor, 0.47 pF, 10V, 10%, X7S 0.47 pF Murata GCM155C71A474KE36D
0402, automotive grade, 100 pF
21 Ceramic capacitor, X7R, 4-pin footprint 10 uF Murata GRM32ER71H106KA12L
(C22,C23,C24,C25,R28, | Ceramic capacitor, 0.015 pF, 50V, 5%, X7R, 0.015 pF Murata GCM155R71H153JA55D
R29,R30, R31 0402, automotive
c3 Ceramic capacitor, 22 pF ,25V, 10%, X7R 22 uF Samsung CL32B226KAJNNNE
C31 Ceramic capacitor, 5.6 pF, 200V, 0.1 pF 5.6 pF American Technical | 600L5R6BT200T
tolerance, COG, 0402 Ceramics
9 Ceramic capacitor, 2200 pF, 50V, 10%, X7R, | 2200 pF Murata GCM155R71H222KA37D
0402 AEC-Q200
D1 Diode, fast switching Not applicable | Diodes, Inc. TN4148WT
E1 Inductor, chip ferrite bead, multilayer, 0.5 A, | 1 kQ at Murata BLM21AG102SN1D
0.280 Q maximum 100 MHZ
E2, E4 E5,E6,E7,E8,E9, | Inductor, chip ferrite bead, 0.7 Q, 0.3 A 220Q at Murata BLM15GG221SN1D
E10,E11,E12,E13, 100 MHz
E14
J1,J2,J5 SMA, 50 Q, end launch jack Not applicable Cinch 142-0701-851
J3 2.92 mm coaxial for frequency test Not applicable | Hirose Electric Co. HK-LR-SR2(12)

L18,L19,L20,L21

L1, L2, L3,L5,L6,L23,
R1,R32,R37,R14

L22,1L25

P3

R9,R10,R11,R12,R13

R3

R6

U1

u3

U4
us

measurements, 50 Q, 40 GHz

Surface-mount resistor, 3.3 Q, 1%, 1/16 W,
0402 size

Resistor, surface-mount jumper

Resistor, thick film chip

16-position, male header, double row
Precision resistor, thick film chip
Surface-mount resistor, 52.3 kQ), 1%, 72 W,
AEC-Q200

Surface-mount resistor, 1.1 kQ, 1%, 1/16 W,
0402 size

Quadband monolithic microwave
integrated circuit (MMIC), VCO, 11.90 GHz
to 18.30 GHz

20V, 200 mA, ultralow noise, ultrahigh
power supply rejection ratio (PSRR) RF
linear regulator

3.3V, 4:1 multiplexer

CMOS, dual, SPDT multiplexer

330
00

56Q

Not applicable
10 kQ

52.3kQ

1.1kQ

Not applicable

Not applicable

Not applicable
Not applicable

Yageo
Panasonic

Panasonic
Samtec, Inc.
Panasonic
Panasonic

Yageo

Analog Devices

Analog Devices

Analog Devices
Analog Devices

RC0402FR-073R3L
ERJ-2GEOR0OOX
ERJ-2GEJ5R6X
TSM-108-01-L-DV
ERJ-2RKF1002X
ERJ-8ENF5232V
RC0402FR-071K1L

HMC8362LP6GE

LT3042EDD#PBF

ADG1604BCPZ-REEL7
ADG854BCPZ-REEL7
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NOTES

ESD Caution
ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
m circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be
bound by the terms and conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not
use the Evaluation Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you
(“Customer”) and Analog Devices, Inc. (“ADI"), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to
Customer a free, limited, personal, temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and agrees that
the Evaluation Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted is expressly made
subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (i) permit any Third Party to access the Evaluation
Board. as used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is NOT sold to Customer; all rights not
expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all be considered the confidential and proprietary
information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of use of the Evaluation Board or termination of this
Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile or reverse engineer chips on the Evaluation Board.
Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited to soldering or any other activity that affects the material
content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS Directive. TERMINATION. ADI may terminate this Agreement at any
time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS”
AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS
OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF
INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER'S
POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES
SHALL BE LIMITED TO THE AMOUNT OF ONE HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will
comply with all applicable United States federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the
Commonwealth of Massachusetts (excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and
Customer hereby submits to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is
expressly disclaimed.

©2020 Analog Devices, Inc. All rights reserved. Trademarks and ANALOG
registered trademarks are the property of their respective owners.

UG23626-9/20(0) DEVICES www.analog.com
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