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1. Introduction

This document provides a high level description of the Hittite Direct Conversion Receiver (DCR)
HMC6383 Evaluation Kit. The document also includes step-by-step setup and measurement
examples. The HMC6383 Evaluation Kit includes all hardware and software necessary to
fully configure the HMC6383 Evaluation Board to user defined specifications, and test and
observe full functionality of Hittite’s Direct Conversion Receiver.

1.1 Hittite DCR Platform

Precisely programmable bandwidth, wideband RF input signal range, and over 80 dB of
distributed gain make Hittite’s DCR a viable platform for various receiver applications. Typical
applications include:

e Multi-Carrier Multi-Standard Cellular Base Stations
e Microwave Point-to-Point Radios

* Adaptive IF Receiver Strips

e Test Equipment

e Software Defined Radios

Block diagram of HMC6383 DCR Evaluation board is shown in figure Figure 1.

HMC830LP6GE

HMCB830LP6GE .
Wideband PLL + VCO Wideband PLL + VCO
® 25-3000 MHz ® 25-3000 MHz
REF o Low Jitter

® Low Phase Noise

(-141 dBc/Hz @ 2 GHz LO REF CLOCK ADC CLOCK (112 fs RMS Jitter)
& 10 kHz Offset) |

= HMC900LP5E
Dual Baseband LPF
® 3.5to 50 MHz, 3 dB BW
® +30 dBm OIP3

RFIN ll i . ﬁ &
o
<

= 90° 0)
o
o M -
HMC597LP4E HMC960LP4E HMC960LP4E HMCAD1520
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® 700 - 4000 MHz e DC - 100 MHz * 12/14-Bit @ 320/105 MSPS
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& + 60 dBM 1IP2
® 55 dB Sideband Suppression

Figure 1. Hittite Direct Conversion Receiver Block Diagram
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DCR platform includes the following features:
e Wideband, covering RF input frequencies of 700 MHz to 3000 MHz.

* Precisely programmable 3 dB bandwidth, anywhere from 3.5 MHz to 50 MHz baseband (7
MHz to 100 MHz IF) within +/- 2.5%.

* Over 80 dB of distributed gain that enables flexibility for various configurations to optimize
Noise Figure and/or blocker sensitivity.

And consists of the following major blocks:

e Two HMC830LP6GE Wideband, Low Noise Fractional-N PLLs with integrated VCOs

* HMCAD1520 high speed multi-mode 8/12/14-bit 1000/640/105 MSPS A/D

e HMC900LP5E 50 MHz Dual Programmable Low Pass Filter with Driver

e Two HMC960LP4E DC-100 MHz Dual Digital Variable Gain Amplifiers with Driver

e  HMC597LP4E 100 MHz to 4000 MHz Wideband Direct Demodulator

Detailed information about each component is available in the individual component data
sheets, and can be accessed by clicking on the component name above, and selecting ‘Data
Sheet’.

2. HMC6383 Evaluation Kit Contents

2.1 Hardware

Iltem Quantity

Hittite Direct Conversion Receiver Evaluation Board

Xilinx SP601 Evaluation Kit

USB Interface Board

6’ USB A Male to USB B Male Cable

CD ROM (Contains User Manual, DCR Schematic, and software)

R (O (NG (IO Y

Note: Xilinx SP601 Evaluation Kit is pre-configured with FPGA core necessary to interface with Hittite
HMCAD1520 Analog-To-Digital Converter (ADC), and Hittite DCR Evaluation Software package. It also
includes all of the necessary interface cables including a USB cable, and a power supply cable.

2.2 Software

Hittite DCR Evaluation Software. Used to enable communication between a PC and Hittite
DCR Evaluation Board.

3. Operating Environment

The HMC6383 Evaluation Kit is designed for use in a laboratory setting at ambient room
temperature (25 °C) and is not protected against moisture. The USB Interface Board has
an ESD rating of £3000 V, however individual components may have a lower rating (check
the product’s data sheet for its specific ESD rating). Use appropriate ESD procedures and
precautionary measures when handling all electronic hardware.
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4. Setup and Installation

4.1 User Provided Equipment

In addition to the items provided in the Kit, the user must provide the following equipment

to communicate with Hittite DCR evaluation board.

e DC Power Supply

* DC Cables

e Computer (PC) with Standard USB ports, Windows XP OS or later, Microsoft Excel
2003 or later.

* Signal Generator (700 MHz to 3000 MHz)

USB Interface Boar

DCR Power Supply
(5.5V)

Xilinx SP601
Evaluation Board

DCR Evaluation 3 ‘ '7 . |
Board — i £ sawis T B iy Power
f : = Switch

Xilinx
AC Power
Supply

||||||

USB interface With
Signal Generator HMCAD1520

USB Interface with Analog Section of DCR Evaluation Board

Figure 2. Hardware Setup

5. Hardware Setup
Setup all hardware according to Figure 1.

* Connect USB interface board to DCR Evaluation board

e Connect the DCR Evaluation board to Xilinx SP601 Evaluation Board

e Connect the provided USB cable to USB Interface board, and a PC.

e Connect J9 of Xilinx SP601 Evaluation Board to the PC using provided USB cable.
e Power up Xilinx SP601 Evaluation Board.

* Apply +5.5 V to TP5 (TP6 is GND) on DCR Evaluation board. Supply current should
be ~1.2 A after configuring all parts.

Order On-Line: www.hittite.com. For technical application questions: Tel: 978-250-3343 or apps-support@hittite.com I 5
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6. Software Installation/Uninstallation

Double click on “Hittite DCR Evaluation Software Installer.exe” and follow the installation/
uninstallation wizard.

Note: Installation requires administrative privileges.
7. Get Started with Hittite DCR Eval Software

1. Launch Hittite DCR Demo software from Start, Hittite Microwave Corp, Hittite DCR
Demo on your computer, or by double clicking on the shortcut on PC desktop. The
main window should open. See figure Figure 3 below.

& Hittite DCR Demo IM[=] E3

SHittite

MICROWAWE CORPORSTION

Feceiver Configuration A0 C Configuration

Figure 3. Hittite DCR Demo Start Dialog

2. To configure analog portion of the DCR evaluation board click on ‘Receiver Configuration’
button.

3. To view and receive data and to configure the ADC portion of the DCR evaluation board
click on ‘ADC Configuration’ button.

7.1 DCR Evaluation Board Receiver Configuration

To configure analog portion of the DCR evaluation board click on ‘Receiver Configuration’
button. Microsoft Excel window ‘DCR Demo Controller_v0.4.xIs’ will appear as shown in the
Figure 4 below.

6 \ Order On-Line: www.hittite.com. For technical application questions: Tel: 978-250-3343 or apps-support@hittite.com
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B Microsoft Excel - DCR Demo Controller_v0.4 [Read-Only] M=l E3
‘Bl File Edt Wiew Insert Format  Tools Data  Window  Help Typeaquestionforhelp - - & X
DEHIE 910 i -0 - B 7 U] =8 % 0 [E=|E-0-A-F
C11 v P

A | e | ¢ | p | E | F | &

I T R I

Fress the button below to start up the GUl interface into the HWMCSE396.

RnGa

Y T ] R Y

4 4 » H[ySheetl |«] | P
Ready MU o

Figure 4. Hittite DCR Demo Start Dialog

If Excel Macros are not enabled, or if Excel security settings are set high, the Receiver DCR
Demo Controller will display the dialog shown in Figure 5 .

Microsoft Excel

' : Macros are disabled because the security level is set ko Very High, To run the macros, changs the security level to a lower setting and verify the macros are signed and trusted,

0K

Figure 5. Hittite DCR Security-Macro Warning

To adjust security level select Tools, Macros, Security from the Microsoft Excel menu and
select Medium security setting as shown in Figure 6 below.
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A\

Security

Security Level | Trusted Publishers

(") Yery High. Only macros installed in trusked locations will be allowed
ko run. All okher signed and unsigned macros are disabled,

"3 High. Only signed macros From trusted sources will be allowed to
run, Unsigned macros are aukomatically disabled,

G}Eﬂedium. ‘fou can choose whether or nak to run pokentially unsafe
Mmacros, :

") Low {not recommended), You are not protected From potentially
unsafe macros, se this setting only if wou have wirus scanning
software installed, or wou have checked the safety of all documents
wall open.

[ Ok ][ Cancel ]

Figure 6. Microsoft Excel Security Setting

Then, save and close ‘DCR Demo Controller_v04.xIs’. Restart ‘DCR Demo Controller_v04.xls’

by clicking on ‘Receiver Configuration’ in the ‘Hittite DCR Demo’ dialog in Figure 3. Following
dialog may appear.

"Z\ProjectsiDCR_ProjidemaiT ThDCR4dragotDCR Demo Contraller w0, xls"
conkains macros,

Macros may conkain viruses, It is usually safe to disable macros, but if the
macros are legitimate, wou might lose some Functionality,

Disable Macros ] [ Enable Macros ] [ Mare Infa ]

Figure 7. Microsoft Excel Security Warning

Click on ‘Enable Macros.” ‘DCR Demo Controller_v04.xls’ (Figure 4) will open. Click the ‘Run
GUI’ button. The ‘Hittite Detailed DCR Configuration’ dialog shown in Figure 8 will appear.
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Hittite Detailed DCR Configuration

— Low Level Routines

LISE Intetface I FTPRXAIHA| vI — SPI Chip Enable Select

Load From File Main GUI |
¥ Keep OPEN " Norm Closed SEMO always toggles —l
— epiprotocdl — | " SEN1-0ADC Ck te: oop v

Chip Address Bits [ " SEMZ - 010 Ch —

. = SEM3 - 6 Mixer Side YGA
REQ Address Bits I g r" SEM4 - 5 Filker

Req Data Eits (dec) |—24 " SENS - 6 ADC Side Y¥GA

— Manual SPI Read
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L
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— Manual SPT Write
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Red background indicates a raad
Falure, Chack Chipaddrees, use,  HOVET the cursor over -
GPO setup, etc, and reread, Do a control for help,

nat trust the data,

Figure 8. Hittite Detailed DCR Configuration Dialog

‘Detailed DCR Configuration’ dialog enables complete and detailed configuration of all analog
parts of the DCR.

Load from file button allows quick configuration of all analog parts of the DCR. Initial default
configuration file is installed as part of the software installation package and is available at
“C:\Program Files\Hittite Microwave Corp\Hittite DCR Demo\Config.txt”. The user can click the
‘Save to File’ button to save a user defined configuration to a file that can be quickly loaded at
a later time using the ‘Load from File’ button.

For manual writes to individual parts of the DCR, the device to be configured is selected by
selecting an appropriate radio button in the ‘SPI Chip Enable Select’ part of the ‘Detailed DCR
Configuration’ dialog. Then by selecting appropriate Register Addresses, and Chip Addresses
in hex all registers of each components can be written to or read from by clicking on ‘Manual
Write’ or ‘Manual Read’ buttons respectively. Chip addresses of each part are automatically
populated by the ‘Detailed DCR Configuration’ dialog once the appropriate radio button from
the ‘SPI Chip Enable Select’ menu is selected. All of the details are provided in individual data
sheets of each part.

Clicking on ‘Main GUI’ button will open ‘Hittite DCR System View Configuration’ dialog shown
in Figure 9.

~ Order On-Line: www.hittite.com. For technical application questions: Tel: 978-250-3343 or apps-support@hittite.com I 9
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The ‘Hittite DCR System View Configuration’ dialog enables quick change in configuration of
the DCR. By changing the appropriate values in the GUI the user can quickly configure:

1. PLL (LO and ADC clock frequencies),
2. VGA Gain
3. Low Pass Filter bandwidth and gain

Clicking on ‘Read AIl’ button will read the current configuration of all devices and update the
display in the ‘DCR Demo Controller’ GUI.

Hittite DCR System ¥iew Configuration

@ I v v
fref (MHz) = =
—_— I—SD.D| Manual 10

MICROWAVE CORPORATION

2]
!;E

EXTREF fﬁ—-—j L b "] i By

2800.0MHz

Fitter Banchwidth L] LTl

tﬂﬂ_l::

Gain [dE] [ zonre | Gain [0E] 1™ 1sem g
e Gain [dE] | 7 - = MHz D juc

5.0 = | 6.0 = e ey
Updiate il Y

fif (MHz)
a00

LLLL] sii E & e
1 sk

Figure 9. Hittite DCR System View Configuration
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7.2 DCR Evaluation Board ADC Configuration

To interact with and control ADC portion of the DCR evaluation board click on ‘ADC
Configuration’ button shown in Figure 3. Serial port selection dialog shown in Figure 10 will

appear.
Serial port
? Choose which serial port to use

COM3 TEST Cancel

Figure 10. Hittite DCR ADC Serial Port Selection Dialog
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To discover the appropriate serial port to select, right-click on ‘Computer’ (Windows Vista
or Windows 7) or ‘My Computer’ (Windows XP) from the Windows Start menu and select
‘Manage.” Computer Management window shown in Figure 11 will appear.

;El Computer Managernent

[E=3) EER(=
File A&ction \View Help
=0 = BE

& Computer Management (Locall| fygme Actions
4 ﬁ'ﬂ System Tools m System Tools Computer Management (L., &
3 @ Task Scheduler - PV X
b ] Event Viewer lj‘ . Mare Actions
o & Shared Folders Doy Services and Bpplications

&+ M Local Users and Groups
4 @ Perforrnance
= Device Manager
a E Storage
= Disk Management
[ f}¢ Services and Applications

< 1} 3

Figure 11. Computer Management Window

Clicking on ‘Device Manager’ and selecting ‘Ports (COM &LPT)’ will display all mapped COM
ports, as shown in Figure 12.

Order On-Line: www.hittite.com. For technical application questions: Tel: 978-250-3343 or apps-support@hittite.com
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= | nE EE =

BN B =™

;{l Cormputer Managerment {Local
Pl m Systern Tools
[ @ Task Scheduler
b ] Event Viewer
I g Shared Folders
&+ M Local Users and Groups
& @ Perforrmance
=4 Device Manager
4 3 Storage
= Disk Management
[ ?ﬁi Services and Applications

4 é lahd |

1M Computer
> Disk drives
> Bl Display adapters
»chi DVD/CD-ROM drives
>-5’g“ Human Interface Devices
> IDE ATASATAPL contrallers
o2 Keyboards
> --ﬂ ice and other pointing devices
> ‘_fy Monitars
> -8 Metwark adapters
o Portable Dewvices
ST Ports (COM & LPT)
L5 Silicon Labs CP210x USB to UART Bridge (COM3)
- n Processors
» & Sound, video and game controllers
»-iM System devices
[ i Universal Serial Bus contrallers

0 [ G e By 0t B =) B (e D ] B

Actions

Dewvice banager -

Mare Actions

Figure 12. Windows Device Manager

The appropriate port number corresponding to Hittite ADC device is the port number associated
with ‘Silicon Labs CP210x USB to UART Bridge’ in the case of Figure 12 ‘COM3’.

Selecting “TEST’ in Figure 10 will run ‘EasySuite’ (Hittite ADC control software) in test mode

without establishing a connection with the ADC under evaluation.
Selecting COMS3 in Figure 10 will load Hittite ‘EasySuite’ Figure 13.

EasySuite enables full control/configuration of the HMCAD1520. For detailed configuration/
performance information please see the HMCAD1520 data sheet.

7.3 Configuration of EasySuite for DCR

DCR EasySuite configuration setup is shown in Figure 13. The user must:

e Select CH1 to be INP1 and CH2 to be INP4 in ‘Input Configuration’ menu.
* Select LVDS in the ‘Output Configuration’ menu.

* Program the appropriate clock frequency in Hz, in the ‘Sampling Speed’ menu. This clock
rate must correspond to the frequency programmed in the ADC LO PLL in the analog
portion of the DCR. In case of Figure 13, the clock frequency of 158.3E6 is set. This is
clock frequency is by default programmed to DCR ADC PLL when default register file is
loaded.

12 \ Order On-Line: www.hittite.com. For technical application questions: Tel: 978-250-3343 or apps-support@hittite.com
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Figure 13. Hittite EasySuite

7.4 EasySuite Features

Clicking on ‘Open’ in the ‘Measurement Window’ menu will open the ‘EasySuite - Wave
Plotting’ dialog shown in Figure 14. The ‘EasySuite - Wave Plotting’ dialog enables users to

e View ADC output in time and frequency domain
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e Select the number of plotted samples in the time domain graph. This feature enables
users to increase the number of plotted samples to ensure that the ADC is not saturated,
it also enables users to observe smaller number of samples (zoom in) to ensure that the
time domain signal is the appropriate one.

e Interactive plots. All plots in easy suite are interactive allowing the users to zoom in
by dragging the mouse over a specific area. Right-clicking over the graph displays all
interactive options available.

e Select the active channel

e Save measurement data into a file by clicking on the ‘Save results as’ button. The output
data can also be saved for post processing by clicking the ‘Auto-store measurements’
radio button. Each data iteration can be stored in a separate file by selecting ‘Auto-step
filename. The path for the saved data file can be specified by clicking on ‘Set path’ button.

* Measurement values menu on the left hand side provides measured parameters of the
received signal including: SNR, SNDR, ENOB, SFDR, and estimated distortion including:
HD2, and HD3.

a1 EasySuite™ - Wave Plotting

[ Measurement | ComplexFft

[ ix

Data storing Plot contral

I v v
File prefix: ent | [Lsetestn ] Auto-run FFT
Filename:  Measurement_ch1_2011-07-21¢c1 [C] FFT-vs-Bins

fun contrel [[] Auto-store measurements e MICROWAVE CORPORATION
[] Auto-step filename  Reset counter| [1 =
Data collect mode: ] Aetive channel only
Readout mode: (V] Al channels ADC output

Active channel

channel 1 |~ | [ P |

Signal: -42.6 dBFS
SNR:  25.79 dBFS
SNDR: 25.70 dBFS 0 250 500 750 1,000 1,250 1,500 1,750 2,000 2,250 2,500 2,750 3,000 3,250 3500 3,750 4,000
ENCGB:  3.98 bit Sample

= Measurement _ch1_2011-07-21c1

SFDR: 1.433 dBc (13.7)

HDZ: -24.87 dBc (5.51) FFT
HD3: -4.504 dBc (8.25) -0
-50
-60
fu? -70
5 =0
=
T
-100
-120
Compensation 'j 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
==

[«] |

= Measurement _ch1_2011-07-21c1

4] 1l [ T»

Figure 14. Hittite EasySuite - Wave Plotting Dialog

7.41 Digital Image Rejection

Hittite’s DCR platform features built-in receiver image rejection. Clicking on ‘Open’ button in
the ‘Compensation’ menu opens ‘ComplexFft’ tab of EasyView - Wave Plotting window shown

in Figure 15.
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ComplexFft tab allows users to view both | and Q ADC outputs in the time domain graph.
Complex FFT of the received signal is also available in the frequency domain graph. The
complex FFT frequency domain graph allows users to view the calibrated and uncalibrated
image of the received waveform, caused by the amplitude and phase imbalance of the
receiver. The result of calibrated image rejection can be viewed in the FFT window by clicking
on ‘Autotune’ button in the ‘Compensation control’. Uncalibrated data is available by clicking
on ‘Reset’ button.

»»d EasySuite™ - Wave Plotting X
Complesi B

Campensation cantral Data storing Plet cortral

v v
step Auto-run FFT
CIx10  Gain -0.156/] 4B Filename:  Generated filename: [IFFT-vs Bins

Clxto  phase 20515 degrees O Auto-store Serelesteplet MICROWAVE CORPORATION
512
[Ix10  offset o % :
ADC output
200 o

100
S0

Y value

Measurament values I
50 [4h
Image: -28.8 dBc -100 1|
HDZ:  -7.804 dBc i'i
HD3: -5.193 dBe

o 25 S0 75 100 125 iS00 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Sample

®1 channel OQ corrected

FFT
50 ‘
- 75
w
[
<]
2100
l |
-125
75 <70 65 -60 55 -50 -45 -40 -35 -30 25 -20 <15 -10 5 0 S5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Frequecy (MHz —
Close tab quecy (MHz) |
O ComplexFFT. =]

< I IBD

Figure 15. Hittite EasySuite - Wave Plotting Dialog, ComplexFft Tab

The ‘Compensation control’ menu also shows the calculated and calibrated Gain and Phase
mismatch shown in the ‘Compensation control’ menu. In addition, the ‘Measurement values’
also show calculated image rejection before calibration (after clicking on ‘Reset’ button) and
after calibration (after clicking on ‘Autotune’ button).

8. Step-By-Step Example - DCR Configuration

1. Connect the measurement setup as shown in Figure 2. In this example the RF Signal
generator is configured to transmit a single carrier WCDMA signal at carrier frequency of
2120 MHz and -60 dBm output power.

2. Launch the Hittite DCR Demo application (Figure 3).

3. Click on the ‘Receiver Configuration’ button and wait for the ‘Hittite Detailed DCR
Configuration’ dialog shown in Figure 8 to appear.

4. Click on ‘Load from File’ button in ‘Hittite Detailed DCR Configuration’ dialog shown in
Figure 8, and navigate to a default ‘Config.txt’ configuration file found on ‘C:\Program Files

Order On-Line: www.hittite.com. For technical application questions: Tel: 978-250-3343 or apps-support@hittite.com I 15
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(x86)\Hittite Microwave Corp\Hittite DCR Demo\Config.txt’ on x64 operating systems or
‘C:\Program Files\Hittite Microwave Corp\Hittite DCR Demo\Config.txt’ on x86 operating
systems, and select open (Figure 16).

e
lﬂbl.hﬂﬂur_.

Pl W1avad
Cutemd [ o | "B A R |
a7 whde -

ot [ s | D, R
o b e [

el @ O @ £ ooo| T[= afimwEs 2w
Figure 16. Loading a default ‘Config.txt’ file into Hittite Detailed DCR Receiver Configuration dialog

5. Now that the default configuration file is loaded, and analog section of the DCR is
configured, click on ‘Main GUI’ in the ‘Hittite Detailed DCR Configuration’ dialog in
Figure 3 and Figure 16 to open the ‘DCR System Veiw Configuration’ dialog. As shown
in Figure 17, the ‘Hittite DCR System View Configuration’ is configured to the following
settings by default:

- 2800 MHz LO frequency

- 158.33 MHz ADC clock frequency (2850 MHz / 18 = 158.33 MHz)
- 6 dB gain in each of the two VGAs

- 28 MHz low pass filter (HMC900LP5E) bandwidth
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Figure 17.DCR Default Configuration After Loading the Config File

6. Now that the Analog portion of the DCR is configured to default configuration, to configure
the ADC portion click on ‘ADC Configuration’ button in the ‘Hittite DCR Demo’ dialog in
Figure 3 to open Hittite EasySuit ADC control software.

7. Follow instructions in section 7.2 to select the appropriate serial port for communication
between EasySuite and the DCR.

8. Once EasySuite opens, to configure it for operation with default settings of the DCR
adjust the following parameters:
- Select ‘LVDS’ radio button in the ‘Output configuration’ menu
- Select INP4 as CH2 and INP1 as CH1 in the ‘Input configuration’ menu
- Enter 158.33 MHz (158.3E6) in ‘CLK’ text box in ‘Sampling Speed’ menu
Configured ‘EasySuit ADC configuration’ window is shown in Figure 18.
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Figure 18. EasySuite Configured ADC Configuration Window

9. At this point the analog part needs to be configured to the desired setup. Currently, it
is configured to default configuration, and the ADC part is appropriately configured to
interface with the analog part (input channels have been chosen, and the clock rate has
been set). To configure the analog part of the DCR for the test input signal, program the
LO PLL to 2110 MHz (for 10 MHz IF frequency) and leave the other settings (gain and
bandwidth) unchanged so that their effects can be viewed. Resulting ‘Hittite DCR System
View Configuration’ is shown in Figure 19.
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Figure 19. Hittite System View Configuration Dialog Configured with LO = 2110 MHz

10. Clicking on ‘Open’ in the ‘Measurement Window’ menu of EasySuite in Figure 18,
opens the EasySuite ‘Measurement’ tab. Then clicking on ‘Single run’ in the EasyView’s
‘Measurement’ tab displays the following results in time domain and FFT plots.
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Figure 20.Resulting EasySuite Measurement View

11. At this point there is about 12 dB of gain applied at the receiver. To check used dynamic
range of the ADC, click on the ‘Samples to plot’ drop down menu in ‘Plot control’ menu of
the EasySuite ‘Measurement’ tab and select maximum number of samples. Observe in
the Figure 21 that the occupied ADC range is between 2020 and 2032, and keep in mind
that HMCAD1520 is a 12 bit ADC with a range from 0 to 4096. Also observe that the DC
offset is roughly in the middle of the ADC range. Therefore the ADC is not saturated and
gain can be applied.
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Figure 21. EasySuite Measurement View

12. Apply 20 dB Gain in the first VGA by clicking on the up arrow in the gain text box. The DCR
System View Configuration now is shown in Figure 22.
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Figure 22. DCR System View with 20 dB Gain Programmed in the first VGA
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13. Clicking on ‘Single run’ in the in the ‘EasySuite’ ‘Measurement’ tab window now shows
that the resulting signal (Figure 23) is indeed amplified. The utilized ADC dynamic range
is larger than previous ( from 1190 to 2012), while the DC is still around 2000. Clearly, more
gain can be applied.

~21 EasySuite™ - Wave Plotting
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Figure 23. Observed result after 20 dB of gain in the first VGA

14. Applying more gain to the first VGA (21.5 dB), low pass filter (10 dB) and finally second VGA
(10 dB) results in the DCR System View Configuration window shown in Figure 24. The
reason for distributing the gain in such a way is apparent after reading the HMC900LP5E
and HMC960LP4E data sheets. The VGA data sheet (HMC960LP4E) shows that the part
has best Noise Figure at gain settings greater then 20 dB. Hence it makes sense to use the
first VGA in around 20 dB of gain setting for optimal receiver performance. 10 dB of filter
gain was applied to further improve Noise Figure, and finally the 10 dB of gain in the last
VGA was added to maximize the SNR at the ADC.
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Figure 24. Applying distributed gain to the DCR

15. Applying more gain to the filter and the second VGA results in the observed signal in
Figure 25. The ADC DC offset has moved down to approximately 1425 which will limit any
further gain that can be applied. The frequency domain graph shows that the signal is now
amplified further, it also clearly shows the baseband filters effect. Note that the baseband
filter bandwidth is set to 28 MHz (Figure 24). The observed result in Figure 25 clearly
shows that the noise in the passband of the filter is also amplified.
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Figure 25. Observed results after applying distributed gain in the DCR

16. Applying 5 dB of further gain in the DCR as shown in Figure 26 results in observations in
Figure 27.
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Figure 26.DCR System View Configuration dialog showing addition of 5 dB of more gain in the second VGA
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17. As shown in Figure 27 in the time domain plot the ADC DC offset has moved further down
to around 950. The ADC lower range is near 750. Clearly the ADC DC offset is moving
closer to the lower limit. ‘Samples to plot’ setting in Figure 27 has been reduced in order

to observe time domain signal more closely.
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Figure 27.0bserved result as a consequence of adding 15 dB of gain in the second VGA

18. Adding further 5 dB of gain in the second VGA (a total of 20) as shown in Figure 28, results
in DCR saturation. As can be observed in Figure 29, both time domain and frequency
domain graphs show that the ADC is saturated. The time domain plot shows ADC reaching
its upper limit (4096). Signal distortion is clearly observable in the frequency domain plot.

At this point the DCR is configured for 51.5 dB of post demodulator gain, which is equivalent
to a DC gain of 376x. Knowing that full scale saturation of the ADC occurs at ~2 Vppd (1
V differential), the resulting DC offset at the input to the first VGA can be calculated to
be around 1/376 = 2.7 mV differential. It is important to note that the DCR platform is DC
coupled, and that it is possible to use an AC coupled design for decreased sensitivity to DC
offsets, and increased receiver dynamic range, if the system design permits AC coupling.
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Figure 29.EasySuit view showing the effects of too much gain and saturation
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19. Restoring earlier gain settings with second VGA gain now set at 10 dB, but reducing the
low pass filter bandwidth to 5 MHz (input signal is single channel WCDMA signal with
bandwidth of 3.84 MHz) is shown in Figure 30.

Hittite DCR System Yiew Configuration
hd hd EXTREF_LO EXTREF_ADG
5 Ei_—| "’@—l_ Read Al |
fref {MHz) = = " o
—_—t— s anwal |
MICROWAVE CORPORATION =00 [ )

| TS
= 2

.
B G e by e —
= - o L |

e U——— g

e

o ] =
4 | s —
dBm E 3 -
= FLLVOD PLLAGO dBirn

2110.0MHz W=42.20 Set N ="57.00 St
Fitter Bandwvicith & Pl
s
SMH; 1 frird
Gain [dB] = z Gain [dE] ' issa3 e
~ Gain [dE] 10 7] “ MHz Ehrys
21.50 — 10.00 - LT Eelod

Fif {MHz)
e 110

3

@ —
I

w T BE

I 2000.0

Figure 30. System View Configuration dialog showing restored gain settings and 5 MHz LPF bandwidth setting

20. The effect of reducing the filter bandwidth is shown in Figure 31. Clearly the noise in
the passband (5 MHz) has been amplified, and the signal centered at 10 MHz has been
attenuated by approximately 35 to 40 dB.
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Figure 31. EasySuite showing the results of reduced bandwidth setting (5 MHz). A Signal of bandwidth 3.84 MHz is
centered at 10 MHz.

21. Figure 32 illustrates the DCR System View Configuration where the LO is adjusted to
generate a frequency of 2117.5 MHz which is mixed with a signal frequency of 2120 MHz
and demodulated down to 2.5 MHz shown in Figure 33. The filter bandwidth is set to 5
MHz, and as can be seen in Figure 33 does not impact the spectrum of the received signal.
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Figure 32.Programming the LO frequency to 2117.5 MHz to convert the signal centered at 2120 to baseband
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Figure 33.Signal received at baseband (centered at 2.5 MHz) with filter bandwidth set to 5 MHz
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22. Figure 34 and Figure 35 show the DCR System View Configuration and resulting
waveforms when the gain of the second VGA is further increased by 5 dB (total of 15 dB).
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283. Effect of maintaining identical settings, but increasing filter bandwidth by 2.5 MHz to 7
MHz is shown in Figure 36 and Figure 37. Figure 37 shows unchanged signal spectrum
and amplification of noise at frequencies less than 7 MHz (programmed low pass filter

bandwidth.
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Figure 36. System View dialog showing filter bandwidth set to 7 MHz
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Figure 37. System View dialog showing the effect of increasing the filter bandwidth to 7 MHz
8.1 Receiver Calibration

Decreasing the filter bandwidth back to 5 MHz is shown in the System View Configuration
dialog in Figure 38. Resulting EasySuite Measurement tab is shown in Figure 39. The plot
is identical to Figure 35 earlier. Hittite’s DCR includes image rejection receiver calibration.
The received signal and its’ image are clearly visible from the complex FFT graph available
for viewing by clicking on the ‘Open’ button in ‘Compensation’ menu in the EasySuite -
Wave Plotting dialog (‘Measurement’ tab). The complex FFT graph and time domain | and
Q signals are shown in Figure 40. Figure 40 shows the received signal and its uncalibrated
image. The uncalibrated image rejection observed in Figure 40 is around -20 dBc.

Hittite’s image calibration algorithm can be executed by clicking on ‘Autotune’ button in
‘Compensation control’ menu of the ‘ComplexFft’ tab in Figure 40. The resulting calibrated
image rejection is shown in Figure 41 after clicking on the ‘Autotune’ button. Clicking
‘Autotune’ button again will run the calibration algorithm on the same data a second time.

Figure 41 shows that the image calibration practically eliminated the image on the first pass. The
calculated/calibrated amplitude and phase miss matchis displayedinthe ‘Compensation control’
menu of the ‘ComplexFft’tabin EasySuite (Figure 41). It shows a gain mismatch of-0.146 dBanda
phasemismatchof-7.68degrees. Afterexecutingthecalibrationalgorithmthe secondtime (Figure
42) only a marginal improvement is observed (amplitude mismatch of -0.448 and unchanged
phase miss match of -7.68 degrees), meaning that image calibration was effective the first time.
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Hittite’s image calibration algorithm is executed in real time on received data signal, in this
case 1 channel WCDMA signal. In order to test how well the image calibration holds from
measurement to measurement, it is possible to memorize the calibration settings (amplitude
and phase mismatch), independent set of data, and manually apply previously calibrated
settings to observe the resulting image rejection. Next few slides will do exactly that.
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Figure 38. System View dialog showing the measurement setup of the DCR
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Figure 39. System View dialog showing observations in the ‘Measurement’ tab
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Figure 41. EasySuite image calibration, after performing image calibration algorithm once.
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Figure 42.EasySuite image calibration, after performing image calibration algorithm second time.

24. Remembering calibrated amplitude mismatch of -0.448 dB, and phase mismatch of
-7.68 degrees, and maintaining same input signal as in Figure 38, pressing the ‘Reset’
button in the ‘Compensation menu’ of ‘ComplexFft’ tab of EasySuit will recapture new and
uncalibrated set of data shown in Figure 43.
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Figure 43. EasySuite ComplexFft tab after pressing ‘Reset’ and ‘Capture’ buttons showing signal and its image

25. Then manually entering the remembered amplitude (-0.448 dB) and phase (-7.68 degrees)
mismatch in the ‘Compensation control’ menu of ‘ComplexFft’ tab of EasyView, Figure 44
is generated, illustrating that previously calibration is valid across independent set of data.
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Figure 44. EasySuite image rejection result after manually entering previously calculated amplitude calibration

values

26. Figure 45 shows the result of not changing the DCR setup in any way but changing the
input signal from one carrier WCDMA to 4 carrier WCDMA signal. Figure 45 clearly shows
the effect of 5 MHz setting of the low pass filter, one of the WCDMA channels is practically
invisible.
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Figure 45. EasySuite result showing not changing the DCR configuration but changing the input signal to 4 carrier
WCDMA (Filter bandwidth setting is 5 MHz)

[ 1

27. After changing the filter bandwidth to 20 MHz as shown in Figure 46, it is apparent that
there are four WCDMA carriers (Figure 47).

Hittite DCR System Yiew Configuration

v v
@ 1 EXTREF_LO EXTREF_ADG |
.I I t tl t€ HEHHLE) Iﬂg_‘ W’Lj_—l — |
e e ] l— Manual 10

MICROWAVE CORPORATION oo
2] ¢ 1k 4

== 3 *ig e
o
EXTFEF (o) o e B g T — Ty
= L 1l Wl & ATk _\_‘f‘/‘ “

CELE]

- s

= U——— H

2117.5MHz N=42.35 Set N=57.00 et
Fitter Bandwicth £l P8 A
S
bor g ]
Gain [dB] = Gain [dB] T 158,33 Lt
= Gain [dE] 0> - HHz oas 00
| 21.5 = 1500+ e ma
Upciate e 8 | e
P o | oodec
. FIF (MHz) b g |me
A et e FLaS DREROC
% 117.5 & ] 06 s
2 i = = " B [t i
o 3 =3 s -8 =N e
»
W

.- .- &
3 ;s 2

G i a o
= = b :L: 2 RES Z;il 44:: o s
— ] ] 5 @ ekt
lm EETT EELE] Gnia giike il
HCoen HICI00 I‘!Eb

ol

HMCEBD AT HNGALS20




caHittite

MICROWAVE CORPORATION

HMC6383 Evaluation Kit User Manual \ Rev. A - v00.0711

= EasySuite™ - Wave Plotting

[»

Compensation cortrol Data storing Flot control v v
o ] At s
[Ix10  Gain o] «8 Filename:  Generated filename [IFFT-vs-Bins
[]%10 Phase 0F] degrees [ Auto-store Sam”‘“‘”‘“‘ MICROWAVE CORPORATION
[Jx10  Offset o % _m
Capture Data ADC ou tpl.lt
250
100 /\/’\\ o H
2 so P S Al mnntaa T
Measure mer rit values > ..l. [}
> 50 b
Image: -13.1 dBe -100
HDZ: -31.70 dBc ey L
-200 T
HD3 -19.90 dBc
0 5 10 15 20 25 30 35 40 45 S0 S5 60 65 70 75 80 85 90 95 100 105 110 115 120 125
Sample
=1 channel DQ corrected
FFT

40 T

[ |
& -0 |
2 |
> 100 |
-110 |
120 |
130 1
75 70 65 60 -55 50 45 40 35 -30 35 20 15 10 5 0 5 10 15 20 25 30 35 40 45 S50 S5 60 65 70 75

Frequecy (MHz —

Close tah auecy ( ) |

O ComplexfFT -

< il 1D

Figure 47. EasySuite ComplexFft observation as a result of adjusting the filter bandwidth to 20 MHz

28. The data observed in Figure 47 is not correctly demodulated to baseband. It is actually
a 20 MHz bandwidth signal demodulated to 2.5 MHz. In order to correct that, the LO is
programmed to 2110 MHz (input signal is 4 carrier CDMA centered at 2120 MHz and
approximate bandwidth of 20 MHz), so that the signal is received at baseband centered at
10 MHz, with 20 MHz bandwidth. The DCR System View Configuration is shown in Figure
48 and the resulting received signal is shown in Figure 49.
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Figure 48. DCR System View Configuration showing the LO programmed to 2110 MHz
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Figure 49. DCR EasySuite showing received four carrier WCDMA signal with image
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29. Remembering calibration calculation above using 1 carrier WCDMA signal, and applying
it to uncalibrated four carrier WCDMA signal in Figure 49, Figure 50 is observed. Figure
50 shows that DCR calibration holds, independent of input signal and bandwidth. It shows
that once calibrated settings from one carrier WCDMA data are applied to independent
signal made up of four carrier WCDMA data, the image is virtually eliminated.

~=4 EasySuite™ - Wave Plotting

Measurement | ComplexFft

Compensation cartral Data storing Plat cantral

° v v
sten Autorun FFT
[Ix10  Gain .48 B Filename:  Generated filename [IFFT-vs-Bins

[]=10 Phase -7.68— degrees [ Auto-store EEMEIE RS MICROWAVE CORPORATION
128

[Ix10  offset o % -ﬂ

ADC output

e
S
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Figure 50. DCR EasySuite showing received four carrier WCDMA signal, with applied previously calibrated ampli-

tude and phase miss match (-0.448 dB amplitude and -7.68 degrees phase) calculated using one carrier WCDMA

data. The figure shows that calibration setting is not dependent on input data.

ETI|

30. In fact pressing ‘Autotune’ (Figure 51) to execute the calibration algorithm again, shows
that the calibrations settings have not changed at all. Figure 51 shows newly calibrated
amplitude miss match of -0.439 dB and phase mismatch -7.56 degrees, which is virtually
identical to values calculated with single-carrier WCDMA signal previously. FFT of
the same signal (Figure 52) can be observed by clicking on the ‘Measurement’ tab in
EasySuite -Wave Plotting window.
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Figure 51.DCR EasySuite showing received four carrier WCDMA signal after executing calibration algorithm. The

image is eliminated and calculated amplitude and phase miss match is virtually identical to those calculated using

single-carrier WCDMA signal earlier.
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~#aEasySuite™ - Wave Plotting

[ Measurement | ComplexFit

Data staring Plat contral

I v v
File prefix: | [Lsetpan | Auto-run FFT
Filename:  Measuretment_chi_2011-07-22¢1 [_] FFT.vs.Bins

Run control [] Auto-store measurements CLEADEER MICROWAVE CORPORATION
[] Auto-step filename  Reset counter :
Data collect mode: [ ] Active channel only
Fieadout mode: (7] j4ll channels| ADC output

Aetive channel

channet 1 || [ P |

Y value

Measurame it values

Signal:  -40.4 dBFS

ShR: 24,58 dBFS
SNDR: 24.55 dBFS 0 100 200 300 400 S00 600 700 800 900 1,000 1,100 1,200 1,300 1400 1,500 1,800 1700 1,800 1,900 2,000
ENCB: 3.78 bit Sample

= Measurement_ch1_2011-07-22c1

SFDR: 3334 dBc (13.1)

HDZ: -7.029 dBc (7.88) FFT
HD3: -9.204 dBc (11.8) 40
50
60
g
5 a0
=
T =0
-100
120
R 0 B 10 15 20 = 0 ES 40 % s0 55 50 65 70 7S
Frequecy (MHz)

[4] [

= Measurement_chl_2011-07-22c1

< il |IND

Figure 52.DCR EasySuite measurement window showing received 4 carrier WCDMA signal FFT and time domain

31. To save the current DCR setup for future use click on * Manual 10’ button in the ‘Hittite
DCR System View Configuration’ dialog to open the ‘Hittite Detailed DCR Configuration’
dialog. Then click on the ‘Save to File’ button and navigate to the desired location. Save
the file as a text file. Figure 53 shows the saved configuration file. When opened (Figure
53), the configuration file shows all programmed registers of all components of the DCR.
In a similar way the corresponding observed data can be stored locally for post processing
by clicking on the ‘Set path’ button and selecting ‘Auto-store measurements’ radio button.
The data will be stored in the desired location, with auto increment of name if the user so
desires ‘Auto-step filename’ radio button.
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il Test setup - Notepad [_[O[x]
File Edt Format View Help

/f =================== ADC CLK Configuration. Integer mode HWCS30
SET CHIPEW 1

SET CHIPID O

|+

SET HEXMODE 1
REG 0 A7975
REG 1 2

REG 2 1

REG 5 1628
REG 5 6OAQ
REG 5 2818
REG 3 EG10
REG 5 O

REG 6 2003CA
REG 7 14D

REG 8 CLEEFF
REG 9 153FFF
REG A 2046
REG B 7CO61
REG C O

REG D O

REG E O

REG F 1

SET HEXMODE 0
REG 3 57

SET HEXMODE 1 -

[/ ================= L0 Configuration. Frac FEB
SET CHIPEN 2

SET CHIRPID O

SET HEXMODE 1

REG 0 A7375

REG 1 2

REG 2 1

SET HEXMODE 0

REG 3 42

SET HEXMODE 1

REG § 1628

REG 5§ GOAQ

REG § 2818

REG 3 6090

REG 5 0

REG & 200B44

REG 7 14D

REG 8 C1BEFF

REG 9 547FFF =

K| H oz
Figure 53.Saved test setup configuration file

9. Low Pass Filter (HMC900LP5E) Calibration - Step-By-Step Example

The low pass filter (HMC900LP5E) on the DCR evaluation board can be calibrated for precise
bandwidth accuracy. Programmable bandwidth from 3.5 MHz to 50 MHz baseband (7 MHz to
100 MHz IF) with bandwidth accuracy of +/- 2.5 %. In order to complete calibration, and only
during the calibration process, the HMC900LP5E requires a calibration clock. On the DCR
evaluation board an external calibration clock source should be applied to pin 2 of J6 of the
DCR evaluation board schematic. The details of the required clock source are available in
HMC900LP5E data sheet.

The Following example calibrates the HMC900LP5E on the DCR evaluation board by following
the HMC900LP5E data sheet instructions.

1. Program the clock period in picoseconds to Reg05h of the HMC900LP5E. 1/50 MHz =

20000 picoseconds = 4E20h, as shown in Figure 54, and press manual write. To confirm,
that the data is correctly written use the ‘Manual Read’ button to read back the same
register in ‘Hittite Detailed DCR Configuration’ dialog, as shown in Figure 54.
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Hittite Detailed DCR Configuration

— Low Level Routines

U536 Interface I ETPR%IHA .,l — 3PI Chip Enable Select
Load From File | Main GLI |

{* Keep OPEN " Morm Closed SEMD always toggles
e — " SENL - 0 ADC Clk b oo v

hip Address Bits I_3 " SEMZ -0 LD Clk -

™ SEM3 - 6 Mixer Side WGA

Reg address Bits I 5 % SEM4 - 5 Filker i
- " SENS - & ADC Side YGA 4|5‘3"E il Relnitialize |

Reg Data Bits (decy | -4

— Manual SPI Read

Chip Address (hex) I T e Returned Data (Chip Addr, Reqg Addr, Req Data) hex

{Manual Read
s Fls | sees |

Reg Address (hex) I 5

— M | SPT ‘Writ
ana Hhe a (Chip Addr, Reg Addr, Req Data) hex

Returned Dat
Chip Address (hex) I g Manual Wite I

Reg Address (hex) I g

Req Data (hex) I 4E20

Test All Comms |

Red background indicates a read
Failura, Chack ChipAddress, USE, Hover the cursor over -
GPO setup, ete, and reread. Do a control for hElp.

niot trust the data,

NIE I 4e20 |

Figure 54.Program and read back calibration clock period in picoseconds (Reg05h of HMC900LP5E)

2. Read Reg01h of HMC900LP5E (Figure 55) to make sure that the clock doubler is not
enabled (It is not needed for 50 MHz clock), and to enable the RC calibration circuit.
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Hittite Detailed DCR Configuration

— Low Level Routines

LISE Interface I ETPRY¥IHA, vI — SPI Chip Enable Select

Load fram File
f* Keep OPEN © Morm Closed SEMO always toggles
~ eprprotacal ——————— | £ SENL-0ADC Clk to: 101 x|

Chip Address Bits I 3 " SENZ - 010 Ck I =
7 SEM3 - 6 Mixer Side VGA

Reg Address Bits I 5 {* SEM4 - 5 Filker

Main GUI |

) Save to File -
Reqg [ata Bits (dec) 24 " SENS - & ADC Side ¥GA —l ReInitialize |
— Manual SPT Read
) Returned Daka (Chip Addr, Reg Addr, Reg Data) hex
Chip Address (hexh I 5 Marual Read | 12 + R + REd )

Reg Address (hex) I 1 = | | ! || 10 |

— Manual SPT \rite

Chip &ddress (hex) I 5 Manual'v'-.-'rltel

Reg Address (hex) I 1 | s | | ! || 1F |
Reg Data (hex) I 1F

Test Al Camms |

Red backgraund indicates a read
Failure, Check Chipaddress, USE, Hover the cursor over -
GPC setup, etc, and reread, Do a control for help,

not trust the data,

Returned Daka (Chip Addr, Reg Addr, Reg Data) hex

Figure 55. Read Reg01h[5] to make sure that Reg01h[5] = 0. In this case Reg01h[5] was read to be 1 and pro-
grammed to Reg01h[5] = 0.

3. Now write the calibration register Reg04h to execute calibration, as shown in Figure 56.
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Hittite Detailed DCR Configuration

— Low Level Routines

LISE Intetface I ETPR = THA vI — SPI Chip Enable Select

Load From File Main GUI |
{* Keep OPEN " Norm Closed SEMO always toggles
=PI Pratacal " SENT -0 ADC Clk o 101 v

Chip Address Bits I 3 " sEM2-0L0 Ck I --

. " SEM3 - 6 Mixer Side ¥Ga
Reg .ﬁ.ddress Bit= I g ﬁ." SEM4 - 5 Filker

, " SENS - 6 ADC Side VGA Szl Al el
Reeq Data Bits (dec) [ -4 ol Relnitizlize

L

— Manual SPI Read EE
Chip Address (hex) I c Manual Eead |
Reqg Address (hex) I 1 | S

a (Chip Addr, Reg Addr, Reg Data) hex

S R BT

— Manual SPT Write
Chip Address (hex) I 5

Req Address (hex) I 4 | S | | ! || 1C |
Req Data (hex) I 1

Test All Comms |

Red background indicates a read
Failura, Check ChipAddress, USE, Hover the cursor over -
GPO setup, etc, and reread, Do a control for help.

not trust the data,

Returned Data (Chip Addr, Reg Addr, Reg Data) hex

Figure 56.Write Reg04h = 1h of HMC900LP5E to execute calibration routine.
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Hittite Detailed DCR Configuration

— Low Level Routines

LJSE Interface I ETPRYSIHA -l — 3PI Chip Enable Select
SEMD always foggles Load from File Main GLIT |

* Keep OPEN " Morm Closed
— eplprotocal — | 7 SENL-0ADC Clk CHEETTREY

Chip Address Eits I 3 " SEMZ-0LO Ck _ -

£ SEMS - 6 Mixer Side WG4

RegaddressBts [ (¥ SEN4 - 5 Filter
: " SENS - & ADC Side YGA Save to File itidl
Reqg Data Bits (dec) iz RelInitialize

24

— Manual SPI Read

Chip Address (he:x) I g ManuaIRead

Returned Data (Chip Addr, Req Addr, Reg Daka) hex

| = IE || oFcemn |

Reg Address (hex) I 9

— Manual SPL \Write

Returned Dat
Chip Address (he:x) I g Manual Write I

Reg Address (hex) I 4

Req Data (hex) I 1

Test Al Comms |

Red background indicates a read
Failura, Chack ChipAddress, USE, Hover the cursor over -
GPO setup, ete, and reread, Do a control for hEID-

not trust the data,

a (Chip Addr, Reg Addr, Req Data) hex

IE || oFczmn |

Figure 57.Read Reg09h (calibration result) of HMC900LP5E

4. Calculate ctune = Cal_count (Figure 57)/10370000 = 10470000(9FC270h)/10370000
= 1.0964. If the desired frequency is 16 MHz (as an example) then normalized desired
frequency is 16 MHz x ctune = 17.5424 MHz. Therefore, according to Table 9 in
HMC900LP5E data sheet on page 16, the coarse_bandwidth_code = 0101 for desired
frequency of 16 MHz. Then according to the HMC900LPS5E data sheet the fine tuning
factor is f /f =16 MHz/20 MHz = 0.8. The fine bandwidth code can be observed

BW_norm’ 'nom

from Table 10 of the HMC900LP5E data sheet on page 17 to be ‘0000’b.

5. Finally execute step 3 of filter calibration in HMC900LPS5E data sheet on page 17. Write
coarse bandwidth code to Reg02h[9:6] as per Figure 58. Initially read Reg02h value from
HMC900LPS5E in order to ensure that other Reg02h values are not changed when writing
bits[9:6] as per Figure 58. The value read from Reg02h was Reg02h = 185h. Therefore
in order to write Reg02h[9:6] = Oh, Reg02h = 145h needs to be written as per Figure 58.
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Hittite Detailed DCR Configuration

— Lows Level Routines

LISE Inkerface I ETPR =X THA vI — SPI Chip Enable Select
Load Fram File Main GUI |

* Keep OPEN " Norm Closed SEMO always toggles
=PI Protocol " SEM1 -0 ADC Clk te: ooo v

Chip Address Bits I 3 " sEM2-0L0 Ck I --

7 SEN3 - 6 Mixet Side YGA

Reg Address Bits I c % SEMN4 - 5 Filker
' Save to File | -
£~ SEMS - 6 ADC Side VG4 Relnitialize

Reqg Data Bits (dec) | -4

— Marual SPI Read EE—
Chip Address (hex) I c Manual Eead |
Reqg Address (hex) I 2 | S

a (Chip Addr, Reg Addr, Reg Data) hex

| [z J[ss |

— Marual SFI Write
Chip Address (hex) I 5

Req Address (hex) I z | S | | Z | | 145 |

Req Data (hex) 145

Returned Data (Chip Addr, Reg Addr, Reg Data) hex

Test All Comms |

Red background indicates a read
failura, Check ChipAddress, USE, Hover the cursor over -
GPO setup, etc, and reread, Do a control for help,

not trust the data,

Figure 58. Program coarse_bandwidth_code to HMC900LP5E

6. Then write fine_bandwidth_code to Reg03h of the HMC900LP5E as per Figure 59.
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Hittite Detailed DCR Configuration

— Low Level Routines

LISE Interface I FTPR=STHA ,,I — SPI Chip Enable Select
Load from File Main GUI |

¥ Keep OPEN " Morm Closed SEMO always toggles
=PI Protocol " SEM1 - 0 ADC Ck to: oo0 v

Chip Address Bits I 3 " SEN2-0LO Ck I --

7 SEN3 - & Mixer Side YGA

Reg Address Bits I 5 % SEN4 - S Filker .
" SENS - B ADC Side YiEh 4|5‘3“E =l Relnitiglize |

Reqg Data Bits (dec) | -4

B M.anual 51 Read Returned Data (Chip Addr, Reqg Addr, Req Data) hex
Chip Address (hesx) I 5 | Marual Rread I

[s [ ls {0 |

Reg Address (hex) I 3

— Manual SPT ‘Write =
Chip Address thes) I - Returned Data (Chip Addr, Reg Addr, Reg Data) hex

Reg Address (hex) I 3 = | = | | 3 | | 0 |
Req Data (hex) I u}

Test All Comms |

Red backgraund indicates a read

Failure, Check Chipaddress, USE, Hover the cursor over -
GPO setup, etc, and reread, Do a control for help.

not trust the data,

Figure 59. Program fine_bandwidth_code to HMC900LP5E

7. Flnally, to instruct the HMC900LP5E to use the desired setting program Reg01h[4] = 1.
Initially as per Figure 60, RegO1h is read so that values other than Reg01h[4] can be left

unchanged.
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Hittite Detailed DCR Configuration

— Low Level Routines

LISE Inketrface I ETPRTHA vI — SPI Chip Enable Select

Load From File Main GUI |
{* Keep OPEN " Morm Closed SEMO always boggles
— eprprotocdl — | " SEN1-0ADC Ck CHERTTRINEY

Chip Address Bits I 5 " SEN2-0L0 Ck I ==

. = SEM3 - & Mixer Side YGA
Reg AddressBits [ (% SEN4 - 5 Fiter o toF |
Reg Data Bits (dec) I 24 " SENS - & ADC Side YGA SvE e RelInitialize |

— Manual SPI Read
Chip Address (hex) I 5

Returned Data (Chip Addr, Reg Addr, Reg Data) hesx
‘ Manual Read I

Reg Address (hex) I 1 3 | | 1 || 10 |

— Manual SFI Write
Chip Address (hex) I LY

Returned Data (Chip Addr, Reg Addr, Reg Data) hesx
‘ Manual Write I

Reqg Address (hex) I 1 | = | | 1

Req Data (hesx) I 1D

Test All Camms |

Red background indicates a read
Falure, Cherk Chipaddress, s,  HiOver the cursor over -
GPO setup, ete, and reread, Do a control for hEID-

not trust the data,

| [ |

Figure 60. Program Reg01h[4] = 1h to make sure that the HMC900LP5E uses calibrated bandwidth settings

10. Conclusion

These examples briefly illustrate some of the features of the ICs that make up the DCR
evaluation platform. More complete information can be found online at the respective data
sheets:

e HMCS830LP6GE

e HMCAD1520

e HMC900LP5E

e HMC960LP4E

e HMC597LP4E

e HMC860LP3E
e HMC976LP3E
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