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Introduction

Introduction

The PE46120 is a HaRP™ technology-enhanced monolithic phase and amplitude controller (MPAC) designed
for precise phase and amplitude control of two independent RF paths. It optimizes system performance while
reducing manufacturing costs of transmitters that use symmetric or asymmetric power amplifier designs to
efficiently process signals with large peak-to-average ratios.

This monolithic RFIC integrates a 90° RF splitter, digital phase shifters and a digital step attenuator along with a
low voltage CMOS serial interface. It can cover a phase range of 87.2° in 2.8° steps and an attenuation range of
7.5 dB in 0.5 dB steps, while providing excellent phase and amplitude accuracy from 1.8-2.2 GHz.

The PE46120 also features exceptional linearity, high output port-to-port isolation and extremely low power
consumption relative to competing module solutions. It is offered in a 32-lead 6 x 6 mm QFN package.

The PE46120 evaluation kit (EVK) includes hardware required to control and evaluate the functionality of the
MPAC. The MPAC evaluation software can be downloaded at www.psemi.com and requires a PC running
Windows® operating system to control the USB interface board.

Application Support

For any technical inquiries regarding the evaluation kit or software, please visit applications support at
www.psemi.com (fastest response) or call (858) 731-9400.

Evaluation Kit Contents and Requirements

Kit Contents
The PE46120 EVK includes the following hardware required to evaluate the MPAC.

Table 1 « PE46120 Evaluation Kit Contents

1 PE46120 MPAC evaluation board assembly (PRT-55151)
1 Peregrine USB interface board assembly (PRT-50866)
1 USB 2.0 Type A to Type B mini cable
DOC-68985-1 — (08/2015) UrLtraCMOS Page 1
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Software Requirements
The MPAC evaluation software will need to be installed on a computer with the following minimum requirements:
» PC compatible with Windows™ XP, Vista, 7 or 8
* Mouse or other pointing device
* USB port
* HTML browser with internet access
» Administrative privileges
Hardware Requirements
In order to evaluate the performance of the evaluation board, a Vector network analyzer is required.

Caution: The PE46120 MPAC EVK contains components that might be damaged by exposure to voltages in
excess of the specified voltage, including voltages produced by electrostatic discharges. Handle the board in
accordance with procedures for handling static-sensitive components. Avoid applying excessive voltages to the
power supply terminals or signal inputs or outputs.

Page 2 ULteaCMOS DOC-68985-1 — (08/2015)
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Evaluation Board Assembly

Evaluation Board Assembly Overview

The evaluation board (EVB) is assembled with a PE46120, several headers and SMA connectors, as shown in
Figure 1.

Figure 1 « PE46120 Evaluation Board Assembly
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Quick Start Guide

Quick Start Overview

The EVB was designed to ease customer evaluation
of the PE46120 MPAC. This chapter will guide the
user through the software installation, hardware
configuration and using the graphical user interface
(GUI).

Software Installation

USB Driver

The latest USB interface board drivers are available
via Microsoft Windows update. Internet connectivity is
required to download the drivers. Connect the USB
interface board to the PC and select the Windows
Update option to obtain and install the drivers
(Figure 2).

If the USB board drivers are not installed, it will not be
possible to complete the installation of the MPAC EVK
software. A USB interface board (Figure 11) is
included in the evaluation Kkit.

Figure 2 « USB Driver Installation (Detecting)

/’ Peregrine
/ Semico%ductor

computer. The USB interface and MPAC application
software is compatible with computers running
Windows®, XP, Vista, 7, 8, in 32- or 64-bit configura-
tions. This software is available directly from
Peregrine’s website at www.psemi.com.

To install the MPAC evaluation software, unzip the
archive and execute the “setup.exe” (Figure 3).

Figure 3 « MPAC Evaluation Software Installer

r@ MPAC_EVK_SW_INSTALLER
1) setup

After the setup.exe file has been executed, a welcome
screen will appear. It is strongly recommended that all
programs be closed prior to running the install
program. Click the “Next>" button to proceed.

Figure 4 « MPAC Evaluation Software Setup

5 MPAC Evaluation S E——)

Welcome to the MPAC Evaluation Software Setup o . < O

Wizard
(=] - - a

The installer will guide you through the steps reguired to install MPAC Evaluation Software on your
computer.

WARMNING: This computer program is protected by copyright law and international treaties
Unauthorized duplication or distribution of this program, or any portion of it. may resultin severe civil
or criminal penalties, and will be prosecuted to the maximum extent possible under the law

EVK Software

In order to evaluate the PE46120 performance, the

application software has to be installed on your

DOC-68985-1 — (08/2015) ULtraCMOS’ Page 5
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In the window of Confirm Installation, click “Next>" to

Take a moment to read the license agreement, then
proceed with the software installation.

click “I Agree” and “Next>"

Figure 5 ¢ License Agreement Figure 7 « Confirm Installation

15 MPAC Evaluation e 1| /1
"0

- O Confirm Installation Ce

License Agreement O'e
o
- - 4 ]

OSSR s G "0 = S
Please take amomentto read the license agreement now. If you acceptthe terms below, click "l The installer is ready to install MPAC Evaluation Software on your computer.

Agree", then "Mext". Otherwise click "Cancel"
Click "Mext" to start the installation,

[BY CLICKING ON THE "I Agree" BUTTON, “YOU” »
(MEANING YOU PERSONALLY OR THE COMPANY YOU|Z|
REPRESENT AND ON WHOSE BEHALF YOU ARE FULLY
AUTHORIZED TO ENTER THIS AGREEMENT) ARE
CONSENTING TO BE BOUND BY AND ARE BECOMING A
PARTY TO THIS LICENSE AGREEMENT ("AGREEMENT"). IF
YOU DO NOT AGREE TO ALL OF THE TERMS OF THIS
AGREEMENT, CLICK THE "CANCEL" BUTTON AND THE
DOWNLOAD/INSTALLATION PROCESS WILL NOT CONTINUE. ~

- ! Do NotAgree -é‘IAgree

cancl | [ <Back | [ nen |

[ cancal || cBack | [ met> | |

As the software files are installed, a progress indicator
will be displayed. On slower computers, installation of
the software may proceed for a few moments.

For most users the default install location for the
program files is sufficient. If a different location is
desired, the install program can be directed to place
the program files in an alternate location. The
software is installed for “Everyone” by default. Once Figure 8 « Progress Indicator

the desired location is selected click “Next>.”

Figure 6 ¢ Select Installer Folder

MPAC Evaluation Software is being installed

Select Installation Folder O'e

Flease wait.

The installer will install MPAC Evaluation Software to the following folder.

Toinstall in this folder, click "MNext". Toinstall to a different folder, enter it below or click "Brawse"

Folder:

CAProgram Files (x36)\Peregrine Semiconductar CorpyMPAC Evaluati Browse...

Install MPAC Evaluation Software for yourself. or for anyone who uses this computer:

(@ Everyane

() Justme

Cancel | [ cBack | [ hea>
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Once the evaluation software is installed, click “Close” A new Start Menu item under Peregrine Semicon-

to exit. ductor will appear in the start menu of your computer.
Select “MPAC Evaluation Software” to launch the

Figure 9 « Installation Complete GUL.

Figure 10 « MPAC Evaluation Software Launch

Installation Complete e

s . S I Peregrine Semiconductor
7 ﬁ MPAC Evaluation Software.exe

MPAC Evaluation Software has been successfully installed

Click "Close" to exit

Please use Windows Update to check for amy critical updates to the NET Framework.

DOC-68985-1 —
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Hardware Configuration

USB Interface Board Overview

The USB interface board (Figure 11) is included in the evaluation kit. This board allows the user to send serial

peripheral interface (SPI) commands to the device under test by using a PC running the Windows® operating
system. To install the software, extract the zip file to a temporary directory and follow the installation procedure
included.

Figure 11 « USB Interface Board

// Peregrine Vo,
E

A4 Semiconductor

Connection of the USB Interface Board to the Evaluation Board

The EVB and the USB interface board contain a 14 pin header. This feature allows the USB interface board
(socket) to connect directly to the EVB (pin) on the front side as show in Figure 12. Use caution when making
the connection to insure the USB interface board is aligned and connected to both rows of pins properly.

Figure 12 « USB Interface Board Connected to the Evaluation Board
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The evaluation board is designed to ease customer evaluation of Peregrine’s products. The board contains:

PE46120
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1) Digital signal connectors are provided for power supply, digital control signals and USB interface board.
2) SMA connectors are provided for RF performance verification and THRU trace to calibrate board trace loss.

The schematic and evaluation board outline are provided in this user manual.

Figure 13 « PE46120 Evaluation Board Schematic
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Figure 14 « PE46120 Evaluation Board Outline Showing Functional Overview

USB Interface Board
e VDD can be applied by
external power supply
VDD is applied from USB DS=0
board power supply
"
= RF Out 2
RF In ~
VDD is applied from USB i REEES
board power supply
/SPEN=0
USB Interface Board
Connector
W
L]
18 '--Q‘ JG -
" -
it ."; gy
“THRU?” trace is for board trace loss calibration
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Hardware Operation

The general guidelines for operating the hardware evaluation board are listed in this section. Follow the steps
below to configure the hardware properly for the performance.
1) Connect the jumper on JP4, JP5 and JP6.
a) JP4 is connected to PE46120 pin-19 (GND) to ground.

b) JP5 is connected to PE46120 pin-20 (/SPEN) to ground for normal SPI operation. Refer to datasheet
Table 11.

¢) JP6 is connected to PE46120 pin-21 (DS) to ground as DS = 0 setting. Refer to Table 6 and Table 7.
2) There are two options to provide PE46120 a power supply. They are:

a) Option 1: Power up through USB interface board. Evaluation board is using this option by connecting
jumper on JP3 pin 2—-3 and jumper on JP9 pin 2-3; refer to Figure 14.

b) Option 2: Power via external power supply. The evaluation board is configured for this option by installing
a jumper on JP3 pins 1-2 and JP9 pins 1-2 (refer to Figure 14). Connect the external power supply to
VDD_EXT J10 or J11 (pin 1+, pin 2-).

3) Plug in USB interface board (Figure 11) on J8 or J9, as shown in Figure 12. J8 and J9 provide identical control
to the device.

4) Calibrate board trace loss and phase with THRU trace between J6 and J7. THRU calibration is sufficient for
initial measurements. If more accurate results are desired, the full set of SLOT standards can be used.

Table 2 « Recommended Operating Condition for PE46120

Supply voltage, Vpp™®) 2.3 5.5 v
Supply current 350 500 HA
Digital input high 1.17 3.6
Digital input low 0 0.6
Digital input leakage 10 20 LA
RF input power, CW 29 dBm
RF input power, pulsed® 32 dBm
Operating temperature range -40 +25 +105 °C
Notes:

1) Product performance does not vary over Vpp.

2) Pulsed, 5% duty cycle of 4620 us period.

DOC-68985-1 — (08/2015) UrLtraCMOS Page 11
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Table 3 « Bit Descriptions

Co Channel register select

CO =L, channel RFgT1 register select

CO0 = H, channel RFgT, register select

MO-M3 Attenuation setting per channel
PO-P4 Phase shift setting per channel
S0-S3 Spare bits

Table 4 « 14-bit Word

Q13 Q12 Q11 Q0 Q9 OQ8 Q7 Q6 OQ5 Q4 Q3 Q2 01 Qo

Cco S3 S2 M3 M2 M1 MO P4 P3 P2 P1 PO S1 SO
1 — — — — — — 45 22.5 11.2 5.6 2.8 — —
2 — — 4 2 1 0.5 45 22.5 11.2 5.6 2.8 — —

Table 5 ¢ Serial Truth Table—Phase Setting

Q13 Q12 Q11 Q10 Q9 Q8 Q7 Q6 Q5 Q4 Q3

S3 S2 M3 M2 ML MO P4 P3 P2 Pl Phé‘;fi rslg'ft
4 2 1 05 45 225 112 56
X X X X X X X L L L L L X X Ref phase
X X X X X X X L L L L H X X 2.8 deg
X X X X X X X L L L H L X X 5.6 deg
X X X X X X X L L H L L X X 11.25 deg
X X X X X X X L H L L L X X 22.5 deg
X X X X X X X H L L L L X X 45 deg
X X X X X X X H H H H H X X 87.2 deg
Page 12 _l!LIBACMQS.' DOC-68985-1 —(08/2015)
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Table 6  Serial Truth Table—Attenuation Setting (RFo1,)

Q13 Q12 Q11 Q10 Q9 Q8 Q4
S3 S2 M3 M2 M1 P3 P2

Amplitude Setting

225 11.2

225 11.2

H X X L L L L X X X X X X X Ref insertion loss
H X X L L L H X X X X X X X 0.5dB

H X X L L H L X X X X X X X 1dB

H X X L H L L X X X X X X X 2dB

H X X H L L L X X X X X X X 4dB

H X X H H H H X X X X X X X 7.5dB

Table 7  Default State Settings at Power Up (RFoyr1)

Q13 Q12 Q11 Q10 Q8 Q7 Q6 Q5 Q4 Q3
DS Default
: Co S2 M3 M1 MO P4 P3 P2 P1 Setting at
Setting
Power Up
1 05 45 225 11.2 56
0dB
DS-O———————LLLLL——00|eg
0dB
DS=1 — - = = | = — | — H L L L L — | —
45 deg

Table 8 « Default State Setting at Power Up (RFo15)

Q13 Q12 Q11 Q10 Q9 Q8 Q7 Q6 Q5 Q4 Q4

DS Default
: Co S2 M3 M2 M1 MO P4 P3 P2 P1 Setting at
Setting
Power Up
2 1 05 45 225 112 56
B 0dB
DS=0 — — — L L L L L L L L L — — 0 deg
_ 7.5dB
DS=1 — — — H H H H H L L L L — — 45 deg
DOC-68985-1 — (08/2015) ULtRaCMOS Page 13
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Table 9 - Serial Interface Timing Characteristics)

Z

Peregrine

Semiconductor

Serial clock frequency, Fe 0.032 26 MHz
Serial clock period, Tk 40 ns
Serial clock HIGH time, TgckH 20 ns
Serial clock LOW time, Tgc kL 20 ns
Serial data output propagation delay from CLK falling edge, Tgy (10 pF) 9 ns
Latch clock pulse width high, T ¢ kn 10 ns
Serial data input setup time from CLK rising edge, Tgy 5 ns
Serial data input hold time from CLK rising edge, Ty 2 ns
Serial data output hold time from CLK rising edge, Toy 1.6 ns
Serial clock rising edge setup time to latch clock rising edge, TsgrtE 27 ns
SDO drive strength(®) 15 pF

Notes:
1) Vpp = 2.3V-5.5V, —40 °C < Tp < +1-5 °C, unless otherwise specified.

2) Limited by test duration not static logic design. Synchronous to clock. Minimum clock frequency tested = 32 kHz.
3) SDO maximum capacitive load drive strength for Fc| x = MHz with a 1.8V swing.

Page 14 ULrraCMOS
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Using the Graphical User Interface

Figure 15 displays the MPAC application software graphical user interface (GUI), which has the USB interface
board plugged into the computer. The message “USB-SPI Interface Board #101-0653 connected” will indicate
that the USB interface board is connected and recognized. “Hardware Operation” as shown on page 11 is for the
EVK hardware configuration to use with the GUI control software. If the USB interface board is not connected
when the application software is launched, the message “No interface board connected! Please connect USB-
SPI Interface #101-0653" will appear at the bottom of the screen.

In the upper left corner, under the Peregrine logo, there is a drop-down menu item to select the part number for
evaluation and the part description is below the part number box.

The MPAC application software graphical user interface (GUI) is displayed in Figure 15 and illustrates the
available controls and messages available to the user.

Figure 15 « MPAC Application Software Graphical User Interface'”)

& - -‘ ——— i - —— = = h
File  Help
RF Out 2 Path
State 0 Relative Phase 31
(@III:IIIIIIIIIIIIIIIIIIIIIIIIIIII}
. Phase 0.00 87.19
Pereg r]ne State 0 Relative Attenuation 15
/ SCF“']CE}HdLJCtO[ < IE' [ I I [ N N [ [ >
Atten 0.00 7.50
' Part Number
PE4G120 - :
" “IL] O
Attenuation Maximum: 7.50 dB . oRFauT?
Attenuation Step Size: 0.50 dB , ;.?E'E;B . '?dSEdPSEI
Attenuation Resolution: 4-bit RE L =
Phase Shift Maximum: 87.1875 deg ING ! l L !
Phase Shift Step Size: 2.8125 deg (I)
Phase Shift Resolution: 5-bit T Lose CORFouUT1
Interface: SPI 90" 281° LSB
[C] Continuous Pattern Loop Send Signal ] RF Out 1 Path
State 0 Relative Phase 3
IUSB-SPI Interface Board #101-0653 connected {@ P L] ¢
: Phase 0.00 87.19
RFOutl Waveform RFOut2 Waveform
SDI
CLE
LE | [ i
S0, [
©2014 Peregrine Semiconductor Corp. Al rights reserved, Mo reproduction without prior written consent,
e

Note: * SDO in the serial interface waveform is read back from the MPAC to verify SDO toggling to indicate proper communication with the MPAC.
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Continuous Pattern Loop

The continuous pattern loop checkbox (see

Figure 16) allows the user to observe the evaluation
board automatically step through each of the phase
and attenuation states. Once the GUI reaches the
maximum state value the cycle begins again at the
minimum state value. This function can be started and
stopped at any time by selecting/deselecting the
checkbox.

Figure 16 « Continuous Pattern Loop

] Continuous Pattern Loop

/ Peregrine
Se[mconductor

The “Send Signal” box can be used to resend the
same data.

Send Signal

Figure 17 « Send Signal

Send Signal

Page 16
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Attenuation and Phase Slide Bar

The RF Out Path slide bar allows the user to quickly select the desired attenuation and phase. The arrows at the
left and right can be clicked to increase or decrease phase or attenuation state at the minimum step size. The
attenuation and phase value text box is updated with each change of the phase slider. This control is two-way;

the user can also enter a valid attenuation and phase value into this text box followed by the ENTER key to
program the hardware with the updated value.

Figure 18 ¢ RFoyr, Path Slide Bar

RF OQut 1 Path
State 0 Relative Phase 0.00 31

<|£||I§IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII}

Phase 0.00 g7.19

Figure 19 « RFyyr, Path Slide Bar

RF Out 2 Path

State 0 Relative Phase 0.00 31
{ El ? | N A A A NN AN NN A R e A D A N RO NN N NN NN U U NN N AR U N A N B N | }
Phase 0.00 a7.19
State O Relative Attenuation 0.00 i5
{ IE' ; | | | | | | | | | | | | | | | }
Atten 0.00 7.50
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Technical Resources

Technical Resources

Additional technical resources are available for download in the Products section at www.psemi.com. These
include the Product Specification datasheet, S-parameters, zip file, evaluation kit schematic and bill of materials,
material declaration form and PC-compatible software file.

Trademarks are subject to trademark claims.

DOC-68985-1 — (08/2015) UrLtraCMOS Page 19

www.psemi.com



PE46120 P
’ eregrine
EVK User’s Manual 4 Se[mco%ductm

This page intentionally left blank.

Page 20 ULtraCMOS DOC-68985-1 —(08/2015)

www.psemi.com



PE46120 ) Pereor
) eregrine
EVK User’s Manual / Semico%ductor

Document Categories

Advance Information

The product is in a formative or design stage. The document contains design target specifications for product
development. Specifications and features may change in any manner without notice.

Preliminary Specification

The document contains preliminary data. Additional data may be added at a later date. Peregrine reserves the
right to change specifications at any time without notice in order to supply the best possible product.

Product Specification

The document contains final data. In the event Peregrine decides to change the specifications, Peregrine will
notify customers of the intended changes by issuing a CNF (Customer Notification Form).

Not Recommended for New Designs (NRND)

This product is in production but is not recommended for new designs.

End of Life (EOL)

This product is currently going through the EOL process. It has a specific last-time buy date.

Obsolete

This product is discontinued. Orders are no longer accepted for this product.
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