MICROCHIP UXD20P
DC - 20 GHz Programmable 1, 2, 4, and 8 Binary Prescaler

Product Overview

The UXD20P is a low-noise DC-to-20 GHz Programmable Prescaler featuring either divide-by-1, divide-by-2, divide-
by-4, or divide-by-8 division ratios. In the divide-by-1 mode, the UXD20P is also a limit amplifier. The device features
differential inputs and outputs, adjustable output swing, and high input sensitivity. The control inputs are CMOS- and
LVTTL-compatible. UXD20P is a 24-pin, 4 mm x 4 mm plastic QFN package. The product is also available as a die.

Key Features

* Wide operating range: DC — 20 GHz UXD20P Functional Block Diagram
* Low SSB phase noise: - 153 dBc @ 10 kHz
* Large output swings: 750 mV pp/ side

» Single-ended and/or differential operation
* Low power consumption: 430 mW

» 3 Dividers in one with pass through

* DC -7 GHz limiting amp
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Applications
The UXD20P can be used as a general purpose, fixed modulus Binary Divide-by-2 Output Power, 3rd
prescaler in high-frequency PLLs. The low phase noise of Harmonic & Input Feedthru

the divider makes it ideal for generating low-jitter synchronous
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Electrical Performances

1. Electrical Performances
1.1 Typical Electrical Performance
Table 1-1. Typical Electrical Performance at +25 °C, — 3.3V/130 mA, and 50 Q Termination (Unless Otherwise
Specified)
Paamor W | e | Ma s |
Input frequency DC 20 GHz
Input power -10 0 +10 dBm
Output power -5 3 dB
SSB phase noise at 10 kHz offset -153 dBc/Hz
Supply voltage -3.3 \%
Supply current (divide-by-8) 130 mA
1.2 Typical Performance Curves
The following graphs show the typical performance curves of the UXD20P at +25 °C and — 3.3V unless otherwise
indicated.
1.21 Frequency Divider Application
The following graphs show the typical performance curves of the UXD20P device when used as a frequency divider
at +25 °C, —3.3V (unless otherwise indicated).
Figure 1-1. Input Sensitivity Window Figure 1-2. SSB Phase Noise @ 7.8 GHz (Divide-by-8)
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Electrical Performances

Figure 1-3. Divide-by-2 Output Power, 3rd  Figure 1-4. Binary Divide-by-2 Configuration at 20 GHz Input Freq. (150 mV/div)
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Figure 1-5. Binary Divide-by-4 Configuration Figure 1-6. Blnary Divide- by -8 Conflguratlon at 20 GHz Input Freq. (150 mV/div)
at 20 GHz Input Freq. (150 mV/div)
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1.2.2 Limiting Amplifier Applications
The following graphs show the typical performance curves of the UXD20P device when used as a Limiting Amplifier
at +25 °C, — 3.3V and 130 mA (Unless otherwise indicated).

Figure 1-7. S21 (Divide-by-1, Single-Ended) Figure 1-8. Pout vs. Frequency (Divide-by 1, Single-
0 Ended)
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Figure 1-9. Input & Output RL (Divide-by-1, Single-Ended) Figure 1-10. S12 (Divide-by-1, Single-Ended)
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Figure 1-11. Group Delay vs. Frequency (Divide-by-1, Single- Figure 1-12. Binary Divide-by-1 Configuration at 5 GHz
Ended) Input Freq. (150 mV/div)
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1.3 Absolute Maximum Ratings
The following table shows the absolute maximum ratings of the UXD20P device at 25 °C, unless otherwise specified.
Exceeding one or any of the maximum ratings potentially could cause damage or latent defects to the device.
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Electrical Performances

Table 1-2. Absolute Maximum Ratings

Supply voltage (VCC — VEE) 4V
RF input power (INP, INN) +10 dBm A
Operating temperature —40°Cto +85°C
Junction temperature +125 °C ‘ % I\
Junction-case thermal resistance 32 °C/W
ESD Sensitive Device
Storage temperature -85°Cto+125°C
Peak reflow temperature 260 °C
Time at peak reflow temperature 40 secs
© 2022 Microchip Technology Inc. Datasheet DS00004479A-page 6
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Die Specifications

2. Die Specifications

For additional packaging information, contact your Microchip sales representative.

Figure 2-1. Package Outline Drawing
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4 mm x 4mm, 24L Plastic QFN Package

Table 2-1. Package Information

2.45 NOM

BSC

Lead frame material Cu (C194)
Plating Ni/Pd/Au
Package body material RoHS-compliant, low-stress injection molded plastic

Table 2-2. I/0 Pad Description

INP/INN
positive/negative terminal

Prescaler differential RF input,

CML signal levels

16 & 18 Prescaler differential RF outputs, Requires DC return path to VCC

OUTP/OUTN o . .
positive/negative terminal

1,3,5,6,7,13,15,17, ycc

19, 20 Positive supply voltage
G VEE Negative supply voltage
gale] SelA & SelB Divider mode

14 VADJ Output amplitude control

8 Temp Temperature diode

9 VEET Negative supply voltage for

temperature diode

All VCC pads are connected together within
the package.

All VCC pads are connected together within
the package.

Divider Select Line, Refer to Table 2-3,
defaults to logic 0

Tie to VCC via resistor for max swing.

IC Surface Temperature, refer to
corresponding App. Note

Connect to VEE

© 2022 Microchip Technology Inc. Datasheet
and its subsidiaries
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Die Specifications

........... continued

10, 11, 12 Not connected

Table 2-3. Divider Mode Slect Logic Figure 2-2. Simplified Control Logic Schematic

Soa S0 ods 00 curan “vee |

Divide-by-1 105 mA
O Divide-by-8 130 mA

N

0 1  Divide-by-4 125mA Control Lines . .
1 1 Divide-by-2 120 mA SelA & SelB '
Default 5000 L /% e Outout
to -Vee & 1 utpu
Table 2-4. Control Voltages _ 800 < | 1000 _
State _|Bias Conditions Comment [N ST SRR N A Bt
Low VEE@OmA  Default Voltage Range 2 | - B500fF — '
(logic 0) condition From -Vee to +Vcc < | L) T e e
High VCC @ 1 mA (internally pulled 2500 i
logic 1 low) T . .
(logic 1) Vee
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3.3

UXD20P
Application Notes

Application Notes

Contact Microchip Technology for further information.

Divider Mode

The UXD20P supports four division ratios controlled by two select lines which are compatible with CMOS/LVTTL
signaling levels. Table 2-3 lists the four states for the given logic levels on the SelA and SelB select lines. For any of
the four modes, circuitry which is not used is automatically powered down to reduce power consumption.

Divider Outputs

The equivalent circuit of the divider outputs is shown below. The outputs require a DC return path capable of handling
~35 mA per side. If DC coupling is employed, the DC resistance of the receiving circuits should be ~50 Q (or less)

to VCC to prevent excessive common mode voltage from saturating the Prescaler outputs. If AC coupling is used,
the perfect embodiment is shown in Figure 3-2 . The discrete R/L/C elements should be resonance free up to the
maximum frequency of operation for broadband applications.

The output amplitude can be adjusted over a 1.5:1 range by one of the two methods The Vad;j pin voltage can be

set to VCC for maximum amplitude or VCC-1.3 V for an amplitude ~2/3 the max swing. Voltages between these two
values will produce a linear change in output swing. Alternatively, users can use a 1k potentiometer or fixed resistor
tied between Vadj and VCC. Resistor values approaching 0 ohms will lead to the maximum swing, while values
approaching 1k will lead to the minimum output swing. Users who only need/want the maximum swing should simply
tie Vadj to VCC.

Figure 3-1. Equivalent Circuit of the Output Buffer Figure 3-2. Recommended Circuit for AC Coupled

Outputs
Vadj OouUTP OUTN

= €= R]-HR
ouT K—7¢ ( -
§ R=50 Q
L = lomwe
vVCC

fiow = lowest freq of interest
VEE

Low-Frequency Operation

Low-frequency operation is limited by external bypass capacitors and the slew rate of the input clock. The next
paragraph shows the calculations for the bypass capacitors. If DC coupled, the device operates down to DC for
square-wave inputs. Sine-wave inputs are limited to ~50 MHz due to the 10 dBm max input power limitation.

© 2022 Microchip Technology Inc. Datasheet DS00004479A-page 9
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UXD20P
Application Notes

The values of the coupling capacitors for the high-speed inputs and outputs (I/Os) are determined by the lowest

frequency the IC will be operated at € > > For example, to use the device below 30 kHz, coupling

1
2507 f
capacitors should be larger than 0.1 pF.

Temperature Diode

An optional on-chip temperature diode is provided for users interested in evaluating the IC’s temperature. A single
resistor to VCC establishes a nominal current through the diode. The voltage developed across the temperature pin
(pin 8) referenced to VEE (pin 9) can then be used to indicate the surface temperature of the IC. The plot below was
obtained by forcing a fixed current of 120 pA through the diode for an unbiased device at multiple temperatures and
fitting a line to the data to allow extrapolation over a range of temperatures.

Figure 3-3. Diode Voltage vs Temp
T =(0.84 — Vd)/0.00133
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Temperature (C)

IC Assembly

The device is designed to operate with either single-ended or differential inputs. Figure 3-4, Figure 3-5 and Figure
3-6 show the IC assembly diagrams for positive and negative supply voltages. In either case the supply should be
capacitively bypassed to the ground to provide a good AC ground over the frequency range of interest. The backside
of the chip should be connected to a good thermal heat sink.

All RF 1/O’s are connected to VCC through on-chip termination resistors. This implies that when VCC is not DC
grounded (as in the case of positive supply), the RF 1/O’s should be AC coupled through series capacitors unless the
connecting circuit can generate the correct levels through level shifting.

© 2022 Microchip Technology Inc. Datasheet DS00004479A-page 10
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Figure 3-4. Positive Supply (AC Coupled)
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Biasing recommendations for positive supply with AC coupling applications
Figure 3-5. Negative Supply (DC Coupled)
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Biasing recommendations for negative supply with DC coupling applications
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Application Notes

Figure 3-6. Negative Supply (AC Coupled)
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Biasing recommendations for negative supply with AC coupling applications

CML Logic Levels for DC Coupling (T = 25 °C)

Assuming 50 Q terminations at inputs and outputs.

Vce Vce

Logic inputyign Vcc
Differential
Logic inputjoy Vcc - 0.05V Vcc - 0.3V Vcec - 1V
Input
Logic inputyign Vcc + 0.05V Vcec + 0.3V Vcec + 1V
Single
Logic inputigy Vcc — 0.05V Vcec - 0.3V Vece -1V
Output Differential and Logic inputyigh Vcec - 0.9V Vcec - 0.6V Vcec - 0.5V
single Logic inputioy Vee — 1.3V Vee — 1.6V Vee — 1.7V

Differential vs. Single-Ended

The UXD20P is fully differential to maximize signal-to-noise ratios for high-speed operation. High speed inputs are
terminated to VCC with on-chip resistors (refer to functional block diagram for specific resistor values). The maximum
DC voltage on any terminal must be limited to Vmax to prevent damaging the termination resistors with excessive
current. Regardless of bias conditions, the following equation should be satisfied when driving the inputs differentially:

I Vdm/2 + Vem | < Vee 2 Vmax
where Vdm is the differential input signal and Vcm is the common-mode voltage.

In addition to the maximum input signal levels, single-ended operation imposes additional restrictions: the average
DC value of the waveform at IC should be equal to VCC for single-ended operation. In practice, this is easily
achieved with a single capacitor on the input acting as a DC block. The value of the capacitor should be large enough
to pass the lowest frequencies of interest.

Datasheet DS00004479A-page 12
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Application Notes

Use the positive terminals for single-ended operation while terminating the negative terminal to VCC.

Note that a potential oscillation mechanism exists if both inputs are static and have identical DC voltages; a small DC
offset on either input is sufficient to prevent possible oscillations. Tying unused inputs directly to VCC shorts out the
internal 50 Q bias resistor, imposing a DC offset sufficient to prevent oscillations. Driving the differential inputs with
DC blocks, or driving the single-ended inputs without terminating unused inputs, is not recommended without taking
additional steps to eliminate the potential oscillation issues.

Die Heatsink

The Package backside provides the primary heat conduction path and should be attached to a good heatsink on the
PC board to maximize performance. User PC boards should maximize the contact area to the package paddle and
contain an array of vias to aid thermal conduction to either a backside heatsink or internal copper planes.

© 2022 Microchip Technology Inc. Datasheet DS00004479A-page 13
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Evaluation PCB

UXD20PE is an evaluation board for the UXD20P DC-20 GHz Programmable 1,2,4,8 Binary Prescaler.
Figure 4-1. UXD20P Evaluation PCB (Nagative supply)

Ground
- L

RF Inputs
(50 ohms SMA)

VEE =-33 V@ 105-130 mA

RF Outputs
(50 ohms SMA)

-\- 1Kk potentiometer

- controls the output amplitude
- cormected between Vad) & VCC

Not actual size

Notes
1. If RF inputs/outputs are used in single-ended configuration, terminate unused inputs/outputs with 50 ohm
loads.
2. Use on-board switches to control the divide ratios according to Table 4-1
3. Refer to UXD20P Datasheet for performance specifications.
4. Contact Microchip for further assistance

Table 4-1. Divider Mode Select Logic

Switch Setti
witeh settings Division Ratio Output

A B

0 0 1

1 0 1/8
0 1 1/4
1 1 1/2

© 2022 Microchip Technology Inc. Datasheet DS00004479A-page 14
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5. Ordering, Shipping and Handling

51 Handling Recommendations

Gallium arsenide integrated circuits are sensitive to electrostatic discharge (ESD) and can be damaged by static
electricity. It is recommended to follow all procedures and guidelines outlined in the Microsemi application note ANO1:
GaAs MMIC Handling and Die Attach Recommendations.

5.2 Ordering Information
For additional ordering information, contact your Microchip sales representative.

Part Number Package Note

UXD20P 4 mm x 4 mm, 24L Plastic QFN

UXD20PE UXD20P Eval PCB

UXD20C Bare Die Refer to corresponding UXD20C Datasheet
5.3 Packing Information

Part Number Description

MMFEB21PP5/TR Tape and Reel

Note: Contact your Microchip sales representative for the minimum quantity order

© 2022 Microchip Technology Inc. Datasheet DS00004479A-page 15
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Revision History
Table 6-1. Revision History

Revson —— o oo

A 04/2022 Document created.
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

*  Embedded Solutions Engineer (ESE)
* Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

© 2022 Microchip Technology Inc. Datasheet DS00004479A-page 17
and its subsidiaries


http://www.microchip.com/
http://www.microchip.com/pcn
http://www.microchip.com/support

UXD20P

Product Identification System

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip products:

* Microchip products meet the specifications contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is secure when used in the intended manner, within operating
specifications, and under normal conditions.

* Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright
Act.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly
evolving. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including to design, test,

and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications is provided only for your convenience and may be superseded

by updates. It is your responsibility to ensure that your application meets with your specifications. Contact your
local Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-us/support/
design-help/client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS I1S". MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE,
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer's risk, and the buyer agrees
to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights
unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeelLoq, Kleer, LANCheck,
LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB,
OptolLyzer, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity,
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