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Important safety information
This manual contains information and warnings that must be followed by the user for safe operation and to keep the
product in a safe condition.

To safely perform service on this product, see the Service safety summary that follows the General safety summary.

General safety summary
Use the product only as specified. Review the following safety precautions to avoid injury and prevent damage to this
product or any products connected to it. Carefully read all instructions. Retain these instructions for future reference.

This product shall be used in accordance with local and national codes.

For correct and safe operation of the product, it is essential that you follow generally accepted safety procedures in
addition to the safety precautions specified in this manual.

The product is designed to be used by trained personnel only.

Only qualified personnel who are aware of the hazards involved should remove the cover for repair, maintenance, or
adjustment.

Before use, always check the product with a known source to be sure it is operating correctly.

This product is not intended for detection of hazardous voltages.

Use personal protective equipment to prevent shock and arc blast injury where hazardous live conductors are exposed.

This product is intended for use in nonresidential areas only. Use in residential areas may cause electromagnetic
interference.

While using this product, you may need to access other parts of a larger system. Read the safety sections of the other
component manuals for warnings and cautions related to operating the system.

When incorporating this equipment into a system, the safety of that system is the responsibility of the assembler of the
system.

To avoid fire or personal injury
Connect and disconnect properly
Do not connect or disconnect probes or test leads while they are connected to a voltage source.

Use only insulated voltage probes, test leads, and adapters supplied with the product, or indicated by Tektronix to be
suitable for the product.

Connect the probe output to the measurement instrument before connecting the probe to the circuit under test. Connect
the probe reference lead to the circuit under test before connecting the probe input. Disconnect the probe input and the
probe reference lead from the circuit under test before disconnecting the probe from the measurement instrument.

De-energize the circuit under test before connecting or disconnecting the probe.

Connect the probe reference lead to earth ground only.

Do not connect a current probe to any wire that carries voltages or frequencies above the current probe voltage rating.

Observe all terminal ratings
To avoid fire or shock hazard, observe all rating and markings on the product. Consult the product manual for further
ratings information before making connections to the product.
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Do not exceed the Measurement Category (CAT) rating and voltage or current rating of the lowest rated individual
component of a product, probe, or accessory. Use caution when using 1:1 test leads because the probe tip voltage is
directly transmitted to the product.

Do not apply a potential to any terminal, including the common terminal, that exceeds the maximum rating of that terminal.

Do not float the common terminal above the rated voltage for that terminal.

The measuring terminals on this product are not rated for connection to mains or Category II, III, or IV circuits.

Do not operate without covers
Do not operate this product with covers or panels removed, or with the case open. Hazardous voltage exposure is
possible.

Avoid exposed circuitry
Do not touch exposed connections and components when power is present.

Do not operate with suspected failures
If you suspect that there is damage to this product, have it inspected by qualified service personnel.

Disable the product if it is damaged. Do not use the product if it is damaged or operates incorrectly. If in doubt about
safety of the product, turn it off and disconnect the power cord. Clearly mark the product to prevent its further operation.

Before use, inspect voltage probes, test leads, and accessories for mechanical damage and replace when damaged. Do
not use probes or test leads if they are damaged, if there is exposed metal, or if a wear indicator shows.

Examine the exterior of the product before you use it. Look for cracks or missing pieces.

Use only specified replacement parts.

Wear eye protection
Wear eye protection if exposure to high-intensity rays or laser radiation exists.

Do not operate in wet/damp conditions
Be aware that condensation may occur if a unit is moved from a cold to a warm environment.

Do not operate in an explosive atmosphere

Keep product surfaces clean and dry
Remove the input signals before you clean the product.

Provide proper ventilation
Refer to the installation instructions in the manual for details on installing the product so it has proper ventilation.

Slots and openings are provided for ventilation and should never be covered or otherwise obstructed. Do not push objects
into any of the openings.

Provide a safe working environment
Always place the product in a location convenient for viewing the display and indicators.

Avoid improper or prolonged use of keyboards, pointers, and button pads. Improper or prolonged keyboard or pointer use
may result in serious injury.

Be sure your work area meets applicable ergonomic standards. Consult with an ergonomics professional to avoid stress
injuries.

Use care when lifting and carrying the product. This product is provided with a handle or handles for lifting and carrying.
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Probes and test leads
Keep fingers behind the protective barrier, protective finger guard, or tactile indicator on the probes. Remove all probes,
test leads, and accessories that are not in use.

Use only correct Measurement Category (CAT), voltage, temperature, altitude, and amperage rated probes, test leads,
and adapters for any measurement.

Beware of high voltages
Understand the voltage ratings for the probe you are using and do not exceed those ratings. Two ratings are important to
know and understand:

• The maximum measurement voltage from the probe tip to the probe reference lead.
• The maximum floating voltage from the probe reference lead to earth ground.

These two voltage ratings depend on the probe and your application. Refer to the Specifications section of the manual for
more information.

WARNING: To prevent electrical shock, do not exceed the maximum measurement or maximum floating voltage for the
oscilloscope input BNC connector, probe tip, or probe reference lead.

Do not connect a current probe to any wire that carries voltages or frequencies above the current probe voltage rating.

Ground-referenced oscilloscope use
Do not float the reference lead of the probe when using with ground-referenced oscilloscopes. The reference lead must be
connected to earth potential (0 V).

Floating measurement use
Do not float the reference lead of the probe above the rated float voltage.

Service the probe and accessories
Go to tek.com/support to find information on contacting Tektronix Service Support.

Service safety summary
The Service safety summary section contains additional information required to safely perform service on the product.
Only qualified personnel should perform service procedures. Read this Service safety summary and the General safety
summary before performing any service procedures.

To avoid electric shock
Do not touch exposed connections.

Do not service alone
Do not perform internal service or adjustments of this product unless another person capable of rendering first aid and
resuscitation is present.

Use care when servicing with power on
Dangerous voltages or currents may exist in this product. Disconnect power, remove battery (if applicable), and
disconnect test leads before removing protective panels, soldering, or replacing components.

Verify safety after repair
Always recheck ground continuity and mains dielectric strength after performing a repair.
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Terms in this manual and on the product
These terms may appear in this manual:

WARNING: Warning statements identify conditions or practices that could result in injury or loss of life.

CAUTION: Caution statements identify conditions or practices that could result in damage to this product or other
property.

These terms may appear on the product:

• DANGER indicates an injury hazard immediately accessible as you read the marking.
• WARNING indicates an injury hazard not immediately accessible as you read the marking.
• CAUTION indicates a hazard to property including the product.

Symbols on the product
When this symbol is marked on the product, be sure to consult the manual to find out the
nature of the potential hazards and any actions which have to be taken to avoid them.
(This symbol may also be used to refer the user to ratings in the manual.)

The following symbols may appear on the product.

CAUTION: Refer to Manual

User Manual WWW.TEK.COM | 9

P7700 Series TriModeTM Probes Important safety information



Compliance information
This section lists the safety and environmental standards with which the instrument complies. This product is intended for
use by professionals and trained personnel only; it is not designed for use in households or by children.

Compliance questions may be directed to the following address:

Tektronix, Inc. ∙ PO Box 500, MS 19-045 ∙ Beaverton, OR 97077, US

tek.com

Safety compliance
This section lists the safety standards with which the product complies and other safety compliance information.

Equipment type
Test and measuring equipment.

Pollution degree description
A measure of the contaminants that could occur in the environment around and within a product. Typically the internal
environment inside a product is considered to be the same as the external. Products should be used only in the
environment for which they are rated.

• Pollution Degree 1. No pollution or only dry, nonconductive pollution occurs. Products in this category are generally
encapsulated, hermetically sealed, or located in clean rooms.

• Pollution Degree 2. Normally only dry, nonconductive pollution occurs. Occasionally a temporary conductivity that is
caused by condensation must be expected. This location is a typical office/home environment. Temporary
condensation occurs only when the product is out of service.

• Pollution Degree 3. Conductive pollution, or dry, nonconductive pollution that becomes conductive due to
condensation. These are sheltered locations where neither temperature nor humidity is controlled. The area is
protected from direct sunshine, rain, or direct wind.

• Pollution Degree 4. Pollution that generates persistent conductivity through conductive dust, rain, or snow. Typical
outdoor locations.

Pollution degree rating 2, Indoor, non-residential use only

Environmental compliance
This section provides information about the environmental impact of the product.

Product end-of-life handling
Observe the following guidelines when recycling an instrument or component:

Equipment recycling

Production of this equipment required the extraction and use of natural resources. The equipment may contain
substances that could be harmful to the environment or human health if improperly handled at the product’s end of life. To
avoid release of such substances into the environment and to reduce the use of natural resources, we encourage you to
recycle this product in an appropriate system that will ensure that most of the materials are reused or recycled
appropriately.
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This symbol indicates that this product complies with the applicable European Union
requirements according to Directives 2012/19/EU and 2006/66/EC on waste electrical and
electronic equipment (WEEE) and batteries. For information about recycling options,
check the Tektronix website (https://www.tek.com/productrecycle).
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Preface
This manual describes the installation and operation of the P7700 Series TriMode Probes. Basic probe operations and
concepts are presented in this manual. All documents are accessible from tek.com.

Model overview
Model Description

P7725 25 GHz TriMode probe with TekFlex connector technology

P7720 20 GHz TriMode probe with TekFlex connector technology

P7716 16 GHz TriMode probe with TekFlex connector technology

P7713 13 GHz TriMode probe with TekFlex connector technology

P7708 8 GHz TriMode probe with TekFlex connector technology

Bandwidth upgrade

Model Description

P77BW16T25 P7716 (16 GHz) to P7725 (25 GHz) bandwidth upgrade, includes 2x P77STFLXA24

P77BW20T25 P7720 (20 GHz) to P7725 (25 GHz) bandwidth upgrade, includes 2x P77STFLXA24
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Compatibility
The P7700 Series probes are compatible with the following oscilloscopes running Microsoft Windows 7 and TekScope
firmware version 10.6 or higher: DPO70000C Series, DSA70000C Series, MSO70000C Series, DPO70000D Series,
DSA70000D Series, DPO70000DX Series, MSO70000DX Series, DPO70000SX Series, and 7 Series DPO.

The P7725 requires 7 Series DPO firmware version 2.28.18 or later.

Key features
The P7700 Series TriMode™ probes allow you to take differential, single-ended, and common-mode measurements with
one probe connection.

• Low loading for low power circuits
• Thin solder-in tips that can fit into tight spaces on a device under test
• 25 GHz bandwidth model (P7725)
• P77STFLXA24 24 GHz solder-in tip
• Backward compatible bandwidth upgrade for the P7716 and P7720
• Flexible solder-in tips and main probe cable
• Lightweight probe cable and head
• TekFlex™ connector technology that makes the probe easy to connect to accessories
• Optional 2.92 mm adapter for connecting to 50 Ω RF test points
• Browser accessory with adjustable tips and headlight
• Full AC calibration of the probe and accessory tips with unique S-parameters
• Solder-in tips operate at extended temperature range
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Standard accessories
The following accessories are shipped with your probe.

Part number Description

P77STFLXA24 Active tips (2 solder tips), only available for the P7725

P77STFLXA Active tips (2 solder tips), only available for the P7708, P7713, P7716, and P7720

020-3167-xx Adhesive tape

016-2111-xx Color bands

017-0103-xx Wire kit (38 AWG, 4 mil)

071-7386-xx Accessory re-order and info card

006-3415-xx Antistatic wrist strap. When you use the probe, always work at an antistatic work station
and wear the antistatic wrist strap.

– Calibration certificate. A certificate of traceable calibration is provided with every probe.

– Data calibration report. The Data Calibration Report lists the manufacturing test results
of your probe at the time of shipment and is included with every probe.

Optional accessories
Optional accessory Part and description

P77STCABL, Solder-in active tip

This tip provides a soldered, multi-point connection that supports full TriMode
measurement capabilities at full probe bandwidth.

P77STFLXA24 standard reach Flex circuit based solder tips

Active, solder-in tip with TekFlex connector technology, 24 GHz (5 tips/kit) up
to 125 ºC. Each P7725 probe ships with two of these solder-in tips as
standard accessories

P77STFLXA standard reach Flex circuit based solder tips

Active, solder-in tip with TekFlex connector technology, 20 GHz (5 tips/kit) up
to 125 ºC.

P77STFLRB and P77HTFLRB long reach Flex circuit based solder tips. The B
tips have dark gray plastic housing.
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Optional accessory Part and description

P77STFLRA and P77HTFLRA long reach Flex circuit based solder tips. The A
tips have blue plastic housing. There is also an intentional cutout near the
plastic housing.

P77STFLXB Flex circuit based solder-in tips for memory interposer probing.
These tips use flex circuit material and provide soldered, multi-point
connections. Designed to be used with Nexus Technology memory
interposers.

P77DESKEW, Deskew fixture

Use this fixture to compensate a probe, deskew up to 2 probes at once, or to
perform a probe functional check.

DC probe calibration fixture

Use this fixture (090-0103-02) to perform a DC compensation with the host
instrument.

P77BRWSR, Browser accessory includes these items:

Browser wand. Extends the length of the browser for a more comfortable
grip. (Part number 020-3160-xx.)

Browser hands-free tripod. Holds the browser on a test point without the
need to use your hands. (Part number 020-3161-xx.)

Browser replacement tips. Use to repair any browser tips that are broken
with use. (Part number 020-3162-xx.)

Adapter attachment. Attaches the browser to the hands-free tripod or other
holders.

Ground lead. Attaches the browser to a circuit ground if necessary.

The browser accessories can be stored in the TekFlex accessories box that
comes standard with the probe.
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Optional accessory Part and description

407-6019-xx, Probe adapter

Use this accessory to attach the browser to the PPM203B (probe arm/
positioner)

P77C292MM, 25 GHz, 2.92 mm adapter

Use this adapter to connect a P7700 series probe to a DUT with 50 Ω test
point connectors.

020-3179-xx, Linkage adapter kit

Use the adapters for stacking two or more P77C292MM 2.92 mm adapters.

Use two gray adapters to stack two P77C292MM adapters; use two black
adapters to stack three or four P77C292MM adapters.

Insert the linkage adapters into the P77C292MM adapters as shown (gray
linkage adapters shown).
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Installation
Before you connect the probe to your instrument, read the following Operating considerations sections to understand the
operating characteristics and sequence of events necessary to properly install the probe and adapters.

CAUTION: To avoid ESD damage to the probe, always use an antistatic wrist strap (provided with your probe), and work
at a static-approved workstation when you handle the probe.

Operating considerations
Description Specification

Dynamic range TekFlex solder-in tips: 2.5 Vp-p (single-ended), 5.0 Vp-p (differential input)

P77BRWSR: 6.0 V p-p (single-ended), 12.0 V p-p (differential input)

P77C292MM adapter: 1.2 V p-p (single-ended), 2.0 V p-p (differential input)

Operating voltage window TekFlex solder-in tips: ±5.25 V

P77BRWSR: ±10.0 V

P77C292MM adapter: ±4.0 V

Offset voltage range TekFlex solder-in tips: -4 V to +4 V

P77BRWSR: -10 V to +10 V

P77C292MM adapter: -4 V to +4 V

Maximum non-destructive
input voltage

TekFlex solder-in tips and P77BRWSR: -15 V to +15 V (tip attached or detached)

P77C292MM adapter: -5 V to +5 V
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Environmental specifications
Description Specification

Operating
temperature

Probe compensation box: 0°C to 45°C

P77C292MM adapter: -35°C to 105°C

P77BRWSR: 0°C to 45°C

Probe cable and FLX solder tips: -35°C to 105°C

Standard temperature FLR solder tips: -40°C to 105°C

High temperature FLR solder tips: -40°C to 125°C

Minimum airflow required 46°C to 125°C

Non-operating
temperature

Probe compensation box: -20°C to 60°C

P77C292MM adapter: -35°C to 105°C

P77BRWSR: -20°C to 60°C

Probe cable and FLX solder tips: -35°C to 105°C

Standard temperature FLR solder tips: -40°C to 105°C

High temperature FLR solder tips: -40°C to 125°C

Operating humidity Cable, tips, and SMA adapter: 20% to 80% RH (relative humidity) at up to 45°C non-condensing

Probe compensation box: 8% to 80% RH at up to 32°C non-condensing, and as limited by a maximum wet-
bulb temperature of 29.4°C (derates relative humidity to 32% RH at 45°C)

P77BRWSR: 20% to 80% RH at up to +45°C, non-condensing

Non-operating
humidity

Cable, tips, and P77C292MM adapter: 10% to 90% RH, non-condensing

Probe compensation box: 5% to 95% RH at up to 30°C, 5% to 45% RH above 30°C up to 60°C, non-
condensing, and as limited by a maximum wet-bulb temperature of 29.4°C (derates relative humidity to 11%
RH at 60°C)

P77BRWSR: 10% to 90% RH, non-condensing at up to +45°C; and 45% RH at up to 60°C

Non-operating altitude Probe compensation box, cable, tips, and SMA adapter: 12,000 meters
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Installation overview
CAUTION: To avoid ESD damage to the probe, always use an antistatic wrist strap (provided with your probe), and work
at a static-approved workstation when you handle the probe.

1. Connect the probe to the host instrument.
If it is the first time the probe has been connected to the oscilloscope, the oscilloscope will download the S-
parameters stored in the probe. Once the oscilloscope has stored the S-parameters for the probe, it does not matter
which channel the probe is plugged into. The stored S-parameters will be available for any channel the probe is
moved to.

2. Connect the probe tip to the TekFlex connector on the probe.
When a tip is inserted into the probe for the first time, the oscilloscope will download the S-parameter data stored in
the tip.

3. The probe performs a self-test, and then one Input Mode LED remains on.

4. Open the Calibration menu (found in the Vertical menu). For the P7725, double-tap the channel badge to open the
configuration menu.

5. Perform the TriMode Probe DC Calibration procedure using the optional DC probe cal fixture.

6. Use the Probe Setup panel to set the probe parameters as described in the Basic operation section.
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Connect to the instrument
Your instrument may require a firmware upgrade to support full functionality of the probe.

Before you connect the probe, check the version requirements. See Host instrument firmware (on page 107).

1. Connect the probe to the instrument. The probe clicks into place when fully engaged.

2. Optional: turn the thumbscrew clockwise (finger-tight only) to secure the probe to the instrument.

3. To disconnect, turn the thumbscrew counter-clockwise.

4. Press the latch release button and pull the probe away from the instrument.

Probe and probe tip power-on

After the connection to the oscilloscope is made:
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1. The probe briefly turns on all LEDs during a self-test, and then the A – B Input Mode LED remains on. If a probe tip is
attached, an LED on the tip also turns on when properly attached to the probe. The P77C292MM does not contain an
LED.

2. The probe transfers data from the probe and tip to the host instrument, and a message displays on the instrument as
the transfer occurs. The data transfer takes a few minutes, and is only done when the host instrument discovers a
new probe or new probe tip. The data transfer only occurs on instruments that are fully compatible with the probe.

3. After the data transfer is done, the probe is ready for a functional check and compensation. If the probe’s status LED
is red, the power-on self-test likely failed. See Error conditions.

Connect accessories to the TekFlex connector
All of the accessories mate with the new TekFlex (zero insertion force) connector. This connector provides an easy
connection with one-handed operation for attaching to the accessories. The following procedures show the steps for
connecting probe tips to the TekFlex connector; the procedures for connecting to other accessories are similar.

Connect the tip to the probe TekFlex connector as follows:

1. Pinch the TekFlex connector to open the jaws.

2. Orient the tip with the probe head (notch to the left) and slide the tip connector into the TekFlex connector. A green
LED will light up when the tip is inserted. The LED is the first indication that the tip is powered and is inserted. You
also need to confirm that the connector pins on the TekFlex connector fit through the alignment holes on the tip.

3. Once the tip is fully inserted, release the pinch and the TekFlex connector closes. When closed and properly seated,
the top of connector will be flush with the probe tip housing.
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Probe controls and indicators
Status LED
The status LED glows amber under the following conditions:

• Probe power-on self test failure
• Probe tip over-temperature detected
• The input voltage on either the A or B input exceeds the allowable limit or more than 50 mA is drawn by the inputs on

the P77C292MM

The status LED clears when the condition causing the warning is removed. A notifier message of a probe status condition
can also be seen on the oscilloscope.

CAUTION: Do not exceed the input voltage limits of the probe and probe tips. The probe or oscilloscope circuits may be
damaged if the limits are exceeded. Make sure that you understand and work within the limits of the probe and probe tips.

The TriMode feature allows you to view two single-ended signals and the resultant differential waveform and common-
mode voltage without moving the probe connection. Press the Input Mode button to cycle through the waveform views.

TriMode probing
The TriMode feature allows you to view two single-ended signals and the resultant differential waveform and common-
mode voltage without moving the probe connection. Press the Input Mode button to cycle through the waveform views.

This example shows a typical signal on the A and B inputs. The resultant differential waveform and common-mode
voltage are shown.

The FLR (Flex long reach) tips are differential only tips. They are locked to D mode.
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Input mode buttons and LEDs
The solder-in tips support TriMode operation. TriMode enables you to switch the probe between four different
measurement types without changing the probe’s connection.

Press the Input Mode button to select one of the four TriMode measurements. The modes cycle in the following sequence:

• A – B (for differential signal measurement)
• A – GND (for A input single-ended measurement)
• B – GND (for B input single-ended measurement)
• (A + B)/2 – GND (for common-mode measurement)

You can also change the Input Mode in the oscilloscope Probe Setup panel. The FLR tips are differential only tips. They
are locked to D mode and pressing the button will not change the LED.
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Functional check and calibration
After you connect the probe to the oscilloscope, you can perform a functional check using either the optional deskew
fixture designed for the probe or the optional P77C292MM Adapter.

CAUTION: To avoid ESD damage to the probe, always use an antistatic wrist strap (provided with your probe), and work
at a static-approved workstation when you handle the probe.

Functional check
This procedure checks the four TriMode settings on the probe, using the FAST EDGE signal from the front panel of the
oscilloscope. It verifies the signal path of both the probe A and B input signals and their combination in the four TriMode
settings. The P7700 Series Probe deskew fixture is used to connect the FAST EDGE signal to the probe tip input.
Alternately, the P7700 Series probe with the optional coaxial input adapter can connect directly to the FAST EDGE signal.

NOTE: The P77DESKEW fixture and P77C292MM adapter are both optional accessories.

Required equipment, functional check with probe tip

Item description Performance requirement Recommended example

Oscilloscope TekConnect Interface Tektronix MSO/DPO70000C/70000DX

7 Series DPO (P7725 only)

Probe tip Solder tip or Browser tip P77STFLXA, P77STFLRA

Test board Probe deskew fixture P77DESKEW

USB cable assembly USB 2.0, A male to Micro B
male, 1 m

174-6919-xx (included with P77DESKEW)

Coaxial cable SMA, 50Ω, male-to-male 174-1120-xx

A functional check can also be performed with any of the other FLXA and FLRA tips.

Required equipment, functional check with SMA adapter

Item description Performance requirement Recommended example

Oscilloscope TekConnect Interface Tektronix MSO/DPO70000C/70000DX

7 Series DPO (P7725 only)

SMA adapter Coaxial input SMA adapter P77C292MM
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Test setup with the P77DESKEW fixture

7 Series DPO with the P77DESKEW fixture

1. Connect the probe to any channel of the oscilloscope. Set the oscilloscope to display the connected channel.

2. Connect the USB cable assembly supplied with the P77DESKEW fixture between the USB connector on the fixture
board and a USB connector on the host oscilloscope. Several white LEDs under the fixture Port1 and Port2 probe tip
clamps will light up when the fixture is attached to USB power.

3. Connect an SMA cable from the FAST EDGE output connector on the oscilloscope to the A input of the Probe
Deskew Fixture.

4. Connect a P7700 Series probe tip to either the Port1 or Port2 on the P77DESKEW fixture. If a TekFlex solder-in tip is
used to make this connection, its tip input should be inserted into the plastic clamp of the deskew fixture port. This is
done by compressing the spring-loaded clamp, inserting the probe tip input into the clamp, and then releasing the
clamp so that it locks the connection.
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5. An additional set of green LEDs will light up under the probe tip clamp when a FLX (Flex standard reach) tip is
properly inserted into the clamp. The FLR (Flex long reach) solder down tips are differential only and the LEDs will not
light up even when those tips are properly inserted into the clamp.

6. Finally, connect the TekFlex connector at the end of the probe main cable to the probe tip inserted into the deskew
fixture port. An LED on the probe tip will also light up when the tip is properly inserted into the TekFlex connector of
the probe.

7. If a P77BRWSR tip is used instead of a solder-down tip to make connection to the Deskew Fixture, the TekFlex
connector of the probe should first be connected to the P77BRWSR tip. The P77BRWSR tip inputs must then be
pressed into place against the A and B signal traces on the P77DESKEW fixture board edge, located between the
Port1 and Port2 clamps. Either of the two sets of A and B signal trace connection patterns located on the
P77DESKEW fixture board edge may be used.

Test setup with the P77C292MM adapter

7 Series DPO with P77C292MM adapter

1. Connect the probe to any channel of the oscilloscope. Set the oscilloscope to display the connected channel. Connect
the probe to the P77C292MM adapter.

2. Connect the A cable from the P77C292MM adapter to the FAST EDGE output connector on the oscilloscope. Leave
the B cable disconnected for now.
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Test procedure
1. Set the probe Input Mode to A-B.

2. Adjust the oscilloscope to display a stable waveform (or press the Autoset button). The FAST EDGE signal is a 1 kHz
square wave. The amplitude of the FAST EDGE signal is attenuated by 2X, compared to a single path termination,
due to the power splitter built into the P77DESKEW fixture.

3. When you see a stable square waveform, check the amplitude (use the horizontal cursors). The attenuated amplitude
displayed for a DPO70000 oscilloscope FAST EDGE signal routed through the Deskew Fixture should be about
100 m V p-p.

4. Cycle the Input Mode button through the remaining selections and compare the displayed waveforms to the waveform
measured in the setup steps.

Change the FAST EDGE cable connection from the Deskew Fixture A input to the B input. If using the P77C292MM
adapter, disconnect the A SMA cable from the FAST EDGE output and connect the SMA B cable. Repeat the displayed
waveform checks. The measurements should be different as shown in the following table.

Displayed waveform Measured waveform Description

A B -

A GND Same amplitude and polarity as previously measured.

B GND The B input is grounded; no signal is measured.

(A+B)/2 GND Half-amplitude, but the same polarity as previously measured.
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TriMode probe DC calibration
To maximize the amplitude accuracy of measurements made with your probe, you should run a probe compensation
routine on each channel that you use. The probe compensation operation minimizes measurement errors by optimizing
the DC gain and offset of the probe. Individual compensation constants are stored for all TriMode settings, on each probe,
on each channel.

NOTE: The procedure for the compensation of the P7725 probe on a 7 Series DPO instrument is differs from the following
procedure. The P7725 compensation procedure is at the end of this section.

CAUTION: To avoid ESD damage to the probe, always use an antistatic wrist strap (provided with your probe), and work
at a static-approved workstation when you handle the probe.

Required equipment, DC compensation

Item description Performance requirement Recommended example

Oscilloscope TekConnect Interface Tektronix MSO/DPO70000C/70000DX

7 Series DPO (P7725 only)

Probe tip or

SMA adapter

Solder tip or Browser tip

Coaxial input SMA adapter

P77STFLXA24 (standard accessory for P7725 only)

P77STFLXA (standard accessory)

P77STFLXB (optional accessory)

P77HTFLRB (optional accessory)

P77STFLRB (optional accessory)

P77HTFLRA (optional accessory)

P77STFLRA (optional accessory)

P77C292MM (optional accessory)

Test fixture Probe DC calibration fixture 090-0103-02 (optional accessory)

Coaxial cable BNC, 50Ω, male-to-male 012-0208-xx (optional accessory)
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Check the instrument calibration status

The Calibration Status of the instrument Signal Path Compensation test must be Pass for the probe compensation routine
to run.

1. From the Utilities menu, select Instrument Calibration.

2. In the Calibration box, check that the Status field is Pass.

3. If the status is not pass, disconnect all probes and signal sources from the oscilloscope, and run the Signal Path
Compensation routine.

4. When the Signal Path Compensation test status is Pass, continue calibrating the probe. See Compensate the probe
(next).

The P7725 probe compensate status is found in the 7 Series DPO channel badge configuration settings under Probe
Setup.
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Compensate the probe

Setup for a solder-in probe tip.

Setup for a P77C292MM adapter.
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7 Series DPO setup for a solder-in probe tip.

7 Series DPO setup for a P77C292MM adapter.

1. Connect a BNC cable from the DC Probe Cal output connector on the oscilloscope to the BNC connector on the
TriMode DC Calibration board.

2. Connect the cable from the TekConnect adapter to the connector on the calibration board.

3. Connect the other end of the TekConnect adapter cable to the Aux In channel on the oscilloscope.
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4. Connect the probe to any channel of the oscilloscope. Allow the probe to warm up for 20 minutes.

5. Set the oscilloscope to display the channel.

6. Depending on your setup, do one of the following:
• Attach a probe tip to the TekFlex connector of the probe. For a solder-in probe tip, open the fixture’s tip clamp,

insert the input end of the tip, then release the clamp. For a P77BRWSR browser tip, the browser’s pins should be
pressed into the array of vias on the calibration fixture.

• Attach a P77C292MM adapter to the TekFlex connector of the probe. Connect the A and B cables from the
adapter to the A and B connectors on the calibration fixture.

7. In the oscilloscope menu bar, select Vertical and then select Probe Cal.

8. The Probe Setup dialog box appears. Select the Compensate Probe button.

9. The probe calibration routine runs, optimizing the probe to the oscilloscope for each input mode setting. When the
compensation routine completes, Compensated appears in the Probe Status box.

On a 7 Series DPO instrument, the compensation status is shown in the Probe Setup panel in the Channel configuration
menu.
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Basic operation
This section includes information about the probe input limits, using the probe controls, and procedures for connecting the
probe to your circuit.

Probe input model
A simplified input model of the probe is shown below to illustrate the probe offset voltage controls. The probe has two
symmetrical signal inputs, the A input and the B input, which you can display independently or in combination by selecting
the appropriate probe input mode. The probe also has independent offset voltage controls for the probe A and B input
signals.

Offset voltage
The offset voltage adjusts the probe input dynamic range within the larger probe input operating range, as shown in the
following figure. The probe input dynamic range is the region where an input signal is within the linear operating region of
the probe. The probe A and B offset voltages are set and stored as common settings for all four input modes.
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Using the offset voltages
The offset voltage nulls out the DC bias component of an input signal, allowing the (generally smaller) AC component of
the signal to be displayed. The size of the probe input dynamic range depends on the probe tip that you are using and can
also depend on the input mode selected. The probe input dynamic range limits are shown on the oscilloscope display with
a temporary arrow-tipped line, when the vertical scale setting is large enough.

To set the offset voltages on the probe, you can use the controls in the Probe Setup panel.

To display the Probe Setup panel, select Probe Cal from the oscilloscope Vertical menu. You can also use the offset
knobs on the oscilloscope to set the offset voltage of the probe.

Probe setup panel
Use the Probe Setup panel to adjust the probe input settings for the measurement you are taking. To display the Probe
Setup screen, select Probe Cal from the oscilloscope Vertical menu. The Probe Setup screen can be used to select the
TriMode Input Mode setting and is also used to adjust the offset voltage controls for the probe tip A and B inputs.

The P7725 probe settings are found in the 7 Series DPO channel badge configuration settings under Probe Setup.

The following describes the controls and status fields in the Probe Setup panel.
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Selecting the TriMode input mode
The Input Mode button on the probe toggles the internal probe input selector switches among the four input mode
selections. The mode can also be selected from the drop-down menu in the Probe Setup panel. This TriMode feature
allows full characterization of a differential signal from a single connection.

A-B mode: The A-B Mode is used for making differential signal measurements and represents the traditional differential
probe functionality. Since the A-B Mode measures the difference between the A and B input signals, it eliminates any
common-mode voltage, such as a DC bias common to both inputs, within the CMRR performance capability of the probe.

A-GND mode The A-GND mode is used for making single-ended measurements with the probe A input. The probe
ground input connects the probe tip and main cable shield. The A-GND Mode is designed for minimal coupling from any
signal present on the B input within the A input isolation performance of the probe.

B-GND mode. The B-GND mode is used for making single-ended measurements with the probe B input. The probe
ground input connects the probe tip and main cable shield. The B-GND Mode is designed for minimal coupling from any
signal present on the A input within the B input isolation performance of the probe.
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(A+B)/2 mode. The (A+B)/2 Mode is used for making common-mode measurements on a differential signal and
represents a capability that previously could only be made using oscilloscope math on multiple channels. For a differential
signal, the common-mode measurement indicates the DC bias level and also shows the degree of asymmetry between
the A and B inputs. Since the (A+B)/2 Mode measures the average between the A and B input signals, it eliminates any
complementary differential signal voltage, within the DMRR performance capability of the probe. This measurement also
requires a ground connection to the probe.

Selecting the offset voltage
You can set both the A and B offset voltages to levels that are common for all input modes.

Offset voltages may be automatically generated by the probe and can be set automatically using the Auto Offset button
and two mode selection buttons in the Offset section of the Probe Setup panel. You can also enter specific offset values
directly in the Offset fields.

There are manual offset voltage value entry fields which also display the current offset voltage settings. An offset voltage
entry field is activated for adjustment by selecting the setting window. A single click activates both the setting window and
the general purpose knobs on the oscilloscope front panel. A second click in the setting window when activated also
brings up a keypad entry window. Although all offset voltage value entry fields are active, only two of the control pairs are
independent. The manual controls interact with each other as follows:

Adjusting the A or B settings affects the Differential and Common settings:

• Differential = (A – B)
• Common = (A + B)/2

Adjusting the Differential or Common settings affects the A and B settings:

• A = Common + (Differential/2)
• B = Common – (Differential/2)

The oscilloscope vertical channel offset control also adjusts the selected Input mode offset voltage field.

Auto Offset voltage set buttons
The probe A and B signal inputs are sensed, monitored, and averaged by probe internal circuitry and the sensed values
are used by the automatic offset voltage control buttons.
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7 Series DPO Common-Mode Offset Tracking checkbox

• Auto in Common: This selection selects the common value Auto Offset mode. When this mode is selected and the
Auto Offset button is pushed, the A and B offset fields are both set to the mean value between the A and B signal
levels.

• Auto Individually: Click this selection to select the individual value Auto Offset mode. When this mode is selected
and the Auto Offset button is pushed, Offset A offset is set to the average value of the A signal and Offset B is set to
the average value of the B signal. Auto Individually is not available for the P7725 probe.

Auto Offset
Push this button to initiate a momentary Auto Offset cycle. The Offset A and Offset B values are automatically set based
on the selected Auto Offset mode and the A and B signal input voltages.

Tracking
When this box is selected, the probe continually measures the common-mode voltage currently present on the inputs of
the probe. Using the measured common-mode values the A, B, and CM offsets will be set automatically. When Tracking is
enabled, the A, B, and CM offsets cannot be changed manually.

The tracking function works best when measuring a differential signal. When making single-ended measurements in
Differential Input mode with a browser tip, set the offset voltage control manually so that the tracking mode will be shut off.
If single-ended measurements are made with tracking mode active, the Offset A voltage will likely not be optimum and will
be affected by the duty cycle of the A input signal. The Offset A voltage should be set manually to the center of the A
signal voltage swing.

Termination voltage
For the P77C292MM adapter, the termination voltage adjusts the effective probe DC loading of the 50 Ω input termination.
Use the voltage to minimize the DC loading of the probe input signals. By setting the voltage equal to the DC bias voltage
of the input signal, the probe DC loading is nulled out, as if a DC block was inserted. However, unlike a DC block, the
signal DC voltage is still present at the probe input and might require you to adjust the Offset voltage to move the signal
into the probe input dynamic range. There are some signal measurement applications that benefit from the availability of
an adjustable termination voltage and avoid the need for a pair of bias tees.

The probe A and B termination voltages are set and stored independently for each of the four input modes. When using
the P77C292MM adapter, the voltage can be adjusted over a limited operating range before reaching an overload
condition.
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A graph of the operating limits of the termination voltage with respect to the input voltage is shown for the P77C292MM
adapter. The hi and lo lines represent the hysteresis sections and the limits are the points where the Status light turns on.
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Probe tip information
Probe tip ID is fully automatic. Manual selection is not required.

When the probe is first connected to the oscilloscope channel, the oscilloscope queries the probe for status information,
including the probe type, serial number, and the model number of the tip that is connected to the probe. The first time a
probe or probe tip is connected to a host oscilloscope, the probe and probe tip serial numbers are logged and the stored
S-parameters are downloaded. If the probe or probe tip are moved to another channel on the same oscilloscope, the
logged information is automatically processed without repeating the download process.

The Probe Controls described below are accessed using the Probe Controls selection from the oscilloscope Vertical
menu.

Controls
Click on the Control button to display the Probe Controls screen. This screen displays a subset of the selections that are
available in the Probe Setup screen. The resulting shorter display height allows more room for the waveform display area.

The P7725 probe controls are found in the 7 Series DPO channel badge configuration settings under Probe Setup.

Improving measurement accuracy
This section covers some of the features and characteristics of the probe that can affect the accuracy of your
measurements, and some steps that you can take to improve the performance of the probe.
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Using offset voltage to extend P7700 series solder-in tip input
voltage range
The single-ended linear dynamic range of the TekFlex solder-in tip inputs is specified to be 2.5 Vp-p, which is a range from
-1.25 V to +1.25 V with zero volt offset. The dynamic range of the probe buffers is limited by the input attenuation factor,
which is 2X for the solder-in probe tips as shown in the simplified drawing. A 2X attenuation factor was selected for the
probe tips as a compromise between dynamic range and noise, since a higher attenuation factor would have increased
probe noise.

Although the dynamic range of the probe tip buffer cannot be extended, it is possible to extend the range over which the
tip dynamic range window can be moved by adjusting the probe offset voltage. The offset voltage range of the TekFlex
solder-in tips is -4 V to +4 V, which is adjusted using the Probe Setup screen of the oscilloscope or the offset knobs on the
oscilloscope front panel. Using the offset voltage controls, it is possible to make measurements within any 2.5 Vp-p window
between -5.25 V and +5.25 V. For example, by setting the offset voltage to +3.0 V, it is possible to measure an HDMI
signal, which has a signal swing between about +2.8 V and +3.3 V.

The following simplified drawing displays the input attenuation factor of the tip buffers

The offset voltage affects the probe tip buffer’s measured signal through a resistive summer configuration that forms the
buffer’s input attenuator network. The high value resistors used in the buffer’s input attenuator result in an interaction
between the input signal and the offset voltage DC level.

Calibrated offset voltage performance requires that both the input signal and the offset voltage generator in the probe
have a source resistance that is very small compared to the 25 kΩ attenuator resistors. The source resistance of the offset
voltage generator in the probe is less than an ohm. Typically, when the probe and tip are connected to a DUT, the DUT
signals have a source resistance, RS, much less than 25 kΩ.

If a TekFlex solder-in tip is attached to a probe but not soldered to anything, the inputs will be open which effectively
makes the source resistance look much larger than the 25 kΩ attenuator resistors. As a result, the offset voltage control is
no longer calibrated and will have 2X their calibrated effect on the measured probe output. This effect can be helpful in
troubleshooting connection issues with the tips. If a probe tip has been soldered to a DUT and adjusting the offset voltage
causes the offset to move 2X the adjustment, it could indicate a broken solder joint that has left the probe tip input open.

Making single-ended measurements using the P77BRWSR
differential probe tip
A TriMode tip provides solder connections for a DUT ground reference for both the A and B probe inputs making single-
ended measurements with a TriMode probe tip straightforward. Although the differential input mode of the probe is
normally used to make a differential signal measurement, single-ended measurements can be made using Differential
Input mode when the probe input connections and offset voltage controls are configured properly. This single-ended
configuration process is particularly important to understand when using the tip, since this variable-spacing Browser tip
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operates only in Differential Input mode. Differential Input mode provides a measurement of the difference (A – B)
between the A and B input signals. If the probe tip B input is connected to a DUT ground, the resulting Differential Input
mode measurement (A – 0 V) results in a display of the single-ended A input signal response.

When making differential signal measurements, the P77BRWSR Offset Voltage control is normally set to the common-
mode (CM) Tracking mode. With CM tracking mode active, the A and B input signals are monitored and the Offset A and
Offset B settings are both adjusted to match the DC common-mode voltage of the A and B input signals [(A + B)/2]. When
making single-ended measurements in Differential Input mode with a browser tip, the offset voltage control should be set
manually, so tracking mode should be shut off. The Offset A voltage should be set manually to the center of the A signal
voltage swing. For a +5 V CMOS logic signal; for example, the Offset A voltage should be set to +2.5 V. The A signal input
voltage should then range from +5 V to 0 V, which is within the 6 Vp-p dynamic range of the Browser tip as long as the
offset voltage is set near the center of its expected voltage swing. The Offset B voltage should also be set manually to 0 V.
This Offset B voltage setting is not only at the center of the dynamic range for a grounded B input signal, it also causes
the differential offset voltage to equal the Offset A voltage. This is true because the differential offset voltage equals the
difference between the Offset A voltage setting and the Offset B voltage setting. The differential offset voltage is used by
the oscilloscope as the displayed offset voltage in Differential Input mode.

With the tip configured for a single-ended measurement in Differential Input mode, the displayed signal voltage should
match the A input signal response and the displayed offset voltage should match the Offset A setting. Since the host
oscilloscope uses both the displayed signal voltage and displayed offset voltage in calculating its set of available
oscilloscope automated measurements, it is important that both the Differential Input mode signal voltage and offset
voltage are configured properly as shown in the following figure.

The configuration process described in this section will maximize the available dynamic range of the P77BRWSR tip when
making single-ended measurements.

Solder-in tip connection wire length
There are four via locations for soldering wire connections between the probe tip and the measurement DUT.

The via connections include the probe tip A and B inputs for a differential signal and two ground connections for best
performance and flexibility in connecting to a close DUT ground. In general, the probe tip soldered wire connection length
should be kept as short as possible. In addition, the probe tip A and B input wires should be matched in length for best
differential mode measurement performance.
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The differential input mode does not require a ground reference wire connection, since the differential measurement
process provides its own virtual ground. The single-ended input modes, which include A-GND mode, B-GND mode, and
common-mode, all require at least one ground wire connection.

While only connecting the differential inputs of the probe is required and is most convenient, if there is room for another
connection and a circuit ground near the probe tip, connecting to a ground connection is recommended. Connecting the
ground can help avoid a situation where a large potential on the ground of the DUT causes the test signal to drift outside
of the linear range of the input amplifier of the probe. Ideally, it is a good idea to connect the differential inputs and the
ground to avoid clipping of the signal in the probe amplifier.

The measurement performance of all input modes is affected by the length of the input wire connection, with high
frequency performance degradation increasing with increased wire length.

The measurement performance of the single-ended input modes is affected by the length of the ground wire connection,
with high frequency performance degradation also increasing with increased ground wire length. The TekFlex solder-in
probe tip performance is specified using a test fixture built with a probe tip having a signal wire length of 10 mils (.25 mm)
and a ground wire length of 66 mils (1.7 mm).

The typical pulse waveforms in the following figures show the effect of input wire length variation on measured responses.

P77STFLXA solder tip attached with 10 mils (0.250 mm) wires (rise time = 30.5 ps)
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P77STFLXA solder tip attached with 75 mils (1.90 mm) wires (rise time = 27.9 ps)

P77STFLXA solder tip attached with 120 mils (3.05 mm) wires (rise time = 30.1 ps)

P77STFLXA solder tip attached with 200 mils (5.08 mm) wires (rise time = 34 ps)
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P77STFLXA solder tip attached with 300 mils (7.62 mm) wires (rise time = 42.8 ps)

The following table shows the rise time and overshoot degradation versus lead length.

Rise time and overshoot degradation versus lead length

Signal wire lead length 10 - 90 Rise time 20 - 80 Rise time Effective bandwidth

0.25 mm 30.5 ps 21 ps 20 GHz

1.90 mm 27.9 ps 19.3 ps 20 GHz

3.05 mm 30.1 ps 20.9 ps 20 GHz

5.08 mm 34 ps 23.6 ps 17 GHz

7.62 mm 42.8 ps 29.2 14 GHz

Temperature compensation
These probes employ temperature compensation to optimize measurement accuracy. Whenever a probe setting is
changed, such as Input Mode, Offset Voltage, or vertical scale factor, a temperature compensation update occurs.
Continuous temperature compensation is not done to avoid introducing noise into the probe amplifiers.

To maximize measurement accuracy when the probe is first powered on from a cold start condition, you must allow the
probe and oscilloscope a 20 minute warm-up period. After the warm-up period, you should adjust or toggle a probe
setting, such as the vertical scale factor, to trigger the temperature compensation update. Otherwise, a cold temperature
compensation value may be used, which would result in a small gain error.
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DSP correction filtering
The probes and probe tips use DSP correction filtering to optimize probe measurement fidelity. High frequency time
domain measurement performance characteristics such as rise time, aberrations, and pulse flatness are improved by DSP
correction filtering. Similarly, frequency domain performance characteristics such as bandwidth, frequency response
flatness, and differential signal coupling are improved by DSP correction filtering. DSP correction filtering is performed
automatically by the oscilloscope using S-parameter characterization data downloaded from probe and probe tip storage
memories. This S-parameter data is unique for each probe and probe tip, rather than the nominal response data that was
used in some previous generation probe families.

Distinct S-parameter data sets are stored in probe memory for each probe input mode and step gain setting combination.
Every different input mode and step gain combination has a slightly different amplifier signal path, which requires different
signal response correction. Since the solder tip buffers do not have complex mode switching, only one S-parameter data
set is stored in the probe tip storage memory. The high frequency signal performance of the P77BRWSR browser tip
changes slightly as the tip spacing is adjusted. Several S-parameter data sets are stored in the browser tip memory and
automatically switched to the optimum data set, under control of the browser tip spacing position detection circuitry.

S-parameter characterization data are measured for each probe and probe tip as part of the manufacturing test process.
The probe signal performance is measured using a 3-port VNA measurement configuration with a 2-port TekFlex
connector input and a 1-port TekConnect interface output. Custom test fixtures have been developed for making VNA port
connections to the probe TekFlex connector input and TekConnect interface output. Test fixtures designed for connecting
to the probe input and output signal ports are de-embedded to remove interconnect losses and signal path imperfections.

TekFlex probe tip signal performance is measured using a 4-port VNA measurement configuration with 2-port input and
output connections. Because the TekFlex probe tips do not have standard RF connectors at their inputs or outputs, the
custom test fixtures inject and receive VNA port signals. Custom calibration standards were developed to support de-
embedding these probe tip manufacturing test fixtures.

DC probe compensation
The probe and TekConnect host oscilloscopes support a DC probe compensation process for optimizing probe DC Gain
and Output Zero performance. The DC probe compensation operation uses an optional accessory test fixture (Tektronix
part number, 090-0103-XX) that automates the process. The compensation process uses a programmable DC voltage
source available on the oscilloscope front panel. The oscilloscope DC Probe Cal voltage source is connected to and
drives a DC Probe Cal test fixture input. The DC Probe Cal test fixture buffers and switches the voltage source signal, as
required for the different input modes and step gain settings, to the attached probe tip inputs. The DC Probe Cal voltage
source is swept over the probe tip input voltage range as the resulting probe output voltage is measured by the
oscilloscope. This combined probe and oscilloscope configuration forms a closed loop measurement system, which is
used by the oscilloscope to measure gain and output zero errors. The oscilloscope adjusts its vertical channel gain and
offset controls to correct for the measured probe signal errors.

Solder tip measurement configuration
In many of the high-frequency signaling standards that the P7700 Series probes are designed for, a 50 Ω termination at
the transmitter is in parallel with another 50 Ω termination at the end of the transmission line path, effectively making a
25 Ω signal source impedance. In this application, the solder tip adapter measurement configuration is designed to pick off
the transmitted signal at a location in the signal transmission path.

The input impedance for a solder tip, Z probe, varies with frequency. For a TekFlex solder tip the DC input resistance is
about 50 kΩ and decreases with frequency above about 10 MHz to about 100 Ω above 10 GHz. Refer to the impedance
graphs for more information.
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Skew measurements of differential signals
Differential signals are composed of two complementary single-ended signals that generally swing around a common bias
voltage. An example of an LVDS differential signal is shown in the following figure.

Example of LVDS differential signal

The complementary single-ended signals labeled A and B in the previous figure must have well matched signal timing (for
example, low skew) to function as a useful differential signal. If the signal skew becomes comparable in size to the rise
time of the complementary signals, then the rise time of the resulting differential signal will be slower than expected. Skew
is a measure of the time delay mismatch between two supposedly matched signals.

Although very accurate low skew measurements usually require TDR or VNA measurement equipment, it is possible to
make relatively accurate skew measurements of a differential signal pair using the probe and a TekFlex probe tip. A flex
circuit based solder tip should first be soldered to the DUT differential signal, taking care to match the A and B input wire
lengths, because the wiring length mismatch will contribute to the skew measurement error. A DUT ground reference
connection should also be made to one of the TekFlex tip ground vias using a wire length as short as possible.

At first it might seem reasonable to try to make a skew measurement by directly comparing the A and B signal timing.
Although it is possible to display both the single-ended A and B signals that make up the differential signal using the
TriMode measurement selection function, both signals cannot be displayed with a single signal acquisition of the
oscilloscope. Even though it is possible to capture the A signal and store it as a reference waveform for comparison with a
follow-on B signal acquisition, the trigger timing uncertainty between acquisitions might make this a less than accurate, if
not impossible approach.

A more indirect, but more accurate, skew measurement is possible by switching the probe input mode to the common-
mode setting. Because the common-mode setting for a TekFlex probe tip features full probe bandwidth, the response
should be fast enough to display the relative skew performance. The common-mode response for a perfectly matched,
zero skew, complementary signal pair should be a flat trace at the common DC bias voltage level. As the skew of the
signal pair increases, the common-mode waveform begins to show narrow pulses at the signal logic transitions. The pulse
width of these narrow transition pulses is a relative measure of the skew.
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Connecting to a circuit board
TriMode tips are necessary to complete the connection between the probe and your circuit. The tips are available as both
standard and optional accessories and provide several connection options.

P77BRWSR browser and accessories (Pen wand and hands-free tripod)
The browser connects to the circuit using two tips with very fine point tips. These tips have built-in compliance (0.02 in,
0.5 mm) and adjustable spacing (.008-.210 in (0.2-5.3 mm)). The browser can be held in place with a hand or can be used
with the hands-free tripod accessory or a probe positioner such as the Tektronix PPM203B.

The browser is a differential only probe accessory, but can be used to measure ground referenced, single-ended circuits
as well. When measuring a ground referenced signal, connect the A side (positive) input to the signal to be measured and
the B side (negative) to the ground connection.

The pins on the browser are small and delicate, so use caution when pressing them to make a connection.

If a probe tip breaks, it can be easily replaced. See Browser tip replacement (on page 107).
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FLX (Flex standard reach) circuit based solder tips
The FLX (Flex standard reach) circuit based solder tips are connected to the circuit using thin (38 AWG) wire connected to
the vias on the tip. The steps to follow when soldering the tip to the circuit are shown in the soldering procedure section
below.

The FLX tips support TriMode operation. To use TriMode, a minimum of three connections are needed, the A and B side
inputs and one of the ground connections.

The FLX tips are made with flex circuit material and can be bent and shaped to fit around or into spaces where it is difficult
to reach a test point.

The minimum bend radius for the FLX flex tips is 1.0  in (25.4 mm). There is no impact on the performance of the tip when
it is bent into a curved shape that conforms to bend radius limits.

Typical life for tips are 30 - 50 bending cycles before replacement is needed.
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FLR (Flex long reach) circuit based solder tips
The FLR (Flex long reach) circuit based solder tips are connected to the circuit using thin (38 AWG) wire connected to the
vias on the tip. The steps to follow when soldering the tip to the circuit are shown in the soldering procedure section
below.

The FLR tips support differential mode operation. There are no ground connections to solder.

The FLR tips are made with flex circuit material and can be bent and shaped to fit around or into spaces where it is
difficult to reach a test point.

There is no impact on the performance of the tip when it is bent into a curved shape.

Typical life for FLX tips are 30-50 bending cycles. This is much longer for the FLR tips.

P77STCABL Solder-in Tip
The P77STCABL solder-in tips have similar input via connections for thin (38 AWG) wire. The steps to follow when
soldering this tip to the circuit are identical to the flex circuit based solder tips and are shown in the soldering procedure
section below. These tips are longer than the flex circuit based solder tips and are more flexible.

These tips support TriMode operation. To use TriMode, a minimum of three connections are needed, the A and B side
inputs and one of the ground connections.

There is no exposed metal surface on the P77STCABL tip except for the TriMode inputs and the TekFlex contacts.
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P77C292MM, 2.92 mm Adapter
Use this adapter to connect the probe to a DUT with 50 Ω test point connectors. Also use the adapter to connect to SMA
connections.

After connecting the adapter to the flex cable, use the retainer to provide a secure connection to the flex cable to minimize
movement or to attach the adapter to the hands-free tripod.

An accessory kit is available with linkage adapters for stacking the adapters.
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Tip soldering
CAUTION: This procedure uses equipment at high temperature. Avoid touching hot surfaces.

Recommended equipment
• Lead-free solder
• 4 mil diameter (38 AWG) wire (a spool of 38 AWG wire is included as a standard accessory with each probe)
• MetCal Soldering Station + UFTC-7CN04 (Conical UltraFine Soldering Cartridge, max tip temp 412 °C) or equivalent
• Solder-Wick Rosin SD Size #1 (80-1-10) or equivalent
• Tweezers and sharp wire cutters

Tip soldering procedure
This procedure shows coax tip soldering, but the basic procedure applies to all solder tip types.

Keep the wires as short as possible for best signal fidelity. Soldering wires first to the test points and then attaching the
solder tips is the best way to keep wire lengths short.

1. Solder wires to the test points. Cut wires with different lengths. This will make it easier to thread the wires onto the
solder tips.

2. Thread tip onto wires. The two middle vias are the A(+) and B(-) inputs of the tip. You may find it useful to use the
double-sided foam tape that was shipped with your probe to hold the probe tip in place. The double-sided foam tape is
only good for one use. For maximum strain relief, always use a fresh piece of tape each time you attach a tip.
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3. With the tip in position, quickly solder the wires to the vias. If the soldering iron is left too long on the tip, it may cause
the 0201 input resistors to reflow and move.

4. Trim wires flush with the board on the probe tip.
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5. Attach the ground wire for TriMode input to the probe tip. First add solder to the test point and the nearest ground via
on the solder tip. The FLR (Flex long reach) tips operate in differential mode only, and so have no ground to solder to.
The FLR tips only have two vias to solder, neither of which are grounds. Each tip wing has a hole in it. These holes
are non-conductive.

6. Second, solder a short piece of wire between the ground via on the tip and the ground test point. This configuration
optimizes the performance of the probe for differential measurements. Longer wires on the ground path will have an
impact on Single-Ended Mode and common-mode performance. If there is a ground test point conveniently placed, it
would be best to use the same solder technique shown on the A and B inputs of the tip to ensure the shortest ground
path. Once the tip is fully soldered in place, it is recommended to firmly secure the tip to the board using additional
foam tape or hot melt glue.
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Tip unsoldering procedure
1. Use small solder-wick to remove the solder and wire from the tip ground via. Size #1 Solder-Wick is recommended

due to the small size of the tip and vias. Do not place the solder wick over the 0201 input resistors and these parts
may accidentally be unsoldered from the board.

2. Use the solder-wick to remove excess solder from the input vias. Again, be careful not to place the solder-wick too
close to the input resistors.
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3. If the solder cannot be fully removed from the input via while attached to the test points, it is possible to rock the tip
side to side while reflowing the solder in the vias. Since the wires are cut flush to the board, the tip can be slowly
removed from the wires using this method. Once the tip has been removed from the board, use the solderwick to
clean out the vias so the tip can be reused. If you used double-sided foam tape for strain relief rocking and moving the
tip from side to side will loosen the tape's adhesion to the tip. Do not try to pull the tip directly off of the tape. Pulling
the tip up without first breaking the tape's adhesion can damage the tip.

Precautions when connecting to the circuit
To achieve the best performance and service life of the probe and tips, observe the best practices below when you make
connections:

• Wear the antistatic wrist strap that is supplied with the probe and work at an antistatic-approved workstation.
• The flex circuit based solder tips are built with flexible circuit board material and are susceptible to mechanical

overstress and harsh handling particularly at the ends of the probe tip where the components are mounted. Always
support the probe tips by taping or gluing them to your circuit or by providing a means to prevent strain on the tips and
circuit connections.

• The flex circuit based solder tips contain active circuitry. The majority of the tips, including the cover on the buffer
amplifier, are non-conductive surfaces. However, the back end of the tips includes some small surface mount devices
and pads on the top that present a small risk of shorting with the DUT circuitry. This was necessary to minimize the
size and weight of the probe tips. If you need to use the flex circuit based solder tips where their topside components
might contact the DUT, take care to avoid shorting the exposed circuitry of the tips to the DUT circuitry. Covering
these areas with non-conductive tape is one method to avoid shorting.

• The P77STCABL tip is designed to be more flexible than the flex circuit based solder tips; care should be taken to
avoid bending the connecting cables at too sharp an angle, since overstress can cause damage or reduce signal
performance.

• To preserve the cables and maintain the highest signal fidelity, never kink the wires or put undue stress on them.
Support the probe head by taping it to your circuit or providing a means to prevent strain on the circuit connection.
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Care of TekFlex solder-in tips
CAUTION: The top of each tip contains active components and can cause shorting if the tips are mounted top-down and
the discrete components on the back end of the tips come into contact with an active circuit. Ensure that metal
components do not touch anything else.

If the tips are mounted with the top up or if the TekFlex connector is attached, it is unlikely that the components on the
board will contact the active circuit. The covers on the buffer amplifier of the tips are non-conductive. There are no
conductive surfaces on the bottom of the tips except for the TriMode inputs and the TekFlex contacts.

Tip dimensions
The dimensions of the solder tip connections are provided here for reference. You can also design the tip footprint into
your circuit board layout for easier test connections.
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Probe handling best practices
Tektronix TriMode probes are quality measurement tools and should be treated with care to avoid damage or performance
degradation due to mishandling. Take the following precautions when handling the probe cables:

• Never over-bend the probe main or tip cables, which can put a permanent kink into the cable. When storing the probe
do not coil it too tightly. It is best to use the protective foam carrying case which is designed to not exceed the
minimum bend radius for the cable of 2.5 inches. The minimum bend radius for the flex cable is 0.25 inches
(6.35 mm).

• To maximize probe life, limit the amount of cable twist relative to the probe comp box to ±180 degrees. Always uncoil
a probe cable gently before applying the twisting forces needed to orient the probe head for connection to the probe
tip.

• Do not excessively pull or twist the probe cables when positioning the probe for measurements.
• Never crush the cable, as will occur when you run over the probe with a chair wheel or drop something heavy on the

cable.

User Manual WWW.TEK.COM | 58

P7700 Series TriModeTM Probes Basic operation



S-parameter information
The S-parameter files for the probe are unique to each serial numbered probe and accessory tip. The files are stored on
the oscilloscope in a file structure that corresponds to the probe, tip, and serial numbers. The root path for the folders
containing the S-parameter is C:\ProgramData\Tektronix\TekScope\Instrument (where Instrument is the instrument
model, such as DPO73304). When using a P7725 probe with the 7 Series DPO, the path is
C:\ProgramData\Tektronix\TekScope\probecal\ac. Starting in this folder, look through the folders for the probe, tip
model numbers, and serial numbers. At the lowest level, there are .s3p files unique to the probe and tip.

7 Series DPO location

The S-parameter file names correspond to the various settings of the TriMode feature and the gain setting of the probe.
For example, if the file name is x_1X_A_0_25X.s3p, the TriMode setting is: single-ended A mode, Gain setting = 0.25 (4x
attenuation).

Choose a .s3p file that matches the TriMode setting that you are using, single-ended (A or B), differential (D), or common-
mode (C). Note that for browser tips, only D mode is supported.

CAUTION: Changing or deleting the S-parameter files can cause the probes to not operate properly. To avoid problems,
do not change or delete the S-parameter files.
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The LIGHTFOOT kit quick setup
The P77STFLRB, P77HTFLRB, P77STFLRA, and P77HTFLRA active standard and high temperature flexible long reach
solder-in tips come with LIGHTFOOTTM handle, clip, and adhesive tape accessories to help you more easily position the
tips. The flexible tip allows for maneuverability of placement.

Kit accessories
• Handle (3)
• Grip Clip (3)
• Tape (5)

Use the handle to place the tip
1. Use the handle to hold the tip in place for wire threading and trimming. The handle uses a swivel lock and can be

placed in either side-wing on the tip.

2. Use liquid adhesive to secure the handle as needed. If you do not need the handle, remove it once you have placed
the tip. (See emiuv.com for adhesives.)

3. The flexible holding tabs (sides) of the clip provide strain relief. This allows you to secure the clip to the long body of
the tip. You can use a liquid adhesive beneath the clip to secure the tip to the DUT.
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4. Adhesive tape can be placed on the IC package top. Glue can be applied onto the tape under one or both wings. This
allows you to later easily remove the tip from the DUT by removing the tape.

Placement on the DUT
You can place a single tip or overlay multiple tips onto the DUT surface.

Additional information
FLR and FLX tip size comparison
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The tip wings can be used to place adhesive on or they can be trimmed if required for placement.

You can visually identify the FLR A versus B tips. The A versions have a blue plastic housing. In addition, there is an
intentional cutout on the A tips near the plastic housing that is not present on the B tips.
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Get to know your browser
Assemble the browser
1. Insert the TekFlex connector. Pinch to open the collar.

2. Attach browser pen wand or tripod. Turn the knob clockwise to lock and counter clockwise to unlock.
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Browser
Adjust the tip spacing.

Spring action, better grip.

Depress switch to activate spotlight.
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To connect the tripod, install the circular end of the shaft into the tripod and the plus side into the browser.
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Test your circuit with the solder-in-tips
Attach tips to soldered wires and clip excess wire.
The number of wires you use depends on the tip type.
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Secure tip
You can solder or use glue to secure points of contact of DUT. Available adhesives from EMIUV (emiuv.com):

• 3761-20K (securing adhesive UVSecureTM)
• EM10706 (electrically conductive adhesive UVConductTM)

Use tape or glue to secure tip

Attach collar.

Attach cable band.
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Theory of operation
The probes are designed for use with MSO/DPO70000C and 7 Series DPO oscilloscopes. The probe models are
available with bandwidths from 8 GHz to 25 GHz. MSO/DPO70000C and 7 Series DPO oscilloscope models are available
at comparable bandwidths. The 25 GHz bandwidth is only possible with the P77C292MM probe tip adapter. These probe
and oscilloscope models feature the high performance TekConnect intelligent probe interface. P7700 Series probes must
be operated with an attached P7700 Series probe tip. Several TekFlex tip models are available to support different
application requirements.

The probe and probe tips contain device-specific S-parameter data that, when transferred to the host oscilloscope after
the initial connection is made, create unique system DSP filters. These DSP filters optimize high frequency performance
of the probe and probe tip signal path.

The P7700 Series probes are optimized for high bandwidth; they are not general-purpose probes. The P7700 Series
probe solder tips that can be used with the probes are miniaturized for electrical characteristics and access to dense
circuitry, and must be handled carefully.

Probe components
P7700 Series probes are comprised of a probe compensation box (comp box), a TekFlex connector for attaching probe
tips, and an interconnect cable that transfers measured signals, power, and control signals between the probe comp box
and the TekFlex connector probe head. A TekFlex probe tip must be inserted into the TekFlex connector probe head to
make the final connection to the DUT (device under test).

Probe compensation box
The probe compensation box assembly mates to the host instrument through an intelligent TekConnect probe interface.
Power, control signals, and the signal measured by the probe are transferred to and from the oscilloscope through the
TekConnect interface. The comp box includes a button to select the TriMode input mode for probe tips that support
TriMode functionality:
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• Differential (A–B)
• A input (single-ended to ground)
• B input (single-ended to ground)
• Common-mode ((A+B)/2 to ground)

The probe input mode can also be selected using the oscilloscope Probe Setup configuration menu. The Probe Setup
configuration menu is also used to adjust the probe Offset A and Offset B voltage settings and to initiate a DC Probe
Compensation operation. All other P7700 Series probe internal controls, such as vertical scaling, are handled
automatically through communication between the probe and oscilloscope.

An LED on the top panel of the comp box indicates the selected input mode. Another LED indicates when a warning
condition exists. Warnings are caused when parameters such as input voltages exceed the safe limits of the probe.

A mechanical latch and optional retention thumbscrew hold the probe securely to the instrument during use. The
thumbscrew is only intended to be finger-tightened, and is machined to prevent tools from being used to over-torque it. To
remove the probe, loosen the thumbscrew counterclockwise, depress the latch button to release the probe, and then pull
out the probe.

CAUTION: To prevent damage to the probe, use care when handling the probe. Rough or careless use can damage the
probe.

Main interconnect cable
This cable assembly consists of a pair of matched, low-loss coaxial signal cables that carry the acquired signal from the
probe head to the probe comp box. The cable assembly includes an 8-conductor bundle of wires that supply probe tip
head power and control signals from the probe comp box through the TekFlex connector interface. Some of the wires
carry bidirectional data, such as queries and responses about the type of probe tip attached to the TekFlex connector, and
other probe tip-specific information.

TekFlex™ connector
The TekFlex connector technology combines a high speed signal path with low speed control signaling in a single, easy to
connect accessory connector. The TekFlex connector has a pinch-to-open design that when open requires minimal force
to attach an accessory tip. When the TekFlex connector is closed, it provides a secure connection to the accessory to
avoid accidental disconnections.

The connector provides a light-weight electrical and mechanical interface between the probe and a TekFlex active probe
tip. It contains a spring-loaded set of electrical contacts that connect between the main cable wiring and contact patterns
on the attached probe tip. There is a differential, high-frequency contact pattern on the top of the probe tip that connects
the probe tip dual signal inputs and grounds to the probe main cable coaxial pair. There is also an eight-finger contact
pattern on the bottom of the probe tip that connects the probe tip power and control signals to a ribbon wire in the main
cable. The TekFlex connector provides mechanical alignment between a keyed hole pattern on the probe tip and a pair of
pins inside the spring loaded connector housing.

With the TekFlex connector, the probes offer a set of active probe tips with the probe's buffer amplifier only millimeters
from the input connections. The short signal path enabled with the active tips provides high fidelity and a high impedance
input. It minimizes signal loss, capacitance, and additive noise.
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Probe tips
The probe tips are automatically detected and displayed in the Probe Setup menu.

TekFlex active probe tips

TekFlex solder-in tips
These tips use flex circuit material and provide soldered, multi-point connections. They support full TriMode measurement
capabilities and full probe bandwidth. If care is taken during the soldering process, these probe tips can be reused through
multiple soldering operations. The small size and low cost design are good for high interconnect density measurements.

The P77STFLXA24 and P77STFLXA Flex circuit based solder tip and P77STFLXB, P77STFLRB, P77HTFLRB Flex
circuit based DDR memory solder tips are available.

The first time the probe tip is detected, S-parameter data for the probe tip is sent to the oscilloscope, and probe-tip
specific DSP filters are generated. These filters improve the measurement accuracy of high-frequency measurements.

P77STCABL
This optional tip provides a soldered, multi-point connection that supports full TriMode measurement capabilities at full
probe bandwidth. If care is taken during the soldering process, this probe tip can be reused through multiple soldering
operations. In some applications the robust mechanical design of the tip and flexible cable construction provides better
usability, compared to the lower cost flex circuit tips. The first time the probe tip is detected, S-parameter data for the
probe tip is sent to the oscilloscope, and probe-tip specific DSP filters are generated.

P77BRWSR
The optional browser connects to the circuit using two input contacts with very fine point tips. These tips have built-in
compliance 0.02 in (0.5 mm) and adjustable spacing 0.008 in to 0.210 in (0.2 mm – 5.3 mm). The input contacts include
an embedded damping resistor for optimum measurement performance.

The browser tip can be held in place or can be used to make hands-free connections to the DUT when using the Browser
tripod accessory, or a probe positioner, such as the Tektronix PPM203B. The browser includes multiple sets of S-
parameters based on the spacing of the tips. The spacing is monitored and the correct set of S-parameters are
automatically used.
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P77C292MM adapter
Use the P77C292MM, 2.92 mm adapter to connect a P7700 series probe to a DUT with 50 Ω test point connectors. 2.92
mm connectors are mechanically compatible with SMA connectors.

The adapter supports testing of serial standards such as HDMI, MIPI M-PHY, and DisplayPort; cables and retainer are
included.

After connecting the adapter to the flex cable, use the retainer to provide a secure connection to the flex cable to minimize
movement or to attach the adapter to the hand-free tripod.

For stacking more than one adapter, use the linkage adapter accessories to secure the P77C292MM adapters together.

Probe input architecture
The probe features a probe architecture that addresses the need for high frequency response with decreased probe
loading for high-speed, low power applications such as MIPI® and LPDDR. High performance probes with multi-GHz
bandwidth have evolved in recent years, starting from traditional designs with metal pin tips attached to a probe head
amplifier located at the end of a coaxial cable. As the probe bandwidth extended to 10 GHz and above, probe designs
migrated to connectorized amplifier input structures that supported a variety of high frequency passive probe tips,
including solderable tip designs. These probe tips typically provide a passive input attenuator network at the probe tip
followed by a long cable attached to the probe amplifier connection socket. Although these passive tip, probe designs
enable good, high frequency performance, they show higher probe loading in the frequency band below 1 GHz than
earlier traditional designs with an amplifier closer to the probe tip. A probe with this higher loading characteristic below
1 GHz has problems when taking measurements of signals such as MIPI that can be switched to an unterminated, high
impedance mode for low power operation. The probe solves this loading problem by introducing an active probe tip design
with a tiny buffer amplifier located near the tip inputs. By locating an amplifier with a high impedance attenuator network at
the probe tip inputs, the probe tip parasitic capacitance can be kept much lower than passive cable tip designs, thus
reducing probe loading in the low power signaling frequency band used by serial data standards such as MIPI.

The following figure shows a simplified diagram of the TekFlex active probe tip architecture.
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The TekFlex active probe tip has two inputs, A_IN and B_IN, which can, depending on the tip design, support TriMode
measurements. With a TriMode tip, such as a TekFlex solder-in tip, it is possible to make differential, single-ended A,
single-ended B, and common-mode measurements, all from a single soldered differential signal connection to a DUT. The
soldered wire connections between the two probe tip input signal vias and DUT differential signal nodes should be kept as
short as possible (as should the ground via connections if single-ended measurements will be made). The A and B input
signals on the probe tip pass to a matched pair of damping resistors, Rd, that isolate the probe connection to the DUT.
The damping resistor value of approximately 100 Ω also serves to tune the probe tip high frequency response. Following
each input damping resistor is a pair of attenuation resistors, Rs and Rp. The attenuation resistor values depend on the
specific probe tip attenuation factor design. There are currently two attenuation factors available as shown in the following
table with approximate attenuation resistor values. The probe tip attenuation factor in the table includes an additional 2X
factor due to attenuation from the 50 Ω tip buffer output impedance and the 50 Ω probe amplifier termination impedance.

Probe tip attenuation factors

Attenuation factor Rs Rp Dynamic range Offset voltage range

4x 25 kΩ 25 kΩ 2.5 V p-p ±4.0 V

10x 60 kΩ 15 kΩ 6.0 V p-p ±10.0 V

The input attenuation resistors serve three major functions for the dual input tip buffer:

• The high resistance of the attenuation resistors provides very light loading on the probe input signals.
• The probe tip attenuation factor expands the linear dynamic range of the probe tip inputs.
• The probe tip attenuation network provides a resistive summing junction for injecting an offset voltage signal to extend

the probe tip operating voltage window.

TekFlex active tips contain a pair of unity gain amplifiers that buffer the DUT differential input signal. These buffer
amplifiers provide an impedance conversion for the input signals from the high impedance input attenuator at the tip input
to the 50 Ω output drive at the tip output. The buffer amplifier 50 Ω output impedance is needed to drive the probe TekFlex
connector and meter-long main cable transmission lines with good high frequency fidelity. The new TekFlex interface to
which TekFlex probe tips are attached includes both a dual high frequency connection for the probe tip signals as well as
a low frequency connection for eight messenger wires that provide power and control for the active probe tips.

The control features of the new TekFlex interface include two analog tip offset voltage signals, a pair of digital
communication signals for accessing the probe tip S-parameter memory, and a probe tip temperature monitor signal.
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The probe tip S-parameter memory contains characterization data for use with DSP correction filters that are unique to the
probe tip. The S-parameter memory includes a unique data header used in automatically identifying the probe tip type and
serial number. The A and B signal outputs from the probe tip are connected by high frequency spring contacts in the
TekFlex connector to a pair of delay-matched coaxial cables that carry the input signals through the main cable and into
the comp box. These signals terminate to a pair of 50 Ω termination resistors at the probe amplifier in the comp box. The
termination resistors have an adjustable termination voltage connection for optimal loading of the probe tip output signals.
The TekFlex interface messenger wires are routed as a small gauge ribbon cable, along with the delay-matched coaxial
cables, inside a shielded main cable assembly.

The probe amplifier has several cascaded amplifier stages that condition the probe tip differential signal for precision
measurement fidelity. The complex input stage of the probe amplifier selects the desired TriMode input mode.

This input stage of the probe amplifier includes connections for injecting a pair of adjustable probe offset voltages for
precision control of the probe output zero voltage, which is a measure of the output signal with volts at both probe tip
inputs.

The next stage in the probe amplifier is the step gain stage. The step gain stage provides several switchable, coarse gain
steps, that extend the sensitivity range of the probe measurement down to the millivolt level with good noise performance.
The step gain stage is automatically switched to its optimum setting by the oscilloscope as the oscilloscope vertical
channel sensitivity is adjusted by the user.

The final stage of the probe amplifier is the variable gain stage. The variable gain stage is used for fine tune adjustment of
the gain of the probe and probe tip to its calibrated value. The calibrated gain setting is determined from calibration
constants characterized during manufacturing testing of the probe and probe tip and includes compensation for probe
temperature variation. Although the signal that passes through the probe amplifier is processed as a differential signal
through the internal amplifier stages, it is routed to the oscilloscope’s TekConnect interface as a single-ended output.

The ground path for high frequency signal return currents is shown in the probe architecture figure. The probe ground
path is continuous and along the following path:

• Extends from the DUT ground vias connections at the probe tip input
• Through the probe tip ground path
• Through the TekFlex connector ground spring contacts
• Along the main cable coaxial shields into the probe comp box
• Through the probe amplifier circuit board ground plane inside the probe comp box, and
• Through the TekConnect interface to the host oscilloscope ground

A TriMode tip requires a short DUT ground reference for making low noise single-ended probe measurements.

Although two ground via connections are available on the probe tip input, a single ground via wire connection is usually
adequate for making single-ended measurements of both the A and B input signals or a common-mode measurement, all
of which are ground referenced.

If only one single-ended signal will be connected to the probe, the user has the choice of connecting the A input to the
signal and the B input to ground, or connecting the A input to the signal and the ground input of the probe to the ground
input of the DUT. In this situation, Tektronix recommends using A-B mode with the B input connected to ground. Reasons
for this recommendation include that with the B input left disconnected, there is a possibility of an interfering signal
coupling into the input of the probe and distorting the measured signal acquired on the A side.

A second reason for using A-B vs. A-ground is that it is often more convenient to connect the differential inputs of the
probe to a device and keep the wire lengths short. The ground connections of the probe are set back from the tip and may
not be as convenient to connect to a DUT with tightly spaced test points.

The optional accessory P77BRWSR is a variable-spacing probe tip which operates in Differential Input mode only. The
P77BRWSR Browser probe tip does not have a physical ground connection at the probe tip; but the differential
measurement process itself provides a high frequency virtual ground connection between the A and B signal input pins. A
low frequency ground connection is optionally available at a square-pin socket on the browser probe tip housing.

The comp box receives power and control signals from the oscilloscope through the TekConnect interface. The
TekConnect interface is an intelligent probe connection that includes many automated and manual control features. For
example, there is a probe S-parameter memory in the comp box that stores high frequency characterization data for the
probe signal path.
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The downloaded S-parameter data for a probe and attached probe tip is used by the oscilloscope to generate a DSP
correction filter for optimum measurement fidelity. Because this S-parameter data is unique and serialized for each probe
and probe tip, it only needs to be downloaded once to an oscilloscope.

Automatic probe tip type identification is another example of the intelligent operation of the probe. When no probe tip is
attached to the TekFlex connector of the probe, the TekFlex probe tip interface power is disabled. When a probe tip is
attached to the TekFlex connector, the attachment is detected by the probe and the probe queries the probe tip memory to
check for a valid identification header. If a valid probe tip type is verified by this TekFlex data interface query, the probe tip
power is enabled until the probe tip detachment is detected.

When probe tip power is enabled, an LED is activated on the probe tip, indicating that the TekFlex interface and attached
probe tip appear to be operating properly. If the probe tip type attached to the TekFlex connector is a browser probe tip,
the probe tip automatically detects the current tip spacing and communicates that information to the oscilloscope.

There are several calibrated tip spacing regions defined for the browser tip, which affect the frequency response of the
browser tip signal. Wider tip spacing tends to degrade the browser tip frequency response. The oscilloscope uses the
current tip spacing region information to select the optimum DSP correction filter for use with the browser tip
measurements.
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Probe input architecture with the P77C292MM SMA adapter
The P77C292MM adapter is a passive probe adapter; there are no active components within the adapter. It is intended to
connect the probe to 50 Ω RF test points.

The following figure shows the simplified diagram of the P7700 Series TriMode probe input architecture with the
P77C292MM SMA adapter. Because there are no active components within the adapter the A and B inputs are passed
through directly to the probe amplifier.

TriMode operation
The TriMode feature of the probe is designed for improved convenience and enhanced capability in measuring differential
signal quality. Because a differential signal is composed of two complementary single-ended signals, full characterization
of a differential signal requires more than a simple differential measurement.

A TriMode probe features four input modes that allow a differential signal to be fully characterized with four
measurements:

• Differential
• Positive polarity, single-ended
• Negative polarity, single-ended
• Common-mode

A TriMode probe provides improved efficiency and convenience by enabling full differential signal characterization from a
single soldered connection.

TekFlex active probe solder tips support the TriMode functionality of the probe by buffering a matched pair of input signals
from a DUT differential signal connection. These active solder tips support the transmission of high-frequency return
currents through a probe tip ground path referenced to the DUT ground connection.

Using any of the TekFlex solder-in tips, probe connections are made to the two complementary signals (the A signal and
the B signal) and a ground reference. From this single DUT connection, the internal electronic switching control of the
TriMode probe allows any one of the four probe input modes to be selected at a time. The TriMode probe inputs are
routed to an ASIC (application-specific integrated circuit) inside the probe to a set of four independent input amplifiers that
perform the following signal calculations:
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• A – B (for differential signal measurement)
• A – GND (for A input single-ended measurement)
• B – GND (for B input single-ended measurement)
• [A+B]/2 - GND (for common-mode measurement)

In the B – GND Mode, the negative polarity B input is not inverted.

The four input amplifiers are multiplexed together and only the selected input mode function is sent to the connected
oscilloscope. The following figure shows a conceptual view of the TriMode probe input structure, where the C input
provides the probe ground reference and is connected to the probe tip ground interconnect using the probe’s cable
coaxial shields.

TriMode input structure

For oscilloscopes that provide full TriMode support, the oscilloscope-controlled probe graphical-user interface can perform
a probe compensation operation on all input modes and attenuation settings at once using the optional Probe DC
Calibration fixture.
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Operating voltages
The P7700 Series probes are designed to probe high-frequency, low-voltage circuits. Before probing a circuit, take into
account the limits for the operating voltages discussed in this section.

• Input voltage
• Operating voltage window
• Input signal dynamic range
• Offset voltage

TekFlex probe tip inputs

Input voltage
The maximum input voltage is the maximum voltage to ground that the inputs can withstand without damaging the probe
input circuitry. The TekFlex active probe tips include some over-voltage protection circuitry at the probe tip signal inputs.
Transient voltage suppression diodes, Da and Db, provide bidirectional voltage clamping of signals applied to the probe
tip inputs. These TVS diodes limit potential ESD damage as well as signal over-voltage damage to the active tip buffer
amplifier device.

CAUTION: To avoid damaging the inputs of the probe, do not apply more than ±15 V (DC + peak AC) between either
probe input and ground.

CAUTION: To avoid ESD damage to the probe, always use an antistatic wrist strap (provided with your probe), and work
at a static-approved workstation when handling the probe.
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Operating voltage window
The operating voltage window defines the input signal voltage range within which probe measurements can be made with
good fidelity. The operating voltage window limits for the TekFlex solder-in tips are shown as the larger gray square in the
following figure.

The A operating voltage window range of ±5.25 V is shown on the vertical axis and the B operating voltage window range
of ±5.25 V is shown on the horizontal axis. The dynamic range is also shown on the figure as the smaller green square.
The TekFlex solder tip single-ended dynamic range for both the A and B inputs is 2.5 Vp-p. Differentially, the solder tip
dynamic range is 5 Vp-p.

The dynamic range square (labeled Small Signal AC in the previous figure) can be moved around within the limits of the
operating voltage window by adjusting the A and B offset voltage settings. The A and B offset voltage values determine
the location of the center of the dynamic range square in the operating voltage window plot. The A and B offset voltages
are both set to +1.75 V in the previous figure.

With these offset voltage settings, the probe tip linear measurement range is from +0.5 V to +3.0 V for both the A and B
tip inputs. Input voltages outside these dynamic range limits will begin to compress and lead to measurement signal
distortion. Because the offset voltage range for the TekFlex solder tips is ±4.0 V, the smaller dynamic range square can be
moved anywhere within the larger operating voltage window.

Because there are several step gain values available within the probe amplifier, the actual size of the dynamic range
square depends upon the oscilloscope vertical scale factor setting. The vertical scale factor determines the required probe
amplifier step gain setting, which is automatically set to the proper value under the oscilloscope control.

The dynamic range square is set to its full-size 2.5 Vp-p setting when the vertical scale factor is set to large enough V/div
settings that a 2.5 Vp-p signal can be fully displayed on the oscilloscope. As the vertical scale factor is set to lower V/div
settings, the probe amplifier step gain threshold will eventually be reached and the step gain value will be increased by
one step.

Increasing the step gain by the nominal 2X factor decreases the size of the dynamic range by half, which results in a
decrease in the area of the dynamic range square by a 4X factor. The decrease in linear dynamic range at different step
gain settings can be seen in the linearity plot in the following figure.
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Dynamic range versus linearity at the probe amplifier step gain settings

The size of the operating voltage window and the size of the full dynamic range for a TekFlex probe tip depend on the
attenuation factor of the input attenuation network at the probe tip. A larger attenuation factor usually results in a larger
operating voltage window and a larger full-size dynamic range square as shown for the P77BRWSR probe tip in the
following figure.

Operating voltage window (P77BRWSR )
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Input signal dynamic range
The input signal dynamic range is the maximum voltage difference between the A and B inputs of the probe tip and the
probe tip ground reference that the probe can accept without distorting the signal. The distortion from a voltage that
exceeds this maximum can result in a clipped or otherwise inaccurate measurement. The following figure shows the
typical linearity error over the dynamic voltage range of a probe solder tip for the A and B tip inputs.

Dynamic range linearity error plot

The dynamic range of TekFlex probe tips is specified with a linearity error limit of ±1%. As shown in the Linearity Error
plot, the linearity error increases as the input voltage increases above the dynamic range limit for both signal polarities.
The dynamic range is not a hard limit for signal distortion; probe tip input voltages can slightly exceed the dynamic range
limit if a slightly higher linearity error is determined to be acceptable.

The dynamic range for TekFlex probe tips is also specified as a maximum peak-to-peak voltage. With the probe tip A and
B offset voltages both set to 0 V, the dynamic range will be symmetrical around that 0 V level. In this case, the dynamic
range can be considered to equal ±(dynamic range ÷ 2). If the oscilloscope vertical scale factor is set high enough to
display the full dynamic range, the oscilloscope will momentarily add dynamic range limit annunciation lines. These
dynamic range annunciation lines can be refreshed by adjusting one of the vertical channel knobs, such as position or
scale factor.

The differential input mode dynamic range is specified to be almost twice as large as the single-ended signal dynamic
range; but this is true only for complementary A and B input signals. The single-ended A and B dynamic range limits still
apply, even for the case of a maximum differential mode input signal.
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Offset voltage
The offset voltage control sums an adjustable DC voltage with the probe signal input. It is commonly used to nullify an
input DC bias voltage to center the input signal swing within the linear dynamic range of the probe input. The A and B
probe inputs both have an independent offset voltage control when used in A mode or B mode respectively. The following
figure shows a simplified diagram of a TekFlex probe tip input network.

The offset voltage affects the probe tip buffer’s measured signal through a resistive summer configuration that forms the
buffer’s input attenuator network. The high value resistors used in the input attenuator result in an interaction between the
input signal and the offset voltage DC level.

Calibrated offset voltage performance requires both the input signal and the offset voltage generator in the probe have a
source resistance that is very small compared to the 25 kΩ attenuator resistors. The source resistance (Rs)of the offset
voltage generator in the probe is less than 1 Ω and measured DUT signals typically have Rs << 25 kΩ. If a probe tip is
attached to a probe TekFlex connector with its probe tip inputs open, the input signal source resistance is much larger
than the 25 kΩ attenuator resistors. As a result, the offset voltage control is no longer calibrated and will have twice the
calibrated effect on the measured probe output.

The offset voltage control, accessible from the attached oscilloscope front-panel control and the on-screen user interface,
allows the probe dynamic range to be effectively moved up and down within the limits of the offset voltage range and the
operating voltage window. When the offset voltage is set to zero volts and the input signal is zero volts (inputs shorted to
ground, not open), the displayed signal should be zero volts. If a noticeable zero volt offset is present under the above
conditions, an oscilloscope SPC and an autozero operation should be performed.

Offset voltages can be automatically generated by the probe and can be selected using the Auto Offset button in the
Offset section of the Probe Setup configuration menu. You can also enter specific offset values directly in the offset fields.

There are four manual offset voltage value entry fields which also display the current offset voltage settings. Although all
four offset voltage value entry fields are active, only two of the control pairs are independent.

The manual controls interact with each other as follows:
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Adjusting the A or B settings affects the Differential and Common settings:

• Differential = (A – B)
• Common = (A + B)/2

Adjusting the Differential or Common settings affects the A and B settings:

• A = Common + (Differential/2)
• B = Common – (Differential/2)

There are two Auto Offset modes that can be selected with a radio button selection: Auto in Common or Auto Individually.
Auto Individually is not available for the P7725 probe. Both modes operate by sensing the average value of the common-
mode voltage on the A and B input signals. When the Auto in common-mode is selected and the Auto Offset button is
pushed, the A and B offset values are both set to the mean value between the sensed A and B input signal levels. When
the Auto Individually mode is selected and the Auto Offset button is pushed, the A offset value is set to the average value
of the sensed A input signal level and the B offset value is set to the average value of the sensed B input signal level.

The probe A and B signal inputs are sensed, monitored, and averaged by probe internal circuitry and the sensed values
are used to automatically set the Offset Voltage. The Auto Offset circuitry is shown in simplified form in the figure below.

Simplified Auto Offset circuitry
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The A and B input signals are buffered by the active probe tip buffer amplifier and passed down the probe main cable
assembly into the comp box probe amplifier input pins. The A and B input signals are picked off inside the probe amplifier
with large value resistors and output to an averaging filter capacitor as Sense_A and Sense_B signals. These sense
signals are buffered by a pair of unity gain amplifiers and passed to the comp box microcontroller ADC conversion inputs.
The converted sense signals are transmitted to the oscilloscope when requested by an Auto Offset cycle, where they are
processed by the oscilloscope according to the selected Auto Offset mode. The processed mean value or individual A and
B offset values are sent back to the probe microcontroller, which drives the tip offset DAC signals accordingly.

Operating voltage window (P77C292MM SMA adapter)
The P77C292MM adapter operating voltage window is shown in the following figure.

The A operating voltage window range for the adapter of ±4.0 V is shown on the vertical axis and the B operating voltage
window range of ±4.0 V is shown on the horizontal axis. The dynamic range is also shown on the figure as the smaller
green square.

Similar to the operating voltage for the TekFlex solder-in tips, the dynamic range square labeled Small Signal AC can be
moved around within the limits of the operating voltage window by adjusting the A and B offset voltage settings. The A
and B offset voltage values determine the location of the center of the dynamic range square in the operating voltage
window plot.
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Operating voltage window (differential mode, P77C292MM adapter)

Operating voltage window (common-mode, P77C292MM adapter)
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Reference
This section contains information about taking measurements with the probe and increasing measurement accuracy.

Single-ended measurements
A differential probe, such as a P7700 Series probe, can be used for single-ended measurements within the limits of its
dynamic and offset voltage ranges. Single-ended measurements on differential signals are used to measure common-
mode voltage and check for differential signal symmetry. By using a TriMode probe, you can easily take these
measurements with one solder tip DUT connection.

Single-ended dynamic and offset ranges

Probe Attenuation DC offset Dynamic range

Flex circuit based solder tips
(single-ended signals)

4X ±4 V 2.5 Vp-p

P77STCABL (single-ended
signals)

4X ±4 V 2.5 Vp-p

P77BRWSR (single-ended
signals)

10X ±10 V 6.0 Vp-p

The probe has independent A and B input offset controls. To take a single-ended measurement, use the B input for reference and set
the B offset to ground or the reference level of the measured signal. Set the A signal offset to the DC common-mode voltage of the
measured signal.

Single-ended measurements can be made using TekFlex solder tips different ways. If a TriMode solder tip such as a
TekFlex solder-in tip includes a soldered ground wire connection to the DUT, then single-ended measurements can be
made of either the A or B input signals, depending on the selected Input mode. Selecting the A input mode enables an A
input signal measurement, which will be affected by the A offset setting. Selecting the B input mode similarly enables a B
signal input and B offset voltage measurement. An example of this TriMode configuration measurement is wiring a single-
ended 2.5 V CMOS logic signal to the A input via of a TekFlex solder-in tip, along with a ground via wire connection. In
order for the 2.5 V logic signal swing to fit within the probe tip dynamic range, the A offset should be set to +1.25 V, which
is the center of the logic signal swing. With the A input mode selected this single-ended logic signal can be measured. In
this example, the B input signal can be left open, as long as the B offset is set within ±0.625 V to keep both probe tip
buffer inputs within their linear operating range. The B offset range in this case is limited to half the input signal dynamic
range due to the 2X multiplication effect on the offset for an open input. Alternatively, the B input can be connected to
another single-ended signal and a separate single-ended measurement can be made by selecting the B input mode with
an appropriate B offset setting.

A single-ended measurement can also be made using a TriMode tip in its differential input mode. In this case, the single-
ended signal to be measured would be wired to the probe tip A input signal via and the DUT ground reference would be
wired to the probe tip B input signal via. No probe tip ground via connection needs to be made with this measurement
configuration. Selecting differential input mode enables an A input signal measurement relative to the DUT ground on the
B input. In differential input mode both the A offset and B offset settings will affect the measurement. Using the example of
a 2.5 V CMOS logic signal, the A offset should again be set to the center of the logic swing at +1.25 V, but the B offset
should be set to 0 V to match the DUT ground reference connection.
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The dynamic range of the TekFlex solder-in tips limits their use to CMOS logic with a signal swing of no more than 2.5 V.
The P77BRWSR Browser probe tip has a larger dynamic range of 6 Vp-p, which should allow measurements of both 3.3 V
CMOS logic and 5 V CMOS logic signals. Since the P77BRWSR tip operates only in differential input mode, the browser
tip B input connection should be made to the single-ended DUT ground reference. For a 5 V CMOS logic signal
measurement example, the A offset voltage should be set to +2.5 V, which is the center of a 5 V CMOS logic swing, and
the B offset voltage should again be set to 0 V to match the DUT ground reference.

Differential probes are also ideal for a class of single-ended measurements where the reference voltage is not ground:

• DDR (SSTL_2, STTL_18, SSTL_15):  VTT, VREF = VDD ÷ 2
• PECL:  VREF = VCC-1.3

To measure single-ended signals in this class, connect the B input of the probe to VREF.

A differential probe in these applications displays the true signal despite any AC or DC variation in VREF from its nominal
value. A single-ended probe displays the signal plus the variation in VREF. Differential probes can also be used to make
ground referenced single-ended measurements on either single-ended signals or differential signals like PCI Express or
Serial ATA.

Differential measurements
A differential probe is optimized to measure high speed differential signals. Differential signals are formed from two
complementary signals with a common reference voltage.

Devices designed for differential measurements avoid problems presented by single-ended systems. Differential signal
transmission improves signal fidelity by doubling the effective signal amplitude compared to single-ended signal
transmission. Differential signaling also improves signal fidelity by removing common-mode noise due to the CMRR of the
receiver or measurement device.

A differential probe is basically a differential amplifier used to make differential measurements that reject any voltage
common to the inputs and amplifies any difference between the inputs. Voltage that is common to both inputs is often
referred to as the common-mode voltage (VCM) and voltage that is different as the differential mode voltage (VDM).

Simplified model of a differential amplifier

Common-mode rejection ratio
Differential amplifiers cannot reject all of the common-mode signal. The ability of a differential amplifier to reject the
common-mode signal is expressed as the common-mode rejection ratio (CMRR).

The DC CMRR is the differential-mode gain (ADM) divided by the common-mode gain (ACM). It is expressed either as a
ratio or in dB:
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AC CMRR for the probe is determined using 3-port, mixed-mode S-parameters for the measured differential mode
response, where A input = S1, B input = S2 and Output = S3 is defined as: where A input = Port 1, B input = Port 2 and
Output = Port 3 is defined as:

The 6 dB term in the AC CMRR equation gives the voltage-referenced response. CMRR generally is highest (best) at DC
and degrades with increasing frequency. A typical CMRR plot for the probe and a flex circuit-based solder tip is shown.

Assessing CMRR error
The CMRR of the probe is shown in graphs assuming a sinusoidal common-mode signal. A quick way to assess the
magnitude of CMRR error when the common-mode signal is not sinusoidal is to connect both leads to the same point in
the circuit. The oscilloscope displays only the common-mode component that is not fully rejected by the probe. While this
technique might not yield accurate measurements, it allows you to determine if the magnitude of the common-mode error
signal is significant. When using the solder-in tips, keep the tip leads the same length to maximize the probe CMRR.

Input impedance effects on CMRR
The lower the input impedance of the probe relative to the source impedance, the lower the CMRR for a given source
impedance imbalance. Differences in the source impedance driving the two inputs lowers the CMRR. Note that single-
ended measurements generally result in asymmetric source impedances which tend to reduce the differential mode
CMRR.
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Differential-mode rejection
When making common-mode signal measurements ((A+B)/2 – GND) with the TriMode probe, it is desirable to reject the
differential-mode signal present between the two inputs. This rejection is expressed as the Differential-Mode Rejection
Ratio (DMRR).

AC DMRR for the probe is defined using 3-port, mixed-mode S-parameters as the following equation for the measured
common-mode response:

The 6 dB term in the AC DMRR equation gives the voltage-referenced response.

Channel isolation
Under ideal conditions when taking single-ended measurements with a differential probe, no part of a signal applied to
one input of the probe would appear on the other input. In reality some portion of the signal on one input does “bleed” over
to the other input, and this effect increases with frequency. Channel isolation is a measure of how much crosstalk occurs
between the two probe inputs. The channel isolation is defined with S-parameter measurements below, where:

A input = S1, B input = S2, Output = S3

A ISOLATION = 20 log (S31/S32 | A Mode

B ISOLATION = 20 log (S32/S31) | B Mode

A typical isolation plot for the probe using a TekFlex solder tip is shown in the following figure. When the probe is used
with TekFlex solder tips, note that channel isolation performance is highly dependent on probe tip attachment lead length.
Good channel isolation requires keeping the interconnect lead length for both signal and ground connections very short.
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Specifications
These specifications apply to the P7700 Series probes when installed on an oscilloscope with a bandwidth greater than or
equal to 20 GHz. The probe performance may be degraded if a probe is operated using an oscilloscope with bandwidth
less than the probe bandwidth. The probe and oscilloscope must have a warm-up period of at least 20 minutes and be in
an environment that does not exceed the allowed environmental limits.

Specifications for the P7700 Series TriMode Probes fall into two categories: warranted and typical characteristics.

Specifications are typical unless noted otherwise.

All specifications apply to all models unless noted otherwise.

Warranted characteristics
Warranted characteristics describe guaranteed performance within tolerance limits or certain type-tested requirements.

For ambient temperature range of 18 °C to 28 °C using a 250 mV step

Small signal rise time
Bandwidth filtered probe and probe tip fixture rise time, all input modes, and step gain settings

Characteristic Differential mode A, B mode Common-mode

P7708 10% – 90% <55 ps <55 ps <57 ps

20% – 80% <35 ps <35 ps <35 ps

P7713 10% – 90% <40 ps <40 ps <42 ps

20% – 80% <28 ps <28 ps <28 ps

P7716 10% – 90% <32 ps <32 ps <34 ps

20% – 80% <24 ps <24 ps <24 ps

P7720 10% – 90% <27 ps <27 ps <29 ps

20% – 80% <18 ps <18 ps <19 ps
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Electrical specifications

Characteristic TekFlex solder-in tips P77BRWSR P77C292MM

Input resistance (A and B inputs),
Differential, Per side (nominal), specifications
are at DC

104 kΩ, ±20% 144 kΩ, ±20% 100 Ω, ±1%

52 kΩ, ±20% 72 kΩ, ±20% 50 Ω, ±1%

Operating voltage window (A and B inputs) ±5.25 V ±10.0 V ±4.0 V

Dynamic range (all input modes), single-
ended input, Differential input

2.5 V p-p 6.0 V p-p 1.2 V p-p

5.0 V p-p 12.0 V p-p 2.0 V p-p

DC gain accuracy (probe and probe tips, all
input modes)

±2%, all gain settings

Output zero with probe and probe tip
(voltage measured at probe output)

±4 mV

Linearity (all input modes and step gain
settings)

±1% of dynamic range
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Typical electrical characteristics
Typical characteristics describe typical performance without guaranteed limits.

Low frequency input capacitance (active tips, A and B inputs)
Single-ended, unused side terminated to 50 ohms

Characteristic Description

P77STFLXA,
P77STFLXB

P77STFLRA,
P77HTFLRA

P77STFLRB,
P77HTFLRB

P77BRWSR P77C292MM

Input C, differential 0.4 pF 0.44 pF 0.7 pF 0.23 pF @ 50 mil spacing NA

Input C, single-ended 0.8 pF 0.65 pF 0.85 pF 0.22 pF @ 200 mil spacing NA

Small signal rise time
DSP-corrected, probe tip rise time using a typical probe response (all input modes)

Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

10% to 90% rise time,

P7720 Differential A and B mode:

P77STCABL: 27 ps

P77STFLXA: 27 ps

P77STFLXB: 36 ps

P77STFLRB: 32 ps

P77HTFLRB: 32 ps

P77STFLRA: 27 ps

P77HTFLRA: 27 ps

Com mode, 29 ps

Differential mode, 32 ps Differential A and B mode, 27 ps

Common-mode, 29 ps
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Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

P7716 All modes:

P77STCABL: 32 ps

P77STFLXA: 32 ps

P77STFLXB: 36 ps

P77STFLRB: 32 ps

P77HTFLRB: 32 ps

P77STFLRA: 32 ps

P77HTFLRA: 32 ps

Differential mode, 32 ps All modes, 32 ps

P7713 All modes, 40 ps Differential mode, 40 ps All modes, 40 ps

P7708 All modes, 55 ps Differential mode, 55 ps All modes, 55 ps

20% to 80% rise time

P7720 Differential A and B mode:

P77STCABL: 18 ps

P77STFLXA: 18 ps

P77STFLXB: 24 ps

P77STFLRB: 24 ps

P77HTFLRB: 24 ps

P77STFLRA: 18 ps

P77HTFLRA: 18 ps

Com mode, 19 ps

Differential mode, 24 ps Differential A and B mode, 18 ps

Common-mode, 19 ps

P7716 All modes, 24 ps Differential mode, 24 ps All modes, 24 ps

P7713 All modes, 28 ps Differential mode, 28 ps All modes, 28 ps

P7708 All modes, 35 ps Differential mode, 35 ps All modes, 35 ps
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Common-mode rejection ratio (CMRR)
Unfiltered probe tip and typical probe response (values are voltage based).

Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

DC >34 dB >30 dB >34 dB

50 MHz >34 dB >30 dB >34 dB

1 GHz >24 dB >24 dB >24 dB

10 GHz >14 dB >14 dB >14 dB

16 GHz - >10 dB -

20 GHz >10 dB (Not applicable for
P77STFLXB, P77STFLRB, and
P77HTFLRB due to system
bandwidth)

- >10 dB

Differential mode rejection ratio
Unfiltered probe tip and typical probe response (values are voltage based)

Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

50 MHz >34 dB N.A. >34 dB

1 GHz >24 dB N.A. >24 dB

10 GHz >14 dB N.A. >14 dB

20 GHz >10 dB (Not applicable for
P77STFLXB, P77STFLRB, and
P77HTFLRB due to system
bandwidth)

N.A. >10 dB

Channel isolation
Unfiltered probe tip and typical probe response

Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

50 MHz >40 dB N.A. >40 dB

1 GHz >30 dB N.A. >30 dB
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Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

10 GHz >15 dB N.A. >15 dB

20 GHz >6 dB N.A. >6 dB

Output zero temperature drift
Voltage measured at probe output

• TekFlex solder-in tips: ±100 μV/°C, from -35 °C to +85 °C
• P77BRWSR: ±100 μV/°C, from 0 °C to +45 °C
• P77C292MM: ±100 μV/°C, from -35 °C to +85 °C

Offset voltage range
• TekFlex solder-in tips: -4 V to +4 V
• P77BRWSR: -10 V to +10 V
• P77C292MM: -4 V to +4 V

Small signal frequency response
Measured as the -3 dB bandwidth for an ambient temperature range of 18 °C to 28 °C

DSP corrected, probe tip and typical probe response, differential, A, B, and common-mode.

Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

P7720 ≥20 GHz ≥16 GHz ≥20 GHz

P7716 ≥16 GHz ≥16 GHz ≥16 GHz

P7713 ≥13 GHz ≥13 GHz

P7708 ≥8 GHz ≥8 GHz

Auto offset accuracy
• TekFlex solder-in tips: Vin ±20 mV
• P77BRWSR: Vin ±20 mV
• P77C292MM: Vin ±30 mV

Offset voltage gain accuracy, probe and probe tips
± 0.5%, A and B inputs, all step gain settings

Nondestructive input voltage range, A and B inputs
• TekFlex solder-in tips: -15 V to +15 V (DC + peak AC), tip attached
• P77BRWSR: -15 V to +15 V (DC + peak AC), tip attached
• P77C292MM: -5 V to +5 V (DC + peak AC)
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DC voltage measurement accuracy (referred to input), including major error terms

Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

4X, ABCD ±(2% of input + 0.5% of offset
+ 11.4 mV + 3.8 mV)

±(2% of input + 0.5% of offset + 27.0 mV
+ 8.9 mV)

±(2% of input + 0.5% of offset + 2.7 mV +
0.9 mV + 6.7 mV)

2X, ABCD ±(2% of input + 0.5% of offset
+ 22.8 mV + 7.5 mV)

±(2% of input + 0.5% of offset + 53.9 mV
+ 17.8 mV)

±(2% of input + 0.5% of offset + 5.3 mV +
1.8 mV + 6.7 mV)

1X, ABC ±(2% of input + 0.5% of offset
+ 44.5 mV + 12.5 mV)

±(2% of input + 0.5% of offset +
107.9 mV + 30.0 mV)

±(2% of input + 0.5% of offset + 11 mV +
3.5 mV + 6.7 mV)

1X, D ±(2% of input + 0.5% of offset
+ 44.5 mV + 15.1 mV)

±(2% of input + 0.5% of offset +
107.9 mV + 35.7 mV)

±(2% of input + 0.5% of offset + 21 mV +
6 mV + 6.7 mV)

½X, D ±(2% of input + 0.5% of offset
+ 91.0 mV + 25.0 mV)

±(2% of input + 0.5% of offset +
215.7 mV + 60.0 mV)

±(2% of input + 0.5% of offset + 21 mV +
7 mV + 6.7 mV)

¼X, D - - ±(2% of input + 0.5% of offset + 43 mV +
10 mV + 6.7 mV)

Time delay

Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

P7700 Series 5.5 ns ±0.1 ns

P77STFLXA 260 ps ±10 ps

P77STFLXB 260 ps ±10 ps

P77STFLRB 685 ps ±10 ps

P77HTFLRB 685 ps ±10 ps

P77STFLRA 689 ps ±10 ps

P77HTFLRA 689 ps ±10 ps

P77STCABL 515 ps ±10 ps

P77BRWSR 260 ps ±10 ps

P77C292MM 846 ps ±10 ps
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Input slew rate
30 V/ns, single-ended, both inputs

System noise DSP (all Input modes)

Characteristic Description

TekFlex solder-in tips P77BRWSR P77C292MM

P7720 <4.2 mVrms <11.0 mVrms -

P7716 <4.0 mVrms <11.0 mVrms -

P7713 <3.8 mVrms <10.2 mVrms -

P7708 <3.6 mVrms <8.9 mVrms -
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P7700 Series TriMode probe models
The P77STLRCB accessory is discontinued.

P7725 probe specifications

P7725 Characteristic P77C292MM P77STFLXA24

Bandwidth (typical) 25 GHz 24 GHz

Differential and single-ended modes only.
Bandwidth is 16 GHz in the common-mode
setting.

Rise time (10-90%) < 20 ps < 25 ps

Rise times in common-mode setting: < 22 ps
(10-90%), < 17 ps (20-80%)

Rise times in common-mode setting: < 27 ps
(10-90%), < 17 ps (20-80%)

Rise time (20-80%) 16 ps < 16 ps

P7720 probe specifications

P7720 Characteristic P77STFLXA, P77STCABL,
P77C292MM, P77STFLRA,
P77HTFLRA

P77STFLXB, P77STLRCB P77BRWSR, P77STFLRB,
P77HTFLRB

Bandwidth (typical) 20 GHz 15 GHz 16 GHz

Differential and single-ended modes
only. Bandwidth is 19 GHz in the
common-mode setting.

Rise time (10-90%) 27 ps 36 ps 32 ps

Rise times in common-mode
setting: 29 ps (10 - 90%), 19 ps (20
- 80%).

Rise time (20-80%) 18 ps 24 ps 24 ps

P7716 probe specifications

P7716 Characteristic P77STFLXA, P77STCABL, P77C292MM,
P77BRWSR, P77STFLRB, P77HTFLRB,
P77STFLRA, P77HTFLRA

P77STFLXB, P77STLRCB

Bandwidth (typical) 16 GHz 15 GHz

Rise time (10-90%) 32 ps 36 ps

Rise time (20-80%) 24 ps 24 ps
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P7713 probe specifications

P7713 Characteristic P77STFLXA, P77STFLXB, P77STCABL, P77C292MM, P77BRWSR, P77STLRCB, P77STFLRB,
P77HTFLRB, P77STFLRA, P77HTFLRA

Bandwidth (typical) 13 GHz

Rise time (10-90%) 40 ps

Rise time (20-80%) 28 ps

P7708 probe specifications

P7708 Characteristic P77STFLXA, P77STFLXB, P77STCABL, P77C292MM, P77BRWSR, P77STLRCB, P77STFLRB,
P77HTFLRB, P77STFLRA, P77HTFLRA

Bandwidth (typical) 8 GHz

Rise time (10-90%) 55 ps

Rise time (20-80%) 35 ps
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Electrical characteristics
Attenuation
• Solder-in tips: 4x
• Browser: 10x
• Coaxial input (SMA) adapter: 0.7x/1.3x/2.7x/5x/10x

Input range

Accessory Single-ended Differential

Solder-in tips 2.5 V p-p 5.0 V p-p

Browser 6.0 V p-p 12.0 V p-p

SMA Adapter 1.2 V p-p 2.0 V p-p

Operating voltage window
• Solder-in tips: ±5.25 V
• Browser: ±10 V
• SMA adapter: ±4 V

Offset voltage range
• Solder-in tips: -4 V to +4 V
• Browser: -10 V to +10 V
• SMA adapter: -4 V to +4 V

SMA adapter termination voltage range

-4 V to +4 V

DC gain accuracy
±2.0%

DC input resistance, differential
• Solder-in tips: 100 kΩ
• Browser: 150 kΩ
• SMA adapter: 100 Ω

Noise
• P77STFLXA24, P77STFLXA, P77STFLXB, P77STCABL, and P77STLRCB (discontinued) tips: < 32 nV/rt-Hz
• P77STFLRB, P77HTFLRB, P77STFLRA, and P77HTFLRA: < 35 nV/rt-Hz
• Browser: < 80 nV/rt-Hz
• SMA adapter: < 11 nV/rt-Hz
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Low frequency input capacitance (differential, typical)
• P77STFLXA24, P77STFLXA, P77STFLXB, P77STCABL, and P77STLRCB (discontinued) tips: 0.4 pF
• P77STFLRB and P77HTFLRB: 0.7 pF
• P77STFLRA and P77HTFLRA: 0.44 pF
• Browser: 0.23 pF @ 50 mil spacing, 0.22 pF @ 200 mil spacing

CMRR/DMRR

Frequency range Min. CMRR/DMRR

≤ 50 MHz 34 dB

> 50 MHz, ≤ 800 MHz 24 dB

> 800 MHz, ≤ 4 GHz 14 dB

> 4 GHz, ≤ 10 GHz 10 dB

> 10 GHz, Less than equal to 25 GHz 5 dB

Non-destructive input range
• Solder-in tips, Browser: -15 V to +15 V
• SMA adapter: -5 V to +5 V

Nominal characteristics
Oscilloscope interface
TekConnect

Accessory connector
TekFlex

Cable length
1.3 m (4.3 feet)

Weight
• Probe cable and head: 3.5 oz
• Probe (comp box, cable, head): 9.6 oz
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Impedance graphs and circuit diagrams
The following graphs show the impedance graphs and circuit diagrams for the P7700 Series accessories.

P77STCABL differential impedance

P77STCABL single-ended impedance
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P77STFLRA differential impedance

P77STFLXA differential impedance
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P77STFLXA single-ended impedance

P77STFLXA24 differential impedance
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P77BRWSR differential impedance

Differential mode P77STCABL and P77FLXA equivalent circuit diagram

Single-ended P77FLXA equivalent circuit diagram
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Differential mode P77STFLXB equivalent circuit diagram

Single-ended P77STFLXB equivalent circuit diagram
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P77BRWSR equivalent circuit diagram with 50 mil spacing

P77BRWSR equivalent circuit diagram with 200 mil spacing
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Maintenance
This section contains maintenance and support information for your probe.

Host instrument firmware
Some oscilloscopes might require a firmware upgrade to support full functionality of the probe. Instruments with lower
versions of firmware might not display all probe controls and indicators on screen, and in some cases require you to
power-cycle the instrument to restore normal instrument operation.

The following table lists the minimum firmware versions for the supported instruments to use your probe.

Instrument Firmware version

MSO/DSA/DPO70000C Series oscilloscope Version 10.7.1 or higher

DSA/DPO70000D Series oscilloscope Version 10.7.1 or higher

MSO/DPO70000DX Series oscilloscope Version 10.7.1 or higher

DPO70000SX Series oscilloscope Version 10.7.1 or higher

7 Series DPO oscilloscopes Version 2.28.18 or higher

To check the firmware version on Windows-based instruments, from the menu bar, click Help/About TekScope. If you
need to upgrade your instrument firmware, go to tek.com to download the latest firmware.

The FLR (long reach Flex) tips require probe firmware version 4.0 or higher.

Browser tip replacement
It may be helpful to have a magnifying device or glasses when performing this operation.

The tips of the P77BRWSR can break during use. If one of the tips on your browser breaks, it is easy to replace the tip
with a new one and be ready to make measurements again in a few seconds. To replace the tip, you will need a pair of
tweezers. Using the tweezers, grip the shaft of the tip and pull downward to remove it. Dispose of the broken tip.

Once the old tip has been removed, retrieve a new, replacement tip from its storage vial in the accessory kit. Grip the
replacement tip with the tweezers and gently push the tip into the socket on the browser’s front end.
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LED indicators
If one of the Input Mode LEDs does not remain on after you connect the probe, an internal probe diagnostic fault exists.
Disconnect and reconnect the probe to restart the power-on diagnostic sequence. If the symptoms continue, connect the
probe to another oscilloscope channel or oscilloscope. If the symptoms remain, return the probe to Tektronix for repair.

There is a Status indicator LED located on the top plate of the probe comp box. This LED turns on when any of the
following conditions exist and remains on until the problem condition is cleared:

• Probe power-on self-test failure (clear by disconnecting and reconnecting the probe)
• Probe tip over-temperature detected (may require forced air to be applied to cool the tip)
• Probe input over-voltage detected (reduce input over-voltage to clear)
• Probe over current detected (adjust Vterm or remove input signal to clear)

Signal display
If the probe is connected to an active signal source and you do not see the signal displayed on the oscilloscope:

• Perform an Autoset operation on the host oscilloscope. This will automatically adjust the oscilloscope settings to try to
display a useable waveform.

• Check the probe tip connection at the probe TekFlex connector. The LED on top of the accessory tip should be on if
the tip is connected properly.

• Check that the input signal is within the allowable input voltage range. The Auto Offset control in the Probe Setup
menu can be used to set the offset of the probe voltages to maximize the probe tip input dynamic range.

• Perform a functional check procedure. This procedure will check that the probe is operating properly.

Measurement errors
• If you suspect that your measurement may not be accurate, and you are using a solder in connection, check that the

solder tip signal and ground connections are correct and intact.
• Checking the signal measurement in some of the other TriMode Input modes may provide some clue if there is a

measurement problem. For example, operating the probe in DIFF mode does not require a ground connection.
Switching the input mode between DIFF and SE might point out a grounding problem

• If the signal being measured is a differential signal, temporarily switch the TriMode input on the probe to A only and B
only and verify that each component of the differential signal looks correct. Switch the probe’s input to the common-
mode setting and see if there is a large and unexpected common-mode signal present on the probe input.

• Remove the tip from the DUT and perform a DC Probe CAL operation on the probe. Passing this DC CAL check will
verify that the probe DC performance is operating within allowable limits and will optimize the probe DC gain and
offset.

• Perform a functional check operation on the probe. This should verify that a fast rise time signal can be measured by
the probe with a comparable probe tip attached.
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Handling the probe
This probe is a precision high-frequency device; exercise care when you use and store the probe. The probe and cable
are susceptible to damage caused by careless use. Always handle the probe at the comp box and probe body to avoid
undue physical strain to the probe cable, such as kinking, excessive bending, or pulling. Visible dents in the cable will
increase signal aberrations.

CAUTION: To prevent damage to the probe, always use an antistatic wrist strap connected to a static-controlled
workstation when you handle the probe. The probe input contains electronic components that can be damaged by contact
with high voltages, including static discharge.

Observe the following precautions when using the probe. Do not do any of the following:

• Drop the probe or subject it to physical shock
• Subject the probe to adverse weather conditions
• Kink or fold the probe main cable tighter than a 2.5 inch radius; minimum bend radius for the solder tips is 0.25 inch

(6.35 mm)
• Solder the tips with excessive heat or duration
• Injure yourself with the sharp tips

See Probe handling best practices (on page 58).

Cleaning the probe
CAUTION: To prevent damage to the probe, do not expose it to sprays, liquids, or solvents. Avoid getting moisture inside
the probe during exterior cleaning.

Do not use chemical cleaning agents; they may damage the probe. Avoid using chemicals that contain benzine, benzene,
toluene, xylene, acetone, or similar solvents.

Clean the exterior surfaces of the probe with a dry, lint-free cloth or a soft-bristle brush. If dirt remains, use a soft cloth or
swab dampened with a 75% isopropyl alcohol solution and rinse with deionized water. A swab is useful to clean narrow
spaces on the probe; use only enough solution to dampen the swab or cloth. Do not use abrasive compounds on any part
of the probe.
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Returning the probe for servicing
If your probe requires servicing, you must return it to Tektronix. If the original packaging is unfit for use or not available,
use the following packaging guidelines:

Preparation for Shipment
1. Use a corrugated cardboard shipping carton having inside dimensions at least one inch greater than the probe

dimensions. The box should have a carton test strength of at least 200 pounds.

2. Put the probe into an antistatic bag or wrap it to protect it from dampness.

3. Place the probe into the box and stabilize it with light packing material.

4. Seal the carton with shipping tape.

5. Go to tek.com for the shipping address.
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