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Type S-5

SECTION I

SPECIFICATION

Change information, if any, affecting this section will be found at the

rear of the manual.

General Information

The Type S-5 Sampling Head is an input signal process-

ing unit for Tektronix sampling units such as the Type 382,

3S5 and 386. Input characteristics of the sampling system

channel in which the unit is installed are determined by the

Type S-5. The low frequency input resistance is 1 MQ par-

alleled by 15 pF capacitance. It has a 10% to 90% pulse

risetime of Ins or less when driven from a 25Q source. In-

put signals can be either AC or DC coupled. It is the 1 MQ

input that allows passive attenuator probes to be used, such

as the 10 P6010 Probe (3.5 ft. long supplied with the Type

S-5). The P6010 retains the 10% to 90% pulse risetime of 1

ns or less when driven from a 50 source. Deflection factors

range from 2mV/Div to 200 mV/Div without a probe, and

are multiplied by the probe attenuation factor such as 10

for the P6010 and 100 for the P6009.

The Type S-5 can be installed directly into a sampling

unit or used remotely (with the Type 3S2 or Type 355} on an

optional 3 foot or 6 foot extender cable. When used with

a Type 386 Sampling Unit, the Type S-5 is plugged onto the

dual input extender cable supplied with the Type 356.

A portion of the signal delivered to the sampling head

input is coaxially coupled to the sampling unit for use as

an internal trigger signal. The Type 352 allows selection of

the trigger pickoff signal from the Channel A or Channel

B sampling head. Type 3S5 and 3S6 Sampling Units per-

mit use of the trigger pickoff signal only from Channel A.

Use of this trigger pickoff signal is dependent upon the

type of sampling unit and sampling sweep unit used in the

system. See the instruction manual for your sampling unit

and sampling sweep unit for further information.

Vertical deflection factors of the sampling system are

labeled at the top of the Type S-5 as mVOLTS/DIV; the

label refers to the sampling unit Units/Div switch of the

corresponding channel, and does not include any probe at-

tenuation factor.

Digital Unit Programming Connections

The Type S-5 has two contacts at Its rear connector that

program the decimal and units-of-measure lamps of a Tek-

tronix Type 6RIA or Type 230 Digital Unit. These connec-

tions are not used with a Type 3S2 Sampling Unit. When

using a Type 385 or Type 386, one of the sampling head

contacts notifies the digital readout unit, through the sam-

pling unit digital control circuits, that the Type S-5 is a volt-

age measuring head. This causes the Volts lamp of the

digital readout unit to light. The other sampling head con-

tact notifies the digital readout unit, through the sampling

unit digital control circuits, that the Type S-5 basic sensitivity

requires no decimal shift of the numbers around the sam-

pling unit Units/Div switch.
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ELECTRICAL CHARACTERISTICS

Characteristics

The following characteristics apply over an ambient tem-

perature range of 0° C to +50° C and after a five minute

warmup providing the instrument was calibrated at a tem-

perature between +20° C and +30° C.

Characteristics listed below apply only after the Type S-5

has been properly mated to the sampling unit and indi-

cator oscilloscope and after these units have been given

sufficient warmup time. To determine the particular system

warmup requirements, refer to the related amplifier and in-

dicator oscilloscope instruction manuals. A procedure for

mating the Type S-5 to the sampling unit can be found in

the Operating Instructions section of this manual.

ELECTRICAL CHARACTERISTICS

Characteritsics Performance Requirement

Input RC

Resistance 1MQ, -=1%.

Capacitance 15 pF, -E1 pF.

Response to Step (Verify using step 11 of Sec-

Signals tion 5.)

Risetime (10% to Ins or less when driven by

90% 25Q source. BAW, = SOCOM

Pulse Flatness Devi- (Verify using step 12 of Sec-

ation (after 100% tion 5.)

point on display)

0 to 17 ns +2%, —5% or less, total of
7% or less.

+0.5%, —2% or less, total of

2.5% or less.
17 ns thereafter

Maximum Operating

Signal Voltage

DC Coupled 1 V combined DC and AC
peak.

AC Coupled 100V DC and 1 V AC peak-to-
peak.

Safe Overload Input

Voltage

DC Coupled 100V DC or AC peak to 1 kHz.

Derating with Derated 6 dB/octave above |

Frequency kHz to 5 V AC peak at 20 kHz;
no further derating required

above 20 kHz.

500 nV or less, measured tan-

gentially. (Verify using step ?

of Section 5.)

Random Noise

1-1



Specification—Type S-5

Characteritsics Performance Requirement

Loop Gain

(Dot transient

Response)

Adjustable in the sampling

unit to unity for signals up to

500 mV peak to peak; when

the loop gain is adjusted to

unity with positive input sig-

nals, the loop gain will be

within 5% of unity with nega-

tive signals and vice versa.

With 3.5 foot length P6010 Probe compensated
to operate with the Type S-5.

Input RC See the P6010 Probe _instruc-

tion manual.

Response to Step (Verify using step 13 of Sec-
Signals tion 5).

Risetime (10% to Ins or less when driven by
90%) 509 source.

Pulse Flatness Devi-

ation (after 100%

point on display}

0 to 17 ns +5%, —5% or less, total of

10% or less.

17 ns thereafter +1%, —3% or less, total of

4% or less.

Maximum Operating

Signal Voltage

DC Coupled 10V_ peak-to-peak combined

DC and AC peak.

AC Coupled 100V DC and 10V AC peak-

to-peak.

Random Noise SmV or less, measured tan-

gentially. (Verify using step 15

of Section 5).

ENVIRONMENTAL CHARACTERISTICS

Storage Operating

Temperature—

—40°C to +65° C 0° C to +50° C

Altitude

To 50,000 feet. To 15,000 feet.

Vibration Will operate during and after

15 minutes along each axis at

0.015". Vary the Frequency

from 10 to 50Hz in 1-minute

cycles. Three minutes at any

resonance point or at 50 Hz.

Shock

Will operate after 1000

g's, Y sine, 1% ms dura-

tion, 2 shocks per axis.

Total of 6 shocks.

Transportation Qualifies under National Safe

Transit Committee Test Pro-

cedure Category IV (48 inch

drop).

MECHANICAL CHARACTERISTICS

Finish—Anodized aluminum front panel, extruded aluminum

blue-vinyl painted wrap-around cabinet.

Approximate Dimensions—4/." long; 134% wide; 2” high.

Weight—Net: approximately 9 ounces.
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SECTION 2

OPERATING INSTRUCTIONS

Change information, if any, affecting this section will be found at the

rear of the manual.

General Information

This section provides the basic information required for

operation of the Type S-5 Sampling Head, including instal-

lation and First Time Operation.

The Type S-5 completes the circuitry of some Tektronix

sampling units such as the Type 382. Used with these sam-

pling units, the Type S-5 controls the input characteristics of

the vertical channel by providing the Strobe Generator,

Sampling Gate, Preamplifier and Trigger Pickoff Amplifier

circuits. A Type S-5, Type 382, and a sampling sweep unit

plugged into an indicator oscilloscope make up a sampling

system. A choice of real or equivalent time sampling is

provided by the type of sweep unit used.

The high input resistance (1 MQ paralleled by 15 pF) al-

lows the Type S-5 to be used with the many voltage and

current probes now in use with real time oscilloscopes.

However, maximum performance is obtained using the 3.5

foot version of the Tektronix Type P6010 10X probe sup-

plied. Another very useful probe is the Type P6009, which

gives 100% attenuation with 2ns displayed risetime.

A portion of the input signal is provided to the sampling

unit. In the Type 382, this signal is selected from Channel A

or B, and returned to the front panel Trig Out connector for

external triggering of sampling sweep units.

Function of Front Panel Controls

COUPLING Switch

AC position The Type S-5 accepts only the AC compo-

nent of the input signal.

DC The Type S-5 accepts both the AC and the

position DC components of the input signal.

DC BAL This control is adjusted to balance the

Type S-5 Gate circuit. Such balance mini-

mizes the zero DC offset trace shift when

the sampling unit Units/Div switch posi-

tion is changed. The DC BAL control also

may be specially adjusted to eliminate

trace shift when the Variable Gain con-

trol is adjusted on any single mV/div

switch setting and a particular setting of

the DC Offset control. The DC BAL con-

trol must be readjusted whenever the

signal source resistance is changed. (Ex-

amples of source resistance change are

changes in probe types or from probe in-

put to coaxial line input. Changing the

probe from one source impedance to an-

other will not affect DC BAL.)

Installing the Type S-5 Sampling Head

Fig. 2-1 shows the Type S-5 partially installed into a Type

352 Sampling Unit with Type 561B Oscilloscope and Type

3T2 Random Sampling Sweep. The sampling head (or

heads) can be plugged into the sampling unit as shown, or

used remotely on a special extender cable.

Sampling Head

Fig. 2-1. Installation information.

Three and six foot extender cables are available. Order

the three foot extender cable by Tektronix Part No. 012-

0124-00, or the six foot extender cable by Tektronix Part

No. 012-0125-00. Contact your local Tektronix Field Engi-

neer or Representative for price and availability of these

optional accessories. Power supplies and circuit intercon-

nections are made through the two connectors at the rear

of the Type S-5.

To insert the Type S-5 into the right or left hand compart-

ments of the sampling unit, proceed as follows:

1. Pull the latch knob (Fig. 2-1) outward from the front

panel (the latch knob will push out normally when the unit

is inserted if the knob is left free to move).

2. Insert the Type S-5 slowly into the compartment, so the

two plastic guides in the compartment engage the S-S5.

3. Push the Type S-5 completely into the compartment.
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Operating Instructions—Type S-5

3. Push the Type S-5 completely into the compartment.

4, Push the latch knob to lock the S-5 in place.

To remove the S-5 from the compartment, pull the latch

knob away from the front panel, then pull the unit from the

compartment.

To use the Type S-5 on an extender cable, use as fol-

lows:

1. Pull the latch knob located on the head end of the ex-

tender cable outward from the panel (the latch knob will

push ouf normally when the extender is inserted if the knob

is free to move).

2. Insert the extender cable head end slowly into the de-

sired compartment in the sampling unit so the two plastic

guides in the compartment engage the unit.

3. Push the head completely into the compartment.

4. Push the latch knob to lock the extender cable head in

place.

5. Connect the Type S-5 to the other end of the extender

cable in a similar manner, and set the latch knob to hold it

in place.

6. To remove the Type S-5 from the extender cable, pull

the latch knob on the front panel of the Type S-5, and remove

the unit from the extender cable.

7. To remove the extender cable head from the sampling

unit compartment, pull the latch knob outward from the

front panel, then pull the unit free.

Mating

The vertical deflection factor labeled by the Type S-5,

and the sampling system loop balance (adjusted by the DC

Bal control) must be considered when mating a Type S-5

with a sampling unit.

The mVOLTS/DIV label on the Type S-5 names the deflec-

‘tion factor units of the sampling unit Units/Div switch locat-

ed directly above the label. For example, with the Type S-5

installed in a Type 382 and the Units/Div switch set at 100,

each major division of CRT deflection corresponds to 100

millivolts of input signal (when the Variable control is in

the Cal position). The deflection factor is mated to the

indicator oscilloscope CRT by adjusting the sampling unit

Gain control while the Type S-5 is in Channel B. Refer to

the sampling unit manual for its Gain adjustment.

DC Balance

The DC Balance control of the Type S-5 may need adjust-

ment whenever the sampling head is changed from one

sampling unit to another, is operated on an extender cable

or when changing source resistance. Location of the con-

trol and details of its adjustment are described in First Time

Operation which follows.

2-2

FIRST TIME OPERATION

The First Time Operation procedure utilizes, in addition

to the Type S-5, a Type 382, a Type 561B, and a Type 284.

The Type 284 may be replaced with a square wave signal

source having about | ps period and about 1 V amplitude.

The Type 3T2 Random Sampling Sweep unit is recommend-

ed for use with the Type S-5 because random sampling per-

mits viewing the signal in advance of the triggering event.

Such trigger lead-time is required by the Type S-5 with the

Type 382 to view fast pulses without a pretrigger. The Type

284 is used as a signal source.

Setup Information

1. With the Type 561B Power switch off, insert a Tek-
tronix Type 352 Sampling Unit into the vertical compart-

ment (left) and a Tektronix Type 3T2 Random Sampling

Sweep into the horizontal plug-in compartment (right).

2. Insert the Type S-5 Sampling Head into Channel A com-

compartment (left) in the Type 3S2 leaving the latch knob

free to move. Once the S-5 is seated, push the latch to lock
It In place.

3. Set the Intensity control on the Type 551B fully counter-

clockwise.

4. Connect the Type 561B to a power source which meets

its voltage and frequency requirements.

3. Set the Power switch to On. Allow about 5 minutes

warm-up so the units reach operating temperature before

proceeding.

6. For single-trace operation, set the controls as follows:

Type 382

Display Mode Ch A

Normal-Smooth Normal

A and B Position Midrange

DC offset Midrange (5 iurns

(both channels) from one end)

Units /Div 50

(both Channels)

Variable (both Channels) Cal

Invert Push in

(both Channels)

Dot Response Midrange

(both Channels}

B Delay Midrange

Type 3T2

Horiz Position Midrange

Samples /Div 9 o'clock position

Display Mode Normal

Start Point With Trigger

Sweep Rate 200 ns/Div

Range 10 us

Display Mag xX]

Time Magnifier x5



Period 1 ps

Mode Square Wave Output

Lead Time Optional

7. Connect a Probe tip to GR adapter, (Tektronix Part

No. 017-0076-00) to the Type 284 Square Wave Output

connector.

8. Connect a P6010 (10 attenuation) probe to the Type

S-5 INPUT connector and insert the probe tip into the adapt-

er. The probe should be compensated according to its in-

struction manual.

9. Place the Type S-5 COUPLING switch at AC.

10. Connect the trigger output signal from the Type 284

through a coaxial cable to the External Input 50 © connec-

tor on the Type 372.

11. Advance the Type 561B Intensity control until the free

running trace brilliance is at the desired viewing level.

12. Center the trace on the graticule with the Type 382 A

Position control and/or the DC Offset control. Adjust the

Type 312 Trig Sensitivity control for a stable triggered dis-

play of a two-cycle square wave with an amplitude of

about 4 divisions.

Adjusting the Dot Response Control, Sequential

Sampling

One method of adjusting the dot response control for

unity loop gain is to use a double or multiple-triggered

sweep. This causes each sample to respond to the full sig-

nal amplitude and produce a display similar to Fig. 2-2A

or B.

13. To obtain a display similar to that of Fig. 2-2A or B,

turn the Type 312 Trig Sensitivity control clockwise into the

free run region. Then adjust the Recovery Time control until

the desired display appears.

14. Turn the Channel A Dot Response control to obtain a

display showing unity loop gain (see Fig. 2-2B). Fig 2-2A

shows greater than unity loop gain. This requires counter

clockwise rotation of the Dot Response control to obtain

unity loop gain. The double triggering shown in Fig. 2-2A

and B is useful to adjust the loop gain, but should not be

used in making measurements.

15. After the loop gain is adjusted to unity, turn the Trig

Sensitivity control counterclockwise into the triggered region

for a stable trace of a properly triggered display similar

to Fig, 2-2C.

Adjusting the Dot Response Control, Random

Sampling

16. Another convenient method of adjusting the loop gain

to unity can be shown with random process sampling.

Change the following Type 312 controls:

Before Trigger

Fully Clockwise

Fully counterclockwise

Start Point

Samples /Div

Recovery Time

7. Adjust the Trig Sensitivity control for a triggered dis-

play.

®

Operating Instructions—Type S-5

(C) Properly triggered

Fig. 2-2. Typical display for unity dot transient response adjustment

in normal sequential sampling. (The 10X probe is included in the

mV/ Div.)
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Operating Instructions—Type S-5

18. A loop gain greater than unity will produce a display

similar to Fig. 2-3A. Adjust the Type 382 Dot Response con-

trol for a unity loop gain display similar to Fig. 2-3B. This

method Is also suitable for pulse signals.

DC Balance Adjustment

19. Remove the probe tip from the adapter. Turn the

Type 352 Trig Sensitivity control clockwise to free run the

trace.

20. Insert the probe tip into the Channel A Offset output

and locate the trace with the Channel A Position control.

Adjust the DC Offset control for no trace shift while making

and breaking the probe contact with the Offset output. The

DC Offset is now OV.

21. Switch the Type 382 Units/Div control throughout its

range, adjusting the Type S-5 DC BAL control for a trace

shift of not over one division as the sampling unit Units/Div

control is switched from one end to the other. The DC BAL

control is adjusted with a screwdriver which is inserted into

“4

{A} > Unity loop gain

the hole located on the front panel. This adjustment should

be made when the Type S-5 is shifted from one sampling

unit to another, when operated on a sampling head extend-

er cable and when changing signal source.

If a coaxial line is used in place of the probe, the co-

axial line must be >2ns in electrical length in order to

make the system insensitive to drive impedance for DC

balance and dot response.

GENERAL OPERATING INFORMATION

Input Voltage Considerations

Proper displays of various signal amplitudes require

special attention to the type of time base generation in use.

There are also input voltage limits that must be observed to

prevent either display distortion or damage to the Type S-5.

Input voltage limits depend upon whether an attenuator

probe or coaxial line is used to connect the signal source

to the Type S-5. Table 2-1 shows the maximum permissible

signal voltage and the safe overload voltage for each posi-

tion of the Type S-5 COUPLING switch. Refer to your sam-

pling unit manual for further information on signal coupling.

TABLE 2-1

TYPE S-5 INPUT SYSTEM VOLTAGE RATINGS

Input Signal Safe

SYSTEM Maximum Overload

10X Probe

DC Coupled 10V See P6010

DC + Peak AC instruction manual

AC Coupled, 100 V 100V

DC Voltage

Coaxial Line 100V (DC + peak

DC Coupled, 1V AC) to 1 kHz; de-

DC + Peak AC rate 6dB/octave

above 1 kHz to5 V

(DC + peak AC) at

20 kHz; no further

derating above 20

kHz

AC Coupled 100 V 100V

DC Voltage

Fig. 2-3. Typical display for unity loop gain adjustment in random

sampling operation. (The 10X probe is included in the mV/Div.)
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Unity Loop Gain

Where unity loop gain is required, accurate displays are

possible to achieve only when the input amplitude and the

time base generation mode are both considered. The two

time base generation modes are: (1) normal process sam-

pling, where each dot is displayed in sequence across the

CRT, and (2) random process sampling where the dots are

not necessarily displayed in a sequence that progresses

uniformly across the CRT. The Type 3T2 Random Sampling

Sweep unit presents random process sampling displays in a

controlled sequence very similar to normal process sam-

pling when the Time Magnifier switch is at 1 or X2 and

the trigger signal repetition rate is uniform. The random

process dot sequence is definitely not sequential when the

Time Magnifier switch is anywhere between <5 and X50.

Unity loop gain displays are not usually required when

the signal rate of rise and the sweep rate selected provide

®



a large number of dots for any vertical display change.

Unity loop gain is required for some random process sam-

pling displays, and for normal process displays where there

are either no samples, or less than about 6 samples in a

step transition. (Many dots in any vertical change permits

valid random process displays without unity loop gain

when the Type 312 Time Magnifier is at X1 or X2).

In summary, unity loop gain exists when the vertical chan-

nel (sampling head and sampling unit) will accurately shift

a sample dot 100% of the signal amplitude. The Specitica-

tion Section lists the loop gain linearity limits as --5% for

<500 mV input signals. A 5% loop gain linearity means

that the vertical channel will shift a dot in the positive di-

rection 100% of the full signal amplitude, but minus transi-

tions may shift a dot between —95% and —105% of the full

signal amplitude, and vice versa. (The Dot Response control

thus allows either the display top or bottom to be adjusted

to unity loop gain for close examination of signal detail.)

Unity loop gain is obtained by proper adjustment of the

sampling unit Dot Response control as described in First

Time Operation.

Dot Response Control

Unity dot transient response for a P6010 probe is obtain-

ed with the Dot Response control set near the 3 o'clock posi-

tion. If a 50Q coaxial line (terminated at the Type S-5 with

a 50Q termination) is used, then unity dot transient response

is obtained with the Dot Response control set near the 9

o'clock position. If the Dot Response control cannot be set

to obtain unity dot transient response, then the Type S-5

Pre-amp Gain control R58 should be adjusted.

To adjust R58, which is located on the left side of the

Type S-5, set the Dot response control to the desired posi-

tion and adjust R58 for unity dot transient response by

using the same type of dot transient response adjustment

procedure as is given in the First Time Operation. The head

may be left inserted in the Type 3S2 or mounted on a head

extender for this adjustment.

Smoothing

Setting the Normal-Smooth switch of your sampling unit

to smooth will result in a reduction of displayed noise.

Since switching to smooth reduces loop gain to approxi-

mately 0.3, transient response problems caused by low

loop gain may show up.

NOTE

Smoothing should not be used when the Type

3T2 is used as a random sampler.

A loop gain of less than unity can be useful, if the result-

ing compromise is understood and the system is operated

properly. Random noise in the display is reduced when

loop gain is less than unity, since several consecutive sam-

ples are averaged. The averaging may also slow down

the fastest risetime capability, depending upon the number

of dots contained in the step transition. By increasing the

number of dots (Samples/Sweep or Samples/Div) in a step

transition, the display will follow the actual step transition

more closely. If the number of samples (dots) in the step

transition is reduced below 12 the true waveshape may not

be displayed in Smooth.

®
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Smoothing is normally not needed with the Type S-5

because the noise level of the system is about one minor

division of CRT deflection even when operating at 2

mV/ div.

DC OFFSET Control

The sampling unit DC offset control permits selection of

the offset voltages in the +1V or —1V range when the

input signal is coupled into the Type S-5 with a coaxial

cable or a 1X probe. The offset voltage can be used to

cancel the effect of a DC input voltage of up to +1 V to

—1V. When the Type P6010 (a 10X probe) is used with the

Type S-5, the offset voltage can be used to cancel the

effect of a DC input voltage to the probe of up to +10V

to —10V. A 100X probe extends the range from +100V

to —100V. For additional information on the DC Offset

control, see the Operating Instruction section of the manual

for the sampling unit in use.

Triggering from the Signal

The Type S-5 provides a Trigger pickoff signal to the

sampling unit. This signal is an amplified version of the in-

put signal.

In the Type 382, the signal is selected from the Channel

A or B sampling head and returned to the front panel Trig

Out connector by the trigger circuit. The amplitude is about

10% of the input signal into 509. The Type 3582 (from

Serial Number B040250-up) has approximately 1X _ the in-

put signal voltage into 50Q and is AC coupled.

A Type 382 standard accessory trigger coupling cable can

be used between the Type 382 and Type 312 for triggering

the sampling sweep unit from the sampling head _ pickoft

signal. Connect the cable between the Type 382 Trig Out

connector and the Type 312 500 Trigger input connector.

Operate the Type 312 as if externally triggered. Repetitive

sine or square wave displays are best viewed when oper-

ating the Type 3T2 Start Point switch at With Trigger (nor-

mal process sequential dot sampling.) Fast pulse signals

require random process sampling with the Type 312 Start

Point switch at Before Trigger.

The Type 314 and the Type 3T5 have external trigger in-

put connectors. Both sampling sweep units operate in se-

quential sampling and may be used with the Type 382

providing a pretrigger is available for pulse signal displays.

The Type 385 Programmable Sampling Unit (which has

an internal trigger path) may also be used. Where the trig-

gering pulses have fast rise and have short duration (low

energy content) a method of externally triggering the sam-

pling sweep unit must be devised.

Additional trigger signal information should be obtained

from the sampling unit and sampling sweep unit manuals.

Input Signal Connections

The Type S-5 input circuit has the unusual characteristic

for a sampling oscilloscope of having a 1 MQ input resist-

ance paralleled by 15 pF. (Fig. 2-6, at the end of this sec-

tion, shows the S-5 input resistance and reactance versus

frequency curves.) Normally such an input circuit is avail-
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Operating Instructions—Type S-5

able only in a conventional real-time oscilloscope. The

primary advantage of the 1 MQ input resistance is that

it allows the operator to use a passive attenuator probe,

such as the Tektronix P6010 10 Probe shipped as an acces-

sory to the Type S-5. The 3.5 foot cable length P6010 does

not degrade the S-5 risetime or bandpass limits when driven

from a 25Q or 50Q signal source. All other Tektronix

probes may be used with the Type S-5 with some decrease

in bandwidth. Additional information, such as signal derat-

ing curves, are provided in the instruction manual for each

probe. The 1X P6011, 10 P6010 and some coaxial cable

input systems are descirbed in brief tabular form in Table 2-2.

A second advantage of the 1 MQ input resistance is that

any characteristic impedance coaxial cable can be used as

a signal input connection. Table 2-2 mentions some of the

limitations of 250 and 50Q systems that also apply to any

other impedance coaxial input connection. Primary limita-

tions of coaxial input connections include limited risetime

response of very small cables, and power dissipation rat-

ings of coaxial attenuators. In general, the Type S-5 maxi-

mum risetime and bandwidth performance is obtained

using either a terminated 509 coaxial cable, or the P6010

10X Probe driven from a 25 Q or 50 Q signal source.

TABLE 2-2

Type S-5 Input Systems

System Advantages Limitations Accessories Req'd Source Loading Precautions

1. Terminated 50Q

coaxial line. 250

source.

Fastest risetime

and smallest pulse

distortion.

Full sensitivity.

Kickout from sam-

pler strobe.

DC and AC volt-

age limits.

50Q BNC termina-

tion for input ca-

ble.

15 pF. Reflections caused

by 15 pF input C.

Power limit of ter-

mination.

2. Unterminated Full bandwidth io | Input Z remains R, | Coaxial cable with | 15 pF, 100% reflection
90Q coaxial line. | 2T of cable, then | for only 2T of ca-| BNC connector. sent back to
50Q source. reflections. 2X ble. Reflection source.

sensitivity of sys-| probelms. Strobe

tem 1. kickout.

3. Terminated 500 | Reduced strobe| Reduced signal. Attenuators with | R, only. Power limit of at-
coaxial line with | kickout. | Attenua- correct fittings. tenuators.
attenuators at ter-

mination.

tion of reflections

from 15pF at in-

put. Larger signals

can be displayed.

4. 10X P6010 Fastest of probes May wish to obtain | 10 MQ and 10 pF. | 100% reflection if
Probe (3.5 ft cable). | from low Z source. coaxial cable to driven by coaxial

Reduced strobe |Loss of sensitivity.| probe tip adapter. cable. Max DC
kickout into source. Others supplied voltage at probe
Convenientfor most | Ground clip rings] with probe. tip, COUPLING sw
uses. lns_ rise- | at high frequency. at DC: 500V;
time from 50Q COUPLING sw at
source. AC: 100 V.

5. P6010 Probe tip | Fast pulse duration | Input TC =100 ps. | None. <1 pF. Insulate probe tip
placed next to a] accurately meas- | Uncalibrated verti- from accidental
fast signal circuit | ured. Probe 10 pF | cal deflection fac- contact with circuit.
test point. (Signal | does not load test | tor.

is coupled through | circuit. Can meas-

dielectric around | ure pulse risetime.
the tip.) No ground return

needed.

6. 100 P6009 Large signal meas- | Risetime limited to | Coaxial cable to | 2.5 pF and 10MQ. | Max. DC voltage
Probe. urements, AC and | about 2ns from | probe tip adapter. at probe tip, COU-

DC. lowZ source. Spe- | Others supplied PLING sw at DC:
cial compensation | with probe. 1500 V; COU-
required. PLING sw at AC:

1000 V. Max. AC

signal: 100V _ P-P.

7. 1X P6011 Full sensitivity and | Input C:43 pF for | None. 1 MQ and 43 pF. | Max. DC limit is
Probe. 1 MQ input. 3.5 tt length. Rise- 100 V.

time < 12ns.

8. Tap into termin- | Permits signal to | Probe input C load | Special tap adapt- |See Probe manual.| Reflection from tap
ated coaxial sys- | go to normal load. | at tap point. er such as Tektron- point. Not to be
tem. DC or AC coupling | P6009 does not fit | ix VP-1 or VP-2. used on high pow-

without coaxial at- | tap adapter. er rf lines.
tenuators.
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When connecting the signal from the source to the Type

S-5 input connector, many factors must be taken into con-

sideration including loading of the source, signal losses tn

cables, time of signal propagation in cables, AC or DC

coupling, signal attenuation and matching of impedances

in the case of probes built-into the circuit being tested.

Coupling

If the signal has a DC voltage component greater than

+1 volt referred to the Type S-5 input jack, the COUPLING

switch must be placed at the AC position. (This is true up

to the limits stated in Table 2-2 and on the Type S-5 front

panel.) Signals of 1 volt peak to peak riding on 1 volt DC

are positionable into view using the sampling unit DC Off-

set control. However, low levels signals riding on 2 volts

DC require AC coupling.

Attenuation

Maximum signal amplitude that can be properly display-

ed using the sequential sampling process is 1 volt peak to

peak, and using the random sampling process is 0.5 volt

peak to peak. If the signal at the source is greater, use

either a passive attenuator probe, or a correct impedance

coaxial attenuator. Attenuators used must have a_ band-

pass through about 500 MHz in order to not distort the dis-

play. When attenuators are stacked (used in series) their

attenuation factors multiply. Passive attenuator probes

available are either 10 or 100X as discussed in Table 2-2.

Passive Probe Compensation

The input circuit of the Type S-5 requires special careful

low and high frequency compensation of both the P6010

and P6009 probes. In addition, proper use of either attenu-

ator probe requires that the sampling unit loop gain be set

to unity. Without the sampling unit loop gain at unity, dot

distortion occurs at the leading edge of fast pulses or any

display that has very few dots in the rise. Displays with

over 15 dots in the rise do not require unity loop gain.

Obtaining unity loop gain is best achieved for square

wave signals by free running the sampling unit at 100

us/div or 10 ys/div and connecting the probe tip to a

low frequency (60Hz or 1 kHz) square wave calibrator.

Choose a sweep rate of 100 us/div if the sampling sweep

unit is a Type 3T5 or Type 316. Choose a sweep rate of

10 us/div if the sampling sweep unit is a Type 312, and set

the Samples/Div control for a slow dot movement. The sig-

nal should be 20 to 40 volts peak-to-peak for a 10 probe,

and 40 to 100 volts peak-to-peak for a 100 probe. Set

the sampling unit Units/Div switch to 100 and adjust the

sampling unit Dot Response control until the display is two

moving dots the correct amplitude apart. If the Dot re-

sponse control is set for less than unity loop gain, there

will be four dots with two of them less than proper ampli-

tude. If the Dot Response control is set for greater than

unity loop gain, there will again be four dots, but two of

them will have more than the proper amplitude.

Adjusting the probe low frequency compensation

capacitor. Check in the probe instruction manual whether

the low frequency compensation capacitor is located at

the probe tip barrel or is in the compensation box at the

BNC connector end. Set the S-5 COUPLING switch to

its DC position. Use either a 60Hz or 1 kHz square wave

calibrator when compensating a 10 P6010, but use only

®
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1 kHz or higher square wave calibrator when compensating

a 100 P6009. (The time constant of the 100X probe 10 MQ

and 2.5 pF input is much too fast for proper compensation

from 60 Hz square wave.)

Choose a sweep rate, either equivalent or real time, that

shows several calibrator cycles on the CRT. Adjust the low

frequency compensating capacitor until there is no over-

shoot or undershoot at the square wave leading edge. It

may be desirable to use a false equivalent time display at

1 ys/div. Free run the sampling sweep unit and adjust the

Samples/Div and Recovery Time controls to obtain a very

slowly drifting square wave. Double check that the loop

gain is unity (there should not be one dot significantly

above or below the square wave leading edge.) Adjust the

low frequency compensating capacitor for a flat topped

leading edge.

P6009 Low Frequency Adjustment (Alternative

Method)

1. Set the Type 561B Calibrator for 4V and connect the

100 probe from the Type S-5 to the Cal Out using a Probe

Tip to BNC adapter (Tektronix Part No. 013-0054-00).

2. Set the Type 3T2 controls as follows:

Start Point With Trigger

Range 10 us

Time Magnifier x5

Fully Clockwise

Fully Clockwise

Samples /Div 9 to 12 o'clock

3. Set the Type 3S2 Units/Div switch to 10 and the Type

S-5 Coupling switch at DC.

4, Center the trace and adjust the Type 382 Dot Response

control for minimum trace width. Adjusting the capacitor

(after loosening the lock ring) in the probe body may help

to minimize the trace width. Refer to the probe manual for

this adjustment.

Trig Sensitivity

Recovery Time

A false square wave display can be obtained by care-

fully adjusting the Samples/Div control. Then the corners

of the square wave can be properly set by adjusting the

capacitor and the Dot Response.

5. Check for 4 vertical divisions of display. Adjust the

Type 382 Gain control if necessary to obtain the 4 divisions.

6. Connect the probe and its adpater to a Type 284

Square Wave Output with a GR to BNC adapter.

7. Set the Type 284 controls as follows:

Square Wave Amplitude 1.0V

Period 10 ps

Mode Square Wave Output

8. Externally trigger the Type 3T2 from the Type 284.

9. Set the Type 3T2 Range switch to 100 us and adjust

the Type 382 Dot Response control for unity loop gain. The

adjustment procedure for unity loop gain is given in the

First Time Operation instructions.

10. Set the low frequency compensation of the probe by

adjusting the capacitor in the probe for 2 divisions of de-

flection (20 mV). The Type 284 voltage output is actually

2.0 V since it is not terminated into 50 Q.
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Adjusting the probe high frequency compensations.
The 10 P6010 probe that is shipped as a standard ac-

cessory with the Type S-5 has been properly adjusted at

the factory and no special high frequency adjustments

need to be made. (Such a specially adjusted probe, either

P6010 or P6009, is no longer properly compensated for op-

eration on conventional real-time oscilloscopes.) Should

you purchase additional passive attenuator probes for use

with the S-5, each new probe needs special high frequency

compensation. Be sure to order only the 3.5 foot length P6010,

and only the 15 pF P6009 probes. See your Tektronix catalog

or Field Engineer for part numbers and prices.

High frequency compensations require a fast pulse gen-

erator, such as the Tektronix Type 284 Pulse Generator, and

a coaxial cable to probe tip adapter. The P6010 coaxial

to probe tip adapter Tektronix Part Number is: Probe Tip-

to GR Adapter, 017-0076-00, or Probe Tip-to-BNC Adapter

013-0084-00. The P6009 coaxial to probe tip adapter Tek-

tronix Part Number is: Probe Tip-to-BNC-Adapter, 013-0054-

00. There is no GR adapter available for the P6009.

P6010 High Frequency Adjustment Procedure

I. Set the sampling unit Dot Response control for unity

loop gain and set the low frequency response using the

procedure described above.

2. Place a GR to Probe Tip adapter on the Type 284

Pulse Output connector. Place the Mode switch to Pulse

Output and the Lead Time switch to 75ns. Turn on the

power.

3. Install the P6010 Probe onto the Type S-5 and the tip

into the adapter on the Type 284.

4, Set the sampling sweep unit for an externally triggered

5 ns/div sweep rate. Connect a BNC connector coaxial cable

from the Type 284 Trigger Output connector to the sampling

(A) Type P6010 10x probe (C) Type P6011 1x probe

=FEEas
casts isda , aeii

; maiden.

Fig. 2-4. Risetime and waveform of three Tektronix probes.
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sweep unit 50Q External Trigger input connector. Set the

Sample/Div control to about 9 o'clock. Adjust the Trig

Sensitivity for a triggered display. Check the Type 284 in-

struction manual for the procedure to adjust its TD Bias con-

trol because it may need readjustment without a 50Q ter-

mination on the fast pulser. Use the Sampling Sweep unit

Time Position control to place the fast pulse rise about 1 or

2 graticule divisions from the left edge.

5. Back off the knurled nut that holds the cover over the

probe compensation box and slide both the nut and cover

back onto the probe cable. This exposes the two compen-

sation potentiometers. Use a plastic handle adjustment

tool during the next step.

6. The potentiometer near the cable affects the response

from about 5ns after the step leading edge to about 25ns

after the leading edge. Adjust it until that portion of the

display is flattest. There is a normal peak 8ns after the

step.

The potentiometer near the variable capacitor adjusts

the step leading edge overshoot or undershoot. Adjust it

so that the step corner is at a level which is the average of

the remaining flat portions of the display.

Repeat both adjustments. Replace the compensation box

cover.

P6009 High Frequency Adjustment Procedure

For the P6009, use only a 10 ns/Div sweep rate and ad-

just all three variable resistors in the compensation box

for the best looking square wave. The three variable resis-

tors affect only the first 10 to 20 ns of the step display.

Probe Response

When a fast rise pulse is applied to a probe, it Is desir-

able to know if the risetime of the probe will distort the

waveform of the applied signal and if it does, to what

extent.

The operator may wish to use a Type P6011 1X or a Type

P6009 100 probe in place of the Type P6010 10 probe

that is supplied with the Type S-5. Fig. 2-4 shows the rise-

time capabilities of these probes.

Built-In Probes

A satisfactory method of coupling fractional nanosecond

signals from within a circuit is to design the circuit with a

built-in 50 ohm output terminal. With this method, the cir-

cuit can be monitored without being disturbed. When the

circuit is not being tested, a 50-ohm terminating resistor

can be submitted for the test cable. If it is not convenient

to build in a permanent 50-ohm test point, an external cou-

pling circuit, which may be considered a probe, can be

attached to the circuit.

Several factors must be considered when constructing

such a built-in signal probe. A probe is designed to trans-

fer energy from a source to a load, with controlled fidelity

and attenuation. Both internal and external characteristics

affect its operation. It must be able to carry a given energy

level, be mechanically adaptable to the measured circuit,

and be equally responsive to all frequencies within the

limits of the system. The probe must not load the circuit
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significantly or the display may not present a true represen-

tation of the circuit operation. Loading may even disrupt

the operation of the circuit. When it is necessary to AC-

couple the probe, the capacitor should be placed between

the series resistance and the probe cable to minimize dif-

ferences between the input characteristics with and without

the capacitor. In this 50-ohm environment, stray capaci-

tance to ground has a shorter and more uniform time con-

stant than if the capacitor were placed at the signal source

where the impedance is usually higher and of unknown

value.

Fig. 2-5A shows the parallel method of coupling to a

circuit under test. Resistor R, is connected in series with the

50-ohm input cable to the Type S-5, placing Rs + 50 ohms

across the impedance in the circuit. This method usually

requires the use of an amplitude correction factor. In order

to avoid over-loading the circuit, the total resistance of R,

+ 50 ohms should not be less than 5 times the impedance

of the device (R; in parallel with Z,) requiring a 20%

correction. The physical position of R, will affect the fidel-

ity of the coupling.

Fig. 2-5B shows the series method of coupling to a circuit.

Resistor R; plus the 50-ohm termination replaces the imped-

ance of the circuit under test. If RL is 50 ohms, simply sub-

stitute the 50-ohm test cable with no additional series resis-

tance. It is best to locate R; in the original position of R,

and to ground the coax where R, was grounded.

A variation of the parallel method is the reverse-termi-

nated network shown in Fig. 2-5C. This system may be used

across any impedance up to about 200 ohms. Aft higher

source impedances, circuit loading would require more than

20% correction. The two 100-ohm resistors across the cable

input serve to reverse-terminate any small reflections due to

connectors, attenuators, etc. The series capacitor, which Is

optional, blocks any dc component and protects the

resistors.

Measuring Risetime

The Type S-5 is useful to show risetime and detect aberra-

tions of signals in circuits that are properly coupled to the

Type S-5. The risetime of the generator (or source}, the

coaxial cable, and the Type S-5 must be taken into con-

sideration.

Signals with risetimes as fast as about 4ns can be mea-

sured using the Type S-5 without any special considerations.

Read the 10% to 90% risetime directly from the CRT (or

digital unit) to know the risetime of the signal.

Signals with risetime faster than about 4ns can best be

measured using a Sampling Head faster than the S-5. How-

ever, fair approximations of risetime down to about I ns

can be made using the Type S-5 and calculating the signal

risetime by formula (2-1) below. Formula (2-1) is based up-

on the signal, the coaxial cable, and the sampler having

Gaussian risetime characteristics.

Formula 2-1

T, Signal =VT 1)? — (Tro)? —(T-3)? — (Tra)?
Where T,1 = Displayed risetime

T,s —= Type S-5 risetime

T,3 == Coaxial line risetime

T-4 == Each connector risetime
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