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Product Description

The 571 CurveTracer is a semiconduelor tester with a set of
attractive specifications.

It is a menu-driven, digital, microprocessoe controlled instea-
ment. designed to casily make DC- measurements on several
types of semiconductors,

The 371 bas (he capability of Lesting the following types ol
senticonductors:

- Bipolar Transistors NPN and PNP
- Diodes

- |E D ™

- Thuristors and Trine's

Ta assure thal all funclions work properlv. use the Perform-
ance Verification cieck (Appendix Gl

Product Description
The 571 consists of one unit. Al the front pauel there are

" CRT. sereen monochreme green
0 kevs
Arrav lest sockets with a protection cover
IE.L for power cn indication
Power on switch

The CARUT, is used for the presentation ol the menw’s and the test
resulls,

The 10 kevs are used far selocting the desired function and param-
eters Trom the meme The funclions ol the keyvs are:

Up START CURSOR STORE MENL  COPY
DOWN  STOP

LEFT

RIGHT

In section 3. i Pelail, functions of the kevs are explained in de-
tail.
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Descriplion

The device under lest (DUT) s placed inthe test socket during
dequisilion.

Al test vellages that exceed 20 Volts, The protection cover munst b
in the «losed position.

At the rear panel there ave

Powerinlet with EMIfilter /7 Fuseholder /£ Line Selector
Switch.

- Norm/Test swilch

- Printer autput toran IBM# /7 EPSON® (compatible)
printer.

- Inteisity Control

Functional Description

The 571 Curve Tracer consists of the following functional
maodules:

1. Voe power supply (stimulus Tor DUTT)
2. Compensation amplifier/ ALY Converter
3. Bascdrive/Gatedreive [stimulus tor DUTT)
4. DU test socket's and  kevpad

a. Micre controtoer

6. Video controlfer

7. Power supply

8. Video monitor

The units 2,3, 5,6 and 7 are localed on the mainboard,
Unit 4 is located al the fronlpanel.

Unil 1is located on a separate boared (electrical floatinu).
Linit 8 is o complote monilor,

‘D m WM Mm WM MM M MmO W N

I

i

il

Features

Description

The 371 Crove Tracer offers o namher of Tealures, such as
l. Acgnisition ol

— NPNand PNP irnsislors

- Diades
JEET < MOSERT s, botly N-channe! and P-channe)
Thyristors God Triaes)

[

A Store made that is capahbile of

= Storing 1 picture of o tested deviee in the volatile
tiemory (RAN),

3. A BEROM utility that is capable of

= Storing 12 dilterent meno setap’s in the nen-volatile
maentory, (FKEROM)

1. The intensity can be set by the intensity control on the rear
panel,

~1

A print-out of the screen can be mado by connecting the
Centronics parallel ontpul at the rear (o an IBM e/ EPSON
(compatible] printer.

6. A corsnr mades whoere lwo corsors can be rmos odd along the

displaved curves The s and value of the cursor will be

|
displaved on the lefl side ol the seren,

This leatnre offers vors the possibilin ol inaking acourate
measurements fwithin 2.5 ) in o sel ol displaved curves,

The possibilite ol makiog o verilicatioo tesl,

Dingnostic tiemire availabile o the standard RO
Thee funclion NORN or TEST i selectable v oooswiteh on
Hhoe rean el

v need mare uloemation abaut vour 371 Corve Tracer or ofhier
Tekbromis produets, please contog | vour mearest Teklronis sales
affice or distributor, consult the Tekbronis product catalog, o, in
the Eosovall e Tebironis National Marketing Conter tall-Tree ol

I s0n-426 2200
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Description - Description

Front / Rear Panel
Controls

The tront-pancl of the 571 (see Figure 1-1) has 10 kevs that enable
the operator to select functions and ranges of the 371 curve tracer

R EEr . .. - — R - - "y

y 7

wdmeE 571

- +arrow kevs. do selent ranges, modes and conlrol cursor
pusition.

- Starl Kev. to start execution of the meny selting,

- Menua Koy, to pass contral to the selected menublogk,
- stop Kev. to interrapt or stop a measurement.,

- Store kev, to slore a sot of tesl resulis,

— Cursor kev 1o activate the cursors,

- Copy key. tustarl passing information to a

printer. - e T _" - ‘
1 = L\ — — — ]
- | — — — - T N S
The Tollowing controls and connectors are located on Uhe 571 rear
panel { see Figure1-1):
- Intensity Control, to set the intensity of the display.
- Printor-output connector. Coanect an IBRMdE /EPSONG I = e __*;-’—,, T T T T .
. . . . — e X e et
(Compatible) printer to the Contronicy ® autput connector o ’ X : & |
: ~ 2
make a hardcopy of the sereen , |

R R | I
— Normal/Test swilch, Sclects botween the normal mode and [
the lest mode.

- Power connector /vollage range selector/fuse.

W'

Figure 1-1: FFroant and Rear Panel 571 Curve Tracer
~

1

1-4 Overview
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Preparation for Use

n
‘ Neyl
Prep aratlon for [ ]Se .. Heowreee that the NOBMALVEST swilchy onihe rear ponel s
In i the NORMAL position.
Step - Be sure vou have the appropriate operiding eoviron

ment. Specitications tor temperatire. relative humidity,
altitude, vibrations and cmissions are inchuded in
Appendis B Wearranled Spocitications,

Hefore vouw nse the 371 Curve Tracer, refer to the Safely part of
this chapter foe power source. grounding, and other safety con-
siderations pertaining to the use ol the instrament,

. 'n Step 30 Lease space arovud Uhe instrument Tor cooting. Muintain
Plie 571 s calibrated and ready for use when received. It

. adedquate airflow 1o prevent instronent dumage from
should he free ol mars and seralches and meets all clectrical

internally generated heat, Belore turning oo the power,
] verthy that the spaces around the air-intake holes on the
bottom. sides, top o rear cabinet are free ol any ob-

specilications. I there is damage or deliciency, contacl vour
local Tektronix Field Office or ropresentative,

strucion to aicflow.
The instrument is menu-driven to select the required function
and paramueters, This is o kKind of pap up menw and only rel-
cvanl information is displaved on the scroen,

There are 10 kevs an the [ronl panel to step through the menu
for selecting functions ad ranges.

The analog circuits are complelely microprocessor conirolled,

(N

Step 6 Furn oo vour 371 Curve Tracer by pressing in the
POWER button. Observe that the POWLER-ON indicator,
located above the button, comes o After a few seconds
the menu page appears on the CRT seeeensand te in-
strument is readdy to make nieasurements,

(i

Installation

Step 10 Check that vou have the proper electrical connec-
tions, The 371 Curve Tracer operates from a nominal

(!

ac-power line belween 95 Vand 110 V rms 110
Vand 130V, 200 V and 230 V or 230 V1o 250 V rims,
depending on the power range selting, with any
frequency from 50 Tz to 60 He.

\ §

Step 20 Connueel the proper power cord  {rom the rear-panel
power connector to U power syslem.

i

Step g Check the Tuse lecated in the power connector/vell-
age range selector, on the roar panel). to be sure i s
ol the proper tepe and rating,

& L

| caution

\

This instroment can be duamaged i Hhe wrone ine fuse
is instafied,

R

1 1

=
~1
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Initial Setup

This tutorial get vou started making measurements. using the capa-
bilitios of the 571 Curve Fracer, The (ollowing will be discussoed:

. Initial Setop

. Screens

Initial Setup

The tollowing procedure will allow vou te sel up and oparate the
instrument to obtain e most commonly used displavs.,

Step 1. Verifv that the POWER switch 1s OFF (switchis in the QUT
position).

Step 2. Plug the power cord into the ae power outlet,

Slep 3. Press o the POWER swilch (ON) and let tThe instroment
warm up (30 minules is re ommaended for best accuracy),

Step 4. Observe the MENU screen hetng displaved oo the sereen.

571 User Manual 21
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Initial Setup - Initial Setup

SC[‘EB]]‘; [T et sub-sereens ares:

l 1 - Retrieve Menu

The 571 has two main sereens, the TEST screen and the MENL
sereen, Within the menn sereen there are bwo sub-screens. the

RIFTRIEVT MENLU and the SAVE MENTI,

- Save Menu

1.

Both screcns show 12 focations of non-solatile memory wiich are
marked " Used "o T ENPTY 7

In each sereen the inverse top lne shows which screon is cur- . . ‘ o
Bach localion can store the settings ol g menu sereen.

rently selected,

The inverse bottom line (the prompt lioe) shows which kevs are
valid and how the 571 is going o lest, Pressing a koev thal is not
mewlionsd in the prompt Huoe or pressing bwo kevs at the same
time are cousidered invatid commands, That kind of commands
are neglectod,

Oneexception is the copy kev lo print the screen dala onto a
printer. Pressing the copy kev is alwavs answerad, unless other-
wise stated in the prompt bar In seme cases ne prompt bar is dis-
plaved. During that time oo kevs can be answored,

TESTER MENT?

The line located above the prompt Hoe is the message line. Mes-

/Mmoo o o M MmN T
o

sapes are displaved here. ~
N i J.l
-
The main screens are:
10
Tesl screen y
-
14
This sereen displavs an axis with scale parameters and all
other selected paramelers, Alter the test (acquisition) of o -
device the screen displavs the characteristic corves, !
Menu screen = : :
. . - CUE. e S A P ®xib o« © <MENU >
Fhis screen shows all the tems at can be selected o lest - -

adevice, After power up the 571 cames up with this sereen
and shows the delault seltings.

The Tirst (nol inverse) line is for selecling the function.

The second Tine is for selecting the DU (Theviee Under
Test) e,

lach Hlillhf‘qll{‘ﬂl line represents one test pavimoeter, and lor

Figure 2-1: Menu Screen at Delault

e I )
n

vach parmeter, a vaiue can be selected,
The Tast Hioe gives access to the sub-soreens |

=

Tutorial 571 User Manual 2-4
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Basic Measurements

i}

i

The following measurement examples will enable vou to perform
Dasic mieasurerments and (o becomae familiar with the 571 Curve

Tracer capabilitios, Some applications and exceptions are also indi-

il

catod.

; NOTE

The tests o the following pages aee merelyv exomples, Select
the pocammetors i all the fests carefuliv for vour specifie
device. Excoodine the it values, as indicated in the com-
ponrent daia sheel oy be destroctive Lo the deviee, Espe-
cialiv the vavions breakdown voltase tests can be destractive,

il

(i
[

Transistor Moeasurements

Saturation Voltage Measuremoent
Collector-Base Breakdown Voltage Measurenent
- Temperature Dreift Measureminl
- Loadline Measurement
- Power Limil Measuremuoenl
H-Parmmeter Measurentent
Veeo Measurement

im

)

Field LMot Trimsistor Measurements

- Dvain Breakdown Voltage Measurement
Pinch-O1T Voltage Measurement

)
|

Diode Megsurmments

Lo s o NN S AN s NN TN, Al . (BN, AJE. BN oY, N I o
(B

!

Forward Voltage Measnrement
Reversed Vollige Measurement

3 L

Theristor Measuremen|

Remarks Tor all NMeastiremenls

(e e
T U

Connpare Modae

2 2
[ 4

Lser Manual -1
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Basic Measurements Basic Measurements

J J

Transistor
Measurements

Block Diagram

J J

J J

Curve Tracer. For more details see the 571 Service Mannal
(Fekironix Parl Number 070-7722-00).

Figure 3-1 shows the hasic measurement block diagram ol the 571 !

m ACNPN transistor, tvpe ZN221090 s nsed incthe following examples,
‘ — (A tvpe 2N3904 provides similar resuits,)
Collector Supply
COVER Floating to Prevent
J} Grodnd | oobs = Stepl. Pub the fransistor in e appropriale socket with the leads
b1 o —t i in the correct contucl, as indicated on the front panel (see
B 15 i coven--— 7 Figure 4-2).
g [Bgp | 4ﬁ - A
w L I
‘8 ‘% ‘é — - \\ ! Fant [ |. .
S Ju |E g - ][ Step 2 Press MENTI
- ; . Step 2. 5 )
| - oo —
i \ 1 Step 3. Select the appropriate tvpe and parineters on e menua
B B TST GND .. . o .
o P 7 ![ m = paage. I this example an NPN tvpe is used, but a PN
ERRTST —~t— FANIRN > [2N3906]) provides sinvilar results.
/ 3 -
O \|
MICRO- . - \——&‘——/ ! 1 ; Stepdo o Prossing START will result ina set ol Ve - 1o curves (see
CONTROLLER i o 3= the S o ootreral T el e
N —y L e igure 3-3) that gives a general indicalion of the transis-
% g?es.fg:.:;::m I tar's performance.
E TST GND p—
f 1=
"
FAIL TST =~ —{ ¢ MEASURE )
and — -
@] Analog-Digital — _/\7
Cenvertor
( . |
———
I
! 97 Base Steps C
Y
TST GND o B
f 1 o=
—
! 1 =
—
Rs Collector
— Voltage
Figure 3-1: Block Diagram of the 571 Curve Tracer t i !
- -—
b=
—
- Figure 3-2: ‘I'ransistor Connection Diagram
E |
—
—_— e S— E— — — - - ——
1.2 Measurcment ]*.xamplns t ™| 571 User Manual 1-3
-




Basic Measurements

AQUISITIN Prax = .1 katt  Io/siep = 1804 Nroof staps = 13
Ricad = ... oo
lc ‘-J' s
[
i I3
1 o AP D
TR Y

B

d Sel mvsdiv 5868

Figure 3-3: Vee - Ic curves (NPN transistor)

3-4 Measurement Examples

N XY

v 7
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Basic Measurements

Saturation Voltage
[Vee (sat)] Measurement

Step Lo Press MENU to return o the menn page,

Step 2o Change Ve mas, to 0.5 Vo dstep 1o 50 A stepand
select Rload 10 Ol using the arrow kevs,

Step 3. Pressing START results inaset of carves in the saturi-
tion region of the transistor. Saluration vollages at a given
curreal can be examined. (Figure 3-4)

For closer readout of the satiration voltage press CURSOR and di-
rect the active cursor to the reguired position, The position ol the
cursor is shown al the lett of the graticnle,

Faue cursers doaztt Tovetep = SR WA e of steps = 1)
£
mA/g 1Y i . —_—
o= 5 mfi
I 97 my
£.43 nd |
k=334 |
cdd v . .
<% f/ ;
e o
ra
Tl ——
a 59 misdiy 5
~tez I
Figure 3-4: ‘I'ransislor Saturation Area
a71 User Manual 3-5




Basic Measurements

Transistor Breakdown
Voltages

3-0

Conerallvea breakdown of o reverse biased PN junction is the tran-

sitlon from astate ol high dynamic resistance to astale ol lower
dyviwimic resistunce for increasing niagnilude of reveese current,
The following Lvpes breakdown voltages are commaonly used:

VOEQ - Collector-lo-emitter breakdown vollage. with base open.

VS - Collector-to-emitter breakdown voltage, with base short
circuited to emilter,

VEBO - Collector-to-hase breakdown voltage. with emitler open.

VEDBG - Emitter-to-base hreakdown voltage with collector open.

Asan exinnple of o trimsistor breakdown veltage, a set ol curves
on the 571 shows the Coflectar-Emittor break down valtuges as a
function of I in Fgure 3-5.

Step 1o Press MENU to return Lo the nienu page.

Step 20 Selecl by ousing the arrow kevs:

V0o s . 100V

[ s o 10 mA
histep o 5maA
Prvax 0.5 Walt

Step 3. Pross START,
Notiee that the collector-hase hroakdown voltage is ot
about 6O Valt at a given current (Figure 3-3).

N
Sefect the paameters corefuliv!! 1 nol, this tost can bhoe

destroctive do the device, Befoer to the component dafa shieet
for more fnforordion.

Step 4. Press the STOP bodton as soon as the current rises and
the breakdown starts. to prevent damage to the device,

Measurement Examples

o M M W AN MM A MM Mm@ M M M M M T

L YT TR TR T T YY) T TR VT T T T T Iy Iy X

‘R

a7l

Move t.rsors

Ik= 3 uh
l aLE

4,84 nR

LI

2

34 uA

ot

Basic Measuremenls

Pras =
Kload = 18 r

Figure 3-

Liser Manual

=

a0

Collector-base Breakdown Vollage Curves




Basic Measurements e Basic Measurements

m

Temperature Drifi
Measurement

=

Step 1. Press MENU to relarn Lo the menu page.

m
Step 2.0 Setect by using the arrow kevs: -
) L ) ACOLTSITION Fmax = 7 Hett o Ibsstep = .2 af Nroof gteps = 3
Function............ acguisition continuous, ) Capron m: vop 35
Vee Max........... 200V ]
lomax ... 100 mA
Ihistop oo 200 pA
SUCPS 3 M
Pouax o, 2 Watt -

Slep s, Press START and wateh the curves grow until they took
like in Figure 3-6.

Step ., Press STOP to interrupt the acquisition.

1 N

1 L
T3

) & Wi 2
Foaulsision interrupted.

1§

- Figure 3-6: Temperature Drift Curves

R

R

¥ |

R

3-8 Measurement Examples t ; 571 Liser Manual 3.9
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Basic Measuremenls Basic Measuremenls

ta

Loadline Measurement

- Power Limit
' !! Measurement

Step 1. Pross MENU fo return to the menu page. E [ i Step 1o Press MENU to retar fo the menu page.
Step 2. Select by using the arrow kevs: Step 2o Selecl by asing the arrow kevs:
Function daqudsilion E l _.- Function . _...oacquisition
Voee max........ LAY Vee max .o 30V iremembier the cover!)
Teamax 2 mA - Temax 200 mA
W/step o 1 mA E | " Ihistep 10 mA
SLePs o, 10 - STeps 10
Rluad 1 kG Ricid .25 ¢
M x ; — v i
Pmax 100 1V E | Pimas 0.1 \Watt
Step 3, Press START. The curves will end along the Inadline Step 3. Press START and notice the curves end along & hyvper-
representing a boad of 1kQ. (Fignre 3-7) - hola. (IFigure 3-8)
Eom
rOUISITI Frax = 184 Watt Tbrstes = 1WA Hroof steps = 10 S ‘ . .
e - ¥ ' - N FELIEITION Faax = . Dhatt  losstzp = 10w Mroof steps = L
Rlead = 1 Kdna E | m - 1‘? : t p un Tosteps = 14
2 oo . .. - Rlsad =
i d 1
o E o= 1
o — .
mA i g 4 -
__ (GRS I
Room S
e —
4_’_‘._,_.—7-'1-.-—
B o= l;:
E | WK "
I
V
. E | ' B
¥ | ! Al :
—— | - | | B
4 264 myrdiv 26as E H_S d © bsdiy 3
I<'igu|‘ﬂ 3-7: Loadline Curve F ‘“'i |If4|.l re 3-8: Power curve
3-10 Measurement Examples k ~ 571 Uiser Manual q- 11




Basic Measuremenls e Basic: Measuremenls

H - Parameter Measurements

[hFE, hfe, hoe] i
Static h-parameter measurement (hFE) n
A0LISITIN Frax = .1 811 lesstep = 10 A oot steps = 10
hI'F - Measurement ~ Rlozs = :
- o oz
i ] ) ‘ - 1d G
Stepl. Create the curves according to the delaull soitings. as “;J
indicated at the Vee - [o tesl. {See Figure 8a). _ i
™ , i; {
Step 2. Press CURSOR and notice the cursors appear in the mid- - N 4i 1
dle ol the lowest curve, Frdly
- J

The ht'E at the posilion of the blinking cursor is printed in the
lower lefi corner of the display.

The cursor can be moved by the horfzontal arvow kevs along the
curve. Aller the arrow kev is released. the hFE is updated {or the
new cursor location.

{l

Small signal h-parameter measurements (hfe , hoe)

s s AT, TN, TR, U, W, . TN, TN, TN, Y. . T, Y. J. JEE o)
R

|
hfe - Measurement - o
Step 1. Move one cursor to a specitic position, for instance the ; Y . T T T - - Tﬂ(_‘
highest curve at 4 V. - _
ul d SEB misdiy SERd
Step 2o Press CURSOR Lo swap the activity and move the other -
cursor 1o the same voltage, one curve below. =
- . - - . Figure 3-8a: Vee-lIe Curves
Al divided by Al gives the hie under these specified coudilions of _ = ¢
collector current and colloctor vollage, [ |
hoe - Measurement ;
Step Lo Move hoth cursors to the same curve ((with the vertical
arrow kevs) One for instance at 2V the other at 4 V. -
]
Aledivided by AVee gives the hoe under these specified condi-
tions ol collector current and collector voltage. _
[
3-12 Measurement Examples a 571 User Manual 313
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Basic Measurements

Collector-Emitter Breakdown
Voltage Measurement |V ceo(br]]

Step 1. Remove the base lead of the DUT from the sockel.
(Fora PNP device, interchange the emitter and collector
leads also)

Step 200 Press MENU Lo return to the menu page.

Step 3. Selewt by using the arrow keys:

.................... DI
L1000V
ls max. 1T mA
................. 1 ka2
Promax . 0.1 Watt
Step 4 Press START and observe a eorve as in Figure 3-9.
NOTE:

Your picttre mayv nol Inok as clean as this examplie. irv
unother Rload or other In inax for beller resilts,

Testing Vees Las the same procedure, onlyv the hase lead of the
DUT must be counected o the same contact as the emitter, For
most devices Vees is above 100 Vo which is bevond the range of
the 571,

A, »AF An A ' e e o T MmO WM

3- 14 Measurement Examples t
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Basic Measurements

T TR Prax = .1 natt
Rload = & b
] . . ‘
L f
3
\
|
mAAd
o T
U T T T T T T 1
B 1d Yodiy 1éd
Figure 3-9: Veen Curve Curve
571 User Manual 3-15
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Rasic Measurements Basic Measurements

[

"
[
o

Field Efftect Transistor
Measurements

For this example o JTFET tvpe 2N3216 is used [See Figure 3210 for
proper conneclions).

Step . Connect the DUCT i the appropriate sockel oo the front
panel,

Step 20 Golo the menu page and select:

Funetion ... acquisition !l!

Tvpeo G NSFRT

Vs max. ... 10V .

Td max . ... 20 maA |- ‘

Va/step oo 200 mvV - ; Tﬂk"

OfMfsel o, —-1.200V 3

SHOPS 10

Rlvad

THLHA s LAY . —_ ) . ‘

P [ Figure 3-11:  JFET Curves in Depletion and Enhancement Mode
Slep 3. Pross START and observe a set of cnrves as in .

Satre 211 - ‘ o
Figure 41 Phercurves above the curve Va = 0V in Figure 3-11 reprosent the

enbiancement made, the carves below Voo o Vorepresent the dopli-
lion mode,

—/\— - Notice the highest curve at Vg = 800 m VoAt that drive voltage. the
nie P s the electrical properlics ol o good conductor,

I adddition, alacdrive voltage above abont 600 my he gate-channel
diode opons sothe aule current is chinging from substantial zero o
Hli alew A (The driving source is a vollace sonree!).

- This eftect onlyv happens with | fevs, Usually, P e s dee driven in
depletion made,

Gate Steps D

Rs Drain

i
Voitage -

NOS-FET S can b driven as well in enhancenient node as in de
pledion monle, depending of e Pepeand purpose.

.

Figure 3-10: FET Connection Diagram

ik
i

3- 16 Measuremenl Examples
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Basic Measurements

Drain Breakdown
Voltage

Step 1. Pross MENU to return Lo the nienu page.

Step 2. Select by using the arrow kovs:

Vds.o 100V
Tl imvax. . 10 mA
Valstep oo 0.2 Vv
Dffset oo, —1.400 ¥V

Step 3. Pross STAR'T and notice the Drain breakdown at about
60V [(See Figure 3-12).

There is another hreakdown vollage: The gate-source breakdown,
This is a destructive test so we will not discuss il here.

NOTE
Select vour paramelers carefudlyi! If not, this test may be
destructive to the device. Roefer to vour component data
sheed.
Press STOP as soorn as the current rises, and the break
down starts, lo preveni diunage to the device.

3-18 Measurement Examples

3
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Rasic Measurements

FIOLISITICN Frax = .5 hatt  Ygrstep = .2 N of steps = .8

zv
Riaad = .. co Cffgey = -Lldde v

AT v
[+
\_\\

Te_k_:

s ———
d | .
g 14 ¥y 144
Figure 3-12: Drain Breakdown Vollage Curves
371 Liser Manual d- 1y
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Basic Measurements

Pinchoff Voltage

Step 1o Press MENT and select by using the arrow kevs:
Vs max. .5 ¥
ll mas . 0,05 mA
Vglstep 01V
Offset -2 150V
Rioad ... 100 Q2
Step 2o Press START. This will result in a picture of the pinch

oftf region of the DUT (FMigure 3-13).

Lising the cursors. vou can delermine exactly at which curve the
DU starts to conduct. By changing the offsel voltage. the pinch
off vottage can be measured within 25 mV.
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Figure 3-13: Pincholf Voltage Curves




Bastc Measurements Basic Moeasurcemenls

'

Diode Measurements .
Forward Voltage -
Measurement -

Mg cursors Prrax = .2 matt

s \ . : \ . lsan = L3¢ Cr
Step 1. Connect a diode in the diode socket an the fronl panel i ] Fiss ot v

in forward direction. i !
Step 2. Press MENUD and select by using the arrow kevs: ™ i
. - RS
FVPe s dindi T
Vi max, .. 1y .
la max. ... 1 mA .l! |
RI()&](I ................. 100 € ?aa FFV
: - . - - 303 A
Step 3. Press START. This resulls inoa curve as in Figure 3-14. I
To caleulate Ri: Press CURSQR and direct the 2 cursors to any 530 ] . . j
position vou like, Ri = AVa divided by ala. T 42 Lo ' : !
Step 4. Press STOP to leave the cursor utility. /
- ; .
- . — — B
- g 189 mysaiy 1gdd

Figure 3-14: Diode Curve in Forward Direction

u!
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Basic Measurements

Reversed Voltage

424

Step Lo Connectazener diode i the diode socket in reversed direc-
fion.
Step 20 Change Viomax,with the right amvew kev 1o the appropriate

value for the zener diodn,
Slep 3. Proms START.

Step 4. Afteracquisition press STORE,

To measure the Torwvard characteristic ol the zoner diode. conneat

e zener in lorward direction.

Step d. Press START.

O one picture, the forward characteristic as weli as the zener

clharacleristic are presented (Figure 3-15}

AMeasurement Examples
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Figure 3-13;
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Basic Measurements
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Zener Diode Curve in Forward and Reversed Direclion
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Basiec Measurements B Basic Measurements

Thyristor
Measurements

_

e TUTSOrs Proar = .1 wztt  Igsstes = .2 +A Ir ot steps = 19
B Rloas = 1 Klen

s

Rlcad

Gate Steps —Z

Anode
Voltage

()
-
=
[mpl
—

(N
L]
Tk e

Figure 3-16: Thyristor Connection Diagram

(9]
9]

AR MR AN MmN AN N AN AN BN e N WY
THENT TRETT

. f
L ﬁ \ Tek
Thyristars are tested the same wayv as NPN transistors, but a mini- ’ ' ' ‘ ' ' ' T
mune R-load of 100 Obim is vequired (See Figure 3-16). " g 2 Wediy 27
The 571 is performing this Rload selection autematically il an -
S.CR s selected. This measurement is excented with a BT151
Lvpe. The 571 does not show vectors with negative AVxx, E
Use the cursor atilily to delermine the range of the curve. - Figure 3-17: Thyristor Curves
Step 1. Select by using the arrow kevs: -
g
TP SCR i
Vi max. o 200V
la max. ... 20 mA E ' |i
tgdslep. 0.2 mA -
Sleps 10
Rivad ... I k.(.).' E n
Pmax. 0.1 W -
Step 2. Press START and notice a curve as in Fignre 3-17. i_ .
1
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Rasic Measurements Basic Measuremenls

(N

Remark for all
Measurements

(¥

(i

Auei3lTIN o

B LG kETt QeUster = X g hroaf steos = )
Precautions bave been taken insida the 571 1o prevent oscillations
inside the DU

Nevertheless it mey happen that some special high {roquency de-
vices stll have o tendency 1o oscillate, This cin he coticed by a
noisy display or the hfe decreasing very suddenly in tie cirvas,
Adding a small capacitor (15 pl7) between emitter and base, or a
1000 pl capacitor between colleclor and base of (he DUT. in the
same sockel, will eliminate the oscillations,

Figures as shown may differ depending on tvpes used,

The 571 has o hardware overcurrent protection and a thermal pro-
tection. Tryving to test a shortcirouit according to the parametoers
in Tigure 3-18. causes the internal thermal protection circuit to
activate after a few seconds. resulting in the meaningliess picture
like Figure 3-18 is.

& Terminate the test quickiv!

(W

S
LUk

()

il
Lol

T div

[s%]

SEE mysary 5ddé

- Figure 3-18: Thermal Protection Curve
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Basic Measurements - Basic Measurements

-

Belore the acquisition starts, the absolute valunes ol the test patan-
olers are nol abtered, bt ALL the polarities are fnverted the

Compare Mode

(! acquisition starts.

Thes celerence device hpe is displived below the word ‘COMPARE
= wpper letl on the sareen, and the Lepe of the device under testis
Plie 571 compare mode feature is intended to compare devices to a -— displaved inverse in the top Hine oo the sereen.
reforemee doviee, During a compare session bwo sels of curves will ‘

be displaved on the screen, The high lighted curve is the refer-
ences i will be retrieved (ronm the memory each time an acquisi-

! During a compars session it is not passible to change scale factors,
The scale factors used to sample the reterence are alse used 1o sam-

()

Lon in compare mode is initiated. | ple the devices under Lesl

The second sot of curves is in normal intensity. This is the sel of

curves ol the device undar test. The compare mode allows the The prompt bar at the boltom of the screen indicates the kevs that

are valid and how they affect the 371,

‘o

comparison of

Diondes to dindes.

b
¥
¥
&
¥
E
) St 0 G g =
£
§
]
]
]
k
]
]

Bipolar transisters of the same Lype (NPN or PNF).

Ripolar transistors of the complementary tvpe (NPN o PNE
and PNP 1o NPND.

5. FET's of the same tvpe (P-FETs or N-FET's).

6. FET s of the complementary type (P-FETs to N-FET s and
N-I1Ts to P-FLTs).

(il

For example

(i

Step b Sclect s COMPARE mode.
NPN
Thu desired lest parameters.

11

Step 2. Hook upa NI'N ransistor i The appropriale socket

Step 3. prss <S5 TART:.

Y

Abter the acquisition the curves are stored as the reference.

1 L

Slep 4. Hook up another NN transistor

Step d. Pross < START .

W

T sets of cnrves rellecting the hwo transislors are displaved.

Step 6. Now hook upa PNE transistor and pross the <UP= or
< DOWN= Lutton,

L\

% \

Measurement Examples 571 User Manual 941
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At a Glance

Front Panel Map

Display af START
Curves or Acquisition
MENU Lines Swilch
page 5-3, 5-9 page 5-9

sTor
Acquisition
Swifch
page 3-10

Sockets
puage 5-13

\

\

o

M m

STORE
Curves
Switch
puge 5-11

(k5T

ot
|
|
|

-

. s AT, D A T AR M M A o mn

e B I
,’//)
X »—//
LA - —
,/”’”/ T
T - —
Change Scale  Show MENU  CURSOR Make a POWER
Switches Switch Mode Hardcopy ON/OFF
page 5-11 puge 5-3 Swiltch Switch Swilch
page 5-12 page 5-14 page 5-22
4-2 At a Glance

”»

.

i ]

nsl

Rear Panel Map

Power Conneclor!
Fuse Holder/

Voltuge Range Selector
puge 1-4, 5-22

At a Glance

Paraliel Printer Output
{Centronics compalible]
Connecotor

puge 1-4, 5-14

SRECUENTY ik

kR MAX 7A0 W

Normal/Tost
Swilch
puge -4, (-2
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Control
page 1-4




Menu Screen

‘N

The Meno servern showes sl Dl ibenes that cane be selocted o Test a

dovice.
Themeno kev will setthe 5710 lothe menu sereen, waiting toe the iesd

(N,

commntnnd {See Flooee 5-11
Proessing thestart ke will perform the same function butalso startsan

SGEMLUGRCEIT OR

dequisition immediately,

Ty

i "

However.when ™ : . ur ‘ o U issolected the
menn or stirt kev owill show one of the sub-soreens Save NMenw or
Ketrieve NMenu.

Y ¥

Menu Lines

in

The 10 menu lines are described next.
The hold /underlined printed ooy pecline is the default setting after
[](l\\‘f?l‘ UI),

(h

line 1.

Acguisition

The folowing Lvpes of measurenient can be selecled Trom
the funetion line:

1 A |

()

The 371 has the abilite 1o store o sel of carves ina
RAN memory (volatile) o sel of cnrves is stored, the
- recat]l lunction becomes part of the meno, With the

- recall linclion. g set of curves can be retvieved from
the memory, aod displaved highlishted on the tes)

. Sreen,

Figure 5-1: Menu Screen

L) Also alb test parameters along with these curves be-
cotne active,

. NOTE

Atpoverup there is no BREGCALL funeiion an the e

RIS AN

In Detail
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Menu Screen

Line 2.

One acquisition (2500 saaples max. ) of the DUT's
curves can boexecuted. Aflerthe nt:quis‘ili(m thecurves
can be examinad, cven when the DUT is removed from
the test socket .

With this funclion acquisitions of the DUT can he
executed continueushv, Afler each acquisition the 571
walls lor 2.5 seconds and starts o new acquisition
without erasing the previous wmeasurement. This is
continuing uutil the stop kev is prossed.

This meusurciment resulls inoa piclare in “envelope”
mode permitting thermal driflt or noise to be oxamined.

NOTE
Ondv the lutest acquisilion cun be used for BAM
slorage or cursor measaiements.,

The 5371 execules oneacquisition. stores the tost curves
i the RAM memory and displavs the curves high
Hghted, This set ol curves is considered to be a refer-
enca. Each subsequent acquisition will be displaved
togethor with this refermce, Pressing the store kev will
miatke the latest acquisition the new reference,

CNEPN P T =T

The type of DU {device under Lest) can be selected on
this line, The 571 autmnatically updates the menu o the
tvepe ol semiconductor that is selecled.

N
Phe 571 doosn™t recognize what vpse of deviee is
ipserted ity sochets, Tiserting a different tepe of
device ara defective component will sive meoaning-
fews curves or ai feast an error messase.,

In Detail
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Menu Screen

2

The Voo mas, determioes the maximum test vollage (col-
lector to emitter] across the DU The volloee is
incremented from 0 to the selected maximum value dur-
g auquisition,

For PN transistors the sien of Vee (eollector 1o emittor)
s changed to minus Por FETs Ve is chanoeed to Vids
(drain ta souree) and DHOGDE and S.CR. displavs Va fan-
ade.

. N R

The omax, determines the corvont limit through the DU
It the imit is reached, that curve will be terminated. 1 the
currenl excecds the Thutl too much, or oo fast. then the
hardware protection circuit activates amd generates
“overcurrent” and the acguisition is terminated.

With NPN and PNP transistors s is e {oollector).

With N-FET and P-FET Ix is Id {drain) and Tor DIODE andd
SAOLKRC I is o (amoded,

With PNP and P-FICT iominus sign appears hefore 1x,

NOYE -
Vinax = 100 Viand bnax = 2 A aeemlooliv exclusive,
Vinox volluges above 20U roquive the protection
cover.

10

The thistep fnction determines the deive o the DU
WHen NPN or PNP or SCR s seleated, the deive is a cuarrent
SO,

When FITT e selected U fhase cirrent) is replaced by vy
[eate voltane] and the deive is voltiuce source with g

Ri 3000 Thenenn e for FET s Tooks Likes

Vudslep i b 0.2 000 1 Vet

Polavities are avlonatica v adapted o N-ar - dovices,
Poarae S ORI s Dofstep {eafe carent )
For DHODE s menn line i blanked.




Menu Screen

Line 6.

Line 7.

Line 8.

Line 9.

When type N-FET or P-FET s selected, an oftset vollage
can be selected with the left and right areow koys, The
amount of oflset is linked o the Ve/step menu line.(For
more inlonmation see ' Table 1-2in Chapter 1Tat Gate Drive.)
The polarity is aulomatically changed when a P-FET is
selected,

Sl 1T 54, n <oE 910

The number ol base/pate sleps is set here.

For FET's, the offset voltage is implemented and The curve
al the offset voltage is also displaved.

For tvpe IMODE this line is blanked.

The load resistor in series with the DU is selected on this
line. causing the curves to end along a load line. I type
S.CRL s selected | three load resistors (10 k€, 1 k& and
100 €2) are available.

NOTE
Selecting 5.0 sets the B Joed to at least 1002

The maximum allowed dissipation in the DUT can be
programmed. A curve that reaches the progrommed maxi-
i power will be terminidted, resulting in curves that
cnd along a hvperbola,

5-06

In Detail
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Meonu Screen

Retrieve Menu

AWhen this lineis selected with the cursor.
is displived tnverses The vight and Tefi arrow kevs toggle
betweoen - annd .
Pressing the starl ar menu ke, with Retrieve Menn inverse,
activites the sube-sorenn SO i
this menu ooe ot ie twelve Tocations in the non-volatile
memory can be selected with the apandd down kevs,
PPressing The start key vetricves the data fronn the selected
LIROM Tocation,
The Main mennowill he displaved with the function. tvpe ol
DU and test parameters releieved (o the KKROM loca-
Hol.

NOTTE
EERON stands for Electrical Frasable Bewd Cinfv
Memare, This device is alsowritahle as o Programnia-
Dle BOM. Afler power ofl no information is lost,

Pressine the start or menu ke with inverse.
activales the sub-screen U SR
Prisssing the start kev again causes all theselections from e
main menu to be saved in the selocted EEROM location.
Thes7will stav inthe EEROM menu, but the function will

change from” 10y

Pressing the stop kev will erase the selected EEROM loca-
Lion, cegardless ofwhether ™ oo 20 Tar

S “has been sedeoted,

Pressing the menu key within the save or retricve menn
function. causes the 371 to retarn to the main oent screen

withoul changoes.,

ANSNNA
The BEROM Bes aoweite preotect alilite, Howrile profect
wos enabled. save and crase commands wifl be tfir-

wied fthar more information, see Section 5. KEROM
Profection P

-l
'
~1




ACQUIEITION
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Prac = L Matt  lovstep = LD N of steps = 12
Rload = . -
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Test Screen

The Lest sereen cotsisbs of aarationle awith the scale faclors and o
list of sefected tost parameters (see Figs 5-200 Hach dot represents
minor division. which s 0.2 division.

Ian acqguisition & performed . the graticale is Billed with curves,

representing the imeasured Lest data

Acquisition

Press tie start key Lo initiate an acquisition of the DU The 371
prepares ilself nccording o the selecled paranielees and starts tik-
ing samples. The resulting curves are displaved immediatels oo the
tesl soree,

I there were curves displived fronca provions scquisition. the dis-
piay will be cloarod Tiest

Hihe displaved cocves were retvieved Trom the RAN memory, the
displov will not be cleared so that both sels of curves wit] he dis-
plaved.

Once the acquisition is started. it may be interrapted noder the
following conditions:

1. Ohvercarrent ocours,

Remedy: Change test paratielers and relry,
Check vour DUt may be dofective!
Message e displis

" . . . - . "

Baseduate deive oul ol ranue,

Check vour PIUCT 0 nany be b tive!

Check il the DU was inserted in thee tesd sockel correct v
The DUT may oot e the tepe selected in the menu.
Message Lines

Liser Manuaal




Test Screen

30 Cover opened during acquisition.
Voo maox, is sel oo 20V, Remuody: Close cover and pross start
kev, Moessuee Hine,

4o Pressing the stop kev.

Press the start key Lo resume ar press the stop Kev Lo terminate,
Anv other valid key terminates the acquisition fundion and
acltivates the related function. Message line:

Display Curves

After the acquisition has heen execated the displayv s (illed with
CTVES.

The DUT may be removed unless Acquisition Conlinuous was
seteclod.

The curves can be examived. relerring Lo the graticaele,

Automatic Adaplibn
of Parameters

The 571 checks belore the start of the acquisition. o determine if
conltlicting parameters are selected,

I 5o, the 87 1 adapls one or more paramelers, priols a messiage on
the screen and starts the acquisition,

There are three types ol messages:

Atvery Tow voltages and very low currenls a transislor may oot
[unction as o transistor. hat as two conducting diodes. One
connecled to the eomitter circoit and one to the colluctor sup-
Pl

The Base current is shared between emitter and collector ran-
domiv resulling i a noisy image, To prevent this a minimum R
Toad is selected, The resulting load Hne is s very steep so the
final cesnll is very close Lo the parameters ariginallv selected.

In Detail

a- 1
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Test Screen

TEthe solected correnl scale I s ereater than Vs divicded by
Rload Conly g small pact ot the Ixoscale will Beogaed s T this case
the Is scade s redoced . and e toll I seate sl beogsed.

The 371 tests the conitter currenl and caleolotes the eollector
current. as: oo e
The maximum selected base cuerentmust Tiowithin the selected

e scale.

o Ihfstep x (number of steps) cxcecds the Tooseale. then the
W/step is reduced.

Iahe maximun Ih s aboot the same value as Lo then the test s
nol very weaningful,

Change Scale

Parameters

I the test sereen the Ixomaxs amd Vxosoniax, can be changed without
returning to the nen,

Clianging these paranteters affects the 371 the same as in the nain
Henu:

—  Press the Lell kev to reduce the maxtmunt test voltage, press the
rivht Kev to increase the maximuom test valtage.

Press the down ke Lo reduce the masimum test carreot. and the
up ke o increase e masimum test curent,

Store

Pross the store kev o stare aoset ol corves in the RAN menony,
Alter o acuisition s been esecated, the set ol curves sy he
storad na RAN semory ter fater investigation or compartson with
other devices,

The messaae Thoe displys:

The corves are displaved highliohted Do this <ituation.

371 User Manual 5-11
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Test Screen ’ -
\
\

I the number ol saniples s too small L the command will he de-
nied and the follewing essage is printed on the screenc:

Sockets

" [T -
" . s
Cursors ~  Socket Description

. - . There are sever pes of sockets on The fraont panei.
IFa set ol disploved coorves st be examined more closely than Pt AT se _]‘1] 13 } }
ihe eraticnle ,i”"m\ he carsor mode is wsed : Al the pins of the sockets are conmected o parallel to the elee-
ol : ! e ' ' ‘ N . . . - o .
tronie circuitey of the 57 Lo Therelore, do not attempl boinstall nuore

— thim one device af g time!
! Fach sockel has ils own lecend. Select the right soeket for the de-

vice!

Step 1. Press the cursor kev to evoke the carsor utility,
Twa cursors will appear on e seeeen in the middle of
the Jowest curve, Lo the left of the graticule information

y N ) B See the manufacturers component data steets for more inlormation.
will be printed on the screen, concerning:

The base or pate drive R .
bl

- The voltage ung the current of the cursor positious. Auxiliary Socket

— M the DU G5 a NPN or PNP transistor, the Hiv at the Board
location of the active (Blinking) cursor is also
-1 ] — o e . . . “ .
printed. - Lhe auxiline socket board delivered with the instrument. fits into

the three banmana plog sockets on the front panel of the 571

Fhe parmneters of the blinking cursor are indicated Small deviees are vasy to insert on the socket hoard.

with o pointer (the smne as the cursor in the menn ; Sonelimes a devicr must be connected (o the banana sockets by test
screcu ). This is the active cursor. — londs,
The masimum voltage (Voo Vd or Vad thal can he appliced is
i D R . R, . R . A—— ' X . - . i .
Step 2. o move the active cursor along the curve press the lefl - 20 Volls (The protective: cover must be closed i the maximam yoll-
or tisht wrrow key. ! ave is more than 20V,
Step 3. Press the up or dawn arrew key Lo juntp to olhier curves.
-
|
Step . Faswap the cursor activitv, press the corsor ke -

To disable the cursor activity press the stop key.
Pressing anv ather valid key disables the cursor activity
and cvokes the reliated Tunction,

NOTR
When Here are insufficiont .srmﬁ,m‘w. e cursor com-
mand il he dended. A message:” o S
‘ v dsdispluved,

1%

rer e, s, a2l (a2} a4 oy -y ary ahl (a2l (ry (a2l (a2l (o (e
(&

R
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Making a Hardcopy

Connecting a Printer

he G?I printer output conneclor al the rear is a4 Centronics s
tvpe. To connect o printer use 4 Centronivs ® cable ([Tektronix parl
number 012-0355-00).

An Epson® or IBM® printer. or al least a printer that is Bpson
and/or [BM compatib]

e, is required.

NOTE
Phe antomatic lnefeced option of the connected printer
should he switched off.
For most printers this is the default position
printer manual !

- Refer to vour

Making the Hardcopy

To make a hard-copy of the displav use the following proceduars

Step 1, Switch on the printer and the 371,

Step 2. Pushithe copy kev, A message appears in the lower left
cdue of the display.

The 571 first check if a printer is connecled and on-line (ready).
Mot o message ™ 10 0 - Coors D mappears at the
promypl line for about bwvo seo nmls and the 571 vesumaes its normal
uperitlion.

IFitsays ™ 1o © ot mchoek i vour printer is Tune-
tinning corres ll\ (I’Hnlm power- on. enough paper, on-line).

When the printer is conuected and on-Tine, the 371 starts
data to the prindter to reproduce a hard copy ol the screen data.

|h|5\11|“

"

A messaee appears ol the prompt barand a
small marker shows the progress ol printing,
Ovce the activity ol passing outpul data to the printer has been

started. e 571 muost complete the process.

3-74 In Detail
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Making a Hardeopy

sitnation ocours, sichas paper conply, the 371 wails
t o that sitoation

IFan errm
antil the printer respands and asks Tor more da
the Tandcopy activity with not beinlerrnpted. Alte
the 371 resumes its normal aperation.

finishing the

lardeopy,

N
The promp! Be i nob sent {o the printer,

NOYE
The aotomatic line feed option of the conpected printer mus
bee OFI Formost printees this s e dejoutl situadion. Refer
foi Vour IJ['J"HU‘I' l”””””!.

571 Ulser Muanual a-15
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Messages

-

Messages

| Ple coerent toto the bise is too Tagh toroenerate aoosahle displio,
sonil s ntontaticallv redieed,
Abthe message line the folloswing messages are possible: I- . .
' The Iy s oo ligh to generate o asable displn so the s is
Reason: During an acquisiion the stop kev hins been prossed, " antonidicalbe moditied,

Pressing the start Kev resunies the acquisition. -
Norh

Fhis messove cun be disploved tosethierwith v

I the voltage o the DUT is set to = 20 Volts, and the cover is not '

closed the 57 prints ™ o0 0 on the screen. The
acquisition will stop until the cover is closed.
Rlgad s increased in order to gela usable display,

oy E R 4. [

The 571 stops acquisition unconditionaliv, regardles of the volt- @ NOTE
age, There is no opportunity 1o resume. This messaee can be disploved fosetherwith
Closing the cover and pressing the stark kev will start a new ac- P
(uisition.
B R TP S L S A S S O A N T

No component inserfed in oo socket oroadefective device 1s
inserted,

B T T S B S el

The current through the DUT excecds the maximum correnl
Remedy: Decrease drive current. or increase Ixx max or increase
Rload.

Pressing thestore or the cursor kev without the minimuon required
number of somples o form o corves will activate this messiage.

Pressing the store kev displavs this message until the carves are
stored,

My, a0 AN MR Mn MR Mmn M mn M e en e e e

3-16 In Detail

J

a 571 User Manual 53-17






