AN 1251
HP 8110A and HP 8114A
pul se generators
PROGRAMVABLE STI MULI
FOR STRESS- TESTI NG
AND COMPONENT EVALUATI ON

I ntroduction: Devices and Tests

WIIl a flash nmenory still be good after a hundred thousand
operations? Does a switching diode switch quickly enough to
avoi d burning energy on the reverse part of the cycle? How
much does a resistor change its value when a pulse is applied?
What is the performance of a |aser? and how nmuch energy can
it withstand? As a designer, you will need answers to these
ki nds of questions rather than risk problens surfacing |ater
in the product cycle.

To get theses answers you will need to switching fairly high
vol tages or currents at rates up to or beyond normal operating
speed, typically neasuring the results on an oscilloscope. This
sounds sinple, but sources nust adapt to different needs if
setups are not to get unwieldly when dealing with situations
such as bipolar as well as unipolar pulses, different |oads,
and -for fatigue tests- |ong, accurate, pul se sequences.

At the sanme tinme, you are | ooking for credible, repeatable,
results and fast turn-around. Progranmmable instruments not only
neet these needs but al so open the door to the statistica
eval uation and automatic reports.

What this Application Note is about
This Application Note starts with a description of a

concrete investigation to illustrate aspects that are conmon
to many conponent eval uations. The Note explains the standard
net hod and t hen suggests how today's pul se generators can
contribute to better neasurenents.

Fol l owi ng this, the Note suggests sone practical solutions
for stimulating |asers, obtaining 3-level signals, and dealing
with ringing when msmatch can't be avoi ded.
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A TYPI CAL COVPONENT MEASUREMENT:
THE REVERSE RECOVERY Tl ME OF A DI ODE

The application is taken fromthe case history of a power-
supply design project. Space requirenents had forced
transfornmer size down so the switching frequency was upped to
conpensate for the small cores. Measurenents showed that the
rectifier diodes were delivering current in the REVERSE
direction. At |lower frequencies it was observed that the
reverse current was in fact a pulse that decayed rel atively
slowy conpared with the switching time. This reverse-recovery
effect of the diodes had to be investigated before proceding
further with the design.

WHAT IS DI ODE REVERSE- RECOVERY?

A di ode behaves sonething |like a capacitor when a forward
bias is suddenly reversed: a transient current is rapidly
built up in the reverse direction, it renmains constant for a
short interval, then decays exponentially to a steady reverse
current value. The transient is due to the apparent charge
produced by minority carriers, and is the cause of late
opening in RF switches, and RFlI and wasted energy in switching
power supplies.
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Figure 1. Typical diode behavi our under reverse bias.
Reverse recovery tinme is the tine (Trr) taken for
the reverse current (lrev) to fall to one-tenth of
its peak value (Ipk-rev).

The tinme taken by the diode to recover tinme is a function
of the recovered charge and the peak reverse current. In turn,
t hese depend on the forward current (and duration also if the
duration is less than a few tines the recovery tine), and al so
on the reverse voltage and the speed with which the bias is
reversed, as well as the properties of the diode itself.

STANDARDI ZED MEASUREMENTS

Wth all these paraneters playing a role, manufacturers and
users need defined test conditions in order to conpare diode
per f or mance.

The US Departnent of Defense |ays down tests for the
reverse recovery tine of diodes in ML-STD 750, Method 4031
Two categories are defined for diodes with forward currents of
1 anmp or less:

Test condition A: forward currents up to 100 mA,
Test condition B: forward currents up to 1 A

Test Condition A

Ideally, a diode -especially fast ones- should be tested
in a matched systemas shown in the foll owi ng di agram of a
M L- STD i npl ement ati on. The diode is forward-biased using a dc
power supply, the forward current being limted to the required
value by the resistor R Wen a negative pulse -coupled by
capacitor C- arrives at the anode, the di ode becones reverse-
bi ased. Depending on the duration and anplitude of the pul se,
the apparent charge will be partly or fully discharged during
the reverse-bias phase. Even though the circuit uses 50-om
source, |oad and cabl es, typical di ode behaviour causes the
effective | oad resistance to increase exponentially when
reverse-biased. This causes reflections which can spoil the
neasurenent. A fairly sinple solution is to add a few neters
of cabl e between source and diode so that the reflections
occur after the reverse-recovery current has decayed.

Fi xed- basel i ne

pul se generator Gsci | | oscope
50- ohm source ---------- If-------- R 50- ohm | oad
(negative pul se) / C | Di ode
Del ay >
line > R
>

I
dc (up to 100 nA
forward current)

C and R decoupl e pul se generator and power supply.
Figure 2: Test-circuit based on ML-STD 750 for Condition A

A di sadvantage of the circuit is that the conponents R and C,
make it difficult to achieve good repeatability.



A better way for Condition A

The above circuit sinplifies if the pulse generator is able
to switch froma positive to a negative level. Not only does
this save a power supply, but the elimnation of R and C
i nproves repeatability.

HP 8110A Gsci | | oscope
50-ohm source------------------------- e 50- ohm | oad

Figure 3: Alternative test circuit using a variabl e-baseline
pul se generator.

Test Condition B

If the above nethod is adopted for forward currents of 1 A
the | oad resistor must dissipate 50 Wpeak power! Admttedly,
t he average power can be reduced by using a |ow duty cycle.
Neverthel ess, the load will warmup and present different
val ues throughout the forward/reverse cycle. To reduce this
problem M L-STD 750 suggests neasuring the current flowinto
a near-short-circuit.

HP 8114A
50- ohm source------------- R Csci | | oscope
/ I
Del ay |ine >
> 1 OChm
>
I
Gnd

Figure 4: Adaptation of ML-STD 750 Condition B test using
a vari abl e-basel i ne, hi gh-power pul se generator

The peak power in the 1-ohm current-sensing resistor is now
just 1 W(assunming 1 A forward current) so the warm ng effect
is nuch smaller. This advantage has been bought at the the cost
of inpedance nmatching -or rather, the lack of it: neither the
50- ohm source nor the 1-ohm current-sense resistor are properly
tem nated. Nevertheless, a delay |ine of several neters of
cabl e can again be used between source and diode in order to
put the reflections out of harm s way.

A PRACTI CAL REALI ZATI ON OF CONDI TI ON B TESTI NG

The HP 8114A pul se generator provides currents up to 1A in
forward and reverse directions. The 7 ns transitions from 1 A
to -1 A are nearly linear between 10% and 90% of anplitude
and are equivalent to a switching rate of nore than 200 A per
m crosecond. M L-STD 750 requires the switching tinme to be not
nore than 20% of the recovery tinme of the di ode under test.
This neans the HP 8114A is suitable for neasuring recovery
times down to 35 ns.

The current-sensing resistor

To reduce tenperature effects, the 1-ohmresistor can be
made up fromseveral resistors in parallel so that each
resistor only disipates a fraction of the total power. A warm
up tinme should be allowed so that a constant tenperature is
achi eved. For accurate current measurenent, the sensing
resistor should be neasured warmwith a precision resistance
net er.

STI MULATI NG LASERS



Whereas m smatch may be tolerable in the circuits used for
testing power diodes, |asers can be destroyed by overshoot and
ringing. Asolutionis to use a series resistor and allow a
small current to flowin the forward direction before the nain
pul se is applied. This avoids the abrupt resistance change
when switching fromoff to on because the | aser is always
conducti ng.

HP 8114A ------mmmmaaamnn AAANA. | aser------
Low level 1 nmA 50 ohm |
Hgh level 1 A |

Figure 5: Near-constant |oad conditions for |aser test.
Usual Iy, the series resistor would be sonmewhat
| ess than 50 ohmto allow for the |aser's forward
resi stance. Note that the resistance nust
di ssi pate a peak power of 50 W

WHAT | F MORE CURRENT | S NEEDED?

For 50-ohm | oads, currents up to 2 A can be generated by
the HP 8114A if Hi-Z source is selected. Disadvantages: slower
transitions (12 ns), no offset. H -Z source should only be used
with a 50-ohm | oad.

If offset is needed, or |oads other than 50-ohns are
driven, the source resistance nust be 50-ohm However, higher
currents currents are feasible by adding co-incident pulses
fromtwo synchronized HP 8114A, the addition being done sinply
with a direct connection between the outputs. The |oad current
is then the sumof the currents supplied by the two HP 8114As.
Rermenber, though, that the load i R product cannot exceed the
voltage limt of a single HP 8114A. Exanple: 2 A can be set up
across a | oad <25 ohm because the voltage across the load is
<50 V.

8114A No.1
| Ofset pul se |
| voltage -------- current ---- |
| source | sour ce [
I I ||
| ----50-ohm----] |
I ||
______________________________ | - -
|
8114A No. 2 | |
------------------------------ | -- |
| Ofset pul se [ Load
| voltage -------- current --- | | <50 Ohm
| source | sour ce [
I | I
| ----50-ohm----- | Gnd
I

Figure 6: A dual generator solution for currents up to
nearly 2 A, with baseline offset if required.
Note that the generators | oad each other so that
the load current is |ess than the sumof the
generator currents.

THREE- LEVEL SI GNALS

O course, if the pulses fromthe two HP 8114As overl ap,



three or four output |evels can be obtained. For better

mat chi ng, a passive adder network is recomended instead of

the direct connection although this does of course nean a 3 dB
power |oss. Both HP 8114As can then work from 50-ohm and so
provide optimal pulse timng performance. However, as the adder
hal ves the signal, direct connection may be essential for

hi gher currents.

ADDER CONSTRUCTI ON

A suitabl e adder can be constructed fromthree equa
resistors star or delta connected (16.67-ohmresistors for the
star, 50-ohm for the delta connection), dinmensioned to carry
the required power (up to 50 W peak).

3-level coms codes such as HDB3 can be generated with the
8110A by adding the outputs of the two data channels (Interna
addition can be used for frequencies up to 50 MHz. For higher
frequenci es, use an external 50-ohmresistive pul se adder such
as HP 15104A.

For signals greater than about 14 Vpp (i.e., /-7 V w ndow),
use the HP 8110A channels to trigger a pair of HP 8114As.

PREVENTI NG RI NG NG

M ni mum over shoot and ringing are achi eved when operating
from 50-ohminto 50-ohm If the |load is not 50-ohm a series or
paral l el resistor should be added close up to the DUT so that
a properly-term nated connection can be achi eved.

If a 50-ohmtermination is inpracticable, reflections can
often be drastically reduced by slowing transitions with the
help of a lowpass filter at the 8114A output. In an appli-
cation requiring 2 Ainto a 6-ohmload, the 26% overshoot was
reduced to 8% by slowing the edges to 17 ns. This was achieved
using a pi-filter (Figure 7) at the outputs of the HP 8114As
(two being used to obtain the required current of al nbst 2A).

Figure 7: Sinple filter to increase transition tinmes and
hence reduce misnmatch effects.

Further inprovenent could be obtained by using multi-
segnent filters and including a Collins elenent to natch source
and | oad i npedance.

Approxi mation of |ow pass pi-filter (Figure 7) conponent val ues
1. Deternmine cut-off frequency, fo
Di vide 350 by the required transition tinme Tr.
Exanpl e: for required Tr of 20 ns, fo=17.5 MHz.

2. Calculate ac inpedance, Zo=0.8R Assuning source and
| oad resistance are 50 ohm Zo= 40 ohm

3. Calcul ate capacitor values C=1/2pi fo Zo
For fo=17.5 Mz and Zo=40 ohm C=200 pF

4. Calcul ate inductance val ue L=2C Zo"2.
Usi ng the foregoing values for C and Zo, L=640 nH



Approxi mation of Collins values for L and C
1. Calculate C1 value from Cl=1/{2pi fo[Rs (R R)"0.5]}
Wiere Rs and R are the source and | oad val ues.
Assum ng Rs=50 ohm R =10 ohm
Cl = 110 pF

2. Calculate C2 =1/{2pi fo[R (R R )70.5]}
= 247 pF

3. Calculate L from1/{(2pi fo)~2} Ceff, where Ceff is the
series equivalent of Cl1 and C2, 76 pF.
Hence L = 1 uH



