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regf |vePghB%g ‘the transition from ground
| evel ("O" ) to the required current ("Ap" or "An", or
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easy to generate an ideal driving pulse
attlmdnmdﬁand)edbo slow twatachsheragiivgd maaimumdewel s (poi nt
"P* in Fig. 2). Simlarly, nodern power transistors
cq00g3jovi da difectivesecimnitwatoaichices catrant palsants iupigmdmat by

intrinsic transit
connecting a constant (b(S current source to ground and thereby shunting the current

from a device under test (DUT) as shown in Fig. 2. Here, current flow through the
device under test (DUT) is shunted to ground by shunt transistor, Qs, in response to a
control signal at point P which is connected through resistor Rx to shunt transistor
Qs. The desired waveform is achieved in response to the timing generator having a
required period T, “on” time t and “off” fime (T-t). . See for example Krieger et al.
U.S. Patent No. 6,249,137 for CIRCUIT AND METHOD FOR PULSED
RELIABILITY TESTING.

[0004] In general, it is relatively easy to génefate an ideal driving pulse at the gate
of the main shunting transistor Qs (poinf “P” in Fig. 2). Similarly, modern power
transistors can provide both very low on resistance and very fast intrinsic transition
between their on and off states in both directions. A problem is the parasitic

capacitance Co between the output node “C” and Ground (Gnd), which includes the



between their on and off states in both directions. A
problemis the parasitic capacitance Co between the
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SUMMARY OF THE IN.VEN TION

[0007] In accordance with the invention, a charge boost circuit is prov1ded to
fac111tate the rapid recharge of parasitic capacitance assomated with a DUT when
current is re-applied through the DUT. Short bursts of current are prov1ded during the
transitions of the shunt transistor from on state to off state, with the magnitude of the

charging current being greater than the magnitude of the pulsed current. A current



facilitate the rapid recharge of parasitic capacitance
associated with a DUT when current is re-applied
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[0009] Flg 1 illustrates bipolar and unipol ar current
pul ses for use in testing electroni.c .devices. [0010]
Fig. 2 |IIustrates a conventronal pul se current

generator for BRAEF DESG ] RA S
pul sed current generator in accordance W th the
i niP8A) on. Figol AlustFatgs biboldr|and unipblas cumment putses foraust irofesting
a @ul se. %gnérator and charge booster circuit in
acCEHERMEESh the i nventi on. [0013] Fig. 5
“illustrates_another enbodi nent of pul se gener at or
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i nvention. [0014 . 6 illustrates anot her
en¥@dlhent 198 il Hatgéamubgtl ewrrent gendrator in agceusiademwish the

i nventi on. [0015] Fig. 7 illustrates
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the transitions on to o te o
shlwustet caost st agcor@enceDuith Hy invendionr ansi ti on peri od,
booster circuit 10 provides current through switch Sl
whiooh4)f aci | Figa6 #lustrines another embodiment of a charge booster circuit in

. accordance with the invention.

[0015] Fig. 7 illustrates waveforms in the circuit of Fig. 5 ttrith proper setting

20  and improper setting, respectively, for charge boosting.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0016] Fig. 3 corresponds to. the circuit of Fig. 2 with a booster circuit 10 in
accordance with the invention for providing short bursts of current during the

25  transitions from the on to off state of shunt transistor Qs. During this transition
period, booster circuit 10 provides current through switch S1 which facilitates the
charging of parasitic capacitor Co. Since the booster current is much higher than the
current Idc from the current source; recharging of the parasitic capacitcr is facilitated.
Booster circuit 10 and switch S1 respond to control circuitry 12 and the control

30 voltage at node P for shunt transistor Qs.



charging of parasitic capacitor Co. Since the booster
current is nmuch higher than the current Idc fromthe
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is facilitated. Booster circuit 10 and switch Sl
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the transistor gate and the driving signal. [0018] The
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elimnate any parasitic coupling through stray,
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at ihe cogm)n source nod SS even when strong, boosting .
adeltage 3tdhe eospmpn a9urf®aa<§a VEP afhep 5EPRg benstiBe agtion is required.
booster is_based on an unanbi%uous knowl edge of the

ad0U condrencs aperatiometihe bopsieris hpsediomeandmambigtous knewledge
t . : PRGN !
rg’§ u t‘%“'ﬁmgawﬁ‘?“g%&@%??%%@ é‘%/aZFlg%tanﬁf)CS@pgﬁt%F%“ ignded target.

s dne taget ib ginly alresubigng/ i gleoe1lagy Rivelatdede € beingithe [9aine as the
operation. In other words, before the intended timn
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T N RN G AT -
WRRHRst 168 of the measured waveform (peak detector not shown). As the whole idea
is to have Idc flowing into the DUT while the main shunting transistor Qs is off, this
peak, being exactly the same as 6bserved under similar DC conditions, assures proper
operation. Measuring lower or higher level will turn the boosting action up or down,
respectively, in an iterative algorithm which assures proper convérgence after a few

such steps.

[0020] 'To implement the above, the voltage levels at Y1 and X1 must be set
appropriately based on the related data from the peak detector at node C. First and

foremost, no DC current can flow through Qp, meaning that as long as the timing '



is to have Idc flowng into the DUT while the main
shunting transistor s is off, this peak, being

wex@sboseg he sane as observed under simlar DQPCT/US2004/040591

conditi ons assures proper operation. Measuring | ower
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thed/
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other is at constant distance fromit (i.e. Wi VYI

+ voerAds thepre-gdiunied ppest%m jdgsaribgd @bﬂ\@aﬁwo@h@mﬁeﬂlments

at‘)ﬁ%/z%t \[ggv sgiﬁféleggf’ gglp taﬁxps V\F%;\@ltég usrocg aﬁxél ahother fixed

anetifeef ark Ismﬁwln BOBiES.65 arfl & rédpewtively) SinfiBir tdcapaciidr Cha, capac1tors
respect ively. Simlar _to capacitor Cbha, capacitors Cbb
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s BRSO 1 By s v
capae rchpazni:tenceAsqummttY ¥ ¢comnectedenlyad thendaye 60Qh ehgabaly
f I
© negggib e ggk%gg 2u1¥ent flows, Vy is practically equal to Vv1 and resistor Re is not

very significant. The situation is different at the gate of Qp (point X), where under
pulsed operation the waveform differs significantly from Vxi1 and the specific values

of Rf, Ct and even the intrinsic PMOS input capacitance Cip are important.

[0021] In Fig. 5, Vb can be any available low voltage power supply (e.g. +5 V),
while the variable resistor Rp allows pre-setting of VY1 within a desirable range

above and below Vxi, according to the following' relations:
Vxi1= Vb (Rc¢/Ra) - Vbst (Re/Rb) (Vbst = Variable Source)
Vv1 = Vb [Re/(Ra - d + Rp)] — Vbst (Re/Rb) (6 <Rpmax < Ra)

Which implies:



negli gi bl e | eakage current flows, VYis practically
equal to VYl and resistor Re is not very significant.
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X), where under pul sed operation the waveformdiffers
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sw tching action of transistor Qd, the coupli n(gn
C @nramdtleVel(i‘he rawient obruitly prapagaies totthe s®E of 8 (point Kjsdriving it

t I
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PeNESITAd). Aﬂﬂﬁse;_irtf int$ tHekshof ihvertef délh tdiis diver fddBe it Samt Qs,
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state again. The total time from the point Qd turns on and until Qp turns off again

must be less than the minimum duration Qd is on, namely (T-t), for all applications

- and pulse repetition rates supported by the system. In principle, this timing
mechanism could be used for terminating the boosting action; however, to assure the
adequate boosting to achieve the required level at point C, with no excessive
overshoot, an additional mechanism is used. Since [Vds| > 0 is necessary for boosting
current to flow, setting the voltage at S to about the same level of Vdut (point C)

under DC condition (Idc only) will do it properly.

[0024] Having the algorithm properly set, once the high level at C reaches its
desirable value (the same level reached when Idc flows under DC conditions) Qp will

no longer drive boosting current, as its Vds => 0. Shortly after, the voltage at its gate



to Ghd level. Wth @ strongly on, a surge of boosting
current flows into Co and the DUT, quickly charging
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proper_algorithm conrolled.b a al-tine co
D RO CB s derisaril EUe PERSEss IREeREHP o @ 4918 SFFIRE FlACRERSo the
| $ 03RRI atiPruk@Er {nb&Ras negligible effect. From here on, the required

- pulsing action is in effect. For sufﬁc1ently long pulses the voltage at point C will

gradually “converge” to the required level Vcdc even without boosting; however, as
the related time constant is significantly longer than short pulses (typically for t <500
nS), such “convergence” provides little help and efficient boosting is nécessary. Note
that the actual algorithm used for the above iterations is not related to the invention, as
it is a matter of efficient convergence. In reality, binary search or similar approaches
are effective, but the invention is nét limited to one particular algorithm‘or another

and should be held as valid with any iterative algorithm used.



proper level with swtch SI open, no timng generator
applied at P and with Vbst set to a level resulting in

wW005650588 or even slightly negative if necesseeyUSIHNL040591
voltage at point Cis then acquired fromthe peak

depgggor anﬂlé&ifﬁf&&h‘&s‘inﬁ q\}ﬁpﬁ)@e GeE %ﬂ? bs to\{ﬁg Gvalleforms at

Since VXl (and VYI respec are OM/enou
preoigs P 1pB2sX andy CdmfcletntFlg ér)qﬁlgp lng hﬁhd afdd shmsk pioper éditing of

P8, 55756 B R b SR g shovs
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5 Slmagndtutid obA. di sengaged. In the more |ikely case of
Vcp < Vecdc boosting is needed. To initiate boosting,
Vt[9027]3 | NGHRAS Bfé 1Hﬁ§ﬂt1|on1hﬁﬁbée%§1ékéﬁ%9 WiBPr ﬁ“éﬁ@e% s ec1ﬁc
Vcdc. At this point, Vcp is decreased and the proc
i §nﬂ@§é’am£@t the, d@scuphmersglluﬂjratm pEthetioveantion pod mnoMmbeconstrued
e effect.. Fromh

h
A it Bl PRRRR Pl oo sl S Bieeon pay ocour o those
S @kﬂledllﬁ tﬁd att Wih Gupdatiing fréi w&ﬂr&@%%@s@ ofih¥iidtention as

gradually converge" to the required | evel Vcdc even
10 widefipert by Bsapperdeditdtimser, as the related tine
constant is S|gn|f|cantly‘longer than short pul ses
(typically for t < 500 nS), such "convergence"
provides little help arid efficient boosting is
necessary. Note that the actual algorithmused for the
above iterations is not related to the invention, as
it is a mtter of efficient convergence. In reality,
bi nary search or simlar approaches are effective, but
the invention is not Iimted to one particul ar
al gorithm or another and should be held as valid with
any iterative algorithmused.[0026] The waveforns in
Fig. 7 provide nore details as to the waveforns at
points Pl, P2, X and C (refer to Fig. 5). The |eft
hand si de shows proper setting of D (Wi - W),
| eading to the expected output waveform The right
hand side shows insufficient boosting and the
resul ting inproper output waveform due to excessive
magni tude of D. [0027] While the invention has been
described with reference to specific enbodinents, the
description is illustrative of the invention and is
not to be construed as limting the invention. Various
nodi fi cati ons and applicati ons may occur to those
skilled in the art with out departing fromthe true
spirit and scope of the invention as




defined by the appended cl ai ns. CLAI M5 What is cl ai ned
is: 1. A pulsed current generator circuit conprising:
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under test, b) a controlled current shunt for shunting
current frorn the device und&IAﬁﬁg, and c) a booster
circuit for supplying a boo arrent to the device
under test when the controlled current shunt is opened
and current again flows through the device under test,
t hwhebis clagieliig: ati ng recharge of a parasitic

capaci tance associated with the device under test. 2.
The pul sed current generator circuit as defined by
claim1l [ ri ses an NMOS
trgn3| S r?%grcﬂg ﬂ%"'@%ﬁﬁ%? mﬁé{ E&lﬂhﬁmﬁg’nl\/%s transi stor

bet weena)a aetehtgmrgofoe applgingariirtehetoRaddsded irer test,
capaci tance, a_capacitor shuntl ng the NMOS transi stor

for pr ok asangoledeuryent sy for shynfingeurrens Siom thefdevise under test,
NMg transistor and the PMOS transistor, and contro
circuitry coupled to receive a shunt control signal

.and i N o)esipostee cirdidt fot suppdyihg alboostaritiatdnd to the d’e{mee oM test

ransi stor a prOV|S|on of the booster current

wzhwie gentee) f SHITCRETIRTLE gpersdagicurrsat agat Hews Byough the
Cl i {BedmiBetes! fheféﬂ? ng‘hﬁé ahg ?&ﬁa%(a tf'ﬁ%aﬁ@lﬂ%& Q&Laﬂ&e iSociated
approxi mat el y’ equal to the” desi (§) | tage oﬁ
pavﬂstheldpvmapmdclttest 4. The pul sed current generator
circuit as defined by claim3 wherein the booster
circuit includes bias circuitry for the NMOS

transi st maskd Jobdel ééh@fh‘édrsc‘h@ﬁlt\é@ aéﬁxkea By} @inY P WHREEn BR booster
t he PMOS tranS|stor I's larger than the bias voltage on

t WercmvwmnamnsNMOSoyar@mm seriglly corneeted with DPM@Qfbtraisystor

F‘%t ranS|1 t Qr Siedli§ dUFt Lve ﬁurl ng steady
o PEPEesh Y Paeg pdteilia fﬁgtﬂﬁﬁ’%% ' EARAERT Gener at or
Cl r cui ta @paci€drisR@mtindthe NAVIOB 4ravbistor ot ﬁrBﬁdﬁig%ﬂ)C voltage at a

circuitry co Ises first and second operational
argemmoEpaint g@b@ RRMIQS tragsigtor pydbthe PMOS transistor, and

control circuitry coupled to receive a shunt control signal and in response

thereto control conduction on the PMOS transistor and provision of the booster

current.

3. The pulsed current generator circuit as defined by claim 2 wherein the DC
voltage at the common point is approximately equal to the desired voltage on the

parasitic capacitor.

4. The puised current generator circuit as defined by claim 3 wherein the booster
circuit includes bias circuitry for the NMOS transistor and PMOS transistor whereby
bias voltage on the PMOS transistor is larger than the bias voltage on the NMOS
transiétor by a voltagé increment, A, whereby both transistors are not conductive

during steady state conditions.



vol tage, Vb, and a variable voltage, Vbst. 6. The
pul sed current generator circuit as defined by claim4
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anplifier responsive to a voltage between two fixed

vagl t ag of .same voltage, magni tud nd, .0pROsSI § e . .
oo o PSS G Rl RS Th S G ia ARR b Ftprein the bias
bicgaitry dnpideS itst ans kstod op&ratiéhie apparialsirespohsive to a fixed
anplifi'er biases the PMOS transistor. 7. The pul sed

c woltege, \Ge Ared avariable veliage, ¥bstdef i ned by clai m 4 and
i'ncluding a resistor connecting the PMOS transistor to
the device under test to limt boosting current. 8. L
The  pul Bedhlidd eiffentigsneraddr@tircGit b€ definsdish ydgiinne é/hepein the bias
claim4 wherein the control circuitry includes cascade
beircuitey GOFRPTISEl 8 PPFFAtieNnAY ampliHG rsspansiyato 8 vghagedetween two -

appl | r Ui fer ' o o o
e e et JBfaebihe Bl 304 Bl phiify and a variable

t halages tVbst,iwhere Vs tsaset thet NBIGhtraisistordnddhe spegatidnal amplifier
switching to a voltage |evel to open the controlled
c@?séﬁfhegl?Mﬁ)(S.tr@smﬁqiie pul sed current generator circuit

as defined by claim2-and including a resistor

connecting the PMOS transistor to the device under

t g5t t oTild pulsedhmashi geperatorrognotit ad Befinddeb ypalhiged andiinchnting a
generator circuit ef i ned clai.m 2 erein.th .
huriar conmektng s PP Gt RS 05tk fade Fsgio limit boosting
i %ﬁﬁreﬁf.f ng and del ayi ng i nput signals applied thereto,

one buffer controlling the application of a conduction
bias to the PMOS transistor in response to the shunt
cqontrol to.a e level

tRe co r;[t?elc;ﬁ.ﬁ%egi cil\érmreflgﬁng (Hrﬁlr_cui\{ gls Eie edbyc airr} 8 wiRtein the control

circuitry includes cascade buffers for inverting'and délaying input signals apblied

thereto; one buffer controlling the application of a conduction bias to the PMOS
transistor in response to the shunt control signal switching to a voltage level to open

the controlled current shunt.

9. The pulsed current generator circuit as defined by claim 2 and including a
resistor connecting the PMOS transistor to the device under test to limit boosting

current.

' 10.  The pulsed current generator circuit as defined by claim 2 wherein the control
circuitry includes cascade buffers for inverting and delaying inpﬁt signals apblied
thereto, one buffer controlling the application of a conduction bias to the PMOS
transistor in response to the shunt control signal switching to a voltage level to open

the controlled current shunt.



