PULSED CURRENT GENERATOR-CI RCUI T W TH CHARGE BOOSTER FI ELD OF THE
| NVENTI ON [0001) This invention relates generally to circuitry for testing
el ectrical conponents and circuits, and nore particularly the invention
“relates to current pulse circuitry fqQr use in such testing. BACKGROUND OF

THE | NVENTI ON [ 0002) Current pul ses are often enployed in testing

el ectrical conponents and circuits. Wien high repetition rate current :
pul ses are r PHLSEN CURRENBGENERATOR (CIREUIE VITH CHiI4RGE BOOSTER t he
desired pul se waveformis usually rectangular. Therefore, the transitions
between current |evels nust be abrupt with mninmal overshoot to
effectively p_%m__m' @$F riog: INERgRocurrent drive at each level. See Fig. 1
for bipolar and unipol ar current pul ses, respectively. ldeally, the
transition f grourd. . - (" Q" - | : Ay or "An",
or generall y[m] for @}Sr%giy el%(lt:lf)f‘;r/%ial ssgghe}@&{o%geghfs O%ﬁsﬁﬁ@%lsgm?& I n
reality, howes@ponentcind dimnis,tand nsort pleticulailyeheaintention feltdsao cafreny gubser each
the required maxi mum |l evel A [00031 An effective technique to achieve
current pul seEcuiy forpsede SRAdeHIPE: connecting a constant (DC) current source
to ground and thereby shunting the current froma 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 poBACKGRAIEBNDOF THREIBEYIENTIGNough resi stor Rx to shunt
transistor Q. The desired waveformis achieved in response to the timng
‘generator haygope) a CageithalePatiofdn tmplaRd il teding elRoicaldomponkne abd - t) . .
See for exanple Krieger et al. U S Patent No. 6,249,137 for CIRCU T AND
METHOD FOR PUISHD 1) Jngh repeitiqERTY syrent polsas are feqpiedy BF exsmpledvitle| at i vel y

ransi ot or  cRutpe ARtk Bracth daid P REa Bzt REvERES ie BloalyFectHelig (| 29
can provi de Phérbforérilie tramsitiohsbesihanaenilsdely atupt bosirupmiith ndnieal r ansi ti on
ggﬁ \Qgietn i Ehe_l gve?'e?ho%? 90 gftfgcti%gl?rtpggvibg th%%tgngéc{ c?ug}‘elnggrsn}e :ft\ 6%21(1) PG!VEE] éese I-I ig.el

for bipolar and unipolar current pulses, respectively. Ideally, the transition from

ground level (“0”) to the required current (¢ ‘Ap” or “An”, or generally “A” for

simplicity) is abrupt, as shown in Fig, 1. Inreality, however, such transitions {ake

time and can be too slow to reach the required maximum level A.

[0003] An effective technique to achieve current pulses is implemented by
connecting a constant (DC) 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
deviée; under test (DUT) is shunted to ground by shunt transistor, Qs, in response to a
control signal at point P which is connected through resiétor Rx to shunt transistor
Qs. The desired waveform is achieved in response td the timing generator having a
required period T, “on” time t -and “off” time (T-1). . See for ex-ample' Krieger et al.
U.8. Patent No. 6,249,137 for CIRCUIT AND METHOD FOR PULSED
RELIABILITY TESTING.

[0004]  In general, it is relatively eaéy to génei‘ate an ideal driving pulse at the gate
of the main shunting transistor Qs {point “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



capaci tance Co between the output node "C' and G ound (Gdd), which includes
the 2 output, capacitance of Q, any stray-capacitance associated with the.
DUT, the output capacitance of the DC_,current source and any ot her

capaci tance i ntroduced by the test ?‘up, such as.cabl es or test :

| iixtures. Reﬂxlpmtm&htmcab@s,lanamwyﬂpa&mb msdtctatéPwith theDUT fHleidughdt, -
since it is stron&g% f rﬁa to Idc and to the current -sinking -capability
of Gs. .5 WiHPHY B OF thed X cusept sowse mgnm@ehc#t@qﬁmn@;mw by thedestf
current |evel Wy i:fi

characteri st |S(§tsup: %\“‘th;?%dra E%f% Fgévstfg%trdr'eg'n?%ﬁ %delir]# gﬁ?rgét%%%‘ﬁ EIESW glevel i
fact, the proliffeoult sinté itiis stebrigly tebatedioddp atidapte cﬁﬁénﬂmlﬁhg &fability BOQEVer

to assure_pr current operation both @, and the DC current source
st be. odrf 1 WA CEHEHCAPPIRBIaR AR sk degaese Gisumontdevdndl isgl y

0005}:. This l. t her than
Curront | ar o TPPACR &Ral R RAligRtu AR Ea eI h IO b
relatively | pegformanceendsiodvers. Inifytt the pmbﬁaﬁ(i:hlﬁxﬁled it lowngiarbdreyrl (A or

G ound, depend| \%Pon theoﬁgem fic transitian) therefore i nderently
generating f &8 SHEEpiSphewever tp pssurs proer high Ferentaperation batheQs ﬂmi:ﬂl% is

csimply di verse o @, welntatb E&Q% s ‘

si mul t aneously. Wi . I's o%?ﬁﬁ(ﬁ%ﬂﬁ%g@%ﬂ% fa?t%n‘{aﬁ'g % the steady
state 1evel Vgcordm@lidut)(ldc) with atine constant : (Oo)(Rdut) As | ow
current applications often require Rdut of several ki l-0- ohns (kn) and Co

is rarely | e$@00Span. TR linkitationds ﬁa%ﬂ|1§§uegvheh'ivf6ﬁa§@g§1k@§'¥amér tﬁﬁlvﬁ.{r?én tpgs of
nanoseconds. ,On_ t he_ ot her. hand, since Ron is ver |scF1arges '
very qui ckl. y”ﬁ@ﬂ\éﬁd &O%ﬁ?% spRIgep e sapable 0f¢m\§ﬂéé§@m‘g€1ﬁhrwan‘remhﬂdel ay.

0006] The f litating fast rrent
'E rans} tion Frg % Br%%ﬁiﬂ% eﬁlgﬁg‘\#%ﬁ%&r‘%ﬁlﬁ?& M‘#’eﬁl‘efp °1§%§§‘E%'ﬁ‘m)a| ly
shorter t hanﬂteha‘oreehhemdtlpgémtmgfaﬁwaﬁﬂhoﬁ@ Infthe pul%@dctﬁ‘lréﬂi s@tﬁl‘cé@ﬁs‘épld%m e

m ni mal P er shoot dz Y OF THE | NVENT] ON
is simply diverted to Qs while it is on, as Co dlscharges through Qs simultaneously.

While Qs is off, Co is charged exponentially to the steady state level Vo =
(Rdut)(Idc), with a time eonstant 1= (Co)XRdut). As low current applications often
require Rdut of several kilo-ohms (k) and Co is rarely less than 20 pF, the resulting
time constant is several tens of ttanoseconds On the other hand, ‘since Ron is very

20 small Co discharges very quickly afier Qs enters its on state; thus posmg no pracﬁcal
delay.

[0006] The present invention is directed to facifitating fast current transition from
0 to A through DUTwith transition time, tr, substantially shorter than the related pulse

. duration, t,, t,, and with an acceptable minimal overshoot.
25
SUMMARY OF THE INVENI[‘ION

[0007] In accordance with the invention, a charge boost cirouit is provzded to
facilitate the rapid recharge of parasitic capacitance assoclated with a DUT when
current is re-applied through the DUT. Short bursts of current are prowded during the
30  transitions of the shunt transistor from on state to off state, Wlth thé magnitude of the
charging current being greater than the magnitude of the pulsed-current. A current



100071 In accordance with the invention, a charge boost circuit is provided
to facilitate the rapid recharge of parasitic capacitance associated with

a DUT 'when current is re-applied through the DUT. Short bursts of current

"are provided during the 30 transitions t he .shunt transistor fromon

state to off ;state, with the magni tude of .the charging, curr.ent being
greater than 1%%5?4?’%‘&8‘&’_@?”%3% ot. eé’é’ﬁ?&ﬁicélﬁ?gpaﬂc%h?gsxev?l t.er prevents
over char gi ng gfactdiRatlBd bASkRdoting AP BRIANGS: WtRNEPNsewNdbig unacceptabl e
overshooting 1n the resulting current pulse waveform [0008] The invention

and objects at ur f W i | : QM t he
fol [ owi ng deﬁgﬁpﬁéﬁ de_s'g]?el %??{gﬁﬂ;ﬁg"olg egeﬁdgggémlgan{éw\%gﬁﬂ? gﬁ‘{é‘ﬁe}é‘ﬁ th the
drawi ngs. BRIdppaiknbGieiihe @lovRng HetalDePadshkRidrofidodppended claiins mitshrtakes

bi pol ar and unj pol ar current pulses for use in testing electronic devices.
10 [0010] SFi gmtgthq%mt es a conventional pulse current generator for a
DUT. * 10011] Fig. 3 illustrates a pulsed current generator in accordance
with the invention. [0012) Fig..4 illustrates one enbodi nent of a pul se
generator and charge booster circuit in accordance with the invention. 15
[0013) Fig. 5 illustratesBRIBFNESERIBTIONOFIHE DRAVWINGSer at or and
charge booster circuit in accordance with the invention. [0014] Fig. 6
i|Tustrates gppgdler ermigd iMRBiated bipokhandianipelastatent pllsey for bk inaga@igdance
with the invention, toots] Fig. 7 illustrates wavefornms in the circuit of
Fig. 5wth m&g@@m%@‘f@q&ﬁg 20 and i nproper setting, respectively, for
charge boosting. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS® [ 0016]
Fig. 3 cdfredfioris to Kipe dlustrates a oonvepgonap pulse hurgen gosarator firaddU. 10 i n
accordance with the invention for providing short bursts”of current during
the .25 .transifpoons fr digthidiustratésoa pilbedstiatent génesdtomih abcadancetvoith @ Duri ng

this transition |
' . mvention.

[0012] Fig. 4 illustrates one embodiment of a pulse generator and charge

booster circuit in accordance with the invention.

15 [0013] - Fig. 5 illustrates another embodiment of a pulse generator and charge

booster circuit in accordance with the invention.

[0014] Fig. 6_illu$tfates another embodiment of a charge booster circuit in

. accordance with the invention.

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

20 and improper setting, r-espectivély, for charge boosting.

DETAILED DESCRIPTION OF JLLUSTRATIVE EMBODIMENTS

[001 6] Fig. 3 corresponds rto' 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, boostercircuit 10 provides current through switch S1 which facilitates the
-charging of parasitic capacitor Co. Since the booster current is much hfgher than the
éurrem Idcfrom the current source; recharging of the parasitic capacitdr 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.



period, boostercircuit 10 provides current through switch Si which
facilitates the -charging of parasitic capacitor Co. Since the booster
current is much higher than the current Jdc fromthe current source; .
recharging of the parasitic capacitor is facilitated. Booster circuit 10
and swi tch Sgbi7pspon®ig @ is aeéHedlati€ of 616 erhbodigicanel thbpuiedbiént 2enatdlot age
at node P for shunt transistor : 4- 40017] Fig. 4 is _a schematic of one

embodi nent  o¢f ¥ige3 prielefirtheninstrstethnoster sircuibl 0 ppdcorgralisirevit 12 Herrthe

il lustrates bhooster clrcul L ntrol. circuj wHere the tin-ng

genor ator - ot g el bR ARG e LBt br dimaiE R dfgnibter B

transi stor Qia twodetivly 66rineaietd Yuffers ae,c:t;@dxithwhaenﬁfféiqnvaﬁngvi paRelaniauf fer:

i nverti 2‘% its.input signal 5 while addi n(& a smal | del ?)d/c é d). The.resulting
3

wavef or n® at while agding admallielay (e Abe sgsyiting waneforms ab 2 atid tistiegwn i n t he
figure. Note that 10 r.esi stor ' gt critical and is
comonl y aqdf?dlef%g{ Q'g%ﬁ%\ggia{j@%?%c 1§?Bflﬁep{i§lhr§ ?&t@gﬁg}eﬁgupﬁ%h%@ ﬁsﬁorgat e
and the dri vRRes SotditRical 44404 8pmibbaly aaded fist tovoid ﬂﬁéﬁthoﬁ%iﬂ?oétﬁ@e;rﬂﬁ@s'f er
shown at 10. The path of the 10 current 1njected by the booster into the
out put node nsispgaeandibedrivigsigngl.or On  and PMOS transi st or

Qo, capacitor Cba and resistor Ry. As booster activation/deactivation is
done el ectroiodt8l | y, Theresodfghetirawi fouhs 8k bopsiershowmatel(. iThreaath ofithy

parasiti.c coupling.thr tr C citance and | eaka | star sets
B “ppdD batberl fuctetBeheih g BRPER T Sodf{ corirResa M eerar e
over shoot s. a}ﬁ;@a@@cﬂr&saist&ttga,icapa%%ﬂ:sé@:&erﬁis{&m@ A8BGskerone | ~ or nore).
to assure constant (DC) voltage at the common scdurce node S, even when = .
st rong boostactiyatiyfeastivaiiondg dppeglectroniialiy ] therolsent swpieh &liipjusbio ¢liminateost er
I s based on an unambi quous know,,edge of .the ac | cogdi.tions at node Cin
oal t e il SN BHEe SRV SRS caPoitts A HRkneE REUIOTET st ally
resul ting " hipgbr boi@id 8dRe bevsthg dlrdi €S atoil OV licithy SlMRrgdoveRfiodl. I esul ting
vol tage | evel under _simlar DC operation. In other words, before the

i nt endedSt i Fapgcirfebaissufficiendlyage (aboptiens kF semore) toleswegenstasd PEYel and
the resul ti %ita%?ét;tpggqﬂnoﬂ%gﬁrcgnbﬁe @&%Hrvﬂ%nas%ng%ggﬁﬁfgdacﬁ%ﬁ X reqlrlipeed.t ' mng

generator is ac
[0019] Proper operation of the booster is based on an unambiguous knowledge

of the actual conditions at node C in real timne and comparing to an intended target.
The target is simply a resulting “high” voltage Ievel at node C being the same as the
20  resulting voltage level under similar DC operation. In other _Words, before the _
intended timing generator is applied, Idc is set to the required level and the resulting
voltage at node C is measured and acquired. Next, the timing generator is activated
and the resulting voltage at C is measured, using a peak detector which acquires the.
highest level of the measured waveform {peak detector not shown). As the whole idea
25  isto 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 Boostin_g action up or down,
respectivély, in an iterative algorithm which assures proper g:on§ergeﬁce after a fow

such steps.

30 [0020] “To implement the above, the voltage levels at Y1 and X1 must be-set | v
appropriately based on the related data from the peak detector at node C. First and
~ foremost, no DC current tan flow through Qp, meaning that as Jong as the timing -



and the resulting voltage at C is neasured, using a peak detector which
acquires the highest |evel of the neasured waveform (peak detector not
shown). As the whole idea 25 is to have I_g_;c flowing into the DUT while the
“main shunting transistor s is off, this “peak, being exactly the sane as

observed under_simd ar b ‘ [ A rabd ). uring
Cover or i gnepat e nef PR EHbHRE OO BT PR Shtfta o¥iBe
respectivel yfoligwing relafibstt i ve al gorithm whi ch assutes proper convergence
after a few such steps. 30 [00201 To inpl enent the above, the voltage

l evel s at- Yl and X1 nust be set appropki gt\@gpy__bﬁed on the rel ated data
fromthe peak detector at node-C. First and "forenost, no DC current can

flow through Qo, neaning that as'long as the timng . 5 signal at P is not
applied either @ or n is off. This requirenent is satisfied by the

fol |l ow latiaon;, Wxi -, Wi Vip - Vol .5 wh tn.l Sitive.f
Lohancendh: “bB<lin Whbsit i hutiBent it TG RSyRIR Wbl ¢ o
enhancement &r}%égﬁ% tdreghdmRemeaiingtpotitive fr dldtionY |%1MHEP%, When@"bi nat i on

of depletion N transi stor () and enhancément P transi stor tQ) is
sel ect ed andcasbimating of dejletiandVM Qfbsaisister (1) und enhancelhenttPMOS teasistati . e.

vtnd = Ivtpl).,. t] ' [ l. i { ~hi gh th Wi . t
{1 ow t hr ougrtes is S6Tep i And FspFieet et P0nGheoBfies e AoRRT B SEmP Qi ¥ he ot
a volt may be pgfledetfiig Wi blighitly 16 Se‘f‘tl%(atn Vo 458610E A6 DA Eriritat ﬂbﬁdﬂfdﬂgﬁr[?%mce

the optimal différence Vxi -~ Wi T nown, the system nust keep it r
each andGevehyrerlitye an exia tsafety margint of a fove tenthgrfarmoli may baadded\as part ofi g. 4

I s unnecessar.ly, c er Sonme. as_i .equikres,.two.. i ende adj.ust abl e
Vol £ age. sour datt SREeg g heddye PR pRf<os Primal SRR Yo PSR
al gorithm agndvAg tBE BRtenh Susl keep isfod BhcHhRE REElel 610 T itHis fdspet, eI = Wi +

A, where 4 is the pre-adjusted constant described above). Two ot her
enbodi nent s, impipmentatipe sty Kig. hisimageassaily sumbersaup gs tidsgerssdoage
source and apn ry fi ' ' espectively.
Similar to Clg@é@&ﬁdgf{l{ @%}abgé;gc%lga%? sies] '\‘;&H’:‘i} dully Bi5¢ thm 3P Yaed B ER

153 internal algorithm, as the other is at constant distance from it (i.e. Vxi = Vyi+A,

‘where A is the pre-adjusted constant described above). Two other embodiments,
where the above is achieved with one adjustable voltage source and another fixed
source, are shown in Figs. 5 and 6, respectively. Simiiar to capacitor Cha, capécitors
Cbb and Cbc are sufficiently large to assure DC conditions at Y1 and at X1,
20 respectively.. Resistors Rd are added to avoid loading the operational amplifiers with
| large capécitance. As point Y is connected only to the gate of Qn, where only
negligible leakage current flows, Vv is practically equal to Vyi 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 sig:ﬁficantly from Vxi and the specific values

25 of Rf, Ct and even the intrinsic PMOS inpﬁf capacitaﬁce Cip are important.

[0021] In Fig. 5, Vb can be any available low voltage power supply (e.g. + 35 V),
while the variable resistor Rp allows pre-seiting of VY1 within a desirable range

above and below Vxi1, according to the following' relations:
Vxi = Vb (Re/Ra) ~ Vbst (Re/Rb) (Vbst = Variable Source)
30 Vy1='Vb{Rc/(Ra - & + Rp)] — Vbst (Rc/Rb) (3 <Rpmax <Ra)

Which implies:



Cbb and Cbc are sufficiently large to assure DC conditions at Yl and at X,
20 respectively.. Resistors Rd are added to avoid | oading the operational
anplifiers with large capacitance. As point Y is connected only to the
gate of On, where only negligible |eakage current flows, W is practlcally

equal to Wn and negj .S{of R%{Rcﬂ@ﬁ SH?r[RﬁRQmsqu%]‘Jhe situation is

different at the gate of Qp where under ““pul sed operati.on the

wavef orm di f si gni A S of Rf
Ct and even i‘ﬁ;eﬁ]ntrlrllst auj inlliﬂ put é%{a%glgﬂ{g%%x %S%é%lrsg W?’gﬁx“[oozu
In Fig. 5 ViyywpRs G6tadied. Sﬁiﬁlaﬂ?%tﬁ@%@ﬁﬁﬁ’&ﬁ oPWHRL VYR ¥ shéwh in Figo6Y) ,
b
while the variable resistor Rp allows pre-setting of "Vvl vmthlnade5|rable .

range aboveanan alietnative/o sectiuct o g toplefhef Figl $.d¥rey vn m ¥bstothe vanatile =

oy ] Vit P eltaeeAos s, SRR ny cobuRhotat B SR dixe Sougg proyiges the theVb TR
(gip- 9] /y eE] Rafterelice A By usifi h%}i?&%lta%lé ﬁ@k@é&hﬁ%ﬂ%&%&%ﬁfh

Rpmax, the nec ssary val ue of” (VXT I's obtalned. Simlarty, anot her
enbodi nent obppbslte polarity Ffod exzanﬂbpﬂﬁand‘t—ﬂzv glt),Ghe dideremoe ahd- edfryhbt\mnt-pfb{

ol tage sour Ko Chait Brhpd e SNmRATRRSr BF. Goesrainkits it rosiional e e

provi des theyfeoyireed difference A By using fixed vol tage sources Wlth
t he sane magnltuce an opposite-polarity (for exanple, +5 and -5 Volt),

0 .01 B Tk A S he 0L

Pr e s et ting ihsugdteOp] thedeiial biRsthg SnHkEPlass TSR HRiePSd by iHeaWitchingw
through Qp, the act ual boost | ng can take place. This is achieved by the

switchi ng aeatioorofafansistos ds thercogpling eapacidensCl, repistarfticindaesistor Rf @si st or Rt

and resistor nverted tim r e at

point P rise @%ngwa%@ﬁﬂ?%ggg&e I{W?’lsaté)g% E’q?%g% °§' ?)%?? ul

current si nkhighy Qéiti@s ebfuptly ito arpbd&rﬁlbcﬂﬁ@@ﬁ sink, driving its drain node to near -
15  ground level. The transient abruptly propagates to the gate of Qp (point X), driving it

sharply. lower (the exact drop is a fairly complex function of the various components
.involved). At this point, the short inverter delay td is over and the main shunt s,
whose gate is driven by the éignal at point P2, is turned off, as the signal at P2 drops
to Gnd level. With Qp strongly on, a surge of bobsting current flows inte Co and the
20  DUT, quickly charging node C. Meanwhile, node X rises towards the level Vxiina -
rate defined by Ct, Cip (the input capacitance of Qp), Rt and Rf, until Qp enters its off
state again. The total time from the point Qd tums on and until Qp turns off again '
~ must be less than the minimum duration Qd is on namely (’I‘»t), for all applications
* and pulse repetition rates supported by the system.-In principle, this timing
25  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
ovefshoot, an additional méchanism 15 used. Since [Vds| > 0 is necessary for boosting
current to flow, setting the voltage at S to about the same level of Vduf (pointC)

under DC condition (Idc only) will do it properly.
30 [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 afier, the voltage at its gate



15 ground level. The transient abruptly propagates to the gate of Q. (point
X), driving it sharply. lower (the exact drop is a fairly conplex function
of the various conponents involved). At this point, the short inverter

~délay td is over and the main shunt G, vhose gate is driven by the si gnal

al poi Nt P2,vi1f:dgh BACholiond o bl Sorkd iRy 86 wReRERRE P1 @itk dysla VY L

Q strongly on, a surge oostlng'current flows into Co and the 20 DUT,
qui ckly char]gmtanylakmgemCThi‘s/B’anmm@;awiym}Qdmﬁ',dbfmmg\medmmmeﬁ'bm\ﬁéa Vxi in a

te def d b t t t f d Rf I '
éﬁtgrse. Lo o ugﬁ%&t@@a% 5 e, R AOHE 3 e RV o FREr s o and
unti | t Uréh%f— it aI I W?Hs%ﬁ&:ﬂée@@u%&?oﬂ%l@ﬁ& EIHE&I@I Rihtddtoltie ON,

nanel y (Tt) appllcatlons pul se repetition raté€s supported by
the systém dotuglibonsting Eﬁlonhssleverﬂlelags efSeatwe Imarﬁsmmgdhb dhdmge lspatitonCbe

h
o achieve t tﬁéeesr‘gé% tbagregs 8 aftiqio T ersii, RoRO AL SC e SRR 0L RLRRDL . o

addi ti onal %ﬁ@ratle%zﬂ% ‘ﬁ@?ﬁlﬁs%;&d%ﬁﬁ%ﬁﬁ&r’i\\’e mﬁha%'fé'
current to f 6w settln e voltagé at S to about t 3 sanme | evel of Vdut

(point C  umebhed mltgmlhel Sbnﬁcnedcasmbgs)salwbbflplwg dioge bYicadrgss R¥Daq hod]
Havi th I t he hi h I at .C h t

dosi 2l o vap e HEEEEL o Sracdne e dnniidhesrPBh ol BERSERER | on)
Q will jgno dﬁfg%?f)eﬁdaﬂéﬁth&@ﬁtﬁhs gig%-ﬁﬂiﬁdl@rﬂonvﬁﬁe lzdvﬁarwéu—est@edﬂiﬂbr W after,

t he voltage at 1ts Sate w || of f “condi tions, to be followed by the
wavef or m at dhargea ruplang the)clgamug durrgigtthrouglaRt dgmmshesrﬁ'ﬂ@ ngixt Irarhsmtrmnmakel y4um

Q off, for rent, from.vVa thr h RR to charge & further,
causi ng poi rCII’ % Iapg 355'615183\%?15 aPIIﬁ% (I'rgeer sing the current di rectlon

through Rf. This cha of .direction, while ot di rectl to the 5
act ual - boost/PRRPlact i 5°‘It§“1 ithe bRV 1S SPTeps ‘IrIIIéma ?P%ﬁleé}ﬁay ?d-IﬁIémEharge

Capaci t or %Bmg#%%d%ﬁ b%gletreﬁvm%%&%e&uﬁat trﬁé‘fnsTEI F@tﬁg%ag T]dc%’%ﬁé ol | ed

by the val ues I's Inmportant, as oper at| I er A has
| i mi t ediur meoperdevel svithrwitchefInapres, ne timing grinatatar appheqhgtEand pathsVilost sened as

hes - Thi 4o el e tngir o o511 B Se stsBfy e of Pedsatiny. e BREY 10 &

SI I %gt peak pafd @ ReRerSidfulred HOnDiRPeak HxteQONMAT S6rell QWREMrerict (heuridee dr ai n
(0}

“Vede”). Smc_e Vx1 (and Vyi respectively) are low enough to prevent boosting
current, engaging S1 and applying the timing generator ai P will turn Qs and Qd on
20  and off accordingly with no boosting current through Qp. Next, the peak detector
| reading (Vcp) is acquired and compared to Vede. If Vep > Vede (very unlikely) then
S1 should be disengaged. In the more likely case of Vep < Vede boosting is needed.
To initiate boosting, Vbst is increased until the resulting Vcp exceeds Vedc. At this
point, Vcﬁ is decreased and the process is repeated in a converging manner to the
25  point where any further change has negligible éffect From here on, the required
~ pulsing action is in effect. For sufﬁc1ently Iong pulses, the voltage at point C will
gradually © converge ” to the required level Vede even without boosting; however, as
the related time constant is si-gniﬁcalitly longer than short pulses (typically for t <500
nS), such “convergence” provides little help and efficient boosting is nécessary. Note
30  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 not limited to one particular algorithm or another

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



charges up and the charging current through Rt di mnishes. The next
transition marks the start of another pulsing cycle and so forth. [0025]
Essential to the above is a proper algorithm controlled by a real-tine
conputer and fed by the relevant data meaSured. The first step is setting
up ldc to thqoo2a pr opﬁne\baxeﬂanmiihﬂfig\ﬂiﬁrﬁm%&@ﬂétail@%tt\.}itﬁéﬂ;gv%%ﬁﬁggttor

n wi _>

applied at P and set to a level resulting i of even

iLth, st e _ ,

slightly negd’toi‘m%\g:]f p?re%é@%Qr(yefentﬁglﬁca)t'ayéeﬁthméddn§h®vs prophesettingied r ed
fromthe peak get.eG-on ored as. reference (hergunde "\cdc"). Since
Wi (and i 2 EEBec PRt R PR sy S p e T hp Bt hang S stow
engagi ng S 1isudieient doodang ARl thi MsUBiESARBF  favd J“{p Q on
20 and off accordingly with no boosting cu%gﬁ?@?hﬁgﬁégfh td%&e%c,e .he peak
det ect or 5reamfignfud&/opP. i s acquired and conpared to Vedc. If Vep > Vede
(very unlikely) then S| should be disengaged. In the nore |ikely case of
Vep < Vcdc b@eoa7ng i SWhidethednvention hi bdealdosdpbRa WilttrefoYBiide th Spddifis €ased
until the resulting Vcp, exceeds Vcdc. At this point, Vcp is. decreased and

the process F@bpdaentsdhs desgriptinnis illjistrgtiveehtbe inventioe ambispot to bebesauedy

further changgsl |51, . . . here..on,..t he required pul sing
action is i ngg ?’Z%:t@ ﬂ.%éirngégﬁP ]?'l ?{agnﬁ@m{i::gﬁéﬁ%lagggppwo% YQECHtofigKt C
wi Il graduabkijled imthearigeith but departing Gioni 81 thR\Plrit\imd GcoESY th i\RHtion as
boosti ng; . howeyer, as the rgl ated time constant is significantly |onger

t han sh pﬁ?é’&?”@f‘j‘ﬁi@&?“ldﬁ £BimE. < 500 nS), such "convergence" provides
little help and efficient boosting i's necessary. Note 30 that.the actual

al gorithmused for the above iterations is not related to the invention, as
it is a mtter of efficient convergence. In reality, binary search or
simlar approaches are effective, but the inventionis not limted to one
particul ar algorithmor another and should be held as valid with any
iterative algorithmused. 8 [0026] The wavefornms in Fig. 7.provide nore
details as to the waveforns at points P1, P2, X and 'C (refer to Fig.'b5).
The. left hand side shows proper setting of A (Wi - Wi), leading to the
expect ed out put waveform The right hand side shows insufficient boosting
and the resulting inproper output waveform due to excessive




5 magnitude of A [0027] Wile 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
nmodi fications and applications may ocgur to those skilled in the art with
out departing fromthe true spirit and scope of the invention as 10
defined by the appended clains. 9 CLAIMS Wat is clained is: 5 1. A

pul sed current generator circuit conprising: a) a current source for
applying a current to a device under test, b) a controlled current shunt
for shunting current fromthe devieﬁ%iﬂﬂir test, and c) a booster circuit
for supplying a booster current t vi ce under test when to the
controllﬁa@cur ent shunt is opened and current again flows through the
device u FBF&@P dihereby facilitating recharge of a parasitic capacitance
assocjated with the device wunder test, the booster circuit conprising an

NMOS transi st 8huied b@}elnyg&@fhlf@cj@ﬁtg@rh 15@hg PMOS transi stor between a
vol t age pot ent.i al ic.ca paC|tor shunting the

Sit C
NS Oy anet ot PEER S af A e ERRES e BPE e RRE T Lo P e
NMOS t r ansi st ora @hdoddecuprans Fﬁltafﬁ%ﬁf%lﬂmg cwmt feamthesievice nadartesy adupl ed to
recei ve a shugta soster okcust i@ﬂ@dpp@nﬂg b bosRSRAASH th gy @dvice wdat kel wianduct i on

on the PMER LEARS Skek: sﬁﬂrq PR a(ﬁg glfrer{tqgalg%%%roﬁgﬁ 'Elf'erﬁevb% nd&te pul sed

current %enerator c T cul voltage 20

at the cGRmBrTbaifaeilif a&ﬂ%ﬁiﬁ%asae@étaewa%éﬁai‘pasléanﬁﬁ@S%&@F e‘ﬁ‘hlillg?et d5&%n t he
par asi t i endec tgetadlid yosteB cirdiiecqueirsey UMM trgeistr seoallycéanpedted wshdef i ned by

claim2 Wﬁﬁsﬁsﬂ?b&%&& @Golta%bb6ﬂéhﬁal'aﬁ@lﬂé%§ﬁsﬁb@§pa§it:§rféb“ try for the NMOS
transistor and P a 1or F}hun%n ttBe P%’rgszstcn forZI%Ser\/ﬁﬂt'%gE]?r votltagei

transistor is® I he™ bi as ansi
15 common pomt of the NMOS transistor and the 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.

2. The pulsed current generator circuit as defined by claim 1 wherein the DC voltage
20  at the common point is approximately equal to the desired voltage on the parasitic
capacitor.

3. The pulsed current generator circuit as defined by claim 2 wherein the booster
circuit includes bias circuitry for the NMOS transistor and PMOS transistor whereby bias

25 voltage on the PMOS transistor is larger than the bias voltage on the NMOS transistor by
a voltage increment, A, whereby both transistors are not conductive during steady state
conditions.

4, The pulsed current generator circuit as defined by claim 3 wherein the bias
30 circuitry comprises first and second operational amplifiers responsive to a fixed voltage,
Vy, and a variable voltage, Vbst.

5. The pulsed current generator circuit as defined by claim 3 wherein the bias
circuitry comprises an operational amplifier responsive to a voltage between two fixed

35 voltages of same voltage magnitude and opposite polarity and a variable voltage, Vbst,
where Vbst biases the NMOS transistor and the operational amplifier biases the PMOS
transistor.

6. The pulsed current generator circuit as defined by claim 3 and including a resistor



a voltage increnment, A, whereby both transistors are not conductive during
steady state conditions. 4. The pul sed current generator circuit as
defined by claim3 wherein the bias 30 circuitry conprises first and
second operational anplifiers responsjyve to a fixed voltage, Vb, and a
vari abl e voltage, Vbst. 5. The pulsed current generator circuit as defined
by claim3 wherein the bias circuitry conprises an operational anplifier
responsive to a voltage between two fixed 35 voltages of sane vol t age
magni t ud } | ﬁ?ﬁ’ wher e Vbst

bi ases tﬁgﬁﬁﬁggﬂpgggg$%§§§%§%gygﬁgﬁg%%§§%$gﬁgﬁ1Mﬂ % é% ases t he PMOS
transistor. 6. The pul sed current generator circuit as defined by claim3
and i ncl ddi ngThe pals¢d twrent @enargnneictiing ddimed®bPSlaimahsibstenr theoconhel devi ce
under t estredi@y kclides M@aﬂ%'bﬂﬁeﬁ%ﬁﬁ%rﬁn%andﬂb@a i}iglxﬁﬁlﬂ sfpMbls @ heQQH@état or

cir Cula't %ﬁ? gﬁ férnfontrmfm tﬁ% rfp ?110\,\41%11 § n uc?lo%tp‘%ats tgltgﬁgﬁjfb app sz@[@r ijnﬂgfet 0,

cascade
5 one bur@fse?nSédmtheomunh@fm@bmamﬂwefabmsﬁo @fvoétag?olr@m]dmpﬁn heagongralieche PMOS
transi st ourréem st ponse to the shunt control signal switching to a voltage
level to open the controlled current shunt. 8. The puI sed current
generator, cirgcuit as defined b cl ai nd. in Iud si stor.

donnect | Ryt nAbPRHE TRl ety S JefreEb et | P peb e s Boost | ng
curr éft . conneTirg theiPRKES cansistmto thedeviat wnder fesidailimitimodidig evenby cl aim 1
wherein the control ci rcuitry i ncl udes cascade buffers for inverting and

del ayi ngol ok, o1, g0al 8, ARPLLESANELELOx (oS BUTESE PURLE! Lengnhlie

application o Conduc fansi's response to
the shunfirgBiy psfudsy Qj‘ﬁ%ﬂde Mf@ré Kerigveringandalelayie i signgls applicd theseto,
cont r ol | ede buffierr @ntroinpnhe application of a conduction bias to the PMOS transistor in

15 response to the shunt control signal switching to a voltage level to open the controlled

current shunt.



