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CLAMP GI RCU T FOR REMOTELY- SENSED VOLTAGE This invention rel ates

gener é' |-y",;_‘t'p the field of power supplies, and, in particular, to power
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It may be useful to know an actual output voltage VLoAD at
a point near load RLoAD so that power supply 20 can raise an
output voltage VouT to compensate for a voltage drop between

20 output voltage Vourt and the load voltage VioaADp. This may be
done by providing a remote sensing feedback path FB from a
point near load RLoAD to an input of an error amplifier EA through
connector P1, as shown in FIGURE 2. If the load voltage VLOAD is
not within its allotted tolerance, error amplifier EA and control

25 circuit 21 can adjust the conduction time of a switch device Ql so
as to raise output voltage Vourt and, consequently, load voltage
VLOAD-

It may be beneficial to test each printed circuit board
separately prior to final assembly within the electronic device.

30 Power supply 20, for example, can be tested under simulated load
conditions. To facilitate such testing, power supply 20 may
include, as shown in FIGURE 2, a resistance R2 coupled between an
output of the power supply and the remote sensing feedback path
FB. Resistance R2 provides a feedback path for the output voltage

35 Vourt to error amplifier EA, thereby allowing error amplifier EA to
sense and regulate output voltage VouT in the event of a no-load



out put of.-'._t_ he power supply and the renmote sensing feedback path FB.
Resist anée R2 provides a feedback path for the output voltage 35 VOUT to

error anplifier EA thereby allowing error anplifier EA to sense and
regul ate output voltage VOUT in the event of a no-Ioad
2 condition at the output of power supply 20. In addition, resistor

R2 is sufficiently large that it does Bot interfere with the renote
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the voltage the output of power supply 20.

' In an apparatus according to an inventive arrangement
taught herein, the output voltage potential of a power supply, as
described above, is held below a predetermined voltage potential

20 in the event that the apparatus attempts to increase its output
voltage potential in response to a fault condition.

According to an aspect of the inventive arrangement, such
an apparatus comprises: a source of voltage potential, means for
sensing the voltage potential at a load; means for isolating the

25 sensing means from the source; means for adjusting the voltage
potential having an input coupled to the sensing means; and,
clamping means coupled to the source and to the sensing means.

The clamping means may comprise a diode having an anode
coupled to the source of voltage potential and a cathode coupled to

30 the sensing means.

The isolating means may comprise a resistance.

The adjusting means may comprise an amplifier having a
non-inverting input coupled to an amplifier reference voltage
potential and an inverting input, and a switch device coupled to

35 an output of the amplifier.



pot enti dl “having an input coupled to the sensing neans; and, cl anpi ng

nmeans couplied to the source and to the sensing neans. The

cl anpi ng nmeans may conpri se a di ode having an anode . coupled to the
source of voltage potential and a cathode coupled to 30 the sensing neans.
The isolating means nmay conprise a resigtance. The adj usting

nmeans nmay conprise..an anpl.ifier having a . _nhon-inverting inpu oupl ed
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and a switch demncthecdomd ad the iBferting mpupusf olie taneplified.i fier.

3 The sensi aea ' pat e from
the load to the i n\?édrcpﬁlggi Eguﬁ%ipgf%%gﬁglﬁf ?lgéraqg% iPé ﬁrg%?lﬂi ng to
anot her aspecttaghtt heraimy Sueh van apparajesroomprisest awgisouresr of nyoltageh an

appar at us gonyoitsififal: anéMMY €6r Abn¥iak! AR valta etﬁmhﬁhf ABANBad Om&RiAS| NI
t he vol t age pgtentﬁl)ﬁi. at .a Ioadi'1 means fqr 1sol aglaglg t he sensi ng nmeans
from the sourd8 15igting thy sewsihg mgany from e spukcs: (ad: sh§™akhand to t he

sensi ng neans device coupledThe thei sauirceleandc ¢o nthy sesbug Sreansdi ode having an
anode coupl ed t he:sQu f I ROt end: at coupl ed
e 868! i LoRGERE bk, AR g o

to 10 the sensing neans. t devi €e” may
a difference icAupkd (@ |thggtoysee coff ivaltagetpatentialhand oureasheded cotipled to | oad

exceeds a jpr edké eYelsiigd nyddnde. M lswvitdhe deviceChade¢bhfuct a GRREHIChEeE e
current 1 o fiSee B 0L A oBEHIEL, ekl Bhe b b o o
the inventive load eexpesdnta predétarmintednenhien, Widleushe dwidchdi deicens a
o 0, e Eeflinds e cur A 5 SRGEPICRA AR P Do o Y
| owr esi st ancdnoperafiyen fkie dselatingnmeans fmay eowpPriseca dgpistancgs to t he
load withqyt 20 aflhesddhn®dfa thé ethBodignsiitd doff URE! idenBkeVY hAaHgdehe
sensing taught herein, the use of a diode as a clamping means or as a
switch device has been found to be particularly advantageous for
at least two reasons. First, the diode provides a low-resistance
path for a current to flow from the apparatus to the load without
29 affecting a remote sensing function provided by the sensing
means during normal operation of the apparatus. Second, the
diode consumes relatively little space on the apparatus’s printed
circuit board in relation to the amount of power that the diode is
required to dissipate.
25 The above, and other features and advantages of the present
invention will become apparent from the following description
read in conjunction with the accompanying drawings, in which
like reference numerals designate the same elements.
FIGURE 1 is a schematic diagram of a power supply circuit
30 according to an inventive arrangement.
FIGURE 2 is a schematic diagram of a prior-art buck-
topology power supply circuit.
A buck-topology power supply 10, shown in FIGURE 1,
derives an input voltage ViN of 15.5 V from a secondary winding
35 of a flyback power transformer (mot shown). Power supply 10
provides a substantially regulated output voltage VoyT of 5 V to a



nmeans duri'ng normal operation of the apparatus. Second t he di ode
consumes ‘reélatively little space on the apparatus's printed circuit
board in relation to the anmount of power that the diode is required to
di ssipate. 25 The above, and other features and advantages of the
pr esent I nvention will becone apparﬁnt fromthe foll ow ng description
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15 A power stage 11 of power supply 10 comprises diode DI,
inductor L1, and capacitors C11, C12 and C13, which correspond in
function to capacitor C1 of FIGURE 2. A first terminal of inductor
L1 is coupled to pin 2 of power switching regulator Ul. Diode D1
has a cathode coupled to the first terminal of inductor L1 and an
20 anode coupled to a reference voltage potential of power supply
10. Capacitor C2 is coupled in parallel with diode D1. First
terminals of capacitors C11, C12 and C13 are coupled to a second
terminal of inductor L1, and second terminals of capacitors Cl11,
Cl12 and CI13 are coupled to the reference voltage potential of
25 power supply 10.
Resistor R2 has a first terminal coupled to the first terminals
of capacitors C11, Ci2 and C13, and a second terminal coupled to a
first terminal of resistor R3. Diode D2 has an anode coupled to the
first terminal of resistor R2 and a cathode coupled to the second
30 terminal of resistor R2.
Resistor R3 has a second terminal coupled to a first terminal
of resistor R4. The first terminal of resistor R4 is also coupled to
pin 1 of power switching regulator Ul. A second terminal of
resistor R4 is coupled to the reference voltage potential of power
35 supply 10.




15 - © A power stage 11 of power supply 10 conprises diode D1,

i-nduct.or L1, and capacitors Cll, Cl2 and Cl13, which correspond in

function to capacitor ClL of FIGURE 2. A first term nal of inductor L1

is coupled to pin 2 of power switching regulator Ul. D ode D1 has a

cat hode coupled to the first termnal of inductor L1 and an 20 anode

coupled to a reference voltage potenti & of power supply 10. Capacitor
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shown in FI wE{Epu]t voltage VN into output voltage VouT in a manner that is
well known in the art. The load voltage VioAp can be measured at
a point near the digital loads RLoAD to ensure that load voltage
VLOAD is within its allotted tolerance. Load voltage VLoAD is fed
back through the second plurality of pins of connector P1 and

20 along remote sensing feedback path FB. Voltage VLOAD is then
divided by the voltage divider network formed by resistors R3
and R4, before being applied to pin 1 of power switching regulator
Ul. No load current flows back to power supply 10 through the
remote sensing feedback path FB. If load voltage VLoAD is not

25 within its allotted tolerance, error amplifier EA and control circuit
21 adjust the conduction time of switch device Ql, thereby
adjusting output voltage Vourt such that load voltage VLoAD
returns to a level that is within its allotted tolerance.

Resistor R2 is included in power supply 10 to facilitate

30 testing of power supply 0 prior to final assembly. During testing
of power supply 10, resistor R2 provides a feedback path from
output voltage Vourt to pin 1 of power switching regulator Ul,
thereby allowing power switching regulator Ul to sense and
regulate output voltage VourT in the event of a no-load condition at

35 the output of power supply 10. Resistor R2 is sufficiently large
that it does not interfere with the remote sensing function



A conpensation network 22 for error anplifier EAis formed 10 by capacit'or

C5 and resistor R5. Capacitor C5 has a first termninal coupled to a
second terminal of resistor R3 and a second term nal coupled a first
termnal of resistor R5. A second term nal of resistor R5 is coupled to
pin 5 of power switching regulator UL Power swi tching regul ator
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in relation to the value of resistor R2. Thus, the effective load
resistance of digital loads Rpoap can be significantly greater than
the 5Q value shown in FIGURE 1, so long as the effective load
. resistance of digital loads RLoAD remains small in relation to
20 resistor R2.

Sensing this drop in load voltage VioADp, power switching
regulator Ul attempts to compensate by raising output voltage
VouT to a level that can become as high as input voltage ViN. Such
a rise in output voltage VouTt may damage the plurality of digital

25 integrated circuits that comprises digital loads RLOAD-

As output voltage VoyT begins to rise, diode D2 becomes
forward biased, thereby clamping output voltage Vour to the load
voltage VLoap plus the forward voltage drop of diode D2. Once
diode D2 is forward biased, it also provides a low-resistance path

30 for an output current IoyT to flow to digital loads RLoAD.

The use of diode D2 in such a manner is advantageous for at
least two reasons. First, during normal operation of power supply
10, diode D2 is non-conducting and thus has no deleterious effect
on the remote sensing function provided by remote sensing

35 feedback path FB. Second, diode D2 also consumes relatively little



10 i s assenbled within an el ectroni c device. Di ode D2 protects
digital loads RLOAD froma situation wherei n output voltage V[err]
rises to the level of input voltage 5 V[err]. Such a situation mght arise
if load voltage VLOAD on the renot e sensing feedback path FB drops to a
val ue which is too | ow. This may occur, for exanple, because of an
intermttent connection at the firsk pIurallty of pins of connector Pl.
Regar dl ess of sp i& mr the Yowermsapply' s privted etiycdivadsbard| inagelation 4 OAD i s

caused to dro e Jd.n LSt undesi rably
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| oad vol t age VLOAD at the first termnal of digital | oads R err] thus
becomes 5V*( [err]) or approximtely 2.5 nV. Load voltage V[err] can
drop to an unacceptably low |l evel 15 because the effective |oad resistance
of digital [oads RLOAD is snall inrelation to the value of resistor
R2. Thus, the effective |oad resi stance of digital |oads RLOAD can be
significantly greater than the 5[err] value shown in FIGURE 1, so |ong
as the effective |oad resi stance of digital |oads RLOAD renai ns smal |
inrelation to 20 resistor R2. Sensing this drop in | oad

vol tage VLOAD, power sw tching regul ator Ul attenpts to conpensate by
rai si ng output voltage VOUT to a level that can becone as high as

i nput voltage V[err][. Such a rise in output voltage VOUT may danage
the plurality of digital 25 integrated circuits that conprises digital

| oads RLQOAD. As out put voltage V[err] begins to rise, diode D2
becones forward biased, thereby clanping output voltage V[err] to the
| oad vol tage VLOAD plus the forward voltage drop of diode D2. Once
diode D2 is forward biased, it also provides a | owresistance path 30 for
an output current I[err] to flowto digital | oads RLOAD. The use
of diode D2 in such a manner is advantageous for at | east two reasons.
First, during normal operation of power supply 10, diode D2 is

non- conducting and thus has no del eterious effect on the renote
sensing function provided by renote sensing 35 feedback path FB. Second,

di ode D2 al so consunes relatively little



7 space on the power supply's printed circuit board in relation to the

anount . of ‘power that the diode is required to dissipate.

8 VWHAT IS CLAI MED | S: 1. An apparatus, conpri sing: - a source
(vauT) of voltage potenti al; means (FB) for sensing said voltage
potential at a load (Rerr]); meang (R2) for isolating said sensing
means (FB) from sajygqaqurser Afhvaimls: and, means (Ul) for adjusting
said voltage potential having an 1 nput coupled to said sensing neans (FB);
characterized by: cl anpi ng means (D2) coupled to said source (VOUT)

and to said sensing. na@msamﬁaatus, comprding:he apparatus of claiml1,

characterized in tgastoﬁ@ei qv\éﬂéﬁggé’g’g%ggﬁ;gg%@{[err]) does not exceed a

pr edet er mi ned val ue. tlaima1,

characterized in

that sai d cl anpi ngmeaass(HB2for sending ssaid | woltagespeteatiak apat Hoddr a current

to flow from gRjgagpraratus to a load (Rerr]). 4.

The appar at us of

claiml, wherein said cl [ eans is characterized b i ode 2
havi ng an anode Coma@a @{ﬁ%sg.%dlso?anng sald sensing means (%B% g‘om saz(cfD )

source (VouT); and,

means (Ul) for adjusting said voltage potential having an

input coupled to said sensing means (FB);
characterized by:

clamping means (D2) coupled to said source (VoyT) and to

said sensing means (FB).

2. The apparatus of claim 1, characterized in

that said

voltage potential (VoyT) does not exceed a predetermined value.

3. The apparatus of claim 1, characterized in

that said

clamping means (D2) provides a low-resistance path for a current

to flow from said apparatus to a load (RLOAD).

4, The apparatus of claim 1, wherein said clamping means is
characterized by a diode (D2) having an anode coupled to said
source (VouT) and a cathode coupled to said sensing means (FB).

5. The apparatus of claim 1, wherein said adjusting means

(U1) is characterized by:

an amplifier (EA) having a non-inverting input coupled to an
amplifier reference voltage potential and an inverting input; and,
a switch device (Q1) coupled to an output of said amplifier

(EA).

6. The apparatus of claim 5, wherein said sensing means
(FB) is characterized by a feedback path coupled from said load
(RLoAD) to said inverting input of said amplifier (EA).

I



source (VOUT) and a cathode coupled to said sensing neans (FB). 5.
The apparatus of claim1l, wherein said adjusting neans (Ul) is

characterized by: an anplifier (EA) having a non-inverting input
coupled to an anplifier reference voltage potential and an inverting input;
and, a switch device (QL) coupled to an output of said anplifier
(EA). 6. The apparatus of claim%, wherein said sensing neans (FB)

i s characterized by. aTheesfgparktupach ctainplledwherem saidl ifelating Rn€#iy is o sai d
inverting inp ' I £ )

9 7. TheH%aﬁgétrez Sg g?pél Ié‘lisr?ngtil,ggé\?h(grzgi n said isolating neans is
characterized by a resistance (R2). 8. An apparatus, conprising:

a source (VOUT) ofgvolgAmgppapitas! cahprising: means (FB) for sensing said

vol tage potential at a lo Q&E_é ) ; .and, . .means (R2) for isolating
sai d sensing means? (PBYCS | O YOUABE Rotentialyy . characterized by:
a switch device (DRpanoypFBydfdroseamsing said oml@geiotential #d sadoat sensi ng
nmeans (FB). ( 'z%;ﬁe apparatus of claim8, characterized in that said
switch device ondutts a current after a difference_in_ said voltage
potential between BgaEs JR2)ckor( solating said seesing smeany (KB) fpmesaid o

predet er m nedsyatc¥&VouT);
characterized by:
a switch device (D2) coupled to said source (VoyTt) and to
said sensing means (FB).

9. The apparatus of claim 8, characterized in that said
switch device (D2) conducts a current after a difference in said
voltage potential between said source (Vourt) and said load (RLOAD)
exceeds a predetermined value.

10. .The apparatus of claim 9, characterized in that said
switch device (D2) renders said isolating meéans (R2) inoperative.

11. The apparatus of claim 8, wherein said switch device
(D2) is characterized by a diode (D2) having an anode coupled to
said source (Vourt) and a cathode coupled to said sensing means
(FB).

12. The apparatus of claim 8, wherein said isolating means
(R2) is characterized by a resistance (R2).

13. An apparatus, comprising:

a source (VouTt) of voltage potential;

a feedback path (FB) for semsing a load voltage potential
(VLoAD); and,

a resistance (R2) coupled between said source and said
feedback path;

characterized by:

AR



10. The-apparatus of claim9, characterized in that said switch device (D2)
renders said isolating neans (R2) inoperative. 11. The apparat us of
claim8, wherein said switch device (D2) is characterized by a di ode (D2)
havi ng an anode coupled to said source (VOUT) and a cathode coupled to said
sensi ng neans (FB). 12. The apﬁ)g’rat us of claim8, wherein said

i sol ati ng neans (R2),. I(f C aract erlﬁ‘i y eSj tané ﬂgbiéz 13. An
apparat us, conpri $i e d8 pP¥ fsq; | ¥ &t enti al :

a feedback path (FB) for sensing a | oad voltage potential (V[err]); and,

a resistance (R2) cOuPHRd BGLWGRR SPLHIRCYHC LraRibtldl hfcap ki@t

characteri zed by
(D2) coupl ed dmdpa(rﬁﬂ sondicts 8a¢urenssafiemisaisl voltage potentipk ofpgaidat us of

claim13, chaspeterd B 'Exwﬁi %qugﬂoétﬁte{ﬁ@bot%ﬁﬂg}’@v;?o%dﬂ%f%“t af ter

said vol tage potent source (V|er exceeds said 1 oad vol tage
pot ent i al (V[Ié"rerd]e”}e”é‘}l% r ¥8&%er ni ned val ue.
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