A 000 T O

WO 03/100967 A1l

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
4 December 2003 (04.12.2003)

PCT

(10) International Publication Number

WO 03/100967 Al

(51) International Patent Classification’”s HO3F 3/16, 1/32
(21) International Application Number:  PCT/IB03/01708

(22) International Filing Date: 28 April 2003 (28.04.2003)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

10/156,248 28 May 2002 (28.05.2002) US

(71) Applicant: KONINKLIJKE PHILIPS ELECTRON-
ICS N.V. [NL/NL]; Groenewoudseweg 1, NL-5621 BA
Eindhoven (NL).

(72) Inventor: GOVIL, Alok; Prof. Holstlaan 6, NL-5656 AA
Eindhoven (NL).

(74) Agent: DUIJVESTILIN, Adrianus, J.; Internationaal Oc-
trooibureau B.V., Prof. Holstlaan 6, NL-5656 AA Eind-
hoven (NL).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,

AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,

CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,

GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,

LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,

MX, MZ, N1, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD,

SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ,

VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: FAST CASCADED CLASS AB OUTPUT STAGE WITH FET DEVICES

(57) Abstract: A set of class
AB output stages are cascaded to

600 T provide a class AB device circuit
601 which utilizes relatively' small
605 Cimimates sxomoner distorion,
. ] Thle input may be powered by a
----- voltage or a current source.
601 L: by g
= Wy (Wy) 609
1 M1
602 El 606 (Wn)
itrVN 616
” 607 OUTPUT
P
SER) ‘—' 1 E 610
M2
604 rl 608 (Wp)
— 4
VOLTAGE 4 415 Wp) 777
OR
CURRENT
- INPUT



WO 03/100967 A1 |0 AOHRAO 00RO AR

Declaration under Rule 4.17: For two-letter codes and other abbreviations, refer to the "Guid-
— as to the applicant’s entitlement to claim the priority of the  ance Notes on Codes and Abbreviations” appearing at the begin-
earlier application (Rule 4.17(iii)) for the following desig-  ning of each regular issue of the PCT Gazette.
nation CN

Published:
—  with international search report



10

15

20

25

WO 03/100967 PCT/IB03/01708

Fast cascaded class AB output stage with FET devices

This invention relates to high voltage and power output circuits, and more

particularly, to an improved cascaded configuration for a class AB MOS output stage.

High voltage and high power output circuits may be manufactured from
bipolar output stages or MOS structures. A typical class AB output stage utilizing MOS
structures is shown in Fig. 1.

Usually, there are several important parameters relevant to the design of a
output stage. Crossover distortion should be minimized in order to provide an accurate noise-
free output signal. Additionally, it is desirable to reduce static power consumption of the
output stage.

Over the years, numerous variations of cascaded class AB configurations have
been developed. With respect to the large number of available such configurations, each has
its own advantages and/or disadvantages. Several such prior art examples are discussed
below.

Fig. 1 depicts a cascaded class AB buffer utilizing bipolar transistors and
several diodes as shown. Notably, there are four static current paths 201-204, leading to
increased power consumption. As stated above, minimization of power consumption is a goal
in class AB output stages. Thus, the arrangement of Fig. 1 is suboptimal.

Fig. 2 shows a class C Darlington output stage with biasing resistors utilizing
FET technology. The arrangement of Fig. 2 would appear to consume less power than that of
Fig. 1, owing to the fact that there are less current paths. It is noted however, that in the
arrangement of Fig. 2, transistors M3 and M4 see the load through biasing resistors R1 and
R2. For purely capacitive loads, transistors M3 and M4 must be sized properly to prevent
slowing down of the circuit. Often, this means utilizing larger transistors, with higher power
consumption, than desirable. Thus, the larger transistors can make up for the reduction in
current paths, and a relatively high power consuming device still results.

In addition to the foregoing power consumption problem, another problem in

output stages is that of crossover distortion. A prior art known technique of minimizing



10

15

20

25

30

WO 03/100967 PCT/IB03/01708
2

crossover distortion is to utilize a feedback loop to cancel such distortion. However, the
implementation of such a feedback loop also results in added power consumption.

In view of the above, there exists a need in the art for an improved circuit for
minimizing required current and thus power consumption of the Class AB output stage while
at the same time eliminating crossover distortion.

The above and other problems with the prior art are overcome in accordance
with the present invention. The present invention includes a circuit having cascaded output
stages utilizing three sets of FET devices. Of the three sets of FET devices, in a preferred
embodiment, a first set includes four FETs, a second set includes a different four FETs, and a
third set includes two FETs. Two of the transistors from the second set and the two
transistors from the third set comprise one class AB stage, and the remaining two transistors
from the second set and all four transistors from the first set comprise the second class AB
stage. The two stages are cascaded in a manner that reduces the required size for the
transistors as well as eliminating crossover distortion. The arrangement avoids such crossover
distortion without the need for a feedback loop, thereby eliminating the additional
components that would otherwise be required and also minimizing powef dissipation.

The circuit has the further advantage of minimizing current paths, and thus
power consumption, while permitting smaller size transistors to be used, even to drive
relatively highly capacitive output loads.

Further advantages of the present invention will become clear from the

following detailed description and drawings.

Fig. 1 shows a exemplary prior art arrangement;

Fig. 2 depicts an additional prior art arrangement having the drawback of
relatively high power consumption; and

Fig. 3 shows an exemplary embodiment of the present invention utilizing ten
FET devices.

Fig. 3 shows an exemplary embodiment of the present invention utilizing ten
FET devices. It is understood that the particular transistors utilized are not critical to the

present invention, and that other types of active devices may be utilized.
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The exemplary embodiment of Fig. 3 comprises four FET devices 601-604
connected to the input power source. The source of FET 601 is connected as shown to the
gate of FET 605, and the drain of FET 604 is connected to the gate of FET 608 as also
shown. FETs 608, 605 and 601-604 constitute the equivalent of a single stage of a class AB
output circuit. The remaining FETs 606, 607, 609 and 610 constitute a second output stage.
The two output stages are connected at a junction between FET 605 and 606, and are also
connected at the junction between FETs 607 and 608.

By driving the gates of FETs 606,607, 609 and 610 from a common source as
shown, the aforementioned four transistors act as a single output stage. Moreover, since FETs
605 and 608 have their respective gates tied to the gates of FETs 601 and 604 respectively,
FETs 605 and 608 are part of the first stage.

Note also that in the first stage, the gates of FETs 605, 601 and 602 are
connected but the gates of the remaining FETSs are connected in common to a second point.
In the second stage however, the gates of all of the transistors of the stage are tied to a single
common point. In summary, of the ten transistors shown, six constitute a first class AB
output stage, and the remaining four constitute a second outputs stége connected in a
cascaded fashion.

In operation, the power is provided to the system from source 600 through
series FET devices 601-604. The signal to be amplified is provided at poinf 615 as shown.
The signal is then amplified through the consecutive AB stages and an output is seen at point
616.

Notably, unlike the prior art arrangement of Fig. 3C, FETs 605 and 608 do not
see the output through biasing resistors, since the connection 305 in Fig. 3 is not present in
Fig. 4. Accordingly, the arrangement of Fig. 4 permits smaller transistors utilized in the prior
art arrangements or circuits with the same response times. The use of such smaller transistors
provides for reduced input capacitance and thus, lower delay.

Additionally, the circuit does not generate significant crossover distortion,
thereby eliminating the need for a feedback loop in most applications. This mode of
operation thus reduces power consumption. It is also noted that the system has at most three
current paths, unlike some prior art arrangements that include at least four such paths.

It is understood that the above describes only the preferred embodiments and
is for exemplary purposes only. Other types of active devices may be utilized, and the
invention is not limited to the embodiments disclosed herein. The device may be powered by

a voltage source or a current source.
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CLAIMS:

1. Apparatus comprising at least a first output stage (601-605, 608) and a second
output stage (606-607, 609-610), said first output stage comprising plural FET devices (601-
605, 608) having gates, said plural FET devices being divided into first and second subsets,
FET devices in said first subset (601, 605) being connected at their gates to a first common
point, FET devices in said second subset (604, 608) being connected at their gates to a second
common point (615), and all FETs in said second stage (606, 607, 609, 610) being connected

at their gates to a single common point.

2. Apparatus of claim 1 wherein said first stage includes more FET devices than

said second stage.

3. Apparatus of claim 2 further comprising a voltage source (601) for providing

power.

4, Apparatus of claim 2 further comprising a current source (600) for providing

power.

5. Apparatus of claim 4 wherein said circuit is driven with a voltage input (615).
6. A method of amplifying a signal through a cascaded output stage comprising

the steps of connecting a first set of plural FETs to form a first output stage (601-605, 608),
connecting a second set of FETs to form a second output stage (606, 607, 609, 610),
connecting said first output stage to said second output stage at least two points, and

connecting all gates of said second set of FETs to a common point.

7. The method of claim 6 wherein all gates of said first set of FETs (601-605,

608) are not connected to a common point.
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8. The method of claim 7 wherein said gates of said first set are divided into two
subsets, and further comprising connecting all gates in each of said subsets to a separate

common point.

9. The method of claim 8 wherein said first set includes more FET's than said
second set.
10. The method of claim 9 wherein further including connecting the source to the

gate for at least two of the FETs (601, 602) in said first set.

11. The method of claim 10 further comprising connecting the gate to the drain for
at least two of said FETs in said second set (606, 607).

12. method of claim 11 further comprising connecting the gate to the drain for at

least two FETs in said first set (603, 604).
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