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(57) ABSTRACT 

For use in a regulator, a driver (200) has a ?rst transistor pair 
(203, 204) for alternatively pulling a drive line (OUT, 196) 
to magnitudes in a limited magnitude range betWeen ?rst 
and second reference lines (191, 192) depending on an input 
signal (IN, 195). Parallel to the ?rst pair (203, 204), a second 
transistor pair (212, 210) alternatively pulls the drive line 
(OUT, 196) substantially to the reference lines (191, 192). 
The second pair (212, 210) is controlled by a comparator 
arrangement (120, 130) comparing the input signal to ?rst 
(REFil) and second (REFi2) reference signals and acti 
vating the second pair (212, 210) substantially only When the 
signal (OUT) on the drive line (196) driven by the ?rst pair 
reaches a magnitude limit. The transistors (203, 204) of the 
?rst pair are arranged as emitter folloWers and the transistors 
(212, 210) of the second pair are arranged as switched 
current sources. 
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RAIL-TO-RAIL DRIVER FOR USE IN A 
REGULATOR, AND METHOD 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to elec 
tronic circuits, and, more particularly, to a driver circuit used 
in a regulator, and to a method. 

BACKGROUND OF THE INVENTION 

[0002] Many electronic system (e.g., mobile phones) com 
prise regulators Which couple supply devices (e.g., batteries, 
main transformers) and consuming devices (e.g., transmit 
ters, speakers, logic circuits, memories). The regulator usu 
ally comprises a driver and a poWer transistor coupled 
betWeen supply device and consuming device. The driver 
provides a control signal to a control electrode of the poWer 
transistor. The control signal should be able to make the 
poWer transistor completely non-conductive if required and 
(ii) change in a suf?cient short time interval. 

[0003] As it Will be explained later by an example (FIG. 
2), drivers of the prior art provide only “Weak” control 
signals. The present invention seeks to provide an improved 
driver, a regulator implementing the driver and a method 
Which mitigate or avoid these and other disadvantages and 
limitations of the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 illustrates a simpli?ed block diagram of a 
regulator; 

[0005] FIG. 2 illustrates a simpli?ed circuit diagram of a 
driver according to the prior art Which can be used in the 
regulator of FIG. 1; 

[0006] FIG. 3 illustrates a simpli?ed block diagram of a 
driver according to the present invention; 

[0007] FIG. 4 illustrates a simpli?ed circuit diagram of 
the driver of FIG. 3 in a ?rst embodiment of the present 
invention substantially implemented With bipolar transis 
tors; and 

[0008] FIG. 5 illustrates a simpli?ed circuit diagram of 
the driver of FIG. 3 in a second embodiment of the present 
invention substantially implemented With ?eld effect tran 
sistors. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0009] The term “transistor” is intended to include any 
device having at least tWo main electrodes (e.g., emitter and 
collector, or source and drain) and a control electrode (e.g., 
base or gate). The impedance betWeen the main electrodes is 
controlled by a signal applied to the control electrode. For 
example, transistors can be bipolar transistors (e.g., PNP, 
NPN) or ?eld effect transistors (FETs). The terms “?rst type” 
(e.g., for PNP or NPN transistors; P-FET or N-FET) and 
“second type” (e.g., for NPN or PNP transistors; N-FET or 
P-FET) are intended to distinguish complementary transis 
tors of opposite conductivity. “First type” and “second type” 
can refer to either NPN or PNP transistors (or to P-FET or 
N-FET), as the case may be. A “conductive” transistor is 

Feb. 14, 2002 

able to carry a current betWeen its main electrodes; Whereas 
a “non-conductive” transistor is substantially not able to 
carry a current. 

[0010] Symbol VBE stands for the base-emitter voltage of 
a bipolar transistor (example in FIG. 2 for transistor 103). 
VBE also stands for any other similar voltage for other 
transistors (e.g., VGS gate-source voltage for PET). Symbol 
VSAT stands for the saturation voltage of a current source 
Which is implemented, for example, also by a transistor. In 
equations, the reference numbers of the corresponding tran 
sistor can be added as indices. For simplicity, the acronyms 
for signals OUT, IN, REF_1, REF_2 are also used When the 
voltages of these signals are discussed. For convenience of 
explanation, voltages are considered—unless speci?ed oth 
erWise—as being positive. Symbols can indicate absolute 
values. Considering the signals as voltages is convenient for 
explanation, but not necessary or the present invention. For 
example, the signals can also be represented by currents. 

[0011] FIG. 1 illustrates a simpli?ed block diagram of 
regulator 199. Regulator 199 comprises driver 200 accord 
ing to the present invention. Regulator 199 is coupled to 
reference line 191 (e.g., positive voltage “VCC”), reference 
line 192 (e.g., ground “GND”), control input 193 (e.g., 
signal “INPUT”) and poWer output 194 (e.g., signal “OUT 
PUT”). Further elements are poWer transistor 180 (e.g., a 
P-FET), operational ampli?er (“op amp”) 170 With a fre 
quency compensation arrangement of serially coupled resis 
tor 171 and capacitor 172, and resistors 182 and 184 as 
voltage divider betWeen output 194 and line 192. Aparasitic 
gate capacitance of transistor 180 is illustrated by capacity 
181 to ground (or to a substrate). Resistor 186 in parallel to 
capacity 188 symboliZes an external load betWeen output 
194 and line 192. Driver 200 has input lines 161 and 162 for 
reference signals REF_1 and REF_2, respectively. 

[0012] Regulator 199 as illustrated is knoWn in the art as 
a loW-drop-out (LDO) regulator. The elements are coupled, 
for example, as folloWs. Lines 191 and 192 function as 
supply lines for op amp 170 and for driver 200. Line 191 is 
coupled to the source (S) of transistor 180. The drain (D) of 
transistor 180 is coupled to line 192 via resistors 182 and 
184. The gate (G) of transistor 180 receives signal OUT 
from driver 200 at drive line 196. The node betWeen resistors 
182 and 184 goes to an non-inverting input (plus symbol) of 
op amp 170. Op amp 170 receives INPUT in the function of 
a control signal at line 193 (inverting input, minus symbol). 
An output of op amp 170 sends signal IN to driver 200 via 
signal line 195. 

[0013] As mentioned above, driver 200 sends signal OUT 
to the gate G of transistor 180 via drive line 196. As it Will 
be explained in detail in connection With FIGS. 3-5, driver 
200 comprises a booster circuit additionally to a traditional 
pull up/pull doWn arrangement. It is an advantage of the 
present invention that the booster circuit can pull doWn drive 
line 196 substantially to ground level GND of line 192 or to 
the level VCC of line 191, and that the traditional arrange 
ment can provide any intermediate values therebetWeen 
(e.g., GND<OUT<VCC). In other Words, driver 200 pro 
vides rail-to-rail sWitching of OUT. Further, driver 200 
provides loW drive impedance over the complete voltage 
range. 

[0014] This feature of driver 200 improves the stability of 
regulator 199 for at least the folloWing reasons. Regulator 
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has an OUTPUT/INPUT transfer function With a ?rst pole 
due to capacitor 172 at op amp 170, a second pole due to the 
external load capacity 188, a third pole due to gate capacity 
181 and the output impedance of driver 200, and has only a 
single Zero due to the RC-time constant of the frequency 
compensation arrangement 171/172. The Zero compensates 
the second pole. The loW impedance moves the third pole to 
a frequency above a transient frequency higher than the 
operating frequency of regulator 199. 

[0015] Preferably, driver 200 is integrated With op amp 
170 into a single monolithic chip (e.g., of silicon). The 
example of regulator 199 is intended to be a non-limiting 
example. Those of skill in the art are able to connect driver 
200 in a different arrangement in a different regulator or to 
use driver 200 in a different application Which has not 
necessarily to be a regulator. For convenience of explana 
tion, driver 200 is explained in comparison to prior art driver 
100 (FIG. 2) Which also can be used in regulator 199. 

[0016] FIG. 2 illustrates a simpli?ed circuit diagram of 
driver 100 according to the prior art. Driver 100 comprises 
transistor pair 103/104 (NPN/PNP) for traditionally pulling 
up or doWn line 196 (OUT), NPN-transistor 101, PNP 
transistor 102, and current sources 115 and 116. The ele 
ments of driver 100 are coupled as folloWs. The collector of 
transistor 103 is coupled to line 191 (e.g., VCC); the emitters 
of transistors 103 and 104 are coupled together to drive line 
196 (OUT); and the emitter of transistor 104 is coupled to 
line 192 (e.g., GND). Current source 115 is coupled betWeen 
line 191 and the base of transistor 103 Which is also coupled 
to the emitter of transistor 102. The collector of transistor 
102 is coupled to line 192. Similarly, current source 116 is 
coupled betWeen line 192 and the base of transistor 104 
Which is also coupled to the emitter of transistor 101. The 
collector of transistor 101 is coupled to line 191. Signal line 
195 (IN) goes to the bases of transistors 101 and 102. 

[0017] When pull-up transistor 103 is fully conductive 
(i.e., completely sWitched on), then the maximum voltage of 
signal OUT is limited by base-emitter voltage VBE 103 and 
the saturation voltage VSAT 115, that is: 

[0018] When pull-doWn transistor 104 is fully conductive, 
then the minimum voltage of signal OUT is limited by 
base-emitter voltage VBE 104 and the saturation voltage VSAT 
116, that is: 

[0019] This limitation is a signi?cant disadvantage of the 
prior art. With the trend to use loW voltages VCC in modern 
electronics (eg as loW as VCC at 1.5 volts or even loWer), 
the voltage drop |VBE+VSAT|, for example, of about 0.6 volts 
should be avoided. There is a risk that driver 100 providing 
OUTMIN according to equation (4) does not completely 
sWitch off (i.e. make non-conductive) transistor 180 of 
regulator 199, for example, When the voltage drop remains 
higher than the threshold voltage of transistor 180. 

[0020] FIG. 3 illustrates a simpli?ed block diagram of 
driver 200 according to the present invention. Driver 200 
comprises ?rst transistor pair 203/204, second transistor pair 
212/210 (“booster circuit”), and, optionally, stages 121, 131 
and 234 (dashed). Transistor 203 (corresponding to transis 
tor 103 in driver 100) has its collector-emitter path coupled 
betWeen reference line 191 (VCC) and drive line 196 
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(OUT). Transistor 204 (corresponding to transistor 104 in 
driver 100) has its collector-emitter path coupled betWeen 
reference line 192 (GND) and drive line 196. Transistors 203 
and 204 are controlled from signal line 195 (IN) coupled to 
the bases of transistors 203 and 204 via stage 234 (e.g., as 
by transistors 101, 102 in driver 100, cf. FIG. 2). According 
to the present invention, transistor 212 has its emitter 
collector path coupled betWeen reference line 191 and drive 
line 196 and transistor 210 has its emitter-collector path 
coupled betWeen reference line 192 and drive line 196. In 
other Words, the emitter-collector paths of transistors 212 
and 210 are coupled parallel to the collector-emitter paths of 
transistors 203 and 204, respectively. Preferably, parallel 
coupled transistors are of a different type, as in the example, 
NPN-transistor 203 parallel to PNP-transistor 212 and PNP 
transistor 204 parallel to NPN-transistor 210. In other Words, 
transistors 203 and 204 are traditionally sWitched as emitter 
folloWers, and “new” transistors 212 and 210 are sWitched 
as sWitched current sources. Transistors 212 and 210 receive 
control signals at their bases Which depend on a magnitude 
relation betWeen signal IN at signal line 195 and reference 
signals REF_1 and REF_2 at lines 161 and 162, respec 
tively. Comparator 130 has a ?rst input (e.g., non-inverting 
“+”) at line 161 (REF_1) and a second input (e.g., inverting 
“—”) at line 195 (IN); comparator 120 has a ?rst input (e.g., 
“+”) at line 162 (REF_2) and a second input (e.g., “—” at 
line 195 (IN). Comparator 120 drives transistor 212 via stage 
121; and comparator 130 drives transistor 210 via stage 131. 
For example, comparators 120 and 130 are preferably imple 
mented by differential transistor stages, and stages 121 and 
131 are preferably implemented by current mirrors. 
Examples are illustrated later in connection With FIGS. 4-5. 

[0021] In case (i), stage 234 and transistors 203 and 204 
operate corresponding to driver 100 of the prior art When 
signal IN at line 195 assumes a magnitude Within a magni 
tude range de?ned by the reference signals, that is: 

[0022] OUTM AX and OUTMIN at drive line 196 are limited 
to values given above in Eqs. (2) and 

[0023] In case (ii), signal IN at line 195 assumes a 
magnitude outside this magnitude range, that is: 

(a) |IN|§|REFi1| or (8) 

(b) |IN|>|REFi2 (10) 

[0024] Case (ii) represents the rail-to-rail-sWitching fea 
ture and occurs When drive line 196 is sWitched near to line 
191 or to line 192 at GND. According to the present 
invention, either comparator 130 With stage 131 makes 
transistor 210 conductive or comparator 120 With stage 121 
makes transistor 212 conductive. OUTM AX and OUTMIN at 
drive line 196 are no longer limited and can have values of 

OUTMAX=VCC_ I VSAT212| (12) 

OUTMAX~VCC (13) 

0UTM1N=GND+| VSAT21D| (14) 
OUTMIN=GND (15) 

[0025] Compared to equations (2) and (4), base-emitter 
voltages VBE are excluded from calculation. 

[0026] Reference signals REF_1 and REF_2 can be 
derived, for example, by voltage dividers betWeen lines 191 
and 192. There is no requirement to temperature stabiliZa 
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tion or high precision. Persons of skill in the art can provide 
the reference signals Without the need of further explanation 
herein. 

[0027] It is a further advantage of the present invention 
that driver 200 does not require a feedback from line 196 to 
line 195. 

[0028] In other Words, driver 200 is a circuit for alterna 
tively pulling drive line 196 in a ?rst magnitude range (e.g., 
VCC . . . GND) betWeen ?rst 191 and second 192 reference 

lines, characteriZed in that ?rst transistor pair 203/204 drives 
drive line 196 to potentials Within a second magnitude (cf. 
OUTM AX . . . OUTMIN as in equations (2) and range 
smaller than the ?rst magnitude range and second transistor 
pair 212/210 coupled in parallel to pair 203/204 drives drive 
line 196 to potentials outside the second magnitude range 
but Within ?rst magnitude range (cf. OUTMAX . . . OUTMIN 
as in equations (12) and (14)). Preferably, transistor pairs 
203/204 and 212/210 each comprise complementary tran 
sistors (e.g., 203:NPN/204:PNP and 212:PNP/210:NPN) 
and Wherein the transistors Which pull drive line 196 to 
reference line 191 and 192 are also complementary transis 
tors (e.g., 203:NPN and 212:PNP at line 191, 204:PNP and 
210:NPN at line 192). 

[0029] Persons of skill in the art, are able to modify driver 
200 Without the need of further explanation. For example, 
the comparators can be implemented by digital circuitry 
With analog-to-digital-converters (ADCs). Also, transistors 
203/204 and 212/210 can be controlled by a microprocessor. 

[0030] Other advantages of the present invention become 
clear With the explanation of further details. 

[0031] FIG. 4 illustrates a simpli?ed circuit diagram of 
driver 200‘ in a ?rst embodiment of the present invention 
substantially implemented With bipolar transistors. In FIGS. 
3-4, reference numbers 161, 162, 191, 192, 195, 196, 200, 
203, 204, 210, 212 and 234 With or Without prime markers 
are analogous. Driver 200‘ comprises current sources 215‘ 
(cf. 115 in FIG. 2) and 216‘ (cf. 116 in FIG. 2), PNP 
transistors 212‘ (cf. FIG. 3), 204‘ (cf. FIGS. 2-3), 202‘ (cf. 
102 in FIG. 2), 205‘, 211‘, 213‘ and 214‘ as Well as NPN 
transistors 210‘ (cf. FIG. 3), 203‘ (cf. FIGS. 2-3), 201‘ (cf. 
101 in FIG. 2), 206‘, 207‘, 208‘ and 209‘. 

[0032] Transistors 201‘, 202‘ and current sources 215‘ and 
216‘ form stage 234‘ (cf. FIG. 3). Stage 234‘ and transistors 
203‘, 204‘ forming circuit 100‘ (dashed frame) are already 
knoWn in the prior art. Transistor 205‘ in differential com 
bination With transistor 202‘ has the function of comparator 
120 (base coupled to line 162 (REF_2), emitter coupled to 
line 195 (IN) via transistor 202‘); transistor 206‘ in differ 
ential combination With transistor 201‘ has the function of 
comparator 130 (base coupled to line 161 (REF_1), emitter 
coupled to line 195 (IN) via transistor 201‘); transistors 208‘, 
207‘ and 211‘ have the function of stage 121 (current mirrors 
207‘/208‘ and 211‘/212‘); and transistors 213‘, 214‘ and 209‘ 
have the function of stage 131 (current mirrors 213‘/214‘ and 
209‘/210‘). 
[0033] The elements of driver 200‘ are coupled as folloWs: 
line 191‘ to the emitter of transistor 212 (“E-212"’ ), the 
collector of transistor 212 (“C-212"’ ) to line 196‘, C-210‘ 
also to line 196‘, E-210‘ to line 192‘, C-203‘ to line 191‘, 
E-203‘ and E-204‘ together to line 196‘, C-204‘ to line 192‘, 
source 215‘ betWeen line 191‘ and E-202‘, C-202‘ to line 192‘, 
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C-201‘ to line 191‘, source 216‘ betWeen E-201‘ and line 192‘, 
line 195‘ to B-201‘ and B-202‘ (B for bases), B-203‘ to 
E-202‘, B-204‘ to E-201‘, E-206‘ to E-201‘, B-206‘ to line 
161‘, C-206‘ to C-214‘, E-205‘ to E-202‘, B-205‘ to line 162‘, 
C-205‘ to C-208‘, E-213‘ and E-214‘ to line 191‘, B-213‘ and 
B-214‘ to C-214‘, C-213‘ to C-209‘ and B-209‘ and B-210‘, 
E-209‘ to line 192‘, E-208‘ and E-207‘ to line 192‘, B-208‘ 
and B-207‘ to C-208‘, C-207‘ to C-211‘ and B-211‘ and 
B-212‘, and E-211‘ to line 191‘. 

[0034] Preferably, reference signal REF_1 at line 161 is 
higher then a transistor base-emitter voltage, that is: 

[0035] Reference signal REF_2 at line 162 is beloW VCC 
minus the base-emitter voltage VBE, that is: 

[0036] For case (i), driver 200‘ operates similar to driver 
100 (FIG. 2) of the prior art. According to the present 
invention, driver 200‘ operates for case (ii) as folloWs. (a) 
Assume that the voltage of signal IN is beloW REF_1 (see 
equation The current through source 216‘ and conduc 
tive transistor 206‘ is mirrored through transistors 214‘ and 
213‘ and transistors 209‘ and 210‘ so that conductive tran 
sistor 210‘ pulls doWn drive line 196 almost to line 192‘ at 
GND (see equation (14)). Transistors 201‘ and 204‘ are not 
conductive. (b) NoW assume that the voltage of signal IN is 
above REF_2 (see equation (10)). The current through 
source 215‘ and conductive transistor 205‘ is mirrored 
through transistors 208‘ and 207‘ and transistors 211‘ and 
212‘ so that conductive transistor 212‘ pulls up driver line 
196 almost to line 191‘ at VCC (see equation (12)). Tran 
sistors 202‘ and 203‘ are not conductive. 

[0037] The operation of driver 200 can conveniently also 
be described as a method for providing a drive signal (e.g., 
to transistor 180) by pulling a node (e.g., drive line 196) 
from an initial potential (e.g., VCC) across a ?rst potential 
difference (e.g., VCC to GND) to a reference line (e.g., line 
192) in response to a changing input signal (e.g., IN). The 
examples in parenthesis refer to the pull-doWn operation. 
Prime markers are conveniently left out. The method has at 
least the steps of: 

[0038] First, a ?rst transistor (e.g., transistor 204) is made 
conductive. The ?rst transistor has a control electrode (e.g., 
a base) to receive the input signal (e.g., IN via transistor 
206), a ?rst main electrode (e.g., an emitter) coupled to the 
node and a second main electrode (e.g., a collector) coupled 
to the reference line. Thereby, the ?rst transistor pulls the 
node to an intermediate potential (e.g., OUTMIN as de?ned 
in equation With a second, smaller potential difference 
(e.g., |VBE|+|VS to the reference line. 

[0039] Second, a second transistor (e.g., transistor 210) is 
made conductive. The second transistor has a control elec 
trode (e. g., a base) to receive a control signal (from stage 131 
and comparator 130) Which activates the second transistor 
When the input signal (e.g., IN) is in a predetermined 
magnitude relation (e.g., smaller) to an input reference 
signal (e.g., |REF_1|, cf. equation The second transistor 
has a ?rst main electrode (e.g., a collector) coupled to the 
node and a second main electrode (e.g., an emitter) coupled 
to the reference line. Thereby, the second transistor pulls the 
node to the reference line across the second potential dif 
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ference from the intermediate potential (e.g., OUTMIN as in 
(4)) to the potential of the reference line (e.g., GND). 

[0040] In a further, optional, step the node (e.g., line 196) 
is pulled back across the ?rst potential difference (e. g., GND 
to VCC) from the reference line (e.g., line 192) to a further 
reference line (e.g., line 191) When the input signal (e. g., IN) 
changes in an opposite direction. Initially, a third transistor 
(e.g., transistor 203) is made conductive by the input signal 
(e.g., via transistor 202) to pull the node to a further 
intermediate potential (e. g., OUTM AX as de?ned in equation 
(2)) betWeen the potentials of the reference line (e.g., line 
192) and the further reference line (e.g., line 191). Consecu 
tively, a fourth transistor (e.g., transistor 212) is made 
conductive by a further control signal (e.g., from stage 121 
and comparator 120) activating the fourth transistor When 
the input signal (e.g., IN) crosses a further input reference 
signal (e.g., |REF_2|, cf. equation (10)) so that the fourth 
transistor pulls the node across the remaining potential 
difference betWeen the further intermediate potential 
(OUTM AX, equation and the potential (OUTMAX, equa 
tions (12) and (13)) of the further reference line. 

[0041] For case (i), the output impedance R of driver 200‘ 
betWeen drive line 196‘ and line 192‘ can be estimated as: 

k * T (20) 

[0042] Wherein “k” is BoltZmann’s constant (138x10-23 
joules/kelvin), “T” the absolute temperature in kelvin, “q” 
the elementary electron charge (1.6><10_19 coulombs), and 
IBIAS the current provided by a single current source (either 
source 215‘ or 216‘). 

[0043] For case (ii) according to the present inventinon, 
the output impedance is estimated as: 

k * T (22) 

[0044] Wherein IBIAS (ii) is the current ?oWing either (a) 
(OUTzGND) through transistor 203‘ and transistor 210‘ 
(current source determining current value) or (b) 
(OUTzVCC) through transistors 212‘ (determining current 
value) and transistor 204‘. It is an advantage, that by scaling 
the current mirrors (e.g., 209‘/210‘ and 213‘/214‘ in the pull 
doWn branch), R(ii) can be set loW. For eXample, in regulator 
199, the third pole moves to a frequency above the transient 
frequency so that the stability of regulator 199 is improved. 

[0045] Reference signals REF_1 and REF_2 can have 
different magnitudes. This is hoWever not essential for the 
present invention. For REF_1=REF_2, persons of skill in the 
art can simplify driver 200 by combining comparators 120 
and 130 (cf. FIG. 3) to a single element. 

[0046] FIG. 5 illustrates a simpli?ed circuit diagram of 
driver 200“ in a second embodiment of the present invention 
substantially implemented With ?eld effect transistors 
(FETs). FIG. 5 uses reference numbers With double prime 
markers Which correspond to the numbers With single prime 
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markers in FIG. 4; connections betWeen the FETs and the 
current sources 215, 216 are also corresponding; and signals 
IN, OUT, VCC, GND, REF_1, REF_2 are also analogous in 
both FIGS. P-channel FETs 212“, 204“, 202“, 205“, 211“, 
213“ and 214“ replace corresponding PNP-transistors, and 
N-channel FETs 210“, 203“, 201“, 206“, 207“, 208“ and 
209“ replace corresponding the NPN-transistors. The source 
(S) of a FET replaces the emitter the drain (D) replaces 
the collector (C); and the gate (G) replace the base The 
P-FETs are symboliZed by a circle at the transistor gates. 
Which electrode is the drain D and Which is the source S, 
depends on the applied voltages, so D and S are distin 
guished here only for the convenience of explanation. 

[0047] As already suggested by the explanation of FIGS. 
4-5, the present invention can be implemented independent 
from manufacturing processes. Various transistor con?gu 
rations are possible, such as using only bipolar transistor 
(e.g., driver 200‘ of FIG. 4), only FETs (e.g., driver 200“ of 
FIG. 5), or a combination of bipolar transistors and FETs. 

[0048] The present invention Was conveniently described 
by driver 200 Which has a “pull up” branch (e.g., transistors 
203, 212, comparator 120) and Which has a “pull doWn” 
branch (e.g., transistors 204, 210, comparator 130). HoW 
ever, the present invention is also applicable in a driver With 
a single branch and can be described by an apparatus (e.g., 
regulator 199) having a driver (e.g., driver 200) receiving an 
input signal IN and providing an output signal OUT at an 
output node (e.g., driver line 196). The output node has 
variable potential OUT betWeen reference potential VCC 
and reference potential GND. 

[0049] Using the reference numbers and acronyms for the 
“pull up” branch, the driver comprises a ?rst transistor (e. g., 
203) to pull output node 196 so that variable potential OUT 
is in a ?rst magnitude relation (smaller than) to intermediate 
potential OUTMAX (cf. equation betWeen VCC and 
GND; the ?rst transistor being conductive When input signal 
IN is substantially in a ?rst magnitude relation (e.g., smaller 
than |REF_2|) to ?rst input reference signal |REF_2|; and a 
second transistor (e.g., 212) having main electrodes parallel 
to the ?rst transistor also pulls output node 196 so that 
variable potential OUT is in a second magnitude relation 
(larger than) to ?rst intermediate potential OUTMAX; the 
second transistor being conductive When input signal IN is 
in a second, opposite relation (e.g., larger than |REF_2|) to 
?rst input reference signal |REF_2|. 

[0050] Using the reference numbers and acronyms for the 
“pull doWn” branch, the driver comprises a ?rst transistor 
(e.g., 204) to pull output node 196 so that variable potential 
OUT is in a ?rst magnitude relation (larger than) to inter 
mediate signal OUTMIN (cf. equation betWeen VCC and 
GND; the ?rst transistor being conductive When input signal 
IN is substantially in a ?rst magnitude relation (e.g., larger 
than |REF_1|) to ?rst input reference signal |REF_1|; an a 
second transistor (e.g., 210) having main electrodes parallel 
coupled to the ?rst transistor also pulls output node 196 so 
that variable potential OUT is in a second magnitude relation 
(smaller than) to ?rst intermediate potential OUTMIN; the 
second transistor being conductive When input signal IN is 
in a second, opposite relation (e.g., smaller than |REF_1|) to 
?rst input reference signal |REF_1|. 

[0051] While the invention has been described in terms of 
particular structures, devices and methods, those of skill in 
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the art Will understand based on the description herein that 
it is not limited merely to such examples and that the full 
scope of the invention is properly determined by the claims 
that folloW. 

1. An apparatus having a driver receiving an input signal 
and providing an output signal at an output node, said output 
node having a variable potential betWeen a ?rst reference 
potential and a second reference potential, Wherein said 
driver comprises: 

a ?rst transistor for pulling said output node so that said 
variable potential is in a ?rst magnitude relation to a 
?rst intermediate potential betWeen said ?rst and sec 
ond reference potentials, said ?rst transistor being 
conductive When said input signal is substantially in a 
?rst magnitude relation to a ?rst input reference signal; 
and 

a second transistor parallel to said ?rst transistor also for 
pulling said output node so that said variable potential 
is in a second magnitude relation to said ?rst interme 
diate potential, said second transistor being conductive 
When said input signal is in a second, opposite relation 
to said ?rst input reference signal. 

2. The apparatus of claim 1 Wherein said ?rst transistors 
is a transistor of a ?rst conductivity type and said second 
transistor is a transistor of a second conductivity type. 

3. The apparatus of claim 2 Wherein said ?rst transistor is 
a NPN-transistor and said second transistor is a PNP 
transistor. 

4. The apparatus of claim 1 Wherein said ?rst transistor 
has a collector-emitter path coupled betWeen said ?rst ref 
erence potential and said output node, and said second 
transistor has an emitter-collector path coupled betWeen said 
output node and said ?rst reference potential. 

5. The apparatus of claim 1 Wherein said ?rst transistor is 
a bipolar transistors With a collector coupled to said output 
node and said second transistor is a bipolar transistor With an 
emitter coupled to said output node. 

6. The apparatus of claim 1 Wherein said ?rst transistor is 
a N-channel ?eld effect transistor and said second transistor 
is a P-channel ?eld effect transistor. 

7. The apparatus of claim 1 Wherein said ?rst input 
reference signal is substantially constant. 

8. The apparatus of claim 1 Wherein a ?rst comparator 
receives said ?rst input reference signal and said input signal 
and controls said second transistor. 

9. The apparatus of claim 8 Wherein said ?rst comparator 
controls said second transistor by a ?rst current mirror. 

10. The apparatus of claim 8 Wherein said ?rst comparator 
is implemented by digital circuitry. 

11. The apparatus of claim 1 Wherein said ?rst input 
reference signal is derived from said ?rst and second refer 
ence potentials by a voltage divider. 

12. A driver circuit for alternatively pulling a drive line in 
a ?rst magnitude range betWeen ?rst and second reference 
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lines, comprising a ?rst transistor pair that drives said drive 
line to potentials Within a second magnitude range smaller 
than said ?rst magnitude range and a second transistor pair 
coupled in parallel to said ?rst transistor pair drives said 
drive line to potentials outside said second magnitude range 
but Within said ?rst magnitude range. 

13. The driver circuit of claim 12 Wherein said ?rst and 
second transistor pairs each are complementary transistors 
and Wherein the transistors of said ?rst pair and of said 
second pair Which pull said drive line to said ?rst reference 
line are also complementary transistors. 

14. A method for providing a drive signal by pulling a 
node across a ?rst potential difference to a reference line in 
response to a changing input signal, said method comprising 
the steps of: 

making conductive a ?rst transistor Which has a control 
electrode to receive said input signal, a ?rst main 
electrode coupled to said node and a second main 
electrode coupled to said reference line so that said ?rst 
transistor pulls said node to an intermediate potential 
With a second, smaller potential difference to said 
reference line, 

making conductive a second transistor Which has a control 
electrode to receive a control signal Which activates 
said second transistor When said input signal is in a 
predetermined magnitude relation to an input reference 
signal and Which has a ?rst main electrode coupled to 
said node and a second main electrode coupled to said 
reference line so that said second transistor pulls said 
node to said reference line across said second potential 
difference. 

15. The method of claim 14 Wherein said ?rst and second 
transistors are transistors of different types. 

16. The method of claim 14 comprising the further step of 
pulling back said node across said ?rst potential difference 
from said reference line to a further reference line When said 
input signal changes in an opposite direction, Wherein ini 
tially, a third transistor is made conductive by said input 
signal to pull said node to a further intermediate potential 
betWeen the potentials of said reference line and said further 
reference line; and 

consecutively, a fourth transistor is made conductive by a 
further control signal activating said fourth transistor 
When said input signal crosses a further input reference 
signal so that said fourth transistor pulls said node 
across the remaining potential difference betWeen said 
further intermediate potential and the potential of said 
further reference line. 

17. The method of claim 16 Wherein said ?rst and third 
transistors are of a ?rst type and said second and fourth 
transistors are of a second type. 


