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Abstract—A low-power, high-speed, but with a large input dynamic U —0

range and output swing class-AB output buffer circuit, which is suitable ]

for the flat-panel display application, is proposed. The circuit employs

an elegant comparator to sense the transients of the input to turn on

charging/discharging transistors, thus draws little current during static,

but has an improved driving capability during transients. It is demon- R

strated in a 0.6 em CMOS technology. M3 ’_4
Index Terms—Amplifiers, Buffer circuits, driver circuits, flat panel dis-

plays. ﬂ = e jnJ El
E M7f M8j_ M12j_ M15\1 M10

|. INTRODUCTION Fig. 1. The proposed class-AB buffer amplifier.

With the evolution of compact, light-weighted, low-power, and high-
quality display, there is a big demand of developing the low-pow&pmparator and a charging transistor M13 are added. ITH#é of
consuming, high efficiency, and high-speed buffer circuit. The circud12 is chosen the same as those of M7 and M8 to draw the same
should occupy a small die area, consume minimal power, have a $g@gnitude of current, /2, where! is the biasing current of the input
tling time smaller than the horizontal scanning time, and a capabiligjfferential stage, as M7 and M8. However, g L of M11 is chosen
of offering high-current resolution which can accommodate up to 25%6 be a little bit larger than half of M4

gray levels. For a 4 V of full scale, each gray level corresponds to 16 . . .
WA _1/w +A w 1)
L), 2\LJ, L)

mV [1], [2].
Some output buffers were proposed and demonstrated in recent
years. For examples, ‘et al.[3] proposed a class-B output buffer for  |n the stable state with no input, the output voltage equals to the
flat-panel-display column driver, for which a comparator was used jAput voltage. The currents flowing in M5, M6, M7, M8, and M12 are
the negative feedback path to eliminate the quiescent current in §)e7 /2. At this moment, the current flowing in M11 is alg¢2. How-
output stage; Leet al. [4] proposed a dynamic-bias technique, tQver, since the aspect ratio of M11 is designed to be greater than half
increase the bias current of the differential input stage of a two-stagea, this will make M11 go out of the saturation region and be in
amplifier when the input voltage difference is large; and Khorrampe triode region. As a result, the gate voltage of M13 will be forced
ab.a(.:il [5] also p.roposed a class-B ampllfler which had a better powgrhe close to the value dfpp. M13 will then stay at'off.” That
efficiency but with a large-output transistor. is, when no input is applied, M13 is cut off from the output. When
_Inthiswork, a class-AB CMOS output buffer circuitis proposed. Thgyere is an input, i.e., the input voltage of the noninverting terminal is
circuit achieves the large driving capability by employing a simple blt‘éised, say, by a step voltage;, the current in M5 will be increased

elegant c_ompgrator c_ircuit to sense the _transients qf the input to t‘[‘é”([/z) + (1/2)g,.AV; but the current in M6 will be decreased to
on charging/discharging transistors, which are staticaff’ when (I/2) = (1/2)gm AV1, whereg,, is the transconductance of M5 and
no input is applied. This increases the speed of the circuit without i i6. That is ) ’

creasing too much static-power consumption. The circuit also features

a wide input voltage range and a large output swing. ins = 1 + lg AV 2)
2 2 2 m

Il. THE PROPOSEDCLASS-AB BUFFER ipg = I_1 N (3)
2 2 e

Fig. 1 shows the proposed class-AB buffer circuit. As a buffer, the
output is connected to the inverting inpin <) and the input signal Where
is applied to the noninverting terminain@-). The differential pair W
M5-M6, which is biased by the constant current source M1-M4, is gm = I(T) #pCos. 4)
actively loaded by the current mirror formed by M7 and M8. M9 and 5

M10 form a common-source output stage and the Miller-feedback R1G andC,. are the hole mobility in the channel and the gate oxide

is for frequency compensation. When the M9-M10 output stage isd@pacitance per unit area, respectivelyf is greater thar /2 + AT
drive a large capacitive load of a flat-panel display under a step-wise

input, it will have a small fall time but a large rising time since M9 AVL > 2A1 /g, (5)
is a constant current which provides limited charging capability to
the load. To solve this problem, M11-M12, which forms a curre

1 W . .
Al= 3 //,,,COXA<T) (Vsan — Vip)? (6)
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Fig. 2. The simulated responses of the outputs of the conventional amplifier and the proposed buffer amplifier, which are loaded with a lamgtsizef cap

680 pF, with a square-wave input.

can be decreased to a really low and M13 can be turned to‘anly to

charge the outputby a maximal speed. When the output voltage reachelshere are three components in the power dissipated in the amplifier.

T’r'ﬁe static dissipation, which is due to the dc bias current from the power
f upply for each transistor; the dynamic dissipation due to the charging
hd discharging of the load capacitance; and the direct-path dissipation

less tharAT/g,,, M13 stops charging the output node. In this way,
in addition to the original constant current source M9, the chargi

capability of this circuit is greatly improved for the rising edge of th%vhich is due to the direct-path current going through both the pMOS

input waveform.

Ifthe buffer is to be used to drive a larger capacitive load, the driving o this circuit, the static energy dissipation during a scanning period

450u

500u

550u

£00u 650u 700u 750u 800u
Time {lin) {TIME)

and nMOS transistors during transitions.

capability can be improved by increasing the size of M13, M9, and,, pe expressed as
M10. Increasing the aspect ratio of M13 does not increase the static
current; however, increasing the sizes of M9 and M10 does increase ThiasVD D

the static current. That will increase the total power consumption.

Esta,tic =

fscanning

Hence, another comparator transistors M14-M15 and a discharge

transistor M16 are added to improve the discharge capability withamhere I,;.s is the total dc bias currents for the whole circuit and
increasing the static current. M14-M16, which work in a similar way. ..., is the scanning frequency. The amplifier always consumes

as do M11-M13, are to improve the discharging capability of thiis static dissipation.

circuit when the input of the circuit is applied a negatively going input For the dynamic dissipation, during transitions, as the load capaci-
waveform. When the negatively going input waveform is larger thaance is charged, charges are transferred fr@m through the output
2AI/gm, M16, which originally staysoff,” is turned“on” to help pMOS transistor to the load. Power dissipation in this pMOS transistor

discharge the load voltage. Since M13 and M16 ‘af when no s given by
input is applied, they draw no static current, thus do not consume

static power. Hence, this configuration is a low power consumption

but high-speed buffer.

Fig. 2 shows the simulated responses of the outputs of the conven-
tional amplifier and the proposed buffer amplifier, which are loaded

P(‘,ha‘rge = (‘/DD - V‘O) Z.L

v
= (Vpp—W)CL 7

I1l. EVALUATION OF POWER CONSUMPTION

)

®)

with a large size capacitor of 680 pF, with the input of a step-wisp,g energy dissipated in this pMOS device as the output charges from
(0.5~4 V). Curve (a) is the response of the conventional buffer aqu to Vi is

the curve (b) is for the proposed buffer. The settling times to settle to

within 0.2% of the final voltage for the rising edges, are 175 and 1.5
us for the outputs of these two buffer amplifiers, respectively. It can be
seen that the charging capability is greatly improved for the rising edge

of the input waveform.

Vi
Echargc = / Pcharg;c dt

Vi,

=CrVon(Vir = Vi) = 20 (Vi =V

72
L

)

9)
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Fig. 3. The simulated results of the power supply currents for the conventional amplifier. Curve (a) is the current draWmframd curve (b) is the current

drawn fromVsg.
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Fig. 4. The simulated results of the power supply currents for the proposed buffer amplifier. Curve (a) is the current dr&jyrframd curve (b) is the current

drawn fromVyg.

As the output discharges to a lower value, the power is dissipated in Fiee energy dissipated as the output discharges ¥rgnto 17, is given

output nMOS transistor. This power dissipation is

by

Pdischargo dt

Vi
;
I

-

Edischargc

—Voir

Pdischu,rqr:

(11)

).

72
L

(10)

vy
R i¥e ALy
oLr dt
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Fig.5. (a) The maximum power consumption versus the scanning frequencies
for a 3.5-V output voltage swing (0:54 V) for the charging step of the
conventional and proposed buffer. (b) The maximum power consumption
versus the scanning frequency for a 3.5-V output voltage swing-@¥) for ~ Fig. 7. The die photograph of the proposed output buffer.
the discharging step of the conventional and proposed buffer.

The total average power dissipated in one buffer amplifier during one
For the direct-path current power dissipation, it can be estimated $§anning period is
computing the area under the direct-path current plot which can be ap-
proximated by a triangular value. The dissipated energy is then given Prot = fucanning Erot. (15)

by For a conventional amplifier circuit, for which only M1-M10 exist,

the dc bias for M9 should be much large, as compared to our proposed
circuit, in order to achieve the same driving. This greatly increases the
static-power consumption. Fig. 3 shows the simulated results of the
power-supply currents for the conventional amplifier, which is loaded
With a large-size capacitor of 680 pF with a step-wise input of 08V
. Curve (@) is the current supplied froffibp and curve (b) is the
current drawn fron¥ss. There is a static current of 2.8 mA. Due to
the voltage feed-through through the parasitic capacitance between the
+CrtVpp (Vg — V1) gate and drain of M4, the gate voltage of M9 will be raised up during the
rising edge and pulled down during the falling edge of the input signal.
-2CL(Vit = Vi) + 2 VopLeaTup.  (13) Hence, the current is reduced during the rising edge and is increased
during the falling edge of the input signal. This produces a direct-path
When the output discharges, the total dissipated energy during &r’]’érem' In the flgure, the peak value_ls 6.1 mA,_the duratlor_l of the
scanning period is direct-path current |_s 2s, and the maX|_mur_n transient current is 9.45
mA. Hence, the static power consumption is 14 mW and the maximum
dynamic power consumption is 47.25 mW.
+ 0L (Vi = Vi) However, for our proposed amplifier circuit, it has an improved
driving capability during transients but draws little static current.
+2VonlpearTap. (14) Fig. 4 shows the same simulation results of the proposed class-AB

Edp - %annlpeadep (12)

wherel,..« is the peak value of the direct-path current &ng is the
duration of this current.

The total energy dissipated in the amplifier as the output char
from V7, to Vi during one scanning period is therefore

_ IbiasVDD
Etot,chargo -
fscanning

_ IbiasVDD
Etot,dischargc - 7
fscanning
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buffer amplifier with the same input condition as that of Fig. 3. Curve
(a) is the current supplied frofipp and curve (b) is the current
drawn fromVss. The maximum transient current is 5.3 mA. However,
the static current is only 29.8A. The maximum dynamic power
consumption is 26.5 mW while the static power is only 148, which

are much smaller than those of the previous conventional amplifier
circuit. For the direct-path currents, there exist only small ringings
during transients and the maximum peak value is 0.45 mA.

The dynamic power consumption depends on the value of the
output voltage swing. The maximum value occurs when the image
on a column of the display is alternating black-and-white and pixel
by pixel. However, when the image on a column is a constant gray
level, the dynamic power is zero. The horizontal scanning frequency
ranges from 31.5 to 97.8 KHz [3]. The power dissipation of the buffer
can be estimated from equations (13)—(15) for a scanning period.

Fig. 5 d (b) sh th . ti ig. 8. The measured result of the proposed output buffer under a 100 KHz
ig. 5(a) and (b) show the maximum-power consumption versus ngular input waveform of an amplitude of 1 V to 4.17 V under a 680 pF

scanning frequency with a 3.5 V output voltage swing {#45V)  capacitance load. The lower trace is the input waveform.
for the charging and discharging steps, respectively, for the proposed

buffer amplifier and the conventional amplifier. It can be seen that the &. 99387V

power consumption of the proposed buffer amplifier depends on the
scanning frequency. However, they are greatly reduced as compared
with that of the conventional type of amplifier even for the scanning
frequency up to 100 KHz. Fig. 6 shows the power consumption versus
the output voltage swing for a 97.8 KHz scanning frequency for the
proposed buffer. The solid line is the power dissipation as the output
voltage is charged from 0.5 V while the dash line is the one discharged
to 0.5 V. It can be seen that the power dissipation depends on the
output voltage swing.

Output Voltage (1V/div)

Time (2.5 us/div)

v
sdiv

Output Voltage (1V/div)

IV. EXPERIMENTAL RESULTS

The proposed output buffer amplifier was fabricated using the
Taiwan Semiconductor Manufacturing Company (TSMC) Qr6- 3. 001V
CMOS technology. The die photograph of the output buffer is shown Tdus Buesdiy 16
in Fig. 7. Fig. 8 shows the measured results of the output with the input Time (2 us/div)
of a large dynamic range {24.17 V) of a 100 KHz triangular wave
of the proposed buffer amplifier loaded with a large size capacitbid-9- The output-step response of the proposed output buffer with a 100-KHz

. . . . uare wave input under a 680 pF capacitance load. Traces (a) and (b) are the
of 680 pF (not including parasitic capacitances of the pad and tﬁ%ut and output waveforms, respectively.
test circuit). The lower trace is the input waveform and the upper
one is the measured-output waveform. It can be seen that the output EN
basically follows the input. The step response of the same buffer with
a 100 KHz square wave is shown in Fig. 9, where traces (a) and (b)
are the curves of the input and output, respectively. The input voltage
range is 0.15—4 V. The settling times for the outputs to settle to within
0.2% of the final voltage are 1.6 and;& for the rising and falling
edges, respectively. These values are low as compared with those of
[3]. In order to show the small-signal performance of the amplifier,
Fig. 10 is the small-signal step response of an amplitude of 20 mV
step waveform of the amplifier. The output waveform follows exactly
as the input waveform with a small offset voltage of 6 mV. The total
static current is 3QA.

10my

7div

Output Voltage (10mV/div)

V. CONCLUSION

In this paper, we have proposed and demonstrated a low-power
consumption, high speed, large output swing, and wide-input-voltage
range, class-AB output buffer circuit which is very suitable for dl’iVing:ig, 10. The small signal-step response of the proposed output buffer. The
the large column line capacitance in the flat-panel display. The drivigplitude of the step input is 20 mV. The lower trace is the input waveform.
capabilities of the circuit are achieved by adding comparators which
sense the rising and falling edges of the input waveform and thdre output load. The auxiliary driving transistors stay'@f” when
turn on an auxiliary driving transistor to help charging/discharginthere is no input applied, thus drawing no static power. The theoretical

Time (2 ps/div)
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power dissipations of the proposed class-AB buffer amplifier, whickon the Design of Low-Voltage, Low-Power CMOS Analog
is loaded with a large-size capacitor of 680 pF with the input of a Multipliers for RF Applications

step-wise (0.5:4 V) for a 97.8 KHz scanning frequency, are only 1 and

0.893 mW for charging and discharging, respectively. Experimental Carl James Debono, Franco Maloberti, and Joseph Micallef
prototype output buffer implemented in the TSMC @.8: CMOS

technology had Sje.monstra.ted that e Cireuibdraws onlygestatic Abstract—Novel low-voltage, low-power techniques in the design
current and exhibited settling times of 18 and 1us for rise and of portable wireless communication systems are required. Two system
fall edges for the proposed circuit under a 680 pF capacitance loagamples of low-power analog multipliers operating from a 1.2 V supply

The settling time for the rise edge is improved from 17 of the @€ presented. These proposed structures achieve the required multipli-
cation function by using current processing. The circuits were fabricated

ponventipna! buffer amplifier to 1.¢s of the proposed buffer. The using standard double-poly CMOS processes for a 900 MHz application.
input swing is 3.85 V. The measured data do show that the proposgghsurement results of the prototypes are comparable to other higher
output buffer circuit is very suitable for the application in the flat panefoltage designs.

as the display driver. Index Terms—Analog multiplier, CMOS RF, low power, low voltage.
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