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-MODEL TSMC_NMOS NMOS ( LEVEL =1

+TOX = 10E-9 NSUB =1E17 GAMMA =0

+PHI  =0.6 VIO =05 DELTA =0

+UO  =2500 ETA =0 THETA =0.1749684

+KP = 3453144E-6 VMAX =8309444E4 KAPPA =0.257408]
+RSH  =0.0559398 NFS =1EI2 TPG =1

+XJ  =3E-7 LD  =3.162278E-11 WD  =7.046724E-8
+CGDO  =2.08E-10 CGSO =2.08E-10 CGBO =I1E-10

+CJ  =500E-6 PB =08 MJ =0.3448504

+CISW = 180E-1 MISW =0.3508721 IS=10E-15)

.MODEL TSMC_ PMOS PMOS ( LEVEL =1
+TOX =10E-9 NSUB =1EI7 GAMMA =0
+PHi =0.6 VIO =-05 DELTA =0

+UO =2000 ETA =9.999762E-4 THETA =0.2020774

+KP  =172.6572E-6 VMAX =1.181551ES KAPPA =1.5
+RSH =30.0712458 NFS =1EI2 TPG =-1
+X] =2E-7 LD =5.000001E-13 WD =1.249872E-7

+CGDO =2.08E-10 CGSO =2.08E-10 CGBO =1E-10
+C) =618E-6 PB =08 MI =05
+CJSW =220E-1 MISW =05 IS=10E-15 )

.model NPN(

+HIS=1E-12  BF=89 NF=1 BR=Il
+NR=1 RB=250RE=25 RC=42
+CJE=23.8E-30 CIC=16.8E-30 CN=2.42

+D=0.87)

61



NMANUHIN V.

a o :; Vars o a ¢ ]
Na1IEN 105 UM IANNTIHEINS

62



ICSE2004 Proc. 2004, Kuala Lumpur, Malaysia 63

A Design of High-Speed, Full-Swing Bootstrapped
BiCMOS Dynamic Circuit

Kobchai Dejhan, Member, IEEE, Paiboon Tooprakai, Pisit Rojthongkham and
Chatcharin Soonyeekan*
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Abstract This paper proposes a design of a
bootstrapped BiCMOS dynamic circuit. The
proposed circuit is high-speed and full-swing
operation with 1.5 Volt single power supply.
The driving sections are designed by using the
noncomplementary technique based on
BiCMOS technology. The bipolar pull up
driving section is driven by bootstrapped
CMOS circuit. The results have been carried
out by using PSpice program simulator based
on 0.35 pm BiCMOS standard technology of
MOSIS. All circuit performance has been
compared with the previous results.

. INTRODUCTION

THE BiCMOS technology is widely used for
memory circuit, VLSI circuit for the higher
performance because of the high speed demand,
load, and low power dissipation [6]. The
BiCMOS static circuit designs need more
devices for logic function design, it needs more
chip area, higher power dissipation, operation
performance reduction, but all problems can be
solved by using the dynamic circuit technique [1-
2]. It makes the circuit to be small. The main
design of digital circuit aims at the speed, the
power dissipation of the circuit. The method to
reduce the power dissipation is to reduce the
supply circuit [6] it reduces the signal driving of
the circuit because the previous papers [1,2]
proposed the BICMOS dynamic circuits but they
could not operate with high efficiency at low
power supply. The low power supply dynamic
circuit techniques have been proposed in the
recent papers [3-5] with the different technique.
The BiCMOS dynamic circuit is improved by the
proposed technique and presented in the previous
paper [2] by using the quasi complementary
technique [4] and by using the transient

saturation [5], it has the better performance and
operation for 1.5 volt power supply.

It cannot drive the high capacitive load for
the low power supply and it is unable to have full
swing of power supply because of the quasi
complementary technique. This paper proposes a
high speed with full swing bootstrapped
BiCMOS dynamic circuit, the speed is better
than the previous circuit; the full swing output
can be done for the power supply. This proposed
circuit operates well for 1.5 volt power supply.

I1. N-TYPE BiCMOS DYNAMIC CIRCUIT

The previous paper [2] proposed the N-type
BiCMOS dynamic circuit as shown in Fig. I.

a1

cn—i

A—ILM?

B—i M3

Fig.1 N-type BiCMOS dynamic circuit

The circuit in Fig. 1 is N-type BiCMOS
dynamic  circuit based on the quasi
complementary technique with fall down driver.
The circuit operation can be described. The
precharge period, the clock signal is low and the
signal at gates of M1, M5, M6 and M7 are low,
M5, M7 and M9 can operate and the signal is
low. The transistors M5, M7, M9 operate and
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then QI operates to charge the load capacitance
in order to reach supply voltage (Vpp) but the Q2
does not operate.

The evaluate period, the clock signal is high
and the clock signal at gates of M1, M5, M6 and
M7 are high, then M6 operates to discharge at
base of Q1. QI stops operating. If the signals are
changed at the inputs A, B and C as designed,
then M8 and Q2 stop discharging at load
capacitive. As the output signal reaches to be low
and then MI11 operates and MI10 operates to
discharge the load capacitancz at base of Q2. Q2
stops operating.

I1I. P-TYPE BiCMOS DYNAMIC CIRCUIT

The previous paper [2] also proposed the P-
type BiICMOS dynamic circuit as shown in Fig. 2.
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Fig.2 P-type BICMOS dynamic circuit

The circuit in Fig. 2 is P-type BiCMOS
dynamic circuit based on the transient saturation
technique with fall domain driver. The circuit
operation can be described.

The precharge period, the clock signal is low
and M9 operates, if the previous output signal
was high, Q2 stops operating because of M12,
M8 and M9. The clock signal at gates of M1, M6
and M7 are high, then M1 and M6 operate to
discharge the load capacitance to be zero and
both Q2 and Q1 do not operate. As the output
voltage goes to low value, M10 and M11 operate
to separate the base driver of Q2 which is the
principle of transient saturation technique. M6
and M10 continue operating in order to have the
output signal is zero. The evaluate period, the
clock signal is high, M9 stops operating and M5
discharges at base of Q2 and then Q2 stops
operating.

The clock signal at gates of M1, M6 and M7
are low, M6 and M1 stop operating but M7 still
operates. If the signal are charged at the inputs A,
B and C, QI operates and charges the capacitive
load to be Vpp, as the output signal is high until
M12 operates, M8 reoperates again but Q2 does
not operate because M9 stops operating.

IV. N-TYPE BOOTSTRAPPED BiCMOS DYNAMIC
CIRCUIT

The proposed N-type bootstrapped BiCMOS
dynamic circuit is shown in Fig. 3.
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Fig. 3 Proposed N-type bootstrapped BiCMOS
dynamic circuit.

The proposed N-type bootstrapped BiCMOS
dynamic circuit uses the bootstrapped technique
with rise up driver. The circuit operation can be
described. The precharge period. the clock signal
is low, the clock signal at gates of M1, M5 and
M6 are low, M8 operates, M9 and Q2 do not
operate, but M5 operates and QI operates to
charge the load capacitance to be Vpp. As the
base voltage of QI is equal to the sum of output
voltage and the voltage across Cpe. The evaluate
period, the clock signal is high, the clock signal
at gates of M1, M5 and M6 are high, M6 operates
to discharge at the base of QI, QI stops
operating. If the signals are changed at the inputs
A, B and C. M6 and M9 operate and then Q2
discharges the load capacitance, Cyo is shorted
circuit to the supply voltage. Cyo i1s charged via
M6 until the voltage is equal to VDD.

As the output signal is low until MI1I
operates and then M10 operates to discharge at
base of Q2. Q2 stops operating, the output signal
is still to be zero because M9 and M 10 operate.
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V. P-TYPE BOOTSTRAPPED BiCMOS DYNAMIC
CIRCUIT

The proposed P-type bootstrapped BiCMOS

dynamic circuit is shown in Fig. 4.

Fig. 4 Proposed P-type bootstrapped BiCMOS
dynamic circuit.

The proposed P-type bootstrapped BiCMOS
dynamic circuit uses the bootstrapped technique
with rise up driver. The circuit operation can be
described. The precharge period, the clock signal
is low, but the clock signal at the gates of MI,
M35, M6 and M7 are high, M1, M6 and M7
operate and Q2 discharges the load capacitance
to be zero, Q1 does not operate. As the output
voltage is low until M8 and M9 operate to
discharge the base of Q2 and Q2 stops operating
but the output voltage is still zero, because M7
and M8 operate. As MI operates, Cyoo IS
connected with the supply voltage and Cyo I8
charged via M6 and MI to be VDD. The
evaluate period. the clock signal is high, but the
gate signals at M1, M5, M6 and M7 are low, M5
operates and M1, M6, M7 and Q2 do not operate.
If the signals are changed at the input A, B and C,
Q1 operates via M5 and charged the load
capacitance to be Vpp and the base voltage of QI
is the sum of Vpp and the voltage across Cpoer.

V1. CIRCUIT PERFORMANCE EVALUATION

All results have been carried out by using
PSpice program simulator based on 0.35 um
BiCMOS standard technology of MOSIS. All
parameter of bipolar transistors are shown in
table 1. The threshold voltage of CMOS
transistor is 0.5 volt. The performance have been
compared with the propagation delay time of N-
type, P-type BiCMOS dynamic circuit as in the
previous paper [2] and the proposed N-type, P-
type bootstrapped BiCMOS dynamic circuit.
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Table 1 Parameters of bipolar transistors for proposed

circuits.

Bipolar NPN PNP
IS 100E-14 100E-14
BF 89 89

CJE 23.8E-15F 12 4E-15F
CIC 16.8E-15F 10.6E-15F
RB 2500 30002

RE 25Q 25Q

RC 42Q 42Q

Let W of all NMOS transistors are 1.0pm
except NMOS transistor base driving is 10.0um.
W of all PMOS transistors are 2.8um except
PMOS transistor for base driving is 10.0pm. Cyu
is 2001F, the supply voltage is 1.5volt, the load
capacitance is 1pF. The 100MHz clock signal is
supplied to the circuit. The outputs of N-type
BiCMOS  dynamic  circuit and  N-type
bootstrapped BiCMOS dynamic circuit are
shown in Fig. 5. The output of P-type BiCMOS
dynamic circuit and P-type bootstrapped
BiCMOS dynamic circuit are shown in Fig. 6.
Both simulation results in Fig. 5 and 6 use
I.5volt supply voltage with 1.0pF load
capacitance.
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Fig. 5 Output waveforms comparison of N-type
BiCMOS dynamic circuits.
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Fig. 6 Output waveform comparison of P-type
BiCMOS dynamic circuits.
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Fig. 5 and 6 show the higher speed of the
proposed N-type and P-type bootstrapped
BiCMOS dynamic circuits when compared with
N-type and P-type BiCMOS dynamic circuits.
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The output signal waveforms as shown in the
previous paper [2] cannot have full swing for
both N-type and P-type dynamic circuits. The N-
type BICMOS dynamic circuit cannot swing to
zero volt, the delay time of the output of the
proposed circuit with rise up driver is more better
than the previous circuit [2]. It can be described
by using the equation following,

I, =c2 (1)
dt

I,. = charging current for load capacitance

(' = load capacitance

dv .
7 = rate of change of voltage with respect to
1

time

Let C is fixed, the rate of change of time is equal
to the same value then the charge of output
voltage is quite much more importance. It mean
that is the same capacitance value and the delay
time of the proposed circuit will be less than the
previous circuit.

The comparison of average delay time of the
output signal waveform for both rising and
falling periods with various capacitive loads
from 0.2 to 1.0pF with 1.5volt suppiy voltage.
Fig. 7 shows the comparison of the average rise
time versus the load capacitance of 1.5volt
supply voltage (only for P-type). Fig. 8 shows
the comparison of the average delay time versus
the supply voltage at 1.0pF capacitive load (only
for P-type). The results show that the proposed
circuits have the better performance than the
previous results [2].
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Fig.7 Average rise time vs. load capacitance
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Fig.8 Average delay time vs. supply voltage
VIl. CONCLUSION

The proposed bootstrapped BiCMOS
dynamic circuits are presented and the
performances have been compared with the
previous circuit, the proposed circuits also have
the full swing with high speed.
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