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2.2.1 Noise Margin
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Abstract

This paper proposes the laich design for VLSI.
Both of dynamic and static latch circuit designs are
presented. This paper proposes also the
optimization procedure in order to obtain the
optimum performances by simulating based on
PSpice with 0.8 um BiCMOS technology. The
proposed technique will save the computational time
Jfor the simulations.

1. Introduction

To design the electronic circuits, especially for
the VLSI design, there is a great need for the
simulation  about the performances and
characteristics of the circuit before implementing.
The simulation is very necessary for the very large
scale integration. The circuit optimization is the
second step in order to obtain the optimum
parameter for using in the circuit design. Therefore,
the circuit optimization has been treated by using
various techniques. The computer simulation
involves in the integrated circuit concerning about
the speed (or delay time), power dissipation and
circuit area (or chip area) [1]. All of three
parameters are so called three constraints and they
relate each other. There are six general circuit
optimization techniques [1-15] but it is difficult to
optimize the multiobjective problems. This paper
proposes a method to optimize the performances of
BiCMOS latch by simulating. This paper also

presents both dynamic latch and static laich based
on BiCMOS technology. This paper describes more
general model and sophisticated model to optimize
the multiobjective optimization from PSpice
simulations. The latch is widely used not only for
the integrated circuit design but also for custom
integrated circuit, usually for signal processing
applications as storage or delay element. The latch
takes more power and area. Thus, the computer
simulation is used to evaluate the possibilities to
reduce area, power and increase the speed, the high
speed means the small value. This paper is limited
the discussion only to digital BiICMOS integrated
circuits.

2. Theory

The structure of VLSI comprises of the finite
state machine (FSM) and pipeline system [16] as
shown in Fig.1 (a) and (b), respectively.

All operation as shown in Fig.1(a) and (b) must
be synchronized by using clock signal. The input
data has to synchronize with the time in order to
avoid the clock race and clock skew. The
synchronization failure or metastability is an
important problem that it should be avoided.

There are two types of latch as shown in Fig. 2



66

Inputs ———b] L.
P Combination

——— Outputs

Logic
Present Next (a)
state A state
Q D
< Clock(s)
Tq T_
Latch Combination Logid Latch (b)
clock-I 5 A T ‘Tk 8

i ..

A B
T T
y '
Latch Combination Logid Latch Combination Logid Latch !
ar m C
cloc!?‘l A T B T c ©
dA I 9 an r

Fig.1 (a). FSM system with clock signal (b), (c) Pipeline system with clock signal

The static latch is more difficult to design
than' the dynamic latch according to the feedback
inverter, it may have the metastable problem. The
CMOS circuit is replaced by BiCMOS circuit in
order to accelerate the speed as the performances
and characteristics of the circuit maintain the same.

3. Optimization Constraints

Three constraints are power dissipation, chip
area and speed of the circuit, they relate each other
as shown in Fig.3

3.1 Total power dissipation

The total power dissipation in the BiCMOS
circuit [17] consists of static power dissipation (Ps),
dynamic power dissipation (Pg) and dynamic short
circuit power dissipation (Py). The total power
dissipation is the sum of all power dissipation( Piowt
= PHPy+Py).

3.1.1 Static power dissipation
This static power dissipation depends on the

leakage current which is due to the process. Thus,
the equation can be written as:

Ps =211k *VpD
\ M
Ik is leakage current of device and Vpp is supply
voltage.

3.1.2 Dynamic power dissipation

The dynamic power dissipation occurs in the
rise time (t,) and fall time (t;) when the period time
(t,) is more longer than rise time and fall time. Thus,
the dynamic power dissipation can be written as:

1 ‘pr2 t
Pg=—" JlEl(t)Voutdt+-l- flEz(t)(VDD = Vou )t
tp 0 'p o
I, = instantaneous emitter current as the output -
data changes from logical “1” to “0”
dv,
= (CL + Cint) —L
dt
Ig. = instantaneous emitter current as the output -
data changes from logical “0” to “1”

d(Vpp - Vg)
= (CL + Cint)
] dt
Cp. =load capacitance
Ci. = internal capacitance of device

AV, = increment of signal swing
f, = frequency
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The simplification of the dynamic power
dissipation can be done as shown in Eq.(2)
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Fig.3 Relation of three constraints

3.1.3 Dynamic  short-circuit

dissipation

power

This power occurs as BiCMOS logic gate is
going to change the state. The nMOS and pMOS
transistors in the first stage of the circuit and bipolar
transistors in the second stage of circuit are semi
“on” and “off” for a very short period before
moving to the steady state. This status seems to
short circuit from power supply to ground, the short-
circuit is happened. The total power dissipation
reduction depends on the factor in Eq.(1) and (2).
However, the total power dissipation calculation is
quite complicated because of internal ~ stray
capacitance, internal resistance and operating
frequency of each subcircuit. Thus, the average
power dissipation (Pav) of the circuit [18] is carried
out by using current-controlled current source or
voltage-controlled current source to measure the
average current drawn from the power supply as
shown in Fig4. The power dissipation is
proportional to the current gain (B) or the transistor
transconductance (gg,).

vDD
- :
_____ _,__{__‘
J
cLK e OB
} -
input = - output
——— . -
Sub circurt
NMOS pass gate .
C,
1N
B8:1CMOS latch

Fig.4 Power dissipation measurement

The switching analysis shows that the MOS
transistor operate in linear region as shown in Eq.

Q).
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8m_linear

Thus, Po— 4)
3.2 Area

The chip area or circuit area depends on the
device size [13,19], the Eq.(5) shows the chip area
(A) relation.

Area o« (ZW.L+XAp) %)

W, L = width and length of MOS transistor gate
Ag = emitter area of bipolar transistor

Thus, W, L and Ag should be minimum,
however the optimum constraint can be obtained by
changing the devices size [20] and depending on
micron or submicron design.

3.3 Speed

The operating speed depends on the signal
propagation gate delay time (t4) and it is up to the
resistance, stray capacitance at the junction and
contact of the devices.

The Eq.(6) shows the relation between parameters.

m
fig/~ ;\/RCH‘F(CL“Cim) (6)
2L

where R, =
WipCox (Vop - [Vrp)

Cint =Cq =(L-W)Cpx

for Cyy >>Cy; tq L )

tdoc\/_% ®)

Thus, L should be minimum to obtain the high
speed [21] for both Eq.(7) and (8).

The emitter area of bipolar transistor is an
important parameter, the delay time is related to
emitter area as shown in Eq.(9).

|
ty € ——= 9
¢ A

In the case of high load capacitance. time at a
level and cannot decrease although the emitter area
is increased. The emitter area increment increases
the stray capacitance. At the small value of load
capacitance, the delay time is proportional to emitter
area as shown in Eq.(10) .

and Cint <Cps
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Fig.5 Relation of delay time with MOS transistor width (W) and emitter area (Ag)

4. Optimum optimization

To obtain the multiobjective optimization, the
area and power dissipation effect with the speed or
delay time. The proposed technique has a small
effect with layout area by changing W, L of MOS
transistor and Ag of bipolar transistor which is
connected to the power supply. The optimum
optimization procedures are carried out for both
dynamic and static latch.

Small CL (CL < lpF)
From Eq.(4) and (7), the relations are

W
P« and tq <L
L

L of M] is increased in order to obtain the
acceptable values of power dissipation and speed of
the circuit.

High C (CL 21 pF)
From Eq.(4), (8), (9), the relations are
w

Po— L 1
sty o ’__ and ¢ o~
d d
L W ’AE

Ag is increased, ty is decreased (= high speed) but
emitter area is large.

Therefore, it is convenient to increase W and
decrease L in order to obtain the smaller circuit area.
Although, the power dissipation is increased but not
so much.

The BiCMOS static latch design is different

from dynamic latch because of the feedback
inverter. The operating speed depends on the power
dissipation reduction but it may cause the
metastability. The static latch optimization must not
increase the delay time. The relation of output data
and input data is obviously shown in Eq.(11).

Cva— )

AVA -
S kcxp - |J an
amyRey Rcu€

It is noted that the increases of transistor width
and transistor length, the speed of the circuit is slow
because of C, = C,(W.L). However, the reduction
of Rey, the speed of the circuit is high. It is
obviously shown that Ag has no effects with the
speed of the circuit. The feedback inverter should
have longer L when compared with the normal
design, or W/L should be minimum in order to drive
feedback inverter at any signal level.

Vour (1) =

5. Results

5.1 Characteristics

The characteristics of dynamic and static latch
have been carried out as shown in Fig.6 and 7,
respectively. The simulations have been carried out
by using pulse train signal as input data (1 0 1 0), 40
ns period, 2.5 ns rise time and fall time, 50 MHz
clock frequency, 0.8 u BiCMOS technology.
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Fig.9 Output response of static latch for C = 01 pF

shown in Fig.10, 11, 12 and 13, respectively.
5.2 Performance Optimization
The performance of dynamic and static latch
have been carried out by using the same condition The optimization procedure has been done by
as shown in topic 5.1 . The simulation results are varying L. (Fig.10).
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High C, (C_> 1 pF) suppose that n is the positive integer of Ag. (Fig. 11

and 12).
The optimization procedure has been done by
increasing Ag . W and decreasing L at C; = 2 pF and
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6. Conclusion and discussion

The proposed method in this paper can
be used for the circuit designer to save the time
to simulate the circuit after determining the
constraints. The designer can improve and
adjust the technique for suitable condition. The
simulation results show the ability of the
designed circuit for obtaining the high
performances and high frequency. The
proposed optimization procedure will increase
the circuit efficiency, speed, power dissipation
and chip area with a small effect to layout
design. Although, the proposed technique is not
able to obtain the high efficiency for all
parameters, but the optimum optimization can
be obtained. This proposed technique is simple
and can be widely applied for BICMOS and
CMOS VLSIL Therefore, the proposed
technique is a choice of optimization.
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