3 4 delay® 2+ buffer 3] 2 2] A4

4 delay¥ %t buffer 8 3o 4A

o]
a9,

()

-3

i
-

.3 82

Mg a8 dxg4y

A Design of The Buffer Circuit having Minimum Delay Time
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ABSTRACT

The buffer circuit having minimum delay time
is designed and analyzed in this paper.
Considering the parasitic components of the
MOS transistor, the optimal transistor size
ratio between the individual buffer stages is
presented. This paper's result is better than
that of the Mead and Conway's analysie [1)
with respect to both delay time and total area
that buffer occupies.

1. INTRODUCTION

In V181 systems, it is always necessary to
drive large capacitance loads (e.g. bus
lines, clock lines, off-chip circuitry, etc.).
In this cases, the ratio of the capacitence
that must be driven to the input capacitance,
in other words the driving capabilities, of a
driving circuit on the chip is often many
orders of magnitude, causing a serious signal
delay, roughly proportional to the ratio of
the size difference, and severe degradation of
the overall system performence. To minimize
the total delay of this cases, normally the
staged buffer is used. The ratio between the
individual buffer stsges was determined by the
classical analysis of Mead and Conway in which
the optimal value of the ratio is given by e.
However this analysis used too simplified RC
delay model, in real world the minimum value
of total delay isn’t exist at the ratio of e,
but at the ratio a little larger than e by
1-2. We describe the reason of this and the
procedure of finding the transistor size ratio
of the buffer stages having the minimum total
delay time considering the parasitic circuit
elements of the MOS transistor, particularly
the output capacitance.

In section Il, the parasitic elements of the
CMOS inverter is analyzed. - Section III
describes the design of optimal buffer
circuits and section IV describes the area

considerations. This design is verified by
circuit simuation using SPICE [2] given at
Section 1IV.

II. PARASITIC ELEMENTS OF CMOS INVERTER

The CMOS inverter hes the parasitic circuit
elements as shown PFig.l. The output
capacitance of CMOS inverter which s

comparable to Lhe input capacitence has
important impact on the buffer circuit design.
Now we analize the component of the output
capacitance. The Cin,i is the ipput
capacitance given by
Cin,i = f£(i).Cin,min (1)

where, Cin,min is the input cepacitance of

the bagic inverter.

Cin,min = C’ox.Wmin.Imin

f(i) is the ratio of the input

capacitance to the basic inverter.

Cout,i is the output capacitance considering
the drain junction cepacitance and the Miller
output capacitance of the gate-drain
cap&citance given by

Cout,i = Keq. (Cdbn+Cdbp+C jswn+C jswp)

¢ +2(Cdgn+Cdgp) {2)
where, Keq is the correcting facter which
approximate the voltage dependent
capacitance to the eqivalent voltage
independent capacitance [3]}. This is
represented as equation (3).
m
1 do n m
Keq = — ~——— — [(@0-V2)-(0-V1}] (3)
V2=Vl 1-m
where, $¢o is the built-in Junction
potential
Na Nd
¢o = Vt ln ~————
ni2
m is the grading coefficient.
m = 1/2 ( sbrupt junction )
m=1/3 ( graded junction )
V2 is the voltage applied to the
junction at the low state of output,
viz., -Vol.
Vl is the voltage applied to the
junction at the high state of output,
viz. ~Voh,

To determine the value of Cout,i , detailed
layout informmtion is required as shown Fig.2.
With this dats, Cout,i of NMOS part is given
by
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Cout, in = Keq(Cdbn.Wi.Ldr+Cjswn.2(Wi+Ldr))
+2Cdgn. Wi (4)
= an.f(i).Cin,min+bn. £(i).Cin,min
where,

an = Keq[(Cdbn/C’ox).Ldr+2Cjswn/C’ox].1/Lmin
bn = 2 ( Cdgn/C’ox ) 1/Lmin

Therefore Cout,i is as follows.

Cout,i = Cout,i,n+Cout,i,p !
= (antbn).f(i).Cin,min,n
El +(aptbp).f(i).Cin,min,p

Normally (anfap)=a, (bn&bp)=b, where a and

b are constant at a given process. Therefore
Cout,i is given by
Cout,i = (atb).f(i).Cin,min (5)
III. DESIGN CONSIDERATIONS
When the gate output drives the large

capacitive load which is much larger than the
input capacitance of the gate circuit, the
total delay increases almost linearly with
load capacitance. To minimize the delay of
this, the staged buffer as Fig.3 was used.
Assuming N stage, total delay T is given by
N

T I Ri.Ci+l
i=0
where, CN+1 = CL

Ri is the effective resistance of the

(6)

i'th stage.

Ri = Ro/f(i), where Ro is of minimum
inverter.

Ci+l is the load capacitance of the
i'th stage.

Ci = (atb).f(i).Cotf(i+1).Co, where
Co 1is the input capacitance of the

minimum inverter.
f(0) is 1 by definition.

N
= ¥ Ri.Ci+l

i=0

¥ Ri[(atb).f(i).Co+f(i+1).Co}
Ro.Co X [atb+f(i+l)/f(i)]

T I [atb+f(i+1)/f(i)]

T I g(i)

Hence, T

(7

The requirement to have a minimum value of T
satisfying the constraint
N+1
w (i) =
i=0
g(i) = constant.
viz., f(i+l1)/f(i) = f = constant

CL/Co is

(8)

Using this reésult, total delay ig given by
T =T X (atb+f)
= (N+1)(a+b+f) T (9)
Since the load capacitance CL is given by
CL = fN+ICo.

N+l is as follows,

N+l = In(CL/Co) / 1n(f) (10)

Substituting (10) to (9),

- 1513 -

T = In(CL/Co) (a+bif)/In(f) T (11)

To find out the ratio f at which the total
delay T has the minimum value, take the
differential with respect to f.

daT/df

In(CL/Co) T [(atb+)/In(f)]’
0 12)

Therefore the optimal value of f satisfies

In(f) = (atb+f)/f . (13)
With this value, total delay T is
T = In(CL/Co) f T . (14)

The plot of total delay T with respect to
the size ratio f is given by Fig.4 where the

result of Mead and Conway which did’nt
consider the effect of the parasitic
component, was compared,
IV. AREA CONSIDERATIONS
The total area occupied by the buffer
circuits considering the gate area and the

interfacing area between the buffer stages is
given by

N i
A= X [f .Amin+I(i)}
i=0
In general, the interfacing area I(i)

is
almost same, therefore A is

N+1
1 -7
A = ————=—— Amin + (N+1) I
1-f
1n(CL/Co)}/1n(f)

(1-f ) Amin/(1-f) + 1n(CL/Co).I/1n(f)

where, Amin = Wmin,n Lmin,n + Wmin,p Lmin,p.

This area is monotonically decreasing
function of f, that is the larger f is, the
smaller the total area is.

V. SIMULATION RESULT
To justify the result of Section III, SPICE

simulation was used with the parameter as
shown in Fig.6 and Fig.8. In this cases, the
constant Keq,a, and b is given by

Keq = 0.54
a=1.7
b=20.7

Therefore (13) shows the optimal ratio as

f

4.6

With this value, the result of Mead & Conway
was compared in the cases with considering the
output capacitance or without, respectively,
First, considering the output junction
capacitance, the result is as shown by Fig.5
with the SPICE input file given by Fig.6. As
we know from Fig.5, the ratio determined by
this paper’s result is better, although the
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difference is minor. Second, without
considering the output capacitance, that is in
SPICE input file the AD, AS, PS, and PD is
given as 0, the simulation result shows that
the difference between f=4.6 and e is almost
zero as Fig.7 and Fig.8. These simulation
results certifies the theory of this paper
very well.

VI. CONCLUSION

The design of buffer circuit having minimum
delay was described considering the output
capacitance of the inverter. The result is
that when In(f)=(a+b+f)/f, the speed and area
respect is much better than the classical Mead
and Conway result, i.e. f=e.
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