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Abstract : Monte Carlo methods are used to analyze yields and performance of GaAsflash ADCs. Due to the nonuni-
formity of threshold voltage ,the DNL and INL of flash ADC will decrease approximately linearly. And the higher the
reolution of ADC is,the faster these key nonlinear parameters decrease. When the nonuniformity increases to some
degree ,the yields of GaAs flash ADCs will decrease exponentialy ,and the missng code will increase more quickly
for the higher resolution ADCs. S0 ,GaAs HBT and HEM T with technology of etching stop will be widely used in

high speed and high resolution ADCs.
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1 Introduction

GaAs devices have more advantages than S
devices. But because of the immaturity of GaAs
material and process s far,the development of
large-scale GaA s high-gpeed digital circuitsis badly
limited. The mismatch of device parametersin cir-
cuits has been an important factor which limits the
yields of GaAs circuits® ®. This paper detailedly
analyzes the influence of the mismatch to the yields
and key parameters of GaAs flash ADCs using
Monte Carlo methods. This method is very practi-
cally useful to the desgn and analyss of the cir-
cuits,such as GaAs circuits which are serioudy
influenced by their immature material and process.
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2 Monte Carlo analysis and circuits
modeling

The nonuniformity of threshold voltageis the
most important parameter which can reflect thein-
fluence of GaAs material and
process’ *. So thispaper selectsit as the agent to

immaturity of

analyze mismatch problem. It isal s the main prob-
leminthefield of GaAs devices and L Sl circuits.

For flash ADCs, the input stage is usually
many parallel differential comparators to compare
the input signal with the reference level. A typical
differential comparator is givenin Fig.1.

Denote Vi ,Vwe as the threshold voltages of
FET1 and FET2, respectively. ldeally ,these two
differential FETS threshold voltages are same ,and
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Fig.1 A typica differentia comparator

the trander characteristic of this comparator isin-
dependent of the threshold voltages of these two
differential FETs. But in practice ,immature mate-
rial and process usually introduce some nonunifor-
mity into the devices”'. Suppose that the threshold
voltage nonuniformities of these two differential
FETs ared ,the trander characteristic of this com-
parator can be rewritten as
Vipw - Vie =2 Vm - Vrz =0 (1)
If the quantization level interval is 125mV ,the
linesfrom left to right in Fig. 2 indicate the ideal
trander characteristic curves without nonuniformi-
ty ,whose reference levelsare - 0. 25V , - Q 125V,
0V, respectively. For the reference level of
- 0. 125V ,the left dotted linein Fig.2 is the prac
tical trander curve when the threshold voltage
nonuniformity of two differential FETs is nega

Fg. 2
voltage

Circuit failure by nonuniformity of threshold

tive. Smilarly ,the right dotted line is the case in
which the nonuniformity of the threshold voltageis
the trander

positive. Obvioudy, characteristic

curves of this differential comparator may shift to

left or right because of FETsS' mismatch. If the
nonuniformity of threshold voltage is large e
nough , the trander curve will probably overlap
with the adjacent curves. Thus,the parallel compa
rators will output in error and the whole circuits
cannot work correctly.

Usually ,when the distribution of a parameter
cannot be determined ,the Gauss distribution can be
used as the most appropriate distribution. Suppose
that the probability distribution of threshold volt-

age can be written as

f (Vi) = _Jz]?_ceXp[ _(_m_Vmo_)_Z] (2)

where0 is the standard deviation,and Vo is the
mean. From Nanjing Electronic Device Institute’ s
75mm GaAs process line, we measured all 812
MESFETsin a 75mm wafer and got the standard
deviation 76mV ,mean - 1 568V. Monte Carlo a
nalyss randomly generates parameter’ s value ac-
cording to the given probability distribution.
Therefore,in reference to the practical statistical
distribution ,usng the Monte Carlo analys s meth-
od to analyze the circuit yield has very practical
guiding sgnificance.

3 Smulation and discussion

A smple block diagram of flash ADC circuits
is shownin Fig.3!®.
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Fg.3 Hash ADC circuits block diagram

Introduce the practical distribution of thresh-
old voltage to PSPICE and open Monte Carlo anal-
yss,we can smulate the circuits to discuss the
yield and sensitivity. For flash ADCswith 2 4hit ,
1GHz code conversion rate ,125mV quantization in-
terval ,we use Monte Carlo analyss to smulate 10
times for every distribution of threshold voltage.
For each nonuniformity distribution,usng the av-

erage absolute value of ADCs’ DNL ,INL of ten
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experiments asthe ADCs DNL ,INL in this distri-
bution case. Figure 4 shows the smulation results.
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Obvioudy, when the nonuniformity of the
threshold voltage gets worse, the flash ADCs’
DNL and INL will increase approximately linearly.
In other words, ADCs’ performance will become
linearly worse. At the same time ,higher resolution
flash ADCs’ DNL and INL will get worse more
quickly. So,the influence of nonuniformity of the
threshold voltage will be more important to higher
resolution flash ADCs.

From Fig.5(a) ,the yields of flash ADCs will
decrease exponentially when the nonuniformity of
the threshol d voltage increases to a certain degree.
Because a 2hit flash ADC' s scale is small ,its yield
can be high (over 90 %) in most cases. When the
nonuniformity increases to a certain degree, the
yields of higher resolution flash ADCs will de
crease very much quickly to a very low value (be
low 30 %) and the yields are almost the same. From
Fig.5(b) ,the missng code of the ADCs will in-
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Fig.5 2 4 bitsflash ADCs' vyields (a) and average
missing code (b) change with nonuniformity of thresh-
old voltage

crease dowly when the nonuniformity is small (be-
low 40mV) ,and increase quickly when the nonuni-
formity increases to some degree (over 40mV).
And the missng code of the higher resolution flash
ADCs will increase more quickly ,s0 these circuits
will fail with higher probability. Therefore ,in order
to increase the reliability of circuits we must use
Monte Carlo analysis with practical parameter dis
tribution to discuss their yields and performances.
Of course the analyss above is based on the given
device characteristics and circuit topology ,but the
results have significant guidance for the circuit’ s
desgn. If the practical process cannot meet the
needs of nonuniformity or yields,the circuit topolo-
gy must be redesgned or the process must be mo-
nitored more strictly. In NEDI process, nonunifor-
mity of threshold voltageis 70mV when its thresh-
old voltageis - L 5V. At first ,the circuits without
high gain preamplifiers are s mulated well with ide-
al uniformity ,but have terrible yields and poor per-
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formance with practical nonuniformity. Then by
adding high gain preamplifiers in the circuits, al-
though the scale of circuits gets larger ,the circuits
have appropriate yields and proper performance at
practical threshold voltage nonuniformity distribu-
tion. So ,usng Monte Carlo analyss,we can better
assure the yields and performance.

The results above als0 indicate the direction
for high speed and high resolution ADCs. Because
GaA's material cannot be as uniform as S and the
processisimmature ,the devicesin the circuits will
not have the same high uniformity as S circuits.
S0, under the present technical condition, usng
GaAs MESFET to desgn high speed and high res
olution ADCs will encounter numerous obstacles.
But with the development of growing material ,very
good uniformity of threshold voltage can be ob-
tained by using bipolar transstors, because the
transistor’ s threshold voltage isits B-E junction’ s
on-set voltage. Thus, GaAs, InP or SGe HBT
technology will be widely used in the design of
high speed and high resolution ADCs. HEM T with
etching stop technology will a so be available.

The above discusson shows that by using
Monte Carlo analysis with practical distribution it
is more probable to succeed in designing and fabri-
cating the circuits,and can a0 detailedly analyze
the change of critical parameters with the fluctua
tion of processin order to control process. In this
paper ,only the threshold voltage is selected to ex-
press the nonuniformity ,but a more preci se expres
son should includes lus ,gm ,et a. More correct re-
sults can be obtained by usng Monte Carlo analy-
sswith nonuniformity of all device parameters to
smulate circuits.

4 Conclusion

Monte Carlo analysisis used to detailedly dis
cuss the yields and performance senstivity of GaAs
flash ADCs. When the nonuniformity of threshold

voltage increases ,flash ADCs" DNL ,INL will de
crease linearly and the performance of higher reso-
lution ADCs will get worse more quickly. The
yields of ADCs will decrease exponentially when
the nonuniformity of threshold voltage increases to
some degree. Higher resolution ADCs have higher
probability of missing code ,therefore,these circuits
will more commonly work incorrectly. It shows
that HBT and HEM T with etching stop technolo-
gy hold great potential in designing high speed and
high resolution ADCs,and al so ,usng Monte Carlo
analysis with nonuniformity of devices to smulate
circuits will be very necessary and has great guid-
ing value, eypecially for such circuits as GaAs,
whose processis not mature.
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