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TOM TAT

Nghién ciru nhim danh gi4 anh hudng cua liéu luong phan hitu co vi sinh (HCVS) dén sinh truéng, ning
sudt va chét lugng qua cta gidng bi dao My Tho trong trén dat soi & phuong Hoai Huong, thi x4 Hoai Nhon, tinh
Binh Pinh. Thi nghiém duoc thiét ké véi ba mirc bon phan HCVS (400, 500, 600 kg/ha). DAt trdng thi nghiém c6
d6 pH chua (4,4), chit hitu co tong s, ham luong nito va kali dé tiéu & muirc nghéo. Két qua thi nghiém cho thiy,
b6n bd sung phan HCVS cho giéng bi dao My Tho véi mirc 600 kg/ha c6 tac dong tot dén mot sé chi tiéu hoa sinh,
nang suat va chat luong qua. Ham luong chat kho trong qua bi tang tir 0,15% - 1,48%, ham luong vitamin C ting
tir 0,2% - 5,29%, axit hitu co tong sb tang tir 13,97% - 40,53% va do6 Brix tang tir 0,09% - 1,2%. Bon bd sung phén
HCVS da 1am nang suét cao hon khi so véi dbi chung tir 4,72 - 19,9 tAn/ha, loi nhuan tang tir 30,8 - 130,3 tri¢u/ha.
Hiéu qua cao nhat & mirc bon 600 kg/ha. Két qua dat duoc ctia nghién ctru gitip khuyén nghi nguoi tréng bi dao
M5 Tho néi riéng va bi dao néi chung bén bd sung phan HCVS tao ra san phdm c6 chat lwong dam bao, an toan
cho ngudi sir dung va cung cép nguyén liéu cho san xuit banh keo va nudc giai khat.

Tw khéa: Bi dao My Tho, chi tiéu hoa sinh, nang suat, chat lwong, phan HCVS.
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ABSTRACT

The study was carried out to evaluate the effect of micro-organic fertilizer (MOF) on growth, yield and
quality of My Tho gourd variety grown in gravel soil of Hoai Huong commune, Hoai Nhon district, Binh Dinh
province. This study used MOF at dosages of 400, 500 and 600 kg.ha'. Experimental soil was analyzed in terms
of pH (4,4), total organic matter, content of available nitrogen, and potassium at low level. The biochemical norms
such as chlorophyll content, total nitrogen, protein, total sugar, and vitamin C were determined. The research
results showed that the application of MOF at dosages of 400, 500, 600 kg.ha! increased some biochemical norms,
productivity and fruit quality. Dry matter content in fruit increased from 0.15% to 1.48%, vitamin C increased from
0.20% to 5.29%, protein increased from 0.74% to 1.38%, total organic acids increased from 13.97% to 40.53%
and Brix increased from 0.09% to 1.20%. The adding of MOF increased fruit productivity from 4.72 - 19.09 tons.
ha! and the profit increased from 30.840 to 130.33 million VND, which was higher than that of the control without
applying MOF. The best effect is at dosage of 600 kg.ha'. The research results recommend that gourd growers
should use MOF to produce quality and safe products for consumers, and provide a raw material source for the
food and beverage industry.

Keywords: My Tho gourd variety, biochemical norms, yield, quality, micro-organic fertilizer.

1. INTRODUCTION

Among vegetables, gourd (Benincasa hispida)
which belongs to the family Cucurbitaceae, also
known as long green squash, lemon squash, etc.,
is a relatively common crop. For a long time,
gourd fruit has been used as food for family
meals such as soup and stir-fry. In addition,
gourd is also a source of raw materials for the
production of cakes, jams, candies and soft
drinks, with a high export value.""* Gourd has

*Corresponding author.
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https://doi.org/10.52111/qnjs.2022.16108

the ability to grow, develop well, adapt widely,
tolerate pests and diseases very well. Pumpkin
cultivation supplies little or no pesticides, so
gourd is considered a clean and safe product
for human health. The pericarp of gourd is thick
and hard, so it is easy to be preserved for a long
time, and to be transported easily. In addition,
pumpkin also is material to supply for companies
and factories to process and create products
from gourd. Pumpkin is also a vegetable to
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be kept in reserve for the next season, which is
very convenient for the people living in regions
lacking vegetables.

Pumpkin has a very rich nutrient content,
and it is used to make very delicious foods, so
gourd is widely grown in Vienam. The product
and yield of gourd depends on varieties,
agrochemical conditions, soil, weather and
cultivated techniques. However, fertilizers
play an important role in long term planting,
increasing yield, increasing resistance to pests
and diseases for gourd plants and increasing
nutrients for the soil. Nevertheless, using
unbalanced and unsuitable chemical fertilizer
will depress the growth and development of
crops in general and of gourds in particular, and
it also degrades the planted soil.

Many different gourd varieties have been
grown in Binh Dinh, but the My Tho gourd
variety is considered a local gourd variety with
an average fruit weight of 40-60 kg per fruit. The
skin of the young fruit has a green banana color,
but when it is old, the rind turns dark green. The
flesh of the fruit is thick, fragrant and delicious,
but it has not been widely planted by the farmers.

In order to increase the yield of gourd, in
addition to choosing good varieties, high yield,
and cultivated area, the supply of reasonable
fertilizer also plays an important role in
improving yield and output. Currently, farmers
in My Tho mainly use chemical fertilizers, and
rarely use micro-organic fertilizer (MOF). The
Institute of Agricultural Science and Technology
of the South Central Coast implemented the
project "Exploiting and developing the genetic
resources of pumpkin in the South Central
Coast" (2011 - 2012) in order to restore, develop
and build cultivation techniques of large-fruited
gourd variety in the South Central Coast region.’
However, the project only studies NPK fertilizer
levels combined with manure.

As mentioned above, the use of microbial
organic fertilizers is essential. MOF not only
fully adds nutrients to plants, but also helps the
soil retain moisture, stay fresh, retain water and

help plant roots be healthy. In addition, MOF
also helps the micro-organism in the soil to
thrive, helping plants to better absorb nutrients.

Currently, there is no research on MOF for
My Tho gourd in Binh Dinh province. Therefore,
studying the effect of MOF on growth, fruit yield
and quality of My Tho gourd variety grown
on gravel soils in Hoai Huong, Hoai Nhon is
necessary and it will contribute to prove the
technical process for growers to produce clean
products for users in the local and near regions.

2. MATERIALS AND METHODS
2.1. Experimental materials

The research was conducted on My Tho gourd
variety, which has a growth period of 5 to 6
months and an the average fruit weight of 45 to
60 kg. The seeds were taken from Chanh Trach
village, My Tho commune, Phu My district,
Binh Dinh province.

The microbial organic fertilizer used
is Song Gianh fertilizer. Ingredients include:
organic matter (15%), humic acid (2.5%);
effective P O, (1.5%); Ca, Mg, S (0.3% - 1.0%);
microbial composition: Bacillus 1x10° CFU/g;
Azotobacter: 1x10° CFU/g; Aspergillus sp:
1x10° CFU/g.

2.2. Experimental methods

The experiment was carried out in the winter -
spring 2020 - 2021 crop in Hoai Huong
commune, in Hoai Nhon town of Binh Dinh
province, including four treatments (Treat.) with
different dosages of MOF. Basal fertilizes (BF,)
consist of 2 tons of manure + 500 kg of lime +
100 kg of NPK 16:8:16 per hectare.

Treatment 1: BFs + 400 kg MOF.ha'!
Treatment 2: BFs + 500 kg MOF.ha'!
Treatment 3: BFs + 600 kg MOF.ha'!
Treatment 4 (control): BFs + 0 kg MOF.ha'!
The area of each experimental plot was
15 m?, replicated three times, and the total area
was 180 m? The experiment was laid out as a

randomized complete block design (RCBD).
The size of a hole was 60 cm in width and
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40 cm in height. The distance between plants
was 25 cm, planting 15 plants per plot.

Holes were dug and plants were fertilized
with 100% basal fertilizers + 50% MOF + 20%
NPK according to each treatment, mixing well
with soil, covering with soil in 7 days before
planting.

The first additional fertilizer was applied
when the plant height reached 20 - 35 cm with
30% MOF + 30% NPK fertilizer, combined with
soil cultivation. The second additional fertilizer
was applied when the length of stem reached
100 - 150 cm with 20% MOF + 30% NPK. The
third additional fertilizer was applied when
the plant was flowering and forming fruit with
20% NPK.

Indicators and measures

Humus content was analyzed according
to Walkley - Black method, exchanged acidity
according to Daikuhara - Cononova method,
available nitrogen according to Chiurin and
potassium contents according to and Kiecxanov
method.®

The total growing time (days) was
determined from sowing to 80% of plants
harvested .

The height of the main stem (cm) was
determined by using a ruler to measure from
base to apex when the plant had 5 actual leaves
and was flowering.

The dry matter content (%) was measured
by drying at 105 °C and reweighing until constant
mass. Total organic acid content (mg.100g™! fresh

matter) was analyzed according to Ecmacov
method.®

The brix degree (%) or total dissolved
organic matter content was determined using a
handle Brix refractometer.

The Vitamin C content (mg.100g" fresh
weight) was determined by using Iodine solution
to titrate.’

The total starch content (% fresh matter)
was determined by starch hydrolysis and
quantification of reducing sugars according to
Bertrand® method.

The chlorophyll content (mg.g' fresh
leaves) was analyzed by spectrophotometric
method.’

The content of water and dry matter
in leaves was determined by drying at 105 °C
before flowering and after fruit set.* The total
nitrogen content (%) was determined by the
method of Micro Kjeldahl.®

Theoretical yield (tons per ha) = Number
of plants.m*!' x fruit weight (kg) x number of
fruits per each plant x 10. Actual yield (tons per
ha) = Weigh the total fruit mass per experimental
treatment (kg), then converting it to tons per ha.

The obtained data were statistically
processed by MS software, Excel 2010 and
Statistix version 8.0. Differences between
mean values were calculated using the LSD test
method at the significance level of 0.05.

3. RESULTS AND DISCUSSION

3.1. Agrochemical norms of experimental soil
before and after planting

Table 1. Some agrochemical norms of experimental soil before and after planting

Soil before Soil after planting
Norms planting Treat.4
Treat.1 Treat.2 Treat.3
(control)

Humus content (% dry weight) 0.78 1.46 1.93 2.65 1.69
pH (KCI) 4.40 5.20 5.40 5.75 5.10
available nitrogen content (mg.100g™" dr.w.) 1.02 1.14 1.61 1.14 0.88
Available potassium content (mg.100g™! dr.w.) 7.11 2543 12.29 12.05 14.82
Exchange acidity (meq.100g™") 0.18 0.12 0.1 0.1 0.1

https://doi.org/10.52111/qn;js.2022.16108
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The content of substances in the soil
before and after the experiment did not change.
Specifically, before planting, the soil had not
been fertilized with microbial organic fertilizer,
the humus content in the soil accounted for
0.78% of dry matter, belonging to the group of
very poor humus soils. The content of easily
digestible nitrogen and potassium in the soil was
1.02 mg.100g" dry weight and 7.11 mg.100g"!
of K,O, respectively, the pH value was 4.40.
After planting, all three experimental treatments
increased compared to the control, reaching
from 1.46 to 2.56%, available nitrogen content
increased from 0.12 to 0.59 mg.100g!, easily
digestible potassium content increased from
4.94 to 18.32 mg.100g" dry matter compared to
the soil before planting.

The application of MOF has increased the
Table 2. Chlorophyll content in gourd leaves

humus content of the planting soil at rich levels
because the MOFs contain humic acids and
organic matter. In addition, MOF also contains
microbial strains of Bacillus, Azotobacter,
Aspergillus and nutrients such as humus, Ca,
P, Mg, S that helped to convert organic matter
in the soil into humus, available nitrogen
and potassium making plants absorb better.
Moreover, it also improved pH, reduced acidity
(pH increased from 5.20 - 5.75).

3.2. Some biochemical parameters in gourd
leaves before flowering and fruit set

3.2.1. Chlorophyll content in gourd leaves

Results of analysis of chlorophyll content
in gourd leaves at the seedling stage before
flowering and fruit formation are presented in
Table 2.

Chlorophyll (a+b) before flowering

Chlorophyll (a+b) at fruiting stage

% compare

(mg.g! fresh leaves)

% compare
(mg.g! fresh leaves) ’ P

with control withcontrol
Treat.1 2.42° 102.98 3.16° 128.98
Treat.2 2.520 107.23 3.44° 140.41
Treat.3 2.77 117.87 4.08 166.53
Treat.4 (Control) 2.35¢ 100.00 2.45¢ 100.00
CV (%) 14.12 8.25
LSD 0.71 0.54

0.05

Note: Mean followed by the same letter isn't significantly different within the columns according to LSD test at a

5% significance level; CV: coefficient variance.

At the seedling stage, the leaf total chlorophyll
content in the experimental treatments ranged
from 2.35t0 2.77 mg.g"! fresh weight; the highest
is in Treat.3 (2.77 mg.g'), which increased
17.87% compared with that of the control (2.35
mg.g'). However, there was not statistically
significant difference for the total chlorophyll
content between the experimental treatments at
the 5% level.

At the stage of fruit formation, the
chlorophyll (a + b) content in the gourd leaves
in the treatments with MOF was higher than
that in the control plants, increasing from 28.98

to 66.53%. In which, at a dosage of 600 kg per
ha, the highest value was achieved (4.08 mg.g"!
fresh leaves) and the lowest was in the control
without treatment of MOF (2.45 mg/g fresh
leaves). The difference for chlorophyll content in
all treatments with MOFcompared to the control
(without MOF) was statistically significant.

3.2.2. Dry matter and water content in gourd
leaves

The dry matter content of My Tho gourd leaves
in the experimental plants through the two stages
before flowering and fruit set is shown in Table 3.

https://doi.org/10.52111/qnjs.2022.16108
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Table 3. Dry matter content in gourd leaves over two stages

Leaf total water content (%)

Dry matter content (%)

before flowering

Stage

Fruiting stage

Stage

before flowering

Fruiting stage

Treat.1 85.14° 82.22%® 14.86° 17.78»
Treat.2 84.88% 81.60° 15.12 18.40*
Treat.3 83.45¢ 80.72° 16.51° 19.282
Treat.4

87.532 84.022 12.47¢ 15.98°
(control)
CV (%) 0.91 1.18 5.29 5.43
LSD 1.56 1.93 1.6 1.9

0.05

Note: Mean followed by the same letter isn't significantly different within the columns according to LSD test at a

5% significance level; CV: coefficient variance.

Pre-flowering period: The dry matter
content in the leaves of the gourd in the
experimental plants ranged from 12.47 to
16.51%, the highest in Treat.3 (16.51%),
followed by Treat.2 (15.12%), Treat.1 (14.86%)
and the lowest in the control (12.47%). There
was a statistically significant difference in the
dry matter content in the treatments with MOF
compared with the treatment without supply
microbial organic fertilizer. Total water content
in leaves reached from 83.45 to 87.53%, the
control treatment is highest (87.53%) and lowest
in Treat.3 (83.45%).

Fruit formation period: The dry matter
content in the gourd leaves in the experimental
plants fertilized with MOF was higher than that
in the control plants. The dry matter content in
the leaves ranged from 17.78% to 19.28%. The
highest is in Treat.3 (19.28%) and lowest in the
control (15.98%).

Table 4. Leaf total nitrogen content

Similarly, the total water content in
leaves also ranged from 80.72% to 84.02%. The
lowest is in Treat.3 (80.72%) and the highest in
Treat.4 (84.02%). The difference in total water
content between Treat.2, Treat.3 and Treat.4 is
statistically significant at 5%; between Treat.3
and Treat.1, Treat.2 is not significantly different.

Thus, MOF has
chlorophyll content (Table 2), thereby, increasing
the intensity of photosynthesis which leads
to an increase in dry matter content in leaves.
The results of this study are consistent with the
reports of many other authors.” 1

increased the total

3.2.3. Total nitrogen content in gourd leaves
through two growth and development periods

The effect of HCVS MOF on the total nitrogen
content of leaves during the pre-flowering and
fruiting stages is indicated in Table 4.

Total nitrogen content in leaves (%)

Pre-flowering period

The period of fruit plants

Treat.1 4.66
Treat.2 4.55
Treat.3 4.34
Treat.4

4.45
(control)

3.75
3.75
3.75

424
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The data from Table 4 showed that: In the
pre-flowering period, the total nitrogen content
of leaves in all experimental treatments ranged
from 4.34 to 4.66%, and the difference between
the experimental treatments is not considerable,
only from 0.10 to 0.32%. At the period of fruit
formation, the total nitrogen content in leaves
is lower than that before flowering, ranging
from 3.75 to 4.24%. This is explained that it
is possible that at the fruiting stage, nitrogen

containing organic substances such as amino
acids, proteins, etc., are transported to the fruit
for storage, therefore reducing the amount of
nitrogen in the leaves.!>!*

3.3. Growth and development indicators of
gourd

The effect of microbial organic fertilizer
application on the
development, and height of gourd plants in
different stages is shown in Table 5.

duration of growth,

Table 5. Duration of growth and development of gourd plants

Time from sowing to stages (days)

Sowing seeds

Sow seeds to

Sowing seeds to Total growing

to S leaves flowering fruit formation duration
Treat.1 18 53 67 157
Treat.2 16 57 72 162
Treat.3 16 59 77 175
Treat.4
19 51 64 148
(control)

The data in Table 5 indicated that:

The period from sowing to 5 young
leaves: The root system of the plant had not
yet developed strongly and nutrients from the
environment had a great influence on the plant,
so the growth rate was almost the same.

At the flowering stage, the addition of
MOF had a great impact on the growth time
and development of gourd plants. The number
of days from seed sowing to flowering in
each experimental treatment was different.
Specifically, the number of days from planting to
flowering in the experimental plants fluctuated
from 51 to 59 days. In which, the Treat.4
(control) had the fastest flowering time (51
days), and Treat.3 (supplied 600 kg.ha'), the
slowest flowering time (59 days).

The time from planting to fruiting in
Treat.4 was the fastest (64 days), the slowest was
in Treat.3, applying 600 kg.ha! (77 days). The

growth in Treat.1 (400 kg.ha') and Treat.2 (500
kg.ha!) reached 67 and 72 days, respectively.
Thus, the application of MOFs at different
dosages also had different effects on the growth
time, flowering and fruit formation of My Tho
gourd plants.

The growth duration of gourd in the
experimental treatments ranged from 148 to
175 days, in which the period from planting
to harvesting the fruit was the shortest (148
days) in Treat.4, next 157 days in Treat.1 (400
kg.ha!), 162 days in Treat.2 (500 kg.ha') and
longest growing time (175 days) in Treat.3 (600
kg.ha'). Thus MOF has provided plants with a
lot of organic matter, humus, macronutrient and
micronutrient elements which take more time for
plants to absorb, so the growth duration is longer.

The dose of microbial organic fertilizer
affects the main stem length of gourd plants,
shown in Table 6.

https://doi.org/10.52111/qnjs.2022.16108
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Table 6. Pumpkin stem length at seedling stage and fruit formation

Seedling stage

Fruit forming stage

% compare

% compare

Stem length (cm) with control Stem length (cm) with control
Treat.1 11.09° 111.79 172.07° 108.80
Treat.2 12.25° 124.49 174.53° 109.63
Treat.3 14.26 144.92 186.40° 117.09
Treat.4 (DC) 9.84¢ 100.00 159.20¢ 100.00
CV (%) 8.01 5.76
LSD 0.70 7.31

0.05

Note: Mean followed by the same letter isn 't significantly different within the columns according to LSD test at a

5% significance level; CV: coefficient variance.

Table 6 showed that at the seedling
stage, there are 5 leaves; the stem length in the
treatments fluctuated from 9.84 to 14.26 cm.
The plant height in treatments with MOF is
higher than in the control treatment, the highest
in Treat.3 (600 kg.ha') is 14.26 cm, increasing
44,92% compared to the control. In the period
of fruit formation, the length of the gourd stem
in the treatments ranged from 159.20 to 186.40
cm. In which, the length in Treat.3 reached
the largest (186.40 cm), the difference was
statistically significant at 5% compared with
the control (159.20 cm). Thus, through the two
periods, it was shown that the length of gourd
plants in the treatments with MOF was higher
than in the control treatment and the difference

was statistically significant.

The application of micro organic fertilizers
had
helping the process of converting unavailable

added nutrients and micro-organisms,

compounds into available, making the gourd
better absorb nutrients. Therefore, plant growth
had been improved. When applying MOF at a
large dosage, the growth time was prolonged, so
the plant height was higher.>!>!4

3.4. Some quality indicators of fruit

3.4.1. Total water and dry matter content in fruit

https://doi.org/10.52111/qn;js.2022.16108

Table 7. Total water and dry matter content

Total water Dry matter
(%) (%)
Treat. 1 95.31% 4.69°
Treat.2 96.28* 3.72¢
Treat.3 94.95° 5.05
Treat.4
(control) 96.43% 3.572
CV(%) 1.13 25.42
LSD,,. 2.16 2.16
Note:  Mean followed by the same letter isn't

significantly different within the columns according
to LSD ftest at a 5% significance level; CV: coefficient

variance.

As can be seen in Table 7, the total water
content in fruit accounted for up to 94% of fruit
weight, fluctuating from 94.95% to 96.43%, in
which, the lowest (94.95%) is in Treat.3 and the
highest in Treat.4. (96.43%). Similarly, the dry
matter content of gourd fruit in the experiment
only fluctuated from 3.57 to 5.05). Treatments
with MOF, the dry matter content of fruit was
higher than that in the control. The dry matter
content in Treat.3 was the highest (5.05%),
followed by Treat.1 (4.69%) and lowest in
Treat.4 (3.57%). Thus, the application of MOF
for gourd had a good effect on the accumulation
of dry matter in the fruit, of which Treat.3 was
the best."”
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3.4.2. Total sugar, total organic acid and
vitamin C, total soluble organic matter, Brix
degree in fruit

For plants, sugar provides energy and is an
important building block in cells, tissues
and organs. Vitamin C participates in the
implementation of redox reactions, necessary
for the synthesis of collagen (the intercellular
connective substance in the vessel walls,
connective tissue, bones, teeth...). Animals

cannot synthesize vitamin C; the source of
vitamin C in animals is provided from plants.!**
Organic acids play an important role in amino
acid synthesis and other biochemical reactions.
Therefore, the content of sugar, organic acids and
vitamin C are important indicators to evaluate
the quality of vegetables and fruits."

The analyzed data of total sugar, organic
acid, soluble organic matter, vitamin C and Brix
degree in fruit are shown in Table 8.

Table 8. Total sugar content, vitamin C, total soluble organic matter

Total organic acids

Total sugar (% Vitamin C (mg.100g™ Brix degree
CTTN (mg.100g™" fresh .
fresh matter) . fresh weight) (%)
weight)

Treat.1 0.11 233.24b¢ 46.26% 2.0
Treat.2 0.12 239.88° 49,53 2.1
Treat.3 0.28 259.80° 51.35° 23
Treat.4

0.09 219.27¢ 46.06¢ 1.1
(control)
CV (%) 3.96 3.5
LSD 18.84 3.38

0.05

Note: Mean followed by the same letter isn 't significantly different within the columns according to LSD test at a

5% significance level; CV: coefficient variance.

The total sugar content in the fruit in
different samples was not significantly different,
ranging from 0.09 to 0.28% of fresh matter. The
content of total organic acid in the experimental
treatments was significantly different; the
highest was in Treat.3 (259.8 mg.100g"'), and
the lowest in the control (219.27 mg.100g™"). The
difference between organic acid content in fruit
in Treat.3 and Treat.2 and that of the control was
statistically significant. Organic acid content of
fruit in the experiments with MOF were higher
than in the control. The content of vitamin C in
the fruit in the treatments with micro organic
fertilizers were not much different from that in
the control treatment, only from 0.20 to 5.29
mg.100g"'of fresh weight, the most in Treat.3
(600 kg.ha'). The total soluble organic matter
content in the fruit ranged from 1.1 to 2.3%
of fresh matter, of which the highest in Treat.3
(2.3%) and the lowest in the control (1.1%).

Thus, in the experimental plants fertilized with
MOF, the total soluble organic matter content
accumulated in the fruit was higher than that in
the control treatment.

The above results showed that the
concentration of nutrients (organic acids,
total sugar, vitamin C, total soluble organic
matter) accumulated in My Tho gourd fruit in
experimental plants with MOF was higher than
that in fruit of the control. Thus, the addition
of MOF made the gourd plant absorb nutrients
better, increasing the metabolic rate,®!%!! which
led to an increase in the accumulation of organic
substances in the fruit. Moreover, among the
experiments with different dosages of fertilizers,
the nutrients content was higher with the
application rate of 600 kg.ha' compared with
that of 400 and 500 kg.ha!. Thus, the supply of
600 kg.ha! is suitable for the growth, synthesis
and accumulation of nutrients of My Tho gourd.
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3.5. Components of yield of gourd

3.5.1. Number of fruits per plant and average weight of each fruit

Table 9. Number of fruit and average weight of each fruit

Number of fruits per plant

Average weight of each fruit

Number of

% compare

% compare

. . Weight (kg) .
fruits withcontrol withcontrol

Treat.1 2.73° 157.80 22.10° 146.16
Treat.2 3.27° 189.02 22.21° 146.89
Treat.3 4.73° 273.41 28.01* 185.25
Treat.4 (control) 1.73¢ 100.00 15.12¢ 100.00

CV (%) 20.82 18.46

LSD 0.75 3.59

0.05

Note: Mean followed by the same letter isn't significantly different within the columns according to LSD test at a

5% significance level; CV: coefficient variance.

The number of fruits per plant in the
experiments obtained from 1.73 to 4.73 fruits,
the highest (4.73 fruits) in Treat.3 and the lowest
in Treat.4 (1.73). The difference in the number
of fruits per plant between the treatments with
MOF compared with the control was statistically
significant. The average weight of each fruit in
the plants ranged from 15.12 to 28.01 kg; the
highest in Treat.3 was 28.01 kg and the lowest in
Treat.4 was only 15.12 kg. In comparison with
the control, the average weight of each fruit in
the experimental plants that were fertilized with
MOF was higher, in which, the weight of the
fruit in the treatment plants increased 12.89 kg
(85.25% compared to the control). If this gourd
variety was grown in Chach Trach village, My
Tho commune of Phu My district, the average

Table 10. The yield of gourd

fruit weight was about 20-25 kg higher. The
cause may be that the gravel soil in Hoai Huong
ward, Hoai Nhon town was poor in nutrients and
the weather conditions were not as favorable as
in My Tho.

The application of MOF with suitable
dosage has a positive influence on the growth
and development of My Tho gourd, such as
increasing chlorophyll, nitrogen and dry matter
content, thereby increasing the length, diameter
and thickness of fruit. In which, the best results
were in Treat.3 with the application of 600
kg.ha'l.

3.5.2. Theoretical and actual yield

The yield of gourd under the influence of MOF
with different dosages is presented in Table 10.

Theoretical yield Actual yield
Ton.ha! % compare Ton.ha™ % compare
withcontrol withcontrol

CT1 156.17¢ 148.9 57.54¢ 186.0
CT2 200.69° 191.4 74.60° 241.2
CT3 307.99° 293.73 115.03¢ 371.9
CT4(DC) 104.86¢ 100 30.934 100
CV (%) 14.99 16.45
LSD 10.54 4.76

0.05

Note: Mean followed by the same letter isn t significantly different within the columns according to LSD test at a

5% significance level; CV: coefficient variance.

https://doi.org/10.52111/qn;js.2022.16108
92 | Journal of Science - Quy Nhon University, 2022, 16(1), 83-94



SCIENCE

QUY NHON UNIVERSITY

The theoretical yield of My Tho gourd in
the treatments with microbial organic fertilizer
was higher than that in the control without
microbial organic fertilizer, ranging from 156.17
to 307.99 tons.ha!'. The yield in Treat.3 was the
highest (307.99 tons.ha') and the lowest yield
was in the control (104.86 tons.ha). The actual
yields of My Tho gourd were from 57.54 to
115.03 tons.ha'. In which, Treat.3 obtained the
highest (115.03 tons.ha!) and Treat.4 obtained
the lowest (57.54 tons.ha'). In comparison with

the control, treatments 1, 2 and 3 with different
dosages of microbial organic fertilizer increased
86.0%, 141.24% and 271.9 % respectively. There
was a statistically significant difference between
treatments with microbial organic fertilizer and
with the control.

Thus, the addition of MOF increased the
actual yield of My Tho gourd. This is similar to
the results of many other studies on the effects

of micro organic fertilizers for crop yield.**!13

Table 11. Economic efficiency of micro-organic fertilizer for gour

Total income Total cost Profit Profit
(1000 VND per ha) (1000 VND per ha) (1000 VND per ha) ratio
Treat.1 73.710 34.260 39.450 1.15
Treat.2 103.320 34.810 68.510 1.96
Treat.3 174.300 35.360 138.940 3.92
Treat.4 (control) 40.670 32.060 8.610 0.27
The data from Table 11 shows that the REFERENCES

highest profit was in Treat.3 (600 kg.ha')
which obtained 138,940 thousand VND, profit
ratio reaching 3.92 times, followed by Treat.2
obtaining 68,510 thousand VND, and the lowest
was in the control (8,610 thousand VND), with a
profit ratio of 0.27.

4. CONCLUSION

The application of MOF on My Tho gourd
plants at dosages of 400, 500, and 600 kg.ha'
had a good effect on the chlorophyll content and
dry matter content in leaves of My Tho gourd.
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Ky thuat 6n dinh va bu tan sd cho thiét ké bo khuéch dai
thuat toan céng suat thap
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TOM TAT

Trong bai bao nay, chung téi trinh bay mot thiét ké mach khuéch dai thuét toan (op-amp) cong suét thap sir
dung céc k¥ thuat bu Miller thong thudng va bu Miller gian tiép. Pdi voi op-amp hoat dong ¢ dién thé thap, cach
tiép can g, /1, duoc st dung dé xac dinh kich thudc bong ban dan trong thiét ké mach op-amp. D6 loi, toe do ting
thé, bién do pha, cong suét tiéu tan va cac thong s6 khac duoc xac dinh trong thiét ké. Dé kiém ching cac tham
s6 cua thiét ké, mach op-amp duoc mod phong trén phan mém LT-SPICE. Muc dich ctia nghién ctru nay 1a so sanh
d06 loi va bién do pha thu dugc khi str dung cac ky thuat bu tan s khac nhau, tir d6 xac dinh kha nang lya chon k¥
thudt bu tan s6 phit hop dua trén mot tap hop cac yéu cau thiét ké cu thé. Trong nghién ciru nay, ching toi ciing st
dung céac uu diém khi két hop k¥ thuat bu phan hdi gian tiép v6i bong ban dan chia d6 dai dé thiét ké op-amp hiéu
suét cao. Tat ca cac thiét ké op-amp dugc thyc hién trén quy trinh ché tao CMOS 180 nanomet.

Tir khoa: Khuéch dai thudt todn, cong sudt dién dp thdp, bit gidn tiép, khuéch dai thudt todn CMOS hai tang.
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ABSTRACT

Alow-power operational amplifier (op-amp) circuit with both conventional and indirect Miller compensating

techniques is presented in this work. For low-voltage op-amps, the g /I, method is used to calculate transistor

size. The gain, slew rate, phase margin, power dissipation, and other parameters of the proposed op-amp were

determined. The developed op-amp circuit was simulated in LT-SPICE to check parameter values. The goal of

this study was to examine the gain and phase margins obtained using several frequency compensation techniques

in order to identify the best one for a given set of design requirements. To create a high performance op-amp, we

used split-length transistors combined with indirect feedback compensation. All op-amps were designed in 180 nm

CMOS technology.

Keywords: Op-amp, Low-voltage low-power, Indirect compensation, Two stage CMOS operational amplifier.

1. INTRODUCTION

The operational amplifier (op-amp) is a very
versatile analog circuit that is frequently used in
analog and mixed-signal Integrated Circuit (IC)
design.'? Op-amps are frequently developed
using sub-micron Complementary Metal
Oxide Semiconductor (CMOS) technology, for
example, nodes 350 nm, 180 nm, and 130 nm.
However, there are numerous approaches for
designing the op-amp to meet the requirements
of wvarious circuits.>* Tt typically consists of
two or more amplification stages that utilize
transistors, integrated capacitors, and, in some
cases, integrated resistors. All op-amps, however,
must have enough open-loop margin of stability
in order to be used in a feedback closed-loop
design with acceptable frequency response. As

*Corresponding author.
Email: huynhcongtu@qnu.edu.vn

https://doi.org/10.52111/qnjs.2022.16109

a result, the open-loop configuration of an op-
amp should have a phase margin (PM) of 45° or
greater, which can be accomplished by the use of
Miller compensating techniques. To obtain the
required stability and frequency responsiveness,
many compensating strategies may be used.
These compensation strategies may be used
singly or in combination.?

Frequency compensation is critical for
close-loop stability when designing the op-amps
that operate the negative feedback connection.
Miller compensation is one of the techniques
used to enhance the op-amp's stability and
frequency response.’ The Miller effect can be
detected in two ways within a MOSFET analog
amplifier. To begin, the Miller effect is created
by the MOSFET's construction, which has five
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capacitances between its terminals: drain (D),
gate (G), source (S), and bulk (B), as illustrated
in Figurel. The capacitance difference between
the drain and gate terminals (C ) establishes a
feedback connection between the drain and gate
terminals. While C_ | is often a low capacitance
value, it also demonstrates the effect of the
amplifier's high-frequency response. Miller
capacitance is the name given to the capacitance
C_.3

GD

D
0

CDB

CGD
—{FHH

— CSB

—{HF
I
c

GB

o}
S

Figure 1. Parasitic capacitances in MOSFET

Second, it can be accomplished by adding
an external capacitor (C,) to the second stage of a
standard two-stage CMOS op-amp, as illustrated
in Figure 2. A connection between the second
stage and the external Miller capacitor (C,) may
be seen in this diagram.

The frequency compensation technique
will be demonstrated in this study for the
design of operational amplifiers. The direct
Miller compensation technique is used in the
first design. When comparing the two designs,
the indirect Miller compensating technique
in conjunction with a split-length transistor is
employed in the second design.

Ce

——
e | P | 1%

— T -~

g ey ; [ " [ ¥

Vi A : A o AV
== T L st
L -
Diff-amp Giain stage Buffer

Figure 2. Block diagram of the second voltage
amplifier stage with Miller compensation.

Additionally, the Nulling Resistor
approach is employed in both designs to boost
the efficiency of the operational amplifier. The
target amplifier is a two-stage CMOS operational
amplifier (op-amp) that operates on a +0.9 V
power supply and has high unity gain as well as
stability. All simulation investigations were also
carried out using the LT-SPICE circuit simulator,
which may be found here.

2. DESIGN OF TWO-STAGE OPERATIONAL
AMPLIFIER WITH MILLER COMPENSATION

2.1. Design of two stages operational amplifier

Because of its simple structure and robustness,
the two-stage CMOS operational amplifier is
widely utilized. It also has a high DC gain as
well as a wide range of output voltage swings.
Transistor M1 and M2 together constitute a
differential amplifier, which converts differential
voltage to current in the first stage of a two-
stage operational amplifier design (Figure 3).
This differential current is then sent to the
current mirror circuit, which is formed by M3
and M4, which recovers the voltage difference
between the two stages. The output of the
first stage operational amplifier is essentially
identical to the output of the differential voltage
amplifier. The M6 is responsible for supplying
the differential pair with the bias current I, . The
second stage is comprised of a common source
MOSFET amplifier M7, which converts the
input voltage of the second stage into current
through the use of a MOSFET transistor. The
common source transistor is actively loaded with
the current sink load M8, which turns the current
back into a voltage at the output of the transistor
at the same time. Transistor M8 does not provide
biasing for transistor M7, and M7 is biased from
the gate side of the transistor M8. As a result, the
second stage functions similarly to a current sink
inverter.

2.2. Miller Compensation

An external Miller capacitor is commonly
connected between the output of the second
stage and the output of the first stage transistors,
as shown in Figure 2.
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Figure 3. Miller compensated two stage operational

e

amplifier

Figure 4 presents the small-signal model
of the two-stage amplifier illustrated in Figure
3, which does not include compensation. When
the operational amplifier gain is expressed as a
two-pole open-loop transfer function, the result
is as follows:’

Vout — A(S) — Ay
) (

in 1+pil)(1+%) (0

Where V. represents a small signal
differential input voltage. 4, is the op-amp
gain and poles p, and p, are defined by the
capacitances linked to the high impedance of the
op-amp. In addition, the small-signal equivalent
circuit of the two-stage amplifier is shown in
Figure 4 when p, >> p , which implies p, is the
dominant pole. And the small-signal analysis is
presented by:

Gm1 Gmo
Ay = Gp1GmzRi Ry, py = —2=,p, = =
G CL
A feedback path for an op-amp is provided
by the linked Miller capacitor. The transfer
function equation at node V. has an effect on the

capacitor C, resulting in the following °:

sC,
Vou _ RoR1 Gy Gma (1 75)
Vin 1+ 5(C1Ry + CoRy + Co(Ry + Gz RyRy + RZ))]

+52R,R,(C.C, + C.Cy + C,C5)

2
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Figure 4. Small-signal model op-amp without

compensation
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Figure 5. Small-signal model op-amp with compensation

The ratio V_ /V, = G_ R G_R,if s=0. If
s # 0, the Miller effect in the right half plane
causes zero transmission in the op-amp:

sC, Gmo2

= O’ = =
sz pZ SZ CC

The denominator polynomial for an op-
amp with two poles is:

Y(s):(1+i)(1+:—2):1+5(i+i)+

) P1 P2
SZ (pﬂ)z) (3)

If there is one dominant pole, p, <<p,and
Y(s) can be:

1
= 4
Y(s) = 1+s( )+s (plpz) “4)
Finding the frequency of the first dominant

pole can be done by equating the first and second
dominant poles together.

1
R1C; + R,Cy + C.(GaR1Ry + R +Ry)
®)
The term (C(G,_, R R,+R,+R))) can be
realised by connecting it to the first and second

P1 =

stages where C_is the negative feedback path of
the second stage. Moreover, the first term (R,C))
is much larger than the second term (R,C,) and,
. is much smaller than the Miller
capacitance. The approximate value of the p, is:

1
P17 CGmaRiR, (6)

usually, C

The non-dominant pole as the frequency
of the second pole can be found by equating:
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D, = CcGmzR1R;
2 7 RyR,(C1C2+C4Cc+CyCo)

(7

Meanwhile, C, << C, and C, << C, the
approximation of the p, can be shown as:

_ Gmo

p2 = C, (®)

The unity gain frequency (UGF) of the
two-stage amplifier is given by:

UGF = % )

The location of the zero set in the right
half-plane in the transfer function and the location
of pole-zero is described in Figure 6, (where jw
is the imaginary axis and o is the real axis), it
creates a negative phase shift of the amplifier.’
To achieve the closed-loop gain stability, the
location of p, and p must be at higher frequencies
than UGF. If C_is increased the UGF reduces to
approach the stability condition, PM >> 60° and
p, is located at half of UGF.” Moreover, as C_ is
increased, p, is decreased, and it permits to move
p, further to the right half-plane and p, to higher
frequencies.

It is shown in Figure 6 that by placing the
zero set in the right half-plane of the transfer
function and the placement of pole-zero (where
jo is the imaginary axis and is the real axis), a
negative phase shift is created in amplifier.’ In
order to achieve closed-loop gain stability, the
locations of p, and p, must be at frequencies
higher than those of the UGF. The UGF decreases
until it approaches the stability condition, PM >
60°, and p, is positioned at half of the UGF when
C, is increased. Furthermore, as C_is increased,
p, decreases, allowing for the displacement of p,
farther to the right half-plane and the expansion
of p, to higher frequencies.

jlo]

pole splitting

c C.6RR; €.

Figure 6. Pole/zero locations

2.3. Procedure of a conventional op-amp design

The conventional design for an operational
transconductance amplifier (shown in Figure
3) is based on the large-signal and small-signal
device modeling equations when the transistors
are operated within the saturation region for
power supply of 0.9 V. The transistor takes
after certain conditions, which are called the DC
balance conditions as follows:

1. For PM greater than 60°, the second
pole (p,) (or output pole) is considered more
significant than 2.2 UGF.

2. First zero is much higher than the
second pole, therefore, p, > 2.2 UGF and z >
10UGF.

3. Assume that V_., =V

SG4 SG6?
“proper mirroring” in the M3-M4 mirror.

this causes

Furthermore, the gate and drain terminals of the
transistor M3 are at the same potential so that
transistor M4 is in saturation.

4. Calculate the current for each transistor
I,I,I.L, according to the square root of drain
current (saturation region)’

Y
If Vsaa = Vsas e = W_z Iy (10)
5. WhenV . =V,

G7

w
Wil =
5

w 11
Iy = 55 = 522l (1)

w
6. For balance, I, must equal L. This
condition is called the “balance conditions”.
W _ 2w,
W o W, (12)
The op-amp has been designed to operate
with a 0.9 V supply. The operational amplifier
is designed using the strong inversion region.
The transistor dimensions are calculated using
the saturation region equation and represent the
width and length of each transistor.

3. CALCULATION AND SIMULATION
RESULTS

The design parameters of an op-amp with its
specifications are given in table 1:

https://doi.org/10.52111/qnjs.2022.16109
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Table 1. The design goal of the operational amplifier

Parameters Specification
Gain 60dB
Power supply V,, 09V
Gain Bandwidth (GB) SMHz
Load capacitance C; 10pF
Slew rate (SR) 10V/us
Phase margin (PM) >55°
Input Common Mode 0.4V to 0.9V
Range (ICMR)
Power Dissipation < ImW

We may utilize MOSFETs as small as
180 nm in length (L) and 400 nm in width (W)
with the 180 nm technology, but due to the rise in
the channel length modulation (X), we normally
do not employ the minimal channel length. It is
recommended to utilize L > 2L _. . Nonetheless,
the device length (L) is set to 1 um in this design
and is used throughout the circuit. This value is
used to calculate the channel length modulation
parameter, which is necessary to calculate the
amplifier gain. Following that, to optimize the
op-amp‘s performance, we'll adjust the length
of selected MOSFETs while maintaining a
constant (W/L). For the calculations, we will
use the MOSFET transconductance parameters
kn = 170 uA/V? (for nMOS) and ky, = 36 uA/V?
(for pMOS) as input parameters. The saturated
drain current i, in MOSFET is given by:

For nMOS
ip =2k, (vegs — V)21 + ) (13)
D = 5KnT (Vgs T
For pMOS
1

. \
ip =2k, 7 (vos — VD2 +2) (14

Where A is channel length modulation. We
use A = 0.05 V! for pMOS and for L =0.04 V!
nMOS in the calculation.

Calculate the value of the compensation
capacitor C_after determining the device length.

C>226 2.2pF
10 L= p

https://doi.org/10.52111/qnjs.2022.16109

C, were selected as 3pF.

Next, based on the slew rate requirements,
determine the minimum value of tail current I..
The formula used to compute the value of I is.

Is =SR.C, = (3.10712)(10.10%) = 30 p4

Determine the aspect ratio of M3 by
following relation, where the threshold voltage
is denoted by V. Calculate sensitivity S, using
the equation:

S3=W/L);

i
- > >1

2
kp [VDD - Vin (max) - |VT0|(max) + VTl(min)]
3 30.107°
" (36.107©)[0.9 — 0.5 — 0.85 + 0.55]2

=83

Since, M3 and M4 are identical S, will be
equalto S,.

W/L)s = (W/L), =83
The equation that follows determines the
input transistor's transconductance:
Jm1 = GB.C..2m = (5.10%)(2m)(3.10712) =
94.25 us

From the above equation, the aspect ratio
of M1 and M2 can be directly obtained as:

_ I (94.25p)?
W/l = W/L), = k,ls ~ (170.10-6)(30.1079)
=1.74~2

The aspect ratio S, and S is determined as:

Ss =W/L)s =
kn [VDSS(sat)]

5
VDSS( sat) — Vin (min) — Vss — '[T VTl(max) > 100mV

30.10"
170.1076.3

Vpss(sary = —0.1+ 0.9 — -03=026V

-6
Se= W/Lys = —25 = 2000 _ 5,

2 -6 2
kn[VDss(sat)] 170.1076[0.26]

Se = S4§ﬂ with condition g, = 10gm, =
m4

942.5us
Ime 942.5u

S¢ =S =60
" T Gma 3004

= 188.5
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The following equation can be used to
calculate the current via M6.

_ ke (942.51)°
Is

T 2kpS, | 2(30.1079)(1885) 78.54uA

S, should be designed in such a way that
the desired current ratios between I, and I, are
achieved:

B — 576
30u

I
W/L); = £S5 = 2.2

Finally determine the value of gain and
power dissipation and check its specification.
Pyiss = s + 1e)(Vpp + [Vssl)

= (30u + 78.541) (0.9 + 0.9)
=0.000195 = 195 pW

To determine A,

=2 Im29me
Is(A; + 23)15 (A6 + 47)
(94.251)(942.5u)
=2 30.1076(0.04 + 0.05)78.54.1076(0.04 + 0.05)
930883V
v

Ay

=79.8dB

All simulations were conducted using
typical model process transistor models and
the LT-Spice circuit simulator to verify that all
design parameters were met, including unity
gain frequency (UGF), phase margin (PM), and
DC gain.

The results of aspect ratio of each
transistor are summarized in Table 2.

Figure 7 illustrates the results of the first
op-amp design when various Miller capacitor
values are used. As a result of increasing the
Miller compensation (increasing the value of C ),
the phase margin has increased, while the unity
gain frequency has reduced. In transfer function,
the compensation capacitor yields a right-half
plane zero.® It results in a phase shift toward the
negative. The zero-nulling resistor has been used
to eliminate this effect (Figure 8).

Table 2. Aspect ratio of each transistor

Transistor W(um) L(um) W/L
M, M, 2 1 2
M,, M, 83 1 83

M; 52 1 52
M, 188.5 1 188.5
M, 5.76 1 5.76

The outcome demonstrates a well-
behaved step reaction. When the zero is shifted
to the left-half plane (LHP), the zero's phase
response is added to the total phase response,
thereby increasing the phase margin.

THEEENANEENER

< L _— e e

fu (MHz) bl PM (degres)

Cc (pF)
Figure 7. Results for the first op-amp design. a)
frequency response of the first op-amp. b) Unity gain

frequency and phase margin with different miller
capacitor values.

Indirect Miller compensating techniques
are used in the second op-amp design. Indirect
compensation of the op-amp can be accomplished
by cascading the internal low impedance nodes.
This node can be built by utilizing the proposed
split-length transistor in work.®

Figure 9 illustrates the recommended
architecture in this article. To prevent the RHP
zero, the addition of MOSFETs results in the
formation of a common-gate amplifier. The
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current I, is sent back to the differential op-
amp’s output via the common-gate MOSFET.
Figure 10 illustrates the result of the opamp
simulation utilizing the indirect compensation
strategy demonstrated in Figure 9.

Pt Vot
— | ST— a)
».30m L
EE i W E
. Yoo 12 1000n w= 18 Sy
. . ey
; ey .1 ':;
fil P - | wa | ’.‘Sé &
e B SN sea m ST
Visa3| Vs 11000 w3l 0 = 3.5 ¥ w 1 |ex
Wi | Yipcas + L1} T
o |- - 4 e — ib
WhasT; Vi o ) 10ty -/
View | Ve R et s
Vised | Visaad
e - '.-L:-..m - :_:-nw-l.h
= __“ :'_
v g o T—— Vs g
PM (degree) b)
80
BO
b
60 s . *
50 o
an " =
30 -
20 £ ]
0 -~
v
0
o o3 1 15 2 i5 3 3.5 4
Ce (pF)

PM with Miller Cc link Rz #— PM with Miller Cc

Figure 8. Two-stage op-amp employing miller
capacitor and nulling resistor (a) and phase margin
with different miller capacitor values (b).
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— gef
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J_ A 1001
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_1=10000 w=5.2u _11=1000n w=5.8u

Figure 9. Two-stages op-amp design using Indirect
Compensation technique and the split-length transistor.

Because indirect Miller eliminates the
initial zero in addition to separating the poles, it
speeds up op-amp circuits, adjusts phase margin,
and improves UGF.

A comparison of the two operational
amplifier designs is shown in Table 3. The DC

https://doi.org/10.52111/qnjs.2022.16109

gain, common mode rejection ratio (CMRR),
and power supply rejection ratio (PSRR) have
remained constant due to the fact that the input
differential pair or current summing branches do
not contribute to the PSRR. The UGF is related
to power dissipation. The UGF increases with
increasing power dissipation. When compared
to the previously published work,” the power
dissipation of the developed operational
amplifiers is reduced (Table 3).

INENARNRE NN
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i
i
§
i
f
i

SN E

e . , . s - - ! 1 : |
= - - - - = - = e - -

Figure 10. Frequency response and slew rate of
op-amp using the indirect compensation with a

compensation capacitor of 240 fF.

Table 3. Summary of op-amp simulations

Second

Reported First

Performance

work [7] op-amp op-amp
Power supply (V) 5.0 +0.9 +0.9
Process (um) 0.35 0.18 0.18
DC gain (dB) 77.25 59 60.2
UGF (MHz) 8.6 2.6 5.7
PM (degree) 53.46 60 57.3
SR (V/us) 10.4 4.8 7.5
Settling time (ns) 400 234 186
CL (pF) 10 3 3
VOH (V) 3.28 1.2 1.2
VOL (mV) 0 0.2 0.2
ICMR 0.9-3.27 0-1.2 0-1.2
P r
dizvsvi;aﬁon w4 195 152
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4. CONCLUSION

The paper discusses two op-amp designs with
varied gain frequencies and phase margins. Miller
(direct) compensation was used to improve the
PM; however, the poles were split and a RHP
zero was included, resulting in a decrease in
the UGF. Additionally, by utilizing split-length
transistors for indirect compensation, the PM
was corrected and the UGF was enhanced. This
design results in a significant increase in the unity
gain frequency while keeping an acceptable
phase margin, increasing the op-amp’s speed and
stability.
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ABSTRACT

Given a weight function, we define the Bergman type projection induced by this weight. We

characterize the radial weights such that this projection is bounded from L* to the Bloch space

B on the unit ball B,, of C",n > 1.

Keywords: Bergman space, Bergman projection, Bloch space.

1. INTRODUCTION AND MAIN
RESULT

Let C™ denote the n-dimensional complex
Euclidean space. For any two points z =
(21,...,22), w = (wl,..
the well-known notation

., Wy) in C™, we use

<Z7w>:Z1w_1+"'+an_n7

and |z| = +/(z, 2).

Let B, = {z € C" : |z] < 1} be the unit
ball, and let S,, = {z € C" : |z| = 1} be the
unit sphere in C".

Denote by H(B,,) the space of all holo-
morphic functions on the unit ball B,. Let
dv be the normalized volume measure on B,,.

The normalized surface measure on S,, will be
denoted by do.

Corresponding author.
Email: levanan@qnu. edu.vn

https://doi.org/10.52111/qnjs.2022.16110

Let p be a positive and integrable function
on [0,1). We extend it to B,, by p(z) = p(z]),
and call such p a radial weight function. The
weighted Bergman space A/Q) is the space of
functions f in H(B,) such that

12 = / )2 p()do(z) < oo.

Let p be a radial weight and X be a space
of measurable functions on B,,. The Bergman
type projection P, acting on X is given by

B f(z) = /B K, (2 w)  (w)pl(w)dv(w),

for z € By, f € X, where K,(z,w) is the
reproducing kernel of the weighted Bergman
space A%.

When p is the standard radial weight
p(z) = (1—|2*)*, a > —1, the corresponding
projection is denoted by P,.
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A radial weight p belongs to the class D
if p(r) < p(HL) for all » € [0,1), where

~ 2

plr) = ;' pls)ds.

The Bergman space and a lot of topics

related to this famous space have attracted
the attention of many mathematicians so far.
When the weight function is the standard
radial weight, the theory of Bergman space
is well-known. We recommend the books of
Zhu®'? for more details.

In 2018, we began the study of small
Bergman spaces in higher dimensions®. The
projections play a crucial role in studying
operator theory on spaces of analytic func-
tions. Bounded analytic projections can also
be used to establish duality relations and to
obtain useful equivalent norms in spaces of
analytic functions. Hence the boundedness
of projections is an interesting topic which
has been studied by many authors in recent

12378 In", Pelaez and Réttyi consid-

years
ered the projection P, acting on L (D),1 <
p < oo, when two weights pi, po are in the
class R of the so called regular weights. A
radial weight p is regular if p(r) < (1 —
r)p(r),r € (0,1). Recently, in 2019, they ex-
tended these results to the case where p; € 73,
po is radial®.

In this paper, we are going to study the
projections acting on the space L*°. Let us
recall that the Bloch space of B,,, denoted by
B(B,,), or simply by B, is the space of holo-
morphic functions f on B, such that

sup (1 —|2*)[Rf (2)] < o0,
ZGIB’I’L

where
- 0
RI) =3 550
7=1

is the radial derivative of f at z € B,,. In the
one dimensional case, the Bloch space con-
sists of analytic functions f on ID such that

sup(1 —[21%)]f'(2)] < oo,

and is denoted by B(D).

In the case of standard radial weight, we
have the following result.

Theorem A. For any o > —1, the Bergman
type projection P, is a bounded linear opera-
tor from L onto the Bloch space B.

This theorem is also valid for the case of
one dimension C and of higher dimension C".
See!® Theorem 5.2 for the proof in the case of
one variable and® Theorem 3.4 for the proof
in the case of several variables.

When the weight functions is more gen-
eral, in®, Pelaez and Réttyd obtained an in-

teresting result in the one dimensional case.

Theorem B. Let p be a radial weight. Then
the projection P, : L>(D) — B(D) is bounded
if and only if p € D.

The aim of this paper is to study the
Bergman type projections acting on L in
the case of higher dimension. In this case,
what will be the target space and the charac-
terizations of the weight functions such that
the projection is bounded? We extend The-
orem B to the case of several variables and
obtain the following result.

Theorem 1.1. Let p be a radial weight. Then
the projection P, : L — B is bounded if and
only if p € D.

The paper is organized as follows. In Sec-
tion 2, we give some important lemmas which
are used in the proof of Theorem 1.1 and Sec-
tion 3 gives us an explicit explanation for our
main result.

Throughout this text, the notation
U(z) < V(z) (or equivalently V(z) = U(z))
means that there is a positive constant C
such that U(z) < C.V(z) holds for all z in

https://doi.org/10.52111/qnjs.2022.16110
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the set in question, which may be a space
of functions or a set of numbers. If both
U(z) < V(z) and V(z) < U(z) hold, then
we write U(z) < V(z2).

2. SOME AUXILIARY LEMMAS

To prove Theorem 1.1 we need several

auxiliary lemmas.

Lemma 2.1. Let p be a radial weight. Then
the following conditions are equivalent:

(i) p € D;
(ii) There exist C' = C(p) > 0 and By =
Bo(p) > 0 such that

() SCG:Dﬁﬁ(t),

where 0 <r <t <1, for all B > Po;

(i1i) The asymptotic equality

! 1
/ s*p(s)ds < p <1 — —> ,
0 T

where x € [1,00), is valid;

(iv) There exist Co = Co(p) > 0 and C =
C(p) > 0 such that
- 1
p(0) < Cop(i)
and pn, < Cpay, for alln € N.

Lemma 2.1 gives us the characterizations
of the weight function p € D. The proof of
this lemma can be found in®.

Lemma 2.2. If
(o]
f(z):ZaszEHp, 0<p<2,
n=0

where HP denotes the Hardy space, then

oo

oG+ e S

J=0

https://doi.org/10.52111/qnjs.2022.16110

Lemma 2.3. Let {aj} be a sequence of com-
plex numbers such that qu_Q‘aj‘q < o0
for some ¢q,2 < q < oo. Then the function
f(z) =302 a;27 is in HY, and

oo
12 S DG+ 1) ay]"
§=0

Two above lemmas are the classical
Hardy-Littlewood inequalities, which can be
found, for example, in Duren’s book?* Theo-
rem 6.2 and 6.3.

In the following lemma, we give the ex-
plicit formula for the reproducing kernel of
A2,

p

Lemma 2.4. Let p be a radial weight. Then
the reproducing kernel K,(z,w) is given by

K,(z,w) = %Z—C(id+n — b (z,w)%,

for z,w € B,,, where

1
o :/ Eotydt, x> 1.
0
Proof. By the multinomial formula (see”
(1.1)), we have that

d!
(z,w)d = Z Ezﬁﬂ)ﬁ,
BEN™,|Bl=d "
where |5| = 81+ -+ + B, B! = Bil... 60!
for each 8 = (B1,...,0,) € N™. Hence, for

aeN'" ol =d,

z,w € C",

: £*(z,£)%do(€)
d! P _
= — | &&do(¢),
BeN;B=d b /S”

where z € B,,. By Lemma 1.11 in?,

if a7 5,

- 0
| e =1 w1 "

(d4+n—1)!
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and we obtain

/Sn£a<z,£>dda -2 / £2Edo (¢

d al(n—1)! B
a!(d+n—1).
_d(n—1)! Lo
S (d+n—-1)177

«

for z € B,,. Therefore, for « € N, |a| = d we
have

/B w (z,w)p(w)dv(w)

1
=2 [t [ e tino
0 "
_ 2d!n!p2n—1+2dza
(d4+n—-1)! """
It follows that
o (d4+n-1)

z €B,.

= —/53 w (z,w)p(w)dv(w),

2d!n!pan_1424
(1

~—

for any z € B,,.

Since p(t) > 0,0 <t < 1, for every € > 0
there exists C: > 0 such that ps > C.(1—¢)*.
Given z € B,,, we have

/\2

T4 dl'dz n!)2pan—142d, Pon—142ds

(d —1 2
+n ) 2, w)d
d'”'PQn 1+2d

p(w)dv(w)

d1,d2>0

x / (20 ) {w, 2)% p(aw)dv(w)

4 d1'd2 n!)2pan—142d, Pon—142ds

d1,d2>0
X/ S w2 ) plaw)do(w)
Bl
1 (d4+n—1)! 1
T2 Z < d'n! > P> 8
d>0 2n—1+42d

(d! !
Z )* n!pon_142d B8

Bl (d+n—1)!
12 (d+mn—1)! ZZBZB
deo p2n 1+2d \Bl=d

= e rare—
2

< 00.

n!
a0 & ‘P2n—1+2d

Thus, the function
I (d+n—1)! p
w 3 Z d—(w, z)

belongs to Az.

By (1) and by continuity, for every f €
A%(B,), we have

=/an(w>x

L= (d+n—1)! J
= - = d
32 i (=) | plw)d(w)
d=0
for z € B,,.
Therefore,

3. PROOF OF MAIN RESULT

It suffices to consider only the case n > 1.

Proposition 3.1. If p € ﬁ, then the projec-
tion P, : L — B is bounded, where P, is
defined by

https://doi.org/10.52111/qnjs.2022.16110
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Proof. We have

1= (d —1)!
K,(z,w) = = w@md_
2 —0 d'nlpon 1424

Hence, for a fixed w € B,

RK,(z,w)

1 (d4+n—1) _
:§szzd—_dw]<z,w>d 1

=1
1 i (d+n—1)!
2 —1 (d—1)n!pap—1124

(z,0)

I'(d+n) a

(z,0)

L(d)T(n + 1)p2n—1424

Now, given ¢ € L™, let

Pp@(z)
:/IB K, (z,w)p(w

where z € B,,. For all z € B,, we have

f(z) =
)p(w)du(w),

RFG)| = | [ R,z w)stpt)doo)
< [ IRE (e w)low)] ple)do(w)

<Jel, / IRE, (2, w)| p(w)dv(w).
)

Set

& F d—1
=1

F P2n— 1+2d

Since p(t) > 0,0 < t < 1, g is analytic on the
unit disk. Then

https://doi.org/10.52111/qnjs.2022.16110

wl
< “/o (D)

(z, w)

RK,(z,w) = m

g((z,w)).  (3)
Next we consider the reproducing kernel
K}(z,w) of the Bergman space in the unit
disk with the weight p. We have

Klzw %i

— Pads1
Furthermore,
o 1 =T(d+1)(zw)4 "
— K1 Z
ozm (Z w) 2 dz;m F(d —-n+ 1),02d+1
1= T(s+1) (zw)* 'w"
_ 3 Z

1 F(S) P2s+2n—1

s

= §g(zw)w :

By a result of Peldez and Ritty# (7 Theorem
1 (ii)), we have

J

9K, w)| (1= |2°)"~2dA(2)

ozm
f e ~ <ful <1
= S = — <|w ,
o A1 —1t)? 2
where p(t ft
Thus,

—|2[*)"dA(2)

/D 9w (1

/w “ 1<\ <1
= < N4 o - S |w .
o plt)(1—1t)? 2

Since g is analytic on the unit disk, we have
/D (=) (1 —|2)"2dA(2)

dt weD. (4)

Now, by (3), we have

/ |RK,(z, w)} p(w)dv(w)
Br
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< [ otz otwjan)
x/ -1, </|g ((r2,€))| do(¢ )

By? Lemma 1.9 and the unitary invariance of
do, we have

/S l9((r2,€))] do(€)
= / lo(rl=| V)| (1
D

Thus, by (4) we obtain

—[A)"2dAN).

[ IRE (0] pw)do(w
! 2n—1 i dt
S [, o (1 A o= t)?) "
! 1 ! ,r2n 1 r
<1 +/0 OEDE (/m o > “

{2]
s1e [RUED &
o pt) (1-1)
1
< B,,.
N1—|z]’ z €

By (2) we obtain now that

1
[Rf(2)] Sllelle — 3, = €Bn.
1—|z]
Hence,
sup (1 —[2[)|Rf(2)] Sllella
FAS3 2%
It is easy to see that
1F0)] Slello
Therefore, P, is bounded. The Proposi-
tion 3.1 is proved. O

Proposition 3.2. Suppose that the projec-
tion P, : L — B 1s bounded. Then p € D.

Proof. Given £ € S, and w € B,,, let us con-
sider a function g given by

Then

where ¢g =

%F(d)l“ )an—l—i-Qd.

By the Hardy-Littlewood inequality (see
Lemma 2.2) we have

= Cd‘(é-aw)‘d < °n 0
Sl < [ e
de

d=1
21
= K (e ‘_
| |rE e )| 5

Integrating both sides of the above inequality
over £ € §,, we obtain

00 Cdq /‘<§w
271l

27
Sn 0

- /S RE(€,w)| do(€)

By the unitary invariance of do and® Lemma
1.9, we have

(€, w)|" do(€)
Sn

=] / &l do(e)
(n— 1wl /

ﬁ
2

RK, (e, w)( %da(g)

—|2")" 22| dA(2)
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1 oo
:%Z

o ( L(d)L(§ +n)p2n-1+24

Since

we get

/S |RE,(€,w)| do(€)
1 o0

]

>

> L e
2n = Pan-1+2d

Therefore, for z € B,,, we have

|| IRE )| plawdog)

= 2n/017°2"_1,0(7’) /SnyRKp(z,rg){ do (&) dr
= 2n/017‘2”_1p(7°) /Sn]RKp(g,rz){ do (&) dr

1
/ 2n71+dp(,r,)d,r

P2n—1+d ’z|d
4= Pn—1+2d

o
g1 P2n—1+2d

Thus,

sup (1 —\2]2)/ |RK,(2,w)| p(w)dv(w)

ZE]E’!L

Pd+2n—1 | d
Z sup (1 —|z) Z+—”!zl

2€B, de+2n 1
> sup _Z Pd+2n—1 (1 _ _)
~ Nen N 2= padion—1 N
> Pd+2n—1
2 sup Z

NeN N 2= padian- 1

Since P, is bounded,

sup (1-|z|%) /!RK (z,w)| p(w)dv(w) < oc.

z€B,

https://doi.org/10.52111/qnjs.2022.16110

d+n)r(g+ 1) ol

Given N > 2n, we obtain that

AN —2n

1> 1 Pd+2n—1
AN —2n d=3N—nt1 P2d+2n—1
1 PAN
N —n)—.
=N s )pGN
Hence,
P6N Z PAN -

If SN <k < 8N +8 N > 2n +8, then
e < psN S pian S pisn < Pok.

On the other hand, since p is positive and
integrable on [0,1), it is easy to see that

—~ 1
p(0) < Cop(5)
for some Cy > 0.

Hence, by Lemma 2.1 we conclude that
p €D. 0

From Proposition 3.1 and Proposition 3.2,
we obtain the conclusion of Theorem 1.1.

Remark 3.3. The method given herein com-
bined with our results in® can be used to gen-
eralize to the unit ball case the L” estimates
proved in” in the unit disk case. This will be

the object of a forthcoming paper.
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