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Abstract: T_he negative output KY boost converterautomobile phones, computer system, robot system
(NOKYBC) is one of the type dc-dc converters. ftveots  and aerospace telemetry uses. The acceptablargize
the conversion from +ve dc supply voltage intodedoad \yeight are awfully restricted to accommodate larger
voltage. - Owing to enhance the power capability dad 4vjna9 in aerospace utilization [1-4]. Owing to
minimize the size and weight of the magnetic aftdrfi opon00 the power capability and to minimize tae si
elements, the operating frequency of the dc-dcemavhas ; . .

and weight of the magnetic and filter elements, the

to be improved. This article presents the analydissign .
and output voltage control of a zero-voltage-switighquasi  OPerating frequency of the dc-dc converter haseto b

resonant-negative output KY boost converter (zZvS QRMproved. The negative output KY boost converter
NOKYBC) in continuous conduction mode (CCM). Itksor (NOKYBC) is one of the type dc-dc converters. It
with reduced switching losses and suitable for mppions  converts the conversion from +ve dc supply voltage
needing the regulated power source such as vamoedical into -ve dc load voltage [5-6]. The NOKYBC has the
equipments,  telecommunication  systems,  computefierits of simple circuit structure, large voltagairg

pertiﬁhgral O:eVice' mOb”etphO?ES” etacgg‘éls?mfﬂ';r:b huge power capability, good efficiency and small
method analogue resonant controfier ISZBO TOr o tput  voltage/inductor current ripples over the
ZVS QR-NOKYBC to stabilize the output voltage @utite - jiisna de-de converters as well as the Cuk and

line, load variations, and also improve the powapability.
The UC3861 controller performance is validated byLuo—Coverters [7-12]. In general, the NOKYBC has

building both an experimental and MATLAB/SimulinkMultifaceted non-linear system with parameters
models of the proposed converter at various opegati Modification. The reasonably better type in the
conditions. The results are indicated that the tmwed topology of dc-dc converters, the NOKYBC, is chosen
controller has excellent performance at differerarking  in this study. Generally, the power dc-dc converter
regions. working at high frequencies produce the large
switching losses, decreased reliability and
electromagnetic intervention. Owing to rectify the
above pointed-out problems, quasi resonant congerte
(QRCs) are adopted in the NOKYBC. Increased power
capability and efficiency will be determined using
these converters for the reason that the turnadfés

Key word: DC-DC power conversion, zero voltage
switching, negative output KY boost converter, agaé
resonant controller IC UC3861.

1. Introduction
In recent decades, the dc—dc power convertaysap
vital role in field of communication network,



place either in zero current switching (ZCS) and imrganization of the paper is as follows. The ansalys

zero voltage switching (ZVS) [13]. and modes of operation of ZVS QR-NOKYBC
In order to increase the recital of the powerdic presents in section 2. The dc voltage conversitia ra

converters, in particular the efficiency, it isestal to of ZVS QR-NOKYBC is executed in section 3.

apply the zZVS and the ZCS resonant switchinddevelopment of ZVS QR-NOKYBC is reported in

methods. The typical dc-dc converter based systesection 4. The results of the developed converirgu

must have a well tuned feedback controller forittael analog resonant controller is well addressed iticgec

voltage control under the line and load disturbance5. The conclusions are listed in section 6.

Owing to increase the quick settling of output esge

and near attain better voltage control, it is egskto 2. Analysis and sates of working of ZVS QR-

have a feedback-loop regulation operation of th8BIOKYBC

model. The simulation and implementation of outpu b

voltage regulation of QRCs wusing proportional- c,

integral—derivative (PID) controller design baseu o “ N

the state space average modelling has been addires s J B

in [14]. Boost power converter has been designedfo , L I v D, I c RSV

AV’

load voltage control [15]. The small signal mode
analysis and modeling of buck and super lift Luo
converters have been presented [16]. The abovc
mentioned systems are sensitive to both the various

operating conditions as well as the circuit commisie The power circuit diagram of proposed converter

variations. In addition, the output voltage conti®l 7VS QR-NOKYBC) is depicting in Fig. 1. It consists
obtained with help of analog proportional integral(()f a power switch S, inductor;Lone freewheeling
controller (PIC) and operating gating pulses a'fiode DR is load res’istance one output capacitpr C
p_rodl_Jced through the analqg_platform pulse procgjcinand one energy transferring E:apacitogs@h energy
circutts. A.ISO’ a driver unit IS gpphed to forcaet transferring diode D The resonant capacitor, @nd
power switches. Moreover, individual SOUrces Werg.qqnant inductor Lform a circuit. Duty ratio is k,
required to turn on the networks, which results i ;i hing frequency is. {period T = 1/£) and the load

improve _ the _Slz€ and - weight Qf the presentedl gistance is aRThe input voltage and input current
converter, which are solved by using an enthumasthre \i» and | Load voltage and load current arg V

analog integrated circuit (IC) UC3861 controller fo nd b. The voltage transfer gain is M =V, The

T . — in-
Ioad_ voltage control. Sliding mode controller an ollowing conditions are made as assumptions to
posicast controller for dc-dc power converters analyze the constant-state characteristic of th& zZV

addressed in [17-18]. The application of analo%R—NOKYBC operating in CCM:
resonant controller to fixed frequency various gpe = | Power switches are ideai

de-dc converters using ZVS-QRC has been reported Reactive components in the circuit are ideal,

[19-26]. ! are
In this paper, it is proposed to design and leguthe ngf‘?r Ly are higher than resonating inductor
r

output voltage of zero voltage switching quasi- ) )
resonant negative output KY boost converter (zvs ° The load capacitor £and the load resistance
QR-NOKYBC) operated in continuous conduction Ro are a stable sink of load curregt |
mode (CCM) using single IC UC3861 controller.

Moreover, the performance of the designed convertd©® investigate the constant-state characteristic of
is validated for line and load disturbances. Th&€signed converter, each switching period is alesha
into four states of working.ul i, , Vor and % are

Fig.1. Circuit diagram of proposed converter.



respectively the magnetizing current, the resonant

inductor current, the resonant capacitor voltagetae
characteristic impedance. The equivalent
diagram for each state and the numerical wavefafms

resonant capacitor voltage and inductor current are

illustrated in Figs. 2 and 3, respectively.
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Fig.2. Equivalent circuit diagram of a ZVS QR-NOK¥YB
in four topological states of a switching cycle), $tate | - §
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Fig.3. Numerical resonant waveforms of the designed
converter

2.1.1 Statel: t,<t<t;: State | is initiated at tztwhen
the power switch S is in open condition under ZVS
state and the diode D is in closed state. The atpnv
circuit of this state is exposed in Fig. 2(a). Foe
duration of this state, the,vincreases linearly with
slope 14//C,, which is always smaller than;,\V This is
called as the voltage linear rising interval. Thémwe
mathematical relation of Mt) and inductor currenty,i

(t) are expressed as (1) and (2)

=1t
VCr(t) - Cr (1)
i @) =1, ) (2

On t=t,, the \(t) reaches . The period of this state
is engraved by

T, =

1=

V,

rin

®3)

IM

2.1.2 State Il: t; <t < t,. In this state, since,istarts
decreasing, the diode; 3 reverse biased and hence it
is non-conduction state. The equivalent circuitlo$
state is revealed in Fig. 2 (b). During this stat®the



power switch S remains in open state, the storage T+a
components Land G form a series resonant circuit. Toz :tz"tf[ Y )
This is known as the resonance interval as shown in ?
Fig. 3. The state equations are (14)
C dv., _ ¢ 4 2.1.3 State Il1: t; < t < t3: During this period, the S is
Tt =i, (t) (4) in closed state at t= to accomplish ZVS condition.
di The equivalent circuit of this state is indicatedrig.
er—Ltrz\/in -\ (9 (5) 2(c). The diode, D don’t allow the /to become a

negative value. The current, increases linearly with
With initial conditon \(t)=Vi, and ,(1)=hs. The  [ecoverineSricr ol o6 shown in Fig.3, becausddie.
solutions of the state equaFion are a stable current and the increase I,inearly from —
Ve, () =V, + 1y Z, sinat (6) I.com to 0 on t= 4 The time period of this state is
i, t) =1, coswt (7) given by
T,= 2(1,, cosr ), (15)

3=

Where, @, = in
\/LrCr 214 State IV: t3 < t < t;; The equivalent circuit

While the current through; Istarts falling, it causes a diagram of this state is depicted in Fig. 2(d).this
raise in \ and at time tst the current,i touches null period, the J is supplied by the source. The “S” is in

and v reaches the peak value. conduction state till time of t #tThis is known as the
normal switch on interval. During this statg, rises
Ve, (t) =V, =V, + 1,7 (8) from O to . This state continues till the “S” is opened
“ 8) = Vorpea = Vin® lu at time of t=f and the cycle repeats. The time period of
i, t)=0 (9) this state is expressed as (16)
The Iy could reach a high values with conditiqszb T, = Ts_(Td1+ T,+ Td3)

> Vi, in the ZVS state. If conditions are not obeyed,
the voltage across the switch can not arrive back t
null naturally, resulting in turn-ON loss. Durinbet (16)
period t;<t<t",, the energy is transferred from C 3. DC voltage conversion ratio of proposed
back to L, V¢, is decreasing from its peak value tg V converter

and i, reaches the negative peak gf On t =, the In an ideal state, over a switching periogyt
solutions of (4) and (5) with initial conditione¢t” ;)  ©€nergy kis equal to the output energy (Erom the
=V, and j,(t" ;) = -y are expressed by conversion of energy theory).
Ve (6) =V, + =y 4, sinat (10) e v, I e Tf wat
i, t)=-1, coswt (11) 0 °

At t=t,, the \, reaches zero, to achieve ZVS for “S”. a7

Ve, (1) =0 12) i)

i, ;) =-1, cosa (13) Next, the dc voltage conversion ratio of the desthn

Where,o = sin® (Vin/lnZo) converter is defined by (19).

Time period for this state is expressed as (14)



found that the variation of M with,fis almost linear
and M is responsive to the R changes. Therefore, a
(19) feed back-loop regulation is needed to control the
output voltage.

By substituting the values of;FT4s, (19) is modified
and engraved in terms of circuit parameters as

VvV, 11 T
M=z=—S=_— MM_-_dd_T _T
V Ts IO (Ts 2 d2 d3)

in

4. Design of ZVSQR-NOKYBC
This section discusses regarding the design
specifications calculation of the designed converte

+ . . . . .
M =L 1—L]¢SR"—”—H*L+M The specification of the designed converter igtish
I, 2Ml,, 2 f, V., Table 2
(20)
Table 1.Voltage conversion ratio (M) for variougmalized Table 2.Specifications of the ZVS QR-NOKYBC
switching frequencies with various load resistance
Parameters name Symbol Value
. Voltage conversion ratio (M) Input Voltage v 1V
@ R=125Q @ R=150Q Output Voltage \' -30V
S 28 o -
0.2564 9'21 9'15 Capacitors & C 10 pF, 30 uF
) ) ) Nominal switching f 100kHz
0.2243 9.05 9.00 frequency
Load resistance R 500
Where, Output power P 18W
_ 1 Input power R 21w
Resonant frequencyfo - 27'[\/L_C Average input current inl 1.75A
T Efficiency n 85.78%
(21) Average output current ol -0.6 A
Normalized operating frequency -t Duty ratio d 0.6
* o, Peak to Peak Inductor A 25% ofl;,
22) Current Ripple L
Peak to Peak Output A -0.18Vv
[0}

Typical impedancez0 - L Capacitor Ripple Voltage

(23) The magnetizing current is given by

Standardized load resistange R
ZO IM = (1+ M max)I o (25)
(24)  Where, My is the largest value of voltage conversion
It is clearly showed that, M is a function of Bnd f.  ratio.
The value of M can be controlled by varying switchi The state for ZVS is
frequency. Voltage conversion ratio (M) for diffate
normalized switching frequency (Jf and load (R) is | Z s\ (26)
M %o in

given in Table 1. At R=150, M is 9.46 foysfof . .
0.3205. When R is varied from 150 to 125, M is/ O @ssure (26), choosing, Z 10 ohm, normalized
f[requency fs = 0.3205 and resonant frequengy312

increased from 9.47 to 9.49. To maintain the M z}H h itohi ¢ f and
9.47, f. has to be varied from 0.2243 to 0.3205. It i&H2z, the switching frequency (Jf and resonant




components (Land G) are evaluated using eqns (21)(refer the end of the previous section). The siteda
to (23) as 100 kHz, 5.2 uH and 0.05 uF, respegtivel results of gate pulse, resonant capacitor voltagk a
inductor current, are depict in Fig. 4. From thgufe,
5. Simulation and Experimental Results it is clearly found that the power switch S is lnsed
The main function this part to argue on thestate, when the voltage across resonant capacitor
simulation and experimental results of ZVS QR<befalls zero, in that way it suppresses the switghi

NOKYC with designed control scheme. losses. The simulated results match very closetl wi
i , ! , the theoretical results shown in Fig. 3. A typicase is
2 : ' : indicated in Fig. 5, where the developed converter

T | | SO RO W S functions for the rated load voltage and load curie
' 1 ‘ ' open loop mode

0 i : ‘ i

Resonatt

1 IETUUES SRS FUU SR SN S AR

Fesonant
inductor current (A capacitor Voltage (V) Gate Pulse

7 2w 2 ® 4 b
Time () Fig.6. Experimental set-up of ZVS QR-NOKYBC using
designed controller.

Fig.4. Simulated waveforms of resonant components

g ? ; ; ; g ; ; The experimental model of the ZVS QR-NOKYBC is
B ool S o e, | implemented with the same simulation specification.
§ g : § § ; The laboratory prototype model of ZVS QR-NOKYC
| S SAUSURR SRRSO S ] using controller is shown in Fig.6. The parametsrs
§“ : f : the power circuits are as follows:

40 : ; i i ' i Q IRFN 540 (MOSFET);

05 Dy, D¢ FR306 (Diodes);
7 ; : : ; ; ; Gy, Co 30 puF/100V (Electrolytic and
\g ] R SRR AR e o N ] plain polyester type):
k] : : : : : : C 0.05 uF/100V (plain polyester
g DER e type);
g | : : i | | L 10pH/10A (Ferrite Core);

& 0005 oM 005 002 00% 003 L 5.2uH/10A (Ferrite Core).

Titte (5)
Fig.5. Simulated output voltage and current resaflaVS Fig. 7 (a) to Fig. 7(d) indicate the practioasults of
QR-NOKYBC resonant capacitor voltage in the overlap of resbna

inductor current, resonant capacitor voltage in the
The ZVS QR-NOKYBC is simulated usingoverlap of gate pulse, output current with output
MATLAB/Simulink with the designed specifications voltage and input voltage with output voltage .islt



found that the “S” is in closed exactly when thevoltage of 3.5V and the output voltage waveform is
resonant capacitor voltage turns into zero to guae represented in Fig.9 (a).

the ZVS condition. This result matches the simdate
results as shown in Fig. 4. The minimal deviations
obtain between the simulation and experimentalli®su
due to parasitic components. In addition, the faeklb
control of the ZVS QR-NOKYBC is essential to
regulate the output voltage under line and load
variations.

The circuit arrangement of the proposed coevest
shown in Fig. 8. In this article, analogue resonant
controller (UC3861) is employed for load voltage A A D e e
regulation of the designed converter. For feedback cri rercams = - ﬁ
operation, the load voltage is measured and fed™" ===
through an opto-coupler (6N137) to the non-inveytin
terminal of IC UC3861 (at pin no. 2). The functioh N R
opto-coupler is to isolate between the power circui ‘ S
and controller circuit. The power supply for thetap :
coupler is utilized from the 5V pin of UC3861 (pin
no.1l) and the additional source requirement isd®abi i i

Soft-reference of the controller IC (at pin A6) is Bocaafascsgaanagansofanad)
set as the system reference signal, which is coetec | S
to the inverting terminal of control IC (UC3861 @h : S eooBon0aiansafannnt
no. 3). The resonant capacitor voltage is applethée L
zero pin of IC UC3861 (at pin no.10) through 6N137 [ [Fhi .
opto-coupler to reach the ZVS state. ThgR(at pin
no. 6), R, (at pin no. 7) and Cvco (at pin no. 8) are
connected respectively to be 2® Kresistance), 200
kQ (resistance) and 1 nF (capacitance). These value
are computed for the voltage-controller oscillator
frequency between 21kHz to 148 kHz. The output of
the oscillator acts as the internal clock and diad to
trigger the one-shot timing generator. The one sho
generator modulates the pulse width of the gateasig
depending on the zero crossing of.. vThe output
driver of controller IC (at pin no. 11) is straitht =
connected to the gate of the MOSFET IRF540 through] & perres - Fetrams
a resister of 10§ as marked in Fig. 8. The operating “H=Ehines
frequency of the gate pulse is altered to reguilage
load voltage with help of the controller 1Cn
feedback-loop operation, the controller IC is prigfnt
to keep the load voltage equal to the set reference
output voltage value of -30V when variation in skypp
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Fig.7. Open loop experimental results of ZVS QR-
NOKYBC using designed controller, (a) resonant cépa
voltage and resonant inductor current, (b) resonapacitor
voltage and gate pulse, (c) output voltage and madent,
and (d) output voltage and input voltage [Chl:1A/Di
output current and Ch2:10V/Div- input voltage, autp

voltage, and resonant capacitor voltage].
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Fig.8. Circuit arrangement of closed loop contifoZ¥'S
QR-NOKYBC using UC3861

The controller IC performs effectively and brings
back the load voltage to the reference value of\30
for 20% load resistance disturbance as evidenced in
Fig. 9(b). From these results, it is clearly obedrthe
merits and the suitability of the controller IC ftire
load voltage control in the designed converter. g
shows the efficiency of the designed converter at
different values of output currents. With efficigzs
surpassing over 94%, the converter outperforms.

Ch

Hath OFf

Chl R

Wath OFF

Fig.9. Closed loop experimental results of ZVS QR-
NOKYBC using designed controller at line and load
variations, (a) output voltage and input voltaged,atb)
output voltage and output current [Ch1l:1A/Div -auitp
current and Ch2:10V/Div- input voltage, output agjé].
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Fig.10. Efficiency of designed converter at 12Vuhp

6. Conclusions (6]
In this article, analysis, design, and output
voltage regulation of the ZVS QR-NOKYBC operated
in CCM with analogue resonant enthusiastic corgroll
IC UC3861 are performed. Theoretical key resultfo]
match with the simulated results. The results dhbo
the experimental and simulations are offered to
illustrate the success of designed controller foz t
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