This article hasDownloaded
been accepted for
publication
in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TPEL.2018.2827390, IEEE
from
http://iranpaper.ir
http://www.itrans24.com/landing1.html
Transactions on Power Electronics

TPEL-Reg-2017-12-2328

1

Inner Supply Data Transmission in
Quasi-Resonant Flyback Converters for Li-Ion
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If a cell overdischarges, cell deteriorates, and the lifecycle of
the cell may reduce substantially. The typical lithium-ion
battery has a maximum voltage of 4.2V, and minimum voltage
of 2.7V as shown in the datasheet of the cell [1]. The
temperature of each cell is also vital information especially
when the cell is charging or discharging since charge
acceptance of a battery is significantly reduced at extreme
temperature [2] - [6]. If a cell is charged too quickly under
extreme temperature, the cell deteriorates rapidly due to high
pressure caused by the excessive charge. Also, most of the
battery-related incident is caused by over temperature of the
cell due to overcharging or heat from another external source. If
the temperature of the cell reaches a specific temperature, the
temperature of the cell starts rising rapidly even without heat
from the external source. This self-heating phenomenon is
called thermal runaway and is due to an exothermic reaction
caused by high temperature in the cell. Therefore, in the
conventional system, these data of the cell is sensed and then
transmitted using additional communication line to ensure safe
operation of the cell.
A smart battery charger, for instance, communicates with a
Index Terms— Flyback converter, data transmission, battery
battery management system (BMS) for data of the cell. These
charger, cell balancing circuit.
chargers assist the safe operation of a battery and prevent
extreme conditions such as overvoltage and over-temperature
I. INTRODUCTION
by receiving instruction or status of the battery from BMS. Also,
OST electric devices from small portable devices to a more advanced charging technique such as fast charging can
electric vehicles (EVs) uses lithium-ion battery due to its be executed by continually monitoring the voltage and
high power density and long life cycle. However, due to temperature of the battery via communication [7]. In a
lithium’s highly reactive properties, there are many safety conventional system, the external communication line is used
concerns regarding Li-ion battery. An additional system is to achieve data transmission. Although, it is the most reliable
required to prevent damaging the battery and make sure that way to communicate, adding an extra communication line can
battery is operating in the safe region. This system is called increase the size of the system and terminal. In fact, the size of
battery management system (BMS) and is responsible for the system is continually decreasing due to the size reduction of
monitoring voltage, current, and temperature of the cell. The the silicon device. However, size of the nets and pins required
cell must operate in a specific voltage range to prevent for communication in conventional smart charger system
overcharge or overdischarge. If a cell overcharges, the cannot be reduced due to physical limitation. Other systems,
possibility of explosion increases due to high internal pressure. therefore, use wireless communication modules such as IR and
Bluetooth [8] to remove the communication line, however
adding these modules increases the system cost.
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used for battery cells connected in series, often referred as a
Abstract—This paper proposes data transmission method
between primary and secondary of the flyback converter without
additional communication circuit while simultaneously
transferring power. In some application such as a battery charger,
the data exchanges between the primary and secondary sides are
necessary. In the conventional system, an additional line or
wireless communication modules is used for data exchanges,
thereby increasing the system and connector size. The proposed
system, in comparison, does not use additional signal transceiver
but instead exchanges data by simply alternating operation mode
of the flyback converter, thus adding communication function
while not increasing the volume of the terminal and overall system.
The waveform of transformer voltage is used to count the number
of resonant pulses, which is used for decoding and encoding the
data packet. Bidirectional communication between primary and
secondary sides is possible while power is transferred to the
output using an appropriate communication protocol. This paper
proposes data transmission method for both single output and the
multi-output cases. Also, both half-duplex and full-duplex
communication using proposed method is explained. The
experimental results are presented to verify the performance of
the proposed communication method.
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Fig. 1. Simple block diagram of (a) TIDA-00239 from Texas Instrument (b) Cell balancing system with inner supply data transmission.

battery pack, for high voltage and power application such as in
EVs and energy storage system (ESS). In a battery pack, every
cell that is serially connected should be operating within the
operating limit. However, due to aging and manufacture error,
properties of the battery such as capacity, internal impedance,
and temperature gradient are different among each cell causing
the cell imbalance while charging or discharging [9] – [14].
These cell imbalances, especially cell voltage imbalance, may
aggravate the storage capability of the entire battery pack.
Therefore cell equalization system is needed to compensate the
imbalance between cells and multi-output flyback converter is
often used for the cell balancing topology [12] – [14]. In these
battery management systems, information of every cell is
needed to balance the battery pack and ensure the safety of each
cell. In conventional BMS, separate cell monitoring IC is used
to sense each cell individually, and these data are transmitted to
MCU using separate communication line [15] – [17]. Fig. 1 (a)
shows the simplified diagram of TIDA-00239 BMS from Texas
Instrument. In this system, separate IC is used for switch matrix,
DC/DC converter, and cell monitoring. The cell monitoring IC,
EMB1432Q, is able to sense 14 cells and is connected to MCU
via a communication line to transmit the data. If this system is
used for high voltage battery pack, where the voltage of the
battery pack is larger than 400V, and more than a hundred cells
are connected in series. In this case, there are two major
problems in the system.
- Sensing information is sent using communication line.
This causes every monitoring IC to add communication
pins that can increase the size of the chip.
- For high voltage battery pack, it is difficult to measure and
send the data of the voltage of the top cell due to electric
insulation issue. Additional components should be added
for insulation.
However, if communication line is removed and power line is
used instead as shown in Fig. 1. (b) above problems can be
solved. In fact, reducing the number of pins for the chip is

critical when processing the IC since even though the chip
processing technology has been improved, it is almost
impossible to reduce the size of the pin due to physical
limitation. Therefore, the number of pins is often a bottleneck
for reducing the size of the system. Thus, in this paper
removing the communication line is studied.
Many types of research were conducted to remove the
communication line or module. In some studies, the
high-frequency signal was utilized on the power line to
exchange data [18], [19] while some exploits properties of the
utilized converter for the communication [20] – [22]. Although
using high-frequency signal can eliminate the communication
line, it requires an extra high-frequency signal generator, which
increases the system cost. Therefore, it is beneficial to transmit
information using properties of the converter. In [20], data
transmission method in bidirectional wireless power transfer
system with two full-bridge is proposed. In this method, the
data transmission is done by purposefully perturbing the output
voltage peak at the transmitter by changing the duty of the
converter. The receiver monitors the signal fluctuation by
measuring the current and estimating the peak of the
fundamental voltage of the transmitter. This paper proposes
data transmission method in the flyback converter using
converter operation mode. By operating flyback converter in
discontinuous conduction mode (DCM), resonant pulses are
created, which is commonly used for valley switching to
increase the efficiency [23], [24]. Using this quasi-resonant
property of the flyback converter, the information is exchanged
between two systems while simultaneously transferring power
to a battery. The proposed balancing method can be
implemented using the commercial digital signal processor
(DSP) [25]. The proposed system can reduce the size of the
terminal and system by removing the communication line and
pins if an appropriate semiconductor chip is processed that can
fully utilize the proposed transmission method. Previous
research in [26] introduces a basic operation of inner supply
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Fig. 2. Flyback converter for inner supply data transmission.

data transmission in single input single output application. This
paper presents the more details of the previous research [26]
especially analyzing the process receiving the data from the
secondary system. Additionally, full-duplex communication
and data exchange method for single input multi-output flyback
converter is also introduced and explained in this paper.
This paper is organized as follows. In section II, data
transmission method for both directions, from the primary side
to the secondary one and from the secondary side to the primary
one, is explained in detail in single input single output case. In
section III, data exchange for a single input and multi-output
application is presented. In section IV, experimental results are
shown to verify the proposed inner supply data transmission
method. Lastly, the conclusion in section V summarizes the
point made in this paper.
II. PROPOSED DATA TRANSMISSION METHOD
The circuit diagram of a flyback converter for proposed data
transmission method is shown in Fig. 2. It has no components
added or removed from the conventional flyback converter.
The only difference between conventional flyback converters is
that the diode at the secondary side of the transformer is
substituted with switch S2 for the data transmission. However,
this switch may also be used for synchronous rectifier to reduce
the conduction loss and increase the efficiency of the converter.
A. DCM operation of flyback converter
The flyback converter operates in DCM to exploit the
quasi-resonant property of the converter. Therefore, to ensure
converter to be operating in DCM the duty ratio D should
satisfy
nVout
,
(1)
D
nVout  Vin
where Vout is an output voltage, Vin is an input voltage, and n is a
turn ratio of the transformer. The power delivered to the output
of the converter P can be calculated as
2
2
2
V D2
V T
(2)
P  in
T s  in on ,
2 Lm
2 L m Ts
where Ts is a switching period, and Lm is a magnetizing

to
t1
t2
t3 t4
Fig. 3. The voltage and current waveform of flyback converter DCM operation.

Vpulse_cmp
Vpulse

t

Fig. 4. The voltage waveform of zero detection circuit when m = 3.

inductance of the transformer. The control variable of this
system is a duty ratio D and a switching period Ts. Since
equation (2) has one degree of freedom, the proposed system
can control D and Ts while controlling the output power P. This
property is utilized for a data transmitting method.
B. Data transmission from the primary system to the
secondary one
The voltage and current waveforms of a flyback converter in
DCM operation are shown in Fig. 3. In this operating mode,
switch S1 is turned on for period Ton followed by a period where
body diode of S2 is conducting for period Toff. After current
stored in the magnetizing inductor, Lm is fully discharged, the
drain-source capacitor of switch S1 denoted as C resonates with
the magnetizing inductor. The resonant frequency can be
calculated using equation (3)
fr 

1
1


tr
2 Lm C

(3)

Here leakage inductance of the transformer Llk is neglected by
assuming Lm >> Llk. Since the resonant period is known value,
the number of resonant pulses can be controlled using D and Ts.
Therefore, the number of resonant pulses will be used to
transmit the data. The voltage across the transformer Vpulse as
shown in Fig. 3, can be used to monitor the resonant pulses. The
comparator is used as shown in Fig. 4, to count the number of
pulses using Digital Signal Processor (DSP). In Fig. 4, for
instance, three pulses can be counted using comparator and
DSP. Since it is advised to switch at valley point to minimize
the switching losses, the switching period Ts is set to
Ts  Ton  Toff  (2m  1) LmC ,

(4)
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where m is the number of pulses counted per switching period.
Using Ton = DTs and Toff = DTsVin /(nVout), equation (4) can be
rewritten
Ts 

nVout LmC 2m  1

nVout  DnVout  Vin 

,

D



V
  P 2 1  in

 nV
out




V 2
  2 P in  LmC 2m  1

Lm
.


C. Data transmission from the secondary system to the
primary one
Since Ts and D are controlled by switching primary side
switch S1, only the primary system can control the number of
resonant pulses using the previous method. Therefore, to
transmit data to other direction, an alternative method is
required since the secondary system cannot control switch S1.
Therefore different mode is used and Fig. 5 displays the
waveforms of proposed data transmission. In this operation
mode switch, S2 is turned on longer than Toff such that
secondary side current Is becomes a negative value denoted as
Io. From now on, the period between t2 and t3, where Is is
negative, will be denoted as Tdelay. Tdelay can be calculated as
(7)

1 t
  I p dt  Vin  nVout ,
dt
Ct

dI p

(8)

3

where at t = t3, Ip = Io/n and dIp/dt = -nVout/Lm. By differentiating
both sides of (8), second-order differential equation can be
driven as
dt 2

t
Is

 r 2 I p  0 ,

(9)

where r  1 LmC . Equation (9) can be solved with the initial
condition at t = t3. The equation of Ip at interval t3-t4 is
I
nV
I p  o cosr t  t3   out sin r t  t3  ,
n
Zr

t

Io

t

t2 t3 tv t4 t5 t6
to
t1
Fig. 5. The voltage and current waveform when data is sent from the secondary
side to primary one.
t v  t3 

(10)

where Zr  Lm C . Let tv be a time when Ip is zero and Vpulse is
at the valley point as shown in Fig. 5. Substituting Ip = 0 at t = tv
duration tv-t3 can be calculated as

1

r

 I Z
tan 1 2o r
n V
out



.



(11)

If the voltage across the capacitor Vds, is smaller than 0 at
interval t3-tv, the body diode of switch S1 turns on. The
conduction of the body diode is undesirable since the energy is
transferred from output to input causing reduction of the power
transferred to the battery. Therefore, Io should be set such that
Vds > 0 during interval t3-tv. Since tv is a valley point, Vds(tv) > 0
satisfies the condition. The voltage equation of Vds is
Vds (t ) 

IoZr
sinr t  t3   nVout cosr t  t3   Vin ,
n

(12)

since Vds(t3) = nVout + Vin. Since tv satisfies equation (11), the
equation (12) can be rewritten as
Vds t = -

Io Zr 2

nVout 2 +

n

cos(ωr t-tv )+Vin .

(13)

Therefore, Vds value at valley point tv can be calculated as
nVout 2 +

Vds tv = -

By analyzing circuit operation at interval t3-t4, the dynamic
equation can be derived. The dynamic equation at interval t3-t4
is

d 2I p

S2, gate

Vpulse

In the proposed system, data is transmitted by alternating the
number of resonant pulses per switching period. In the
receiving end, the number of pulses were counted using the
comparator and DSP and then decoded as data. For instance, if
the number of resonant pulses exceeds some threshold, it can be
decoded as data ‘1’ while decoded as ‘0’ if the number of
resonant pulses does not exceed the specified threshold value.

Lm I o .
n2Vout

Tres

Tdelay

(6)

Vin
 LmC 2m  1
Lm

Vin  Lm

Toff

2

2

Tdelay 

Ton

(5)

assuming Ts ≠Ton + Toff and therefore, nVout – D(nVout + Vin) ≠ 0.
By substituting equation (5) to equation (2), duty ratio D and
switching period Ts for output power P and number of pulses m
can be calculated. The resulting equation is shown in (6)

V
 P1  in
nV
out


Ts

Io Zr 2
n

+Vin .

(14)

Setting Vds(tv) > 0, the body diode of S1 does not turn on if the
following condition is satisfied





1
1 I 
C Vin 2  n 2Vout 2  Lm  o 
2
2  n

2

.

(15)

If equation (15) is satisfied, since t4-t3 is twice as long as tv-t3,
the duration t4-t3 equals
t 4  t3 

2

r

 I Z
tan 1 2o r
n V
out


.




(16)

Using equation (16) and (7) interval t5-t2 can be calculated as
t5  t2 

2 Lm I o
2

n Vout



2

r

 I Z
tan 1 2o r
n V
out


,




(17)

since t5-t4 and t3-t2 are equal to Tdelay. Since it is beneficial to be
switching at the valley point as shown in Fig. 5, interval t5-t2 is
set to
 I Z
2L I
2
ktr  t5  t 2  m o 
tan 1 o r
 n 2V
n 2Vout r
out


,




(18)

where tr is a resonant period calculated by equation (3). Here k
is a positive integer that satisfies k >1 since interval t5-t2 should
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TABLE I.
NUMERICAL SOLUTION OF (19)
k

Ts

Synchronization
Tw

α

2

4.91318

3

7.97867

4

11.0855

5
6

14.2074
17.3364

Vpulse
Fig. 7. The voltage waveform of Vpulse and synchronization signal.
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Fig. 6. The voltage waveform when (a) α = 0 (b) α = 4.91318 (c) α = 7.97867.

be longer than the resonant period to reduce the number of
resonant pulses. Equation (18) can be rewritten as
 I Z
 tan 1  o r
 n 2V
n Vout
out

IoZr
2


,



(19)

since trωr = 2π and ωrLm = Zr. Let α = (IoZr)/(n2Vout) and solving
equation (19) for α; the numerical solution can be obtained for
each k. Table I shows the value of α for k = 2, 3, 4, 5 and 6.
Using parameter α, Io can be written as
Io 

Tdelay Transmission Tx
Data

Rx Receive Data

Conversion

Conversion

k 

PWM

n2Vout .

(20)

Zr

To prevent power from flowing to the input, both equation (20)
and (15) should be satisfied. Assuming (20) holds, substituting
equation (20) into (15) yields
V
(21)
n  2  1  in .
Vout

Therefore, parameters n, turn ratio of the transformer, and α
should be chosen to satisfy equation (21). Tdelay can then be
calculated by substituting (20) into equation (7), which yields
 .
(22)
Tdelay 
r

It can be seen that Tdelay is a constant value that is independent
of the output voltage value Vout. Therefore, Tdelay is constant
through the proposed data transmission operation.
D. Synchronization and designing overall communication
system
In order to properly communicate, the primary and
secondary systems should be synchronized. The
synchronization can be achieved by filtering the pulses caused
by resonance. By designing the converter such that the resonant
frequency calculated as (3) is much higher than the switching
frequency, pulses created by the resonance can be easily

Power
Control &
Transmission
Data
Conversion

Sync.
Signal

Ton

PWM

Receive
Data
Conversion

Rx

Ts

Fig. 8. Overall communication block diagram.

filtered out. In this paper, DSP, specifically TMS320F28346, is
used which embedded input qualifier [25]. When using input
qualification, the sampling window, which is the duration that
is needed for input qualifier to detect a change in the signal,
should be chosen such that the resonant pulses are ignored but
still needs change to be detected for interval Ton. Therefore, the
sampling window is chosen between the value tr/2 and Ton,min,
where Ton,min is a minimum Ton needed for data transmission to
be possible. Other means of filtering resonant pulses can also be
used. By using an input qualification, the pulse created by the
resonant pulse will be ignored leaving only one pulse per
switching period. Fig. 7 shows the synchronous signal created
by the input qualifier circuit, where Ts is a switching period, and
Tw is a sampling window. Fig. 8 shows the block diagram of the
proposed data transmission system for single input single
output case. The secondary system counts the number of
resonant pulses between the rising edges of the synchronous
signal. By using this value, the primary system can send single
bit or multiple bits of information to the secondary system
depending on the communication protocol used. If a single bit
is transferred at the time, the bitrate of the proposed
communication is same as the switching frequency of the
power converter. Therefore, if the switching frequency is 50
kHz, the bitrate of the proposed data transmission method is
50kbit/s.
The noise on a power line and the impact of the
communication to the power converter should be considered
when designing proposed structure. First, the frequency of the
resonant pulses should be adjusted to keep the impact to the
power converter small while maintaining robustness to the
noise. If the frequency of the resonant pulse is set high, power
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parameters such as peak input current and switching frequency
do not get affected much since additional period due to resonant
pulses is very small. However, if the resonant frequency is too
high, the communication may become susceptible to noise, and
the error bit rate of the data transmission method can increase.
Setting the error margin also can increase the robustness of the
communication. The error bit is caused if the number of
resonant pulses counted by the receiver is different from the
number intended by the transceiver. For instance, when the
primary side is sending data to the secondary side the number of
resonant pulses may be different by one due to power line noise.
In this case, setting the error margin by grouping the number of
resonant pulses less than three as data ‘0’ and rest as data ‘1’
helps decrease the error bit rate of the data transmission. In this
situation, if the primary system tried to make one resonant pulse
to send bit ‘0’ but the secondary side counts two resonant pulses
due to noise, the data still read as ‘0’. Setting large error margin,
however, increases the number of resonant pulses required to
send the data impacting the efficiency of the power converter.
In addition, setting a big error margin may aggravate EMI of
the converter due to larger current ripple and circulating current
[27], [28]. Therefore, the frequency of the resonant pulses and
error margin should be considered when designing the system.
E. Half-duplex and full-duplex communication
Half-duplex communication, where data is not
simultaneously transmitted but instead transmitted one
direction at a time, can be easily implemented using appropriate
communication protocol. For instance, data is first transmitted
from the primary side to the secondary one by controlling the
number of pulses using duty ratio D and switching period Ts. In
this paper, if the number of pulses is above a certain threshold,
the secondary system will recognize the signal as data ‘1’ and
vice versa After sending the data packet to the secondary
system, the primary system waits for the secondary system to
send the data back and control the number of pulses to be
constant. In a waiting phase, the duty and switching period are
set to create the same number of resonant pulses continuously.
After the secondary system finishes decoding the data,
information is sent using switch S2. Depending on Tdelay in
equation (22), the number of resonant pulses is changed by the
switching of S2. The primary side receives and decodes the data
by detecting this change in the number of resonant pulses. For
instance, if a decrease in the number of pulses is detected, the
primary system will decode the signal as data ‘1’ and data ‘0’ if
there is no reduction in the number of resonant pulses.
On the other hand, full-duplex communication, where data is

S2,n-1
Sp

S1,n
S2,n

+
Vcell,n-1
+
Vcell,n
-

Fig. 10. P2C flyback type cell balancing circuit with n series connected cells.

simultaneously transferred in both directions, is slightly
complicated since both transmitting and receiving bit should be
detectable at the same time. Here transmitting bit, or Tx, refers
to data bit from primary side to the secondary one while
receiving a bit, or Rx, refers to data bit from the secondary side
to the primary one. Fig.9 shows the waveform of Vpulse for
full-duplex communication example. In this example, Tx will
be recognized as ‘1’ if the number of pulses is greater or equal
to 4 such as in Fig.9 (b) and (d). If the number of pulses is less
than 4, Tx will be recognized as data ‘0’ like in Fig.9 (a) and (c).
Rx data bit can be obtained by detecting the reduction of pulses
by switching of S2. Fig.9 (c) and (d) is a voltage waveform of
Vpulse when Rx equals to ‘1’ and Fig.9 (a) and (b) is a waveform
when Rx equals to ‘0’. The difference between full-duplex and
half-duplex method is that duplex communication has faster
communication rate since data is transmitted in both directions
simultaneously. However, it is more susceptible to power line
noise and impact of communication on power stage is larger
compared to half-duplex communication. Therefore, a
full-duplex method is useful for the application demanding
higher communication rate while the half-duplex method is
advantageous for high efficiency and low communication rate
application.
III. MULTIPLE OUTPUT DATA TRANSMISSION SYSTEM
With the same principle, flyback converter with multiple
output system can be used to transmit data to multiple outputs.
Fig. 10 shows the circuit diagram of the multi-output flyback
converter as a cell balancing circuit. Also referred as a flyback
type equalizer, this topology is used for balancing the cell when
series connected cells are being used. In this paper, P2C (Pack
to Cell) flyback equalizer [9] is used where power is transferred
from battery pack to each cell to distribute the energy to each
cell. The current and voltage waveform of the P2C method
when switch S1,i is turned on is shown in Fig.11. It can be seen
that the direction of power is from the entire battery pack to a
single cell. This method balances the cell by charging the cell
with low voltage and discharging rest of the cell in one
switching period.
If there are n cells serially connected, switch S1,a (a = 1, 2 ...
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Fig. 11. P2C Operation when ith cell is selected: (a) Reference directions of key currents, (b) Waveforms of key currents.

n) are switches that determine which cell is selected to receive
the power from the battery pack. S2,b (b = 1, 2 … n) are switches
needed to transmit the data from the secondary side to the
primary one using Tdelay in equation (19). Since the voltage
across the transformer is used for data transmission, data can be
transmitted to all secondary systems regardless of which switch
S1,a is turned on. However, when the secondary system on the lth
cell transmits data to the primary system, switch S1,l should be
turned on. Therefore, the data packet that the primary system
tries to send should include the address bits of the cell that the
primary system tries to communicate. For instance, if a module
manager wants information about the lth cell, module manager
first transfer the data pack with lth cell’s address bit by adjusting
D and Ts using primary switch Sp. Then cell managers decode
the message to extract the address bit and instruction bit from
the data packet. If address bit is correctly decoded, S1,l is turned
on while all other S1,x, where x is not equal to l, are turned off.
After that cell manager can transmit the data to the module
manager using S2,l. It should be noted that at least one of the S1,1,
S1,2 … S1,n should be turned on initially to create resonant pulses
Vpulse and transmit the data.
IV. EXPERIMENTAL RESULTS
The performance of this inner supply communication method
is tested with parameters shown in Table II. Samsung SDI ICR
18650-26F [1] battery is used as a load which has 2.6Ah
capacity and 3.7V nominal voltage. An additional capacitor is
connected parallel to primary switch S1 to increase the period of
resonant pulses. Fig. 12 shows the voltage waveform of Vpulse
when the secondary system is sending data to the primary
system. Here Vpulse_cmp is an output of zero detection circuit. In
this experiment, the input voltage is 29.5V, and the output
voltage is 3.3V. Calculating equation (18), parameter α should
be smaller than 8.8833 to block the power from flowing to the
input. Therefore, in this experiment, the parameter α is
repeating 0, 4.91318 and 7.97867 to show the reduction of
pulses by switching S2. Duty D and switching period Ts is set
such that the number of resonant pulses is 5 when Tdelay is zero.
It can be seen that when α is equal to 4.91318, the number of
resonant pulses is reduced by one and when α is equal to
7.97867 the number of resonant pulses is reduced by two
verifying the equation (19).

TABLE II.
PARAMETERS FOR EXPERIMENTS

Parameters

Value

C (including Coss)

1.2 [nF]

Vout

2.7 – 4.2 [V]

Turn ratio, n:1

1:1

Lm

60 [uH]

fs

45 – 50 [kHz]

Vpulse

10V/div
α = 0, 4.91318, 7.97867
[20us/div]
Vpulse_cmp

Fig. 12. The transformer voltage waveform with different α value.

Vpulse

Tx = 1
Rx = 0

Tx = 0
Rx = 0

Tx = 1
Rx = 1

Tx = 0
Rx = 1
10V/div

[20us/div]
Vpulse_cmp

Fig. 13. Full-duplex communication voltage waveform.

Voltage waveform for full-duplex communication is shown
in Fig.13. In this figure, Tx refers to the data bit sent from the
primary side to the secondary side while Rx refers to the data
bit sent from the secondary side to the primary one. Here the
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0

0

1
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0

1

0

1

1

1

Vpulse_cmp
[20us/div]

[20us/div]

Fig. 14. Simple data exchange between the primary side and secondary one using half-duplex communication.

Case
No transmission
Primary to
secondary
Secondary to
primary

TABLE III.
EXPERIMENTAL RESULTS
Peak input
Efficiency
current (ipk)

Circulating
current (Io)

90.43%

0.73A

-

90.32%

0.76A

-

90.15%

0.76A

70.2mA

Data Packet from Primary to Secondary System
1: Start
bit

2 – 4: Instruction bits

5 – 7: Address bits

8: Parity
Check

Data Packet from Secondary to Primary System
1: Start
bit

2 – 13: Cell data bits

14:
Parity
Check

Fig. 15. Data packet example.

parameter α value used for sending Rx bit is 4.91318. In this
example, Tx is ‘1’ if the number of pulses is greater or equal to
four and Rx is ‘1’ if the reduction of the number of pulses is
detected by the primary side. The voltage waveform of Vpulse for
four different cases are all shown in the figure.
Overall communication for battery charger, single input, and
single output case, is shown in Fig. 14. In this experiment,
half-duplex communication is used to exchange the data. The
data is first transmitted from the charger to get the voltage data
from the BMS. After decoding the data, BMS then transmit the
voltage data back to the charger. In this experiment, the
maximum switching frequency of the converter is as high 50
kHz. Since a single bit is transferred at each switching period,
the bitrate of the system is 50 kbit/s. The data package sent in
this experiment is shown in Fig. 15. From primary to secondary

system, 8 bits of data is sent while 14 bits of data is sent from
secondary to the primary system. In a half-duplex
communication, there is also a period where primary system is
waiting for secondary to decode the message and respond.
Therefore, assuming there is no error bit, single communication
between primary and secondary side took total 24 switching
period, for the data transmission. The efficiency of the
converter is also measured to observe the impact of the
communication on the power converter when the output power
is set to 3W. Without a data transmission, the efficiency of the
converter was 90.43%. When duty and switching period is
changed such that the number of resonant pulses is set to three,
the efficiency of the converter became 90.32% as peak input
current is changed from 0.7326A to 0.7605A. The efficiency of
the converter when sending data from secondary to primary is
also measured. When α is set to 4.91318, and the output voltage
is 3.5V, the peak circulating current Io is 70.2mA. In this case,
the efficiency of the converter was 90.15%.
Fig. 16 shows the current and voltage waveform when
proposed system is used for cell balancing circuit. In this
example, extra time is allocated to scan the information of the
cell for balancing. A battery pack with three cells connected in
series is used for the experiment. The voltage of each cell is
scanned first using inner supply data transmission with very
small ipk shown as a shaded area in Fig. 16. Although the
voltage waveform in this figure only shows data transmission
with only one cell, the process is repeated until all of the
information is retrieved using inner supply data transmission.
Then using this information, cell balancing circuit operates to
distribute the energy to each cell. Amount of energy distributed
to each cell depends on the cell balancing algorithm. In this
experiment, a cell balancing algorithm introduced in [12] is
used to distribute the power to the cell depending on the
estimated capacity of each cell. This balancing method is very
fitting for this system since the voltage of the cell is monitored
for every balancing period Tbal instead of needing to
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[8]
[9]

[10]
500mA/div

[20ms/div]

Transmitting
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[50us/div]

[11]

[12]
1 0 1 0 0 0 0 1
Start Instruction
bit

1 0 1 0

1 1

Address Parity Start
Check bit

1

0 0 1

Cell data

1

1 0 1

[13]

Parity
Check

Fig. 16. Data exchange for multi-output application.

[14]

continuously monitor the voltage of the cell.
[15]

V. CONCLUSION
The bidirectional data transmission between a primary and
secondary system using multiplexing mode in flyback
converter is proposed in this paper. The proposed method uses
the number of resonant pulses in DCM operation to send the
data. In order to send data from the primary side to the
secondary one, duty ratio and switching frequency are adjusted
by controlling primary side switch. Equations for duty ratio and
switching frequency to send data and power were calculated in
this paper. Sending data from the secondary side to the primary
one is done by switching switch on the secondary side. The
duration that the switch must be turned on to send data to the
primary system can be calculated and is stated in the paper.
Both half-duplex and full-duplex communication is mentioned,
and communication method for multi-output flyback converter
is also written in this paper. By using this method, additional
communication line and digital isolator can be removed while
maintaining bidirectional communication. Therefore, the
volume and number of nets of the system can be reduced.
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