ROHM

Application Note

BD7F100HFN Isolated DCDC

External Components Dimensioning

This application note is a guideline to design an isolated DCDC converter based on the BD7F100HFN IC and to dimension the exteral components.
The BD7F100HFN can implement a Flyback converter with a simple transformer (no auxiliary coil needed) and without an optocoupler using primary
side control as shown below. It offers an effective, compact and cheap solution for any application requiring an isolated DCDC converter between

two power domains.
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Figure 1: Typical DCDC Isolated application schematic and

circuit board with optocoupler less BD7F100HFN DCDC
converter 2. Input Block

2.1 Input Capacitor
It is recommended to use a ceramic capacitor as the_input
1 Application capacitor (Cin). The capacitor value should be chosen based on

This document contains a tutorial for the design and the maximum power output and on the input voltage. Ripple on

dimensioning of an isolated DCDC converter based on the Vin pin should be below 4% of input voltage. An additional

following specifications: These specifics correspond to the capacitor of 100nF can be used to filter high frequency noises

evaluation board: BD7F100HFN_EVK_00X that is available  although usually this is not necessary.

from Rohm and its distributors
LAYOUT GUIDELINES: position the capacitor as close as

Input voltage: 24Vdc possible to Vin and GND pins of the IC.
Cutput voltage: BVdc
Cutput current: 1A
Output power: R Note 1. For this application at 5W an input capacitor of 10uF
Efficiency target: 0.8 has been chosen.
Cutput Accuracy target: 10%
Output diode drop: 0.7V
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2.2 Enabling Signal
IC starts up when the following conditions are all satisfied:
1. Vi needs to be above UVLO value at 2,5V(Typ.)
2. VN has to be higher than the reflected output
voltage (where Np is the number of turns in the
primary winding and Ns is the number of turns in

the secondary winding):
Vin > 11\5_2 * Vour + Vp) (1)

3. Enable pin voltage above 2V

Instead of an external enable signal an internal pull up signal can
be used to allow the circuit to start when the input voltage
reaches the right level. This is done by an additional resistor
divider at the input ( Rgyi,Rgnz)- These resistors are
dimensioned with the following equations: to set the Vin start
voltage (Vin_en), for a 2.0V (Typ.) threshold voltage at the EN
pin :

_ 2.0V-(Rgn1t+REN2)
VIN_EN - ReNz (2)

To set the shutdown input voltage (Vin_pis) at 1.8V with a
Hysteresis voltage of 0.2V (Typ.):

1.8V-(Rgn1+REN2)
VIN_DIS = w (3)
Vi
Reni = Renz ( INZ’EN - 1) 4)

Note 2. For Viy gy=22V and setting Rgy, at 100kOhm,
we calculate: Rgy; = TMOhm
Vin pis Calculated with (3) is: 19.8V

Note that with a pull-down signal at 0V it is possible to force the

IC disable also with the mounted resistor divider.
3. Transformer Dimensioning

3.1 Turns ratio calculation
Transformer dimensioning starts from the calculation of the turn
ratio under the condition that the Duty Cycle (D) is <0.5 to ensure
the stability of the system:
The Flyback converter duty cycle is given by the formula:

Np.
D= Veet N (Vout+ Vr) (5)
= = N
VINtVRest  Vin+ N—Z- Vour+ Vr)

In which Vg.f, is the secondary voltage reflected to the primary.

From (5) we can calculate:

Np _ DViw
Ng (1-D)-(Vour+Vr) 6)

Correct functionality requires D<0.5 giving the following

condition from (6):

Ne o Vi
Ng Vour+Vr

(7)

The minimum Ton is 350ns, so for a max frequency of 400kHz
(2.5us period) duty cycle Dmin >0.14. Considering margin and

tolerances, let’s select Dmin > 0.20, which gives for the formula
(6):

Ne 1, Vv (8)

Ns 4

Vour+Vr
the conditions (7) and (8) imply:

= Vin & Vin (9)
4 VourtVr Ns Vout+Vr

Note 3. From the application data indicated in chapter 1 the

constraint becomes:

105< P 42
. T

is chosen:
Np
Ng

This value provides a D max (from (5)): 0.43

3.2 Primary Inductance calculation
To maintain the stability in the feedback loop, the maximum

inductance value is given by the following formula:

2 *Dyax - VI%V

< (10)
P Wour + Vi) * lomax " T fswmax
where Ipyax = Maximum load current (also Ippyax = I;’"“")
out

and fowmar = 400kHz, n : power efficiency.

Lp has to be higher than the minimum value needed to transfer
the requested max power Pyyruax:
Pourmax = Vour * lourmax < 0 - Vin " Iiv (11)

that gives:

Vour * lourmax

12
n - Viy a2

IIN
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With I;y (average):
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Figure 2: Current in primary winding
From figure 2 I, can be calculated as:

Inim*tImin ton
Iy = = 13
IN T (13)

VinDT
Lp

Substituting  Lypin = ILim —

Iy = ILIM'D_Z

inserted in the equation (13) and solved for Lp :

Vi'T-D*n

1
LP > -
2 IpymDVinn—VoutrlouTmax

(14)
Note 4. For the application from equations (10) and (14):

22uH < Lp < 65uH, Chosen Lp value: 63uH

TRANSFORMER GUIDELINES: Primary-secondary leakage
inductance causes_overshoot when the switch turns off. To
reduce this_it is suggested to couple as best as possible the two
windings, separating the primary winding in two half with the
secondary winding in between. Check the leakage inductance
by measuring primary inductance with shorted secondary
winding. A good result for leakage inductance is 1 ~ 10% of the
primary inductance.

LAYOUT GUIDELINES: the flyback transformer is the site of
high dV/dt and can be a source of noise. Therefore please refer
to the Datasheet layout section to optimize the board layout

around the flyback transformer.

4. Feedback Components dimensioning

4.1 Reflected Voltage
Analyzing the scope signal of MOSFET Drain voltage (Vsw)
during DCM (Discontinuous conduction mode) in a Flyback
circuit it is possible to easily identify the output reflected voltage

on primary side:

TeKSTop

Figure 3: Vsw in DCM flyback

In DCM we can easily identify two times during MOSFET off time,
one in which Vsw is constant while the current on the secondary
winding decrease to zero and a second time while no current is
flowing in the transformer windings and Vsw start to ring due to
primary inductance and Drain source capacitance resonance.
This oscillation is damped by internal resistances and tends to
the input voltage level.

™

t
+

= | BOTF1OHFNAB
—a—ICOMP
+F

ton torr

Figure 4: Vsw composition: Vin + Vrefl

During the period of time while secondary winding current is
discharging, a constant level voltage is inducted at the
secondary winding:

Vsec = LSE (15)

that reflects on primary winding as:
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N
Vseck = Vsec N_P (16)
s

this is added to the V;,, on the Drain of the MOSFET (Figure 4).

BD7F100HFN measures the reflected voltage to get information
about the output voltage directly on primary winding voltage.

This value is used as feedback to control the output voltage.

Analyzing more in detail: the output voltage depends on the
secondary winding, but also depends on the output diode
voltage drop (V) and ESR drop from Cout as shown in figure 5.
These contributions increase as the output current increases.
In chapter 4.3 we will analyze how BD7F100HFN compensates

for this effect.

Ny ,
eptectea = gy WVour + Vi + s+ ESR)
s

Np
Vsw = Viy + o *(Vour + Ve + 15+ ESR)
Ns

Figure 5: Reflected voltage detail

At nominal output power the BD7F100HFN works in CCM
(continuous conduction mode), the Vsw shape is different but

with the same composition of Vin and Vreflected:

Vsw

<60V

<50V N
b

I — (Vour + Vr + Is - ESR)
Ns

P e —]

b — Time

Minimum Off time

Term of masking signal 300ns (Typ)

250ns(Typ)

Figure 6: CCM functionality and masking time
Blanking time: The BD7F100HFN starts sampling Vsw for
feedback after a blanking time of 250ns to avoid the switching
noise. the snubber circuit has to be dimensioned to damp any
noise in a time less than the blanking time. The minimum off time
is 300ns to give the BD7F100HFN enough time to average a

good number of Vsw samples.

information on Transformer used for

Please refer to BD7Fx00xxx-LB

For the further
BD7Fx00xxx-LB Series,

Series Reference Circuit, application note provided by Rohm

in the web.

4.2 How the feedback works in details

vin  VF
—_—
Nems e 1S L L
VIN IrRFB |
%RFB
EJ FB SW[ |
COMPARATOR | Adaptive
44,;_% On-Time E
VREF_—LU_YBV Controller

REF PGND)

RReF =

Fiaure 7: IC Block diaaram

The FB pin is kept internally at Vin voltage, so the current (Igzp)

is (see Figure 5 for the formula of Vrefl):

Np
—(V +Vp+Is'ESR
 Vsw—Vin _ g (Vour+Ve+Is'ESR)

_ Vrer

IRFB (17)

Rpp Rpp RREF

With:
Vrer - internal voltage reference at 0,78V (Typ.) is used for
the feedback on Vout.
Rrpr — external resistor connected to the pin REF. The
BD7F100HFN is designed on the assumption that this

resistor has a value of 3,9kOhm

Then Rgp is calculated as the following:

Rpp = 2eee My 4 Vi + I - ESR)

Vrer Ns

(18)

Note 5. For the application, considering an ESR of 45mOhm
it gives: Rpp=80.6kOhm
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4.3 Load Compensation
If the feedback is setup for the previous paragraph at the
maximum output Power/Current, then when the current reduces
the output diode voltage and Cout ESR voltages reduce and the
regulation may not work correctly. In practice without any current

based compensation there can be an error in the feedback.

VIN  VF
—_—

. Is
Np/Ns
IRFB 3 H Viour

Vin ‘
% Rre
EJ FB sl |
COMPARATOR | Adaptive

On-Time E

VREFlD‘?SV Controller I
Icor»-ﬂp £ Current
s }—< Monitor
25kQ
REF = COMP __ PGNDI

R
RREF CCOMP%RCOMP

Fiqure 8: Compensation circuit

To prevent this, the BD7F100HFN internal compensation circuit
sinks some current (lcomp) from Ires to change the feedback loop
and compensate for the change in output diode and capacitor
drops. The secondary current is sensed as function of the

primary current by the current monitor block in figure 8:
N,
Ip=Ig—= 19
b=l (19)

The current monitor forces a current into Rcomp of I, reduced
by a factor K=1/50k. This increase the voltage at COMP pin. The
max value of COMP pin voltage is 0,5V, so therefore the limit for

Rcomp is:

0.5V
Rcompmax = K__IP (20)

To avoid instability a compensation capacitor C.onp is added
with a value 0.01pF - 0.1 yF. With these values the current is

averaged:

Veoup = K - IP_AVE ‘Reomp (21)

The compensation of the output components drop (diode and
Cout ESR) is performed by the current I.oyp flowing into the
internal resistor of value of 25k resistor, then the current value

is:

Vecomp __ K'lp_ave'Rcomp
I = = = 22
COMP ™ “35k0 25k0 (22)

Now some of the current Izpp flows into the 25k resistor
changing the feedback conditions. We will rewrite the equation
(17) as:

Np
—=(V +Vp+l1 ‘ESR
I _ Vsw=Vin _ Ns( our+Vr+1s ave'ESR) _ Vrer +1 23
RFB — p - R R COMP ( )
FB FB REF

Inserting equation (22) in (23) and rewriting:

_ Ns  Vrer Ns  K'lp,ygRcomp
Vour + {Ve + Is s ESR} = Np Rggrp Rep + {Np 25k0

(24)

*Rpp}

To compensate the effect of the output component’s drop (Vg +
- ESR) the two parts in the {..} should be equal:

ISAVE

K-Ip ., z'Rcomp

. =DNs
Ve +Is,,,. " ESR = N 5k

Rep  (25)

Introducing a linear approximation of the diode characteristic
(Ryr) as the characteristic resistance and inserting the relation

between Ip,,. and I, . (19):

2
_ (Ns\ . KlIsave'Rcomp |
ISAVE “Ryp + ISAVE "ESR = (N_:,) 25k0 Rpp  (26)

Rcowmp value is calculated by:

2
RCOMP = 25kohm - Ryp+ESR (&) (27)

K'Rrp Ng

This is a theorical value for Rcomp, but RVF, ESR, and RFB are
not easy to determine due to their dependence on many
variables including the frequency and PCB layout. Therefore,
when determining the best value of RCOMP, monitor VOUT in
the application over the full load range and adjust RCOMP
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accordingly to minimize the error.

Vourt

With load compensation

/ No load compensation
Slope : RVF+ESR

lout
Figure 9: output compensation effect

The effect of load compensation is shown in Figure 9 with a
reduction of the output voltage as the output current increases.
When the output current is low, in many cases load
compensation is not necessary. When load compensation is not
required the COMP pin should be shorted to GND.

5. Output Components

5.1 Output Capacitor

For a stable operation select the output capacitor Cour value

based on the following equation:

1 /Ny \?
C >1.6-10—9-—-(—-D)
ouT Lr \Ns

The formula gives 42uF and the value of 47uF is chosen.
Important: during startup the overcurrent protection should not

being triggered. This is checked with the following condition:

N,
1 Uss- [ILIM 'N_g' 1-D)- IOUT_MAX]
C <=
our =35 Vour

Where: t,= off start time

Output and for 47uF is verified.

5.2 Output Diode

Since the forward voltage VF of the output diode affects the
output voltage, a Schottky barrier diode with a small VF is

recommended.

During on time the voltage on secondary diode is expressed by

the following expression:
Ng
Vion = Vin N + Vour
P
When selecting a diode, the forward current and voltage must

not exceed the rated values.

Note 6. For the application the reflected voltage is: Vi =
15V and the selected diode is: ROHM RB160M-40

5.3 Minimum Load Current
To sense the output voltage at the primary side, a switching must
occur. For this reason a minimum load is required.

The required minimum load current is:

— -9 VI%V
IOUTfMIN = 7.5 . 10 .

Lp - Vour

Note 7. The formula gives lour_mn of 13.7mA and a R, of

3280hm.

6. Snubber Components
The snubber dimensioning needs attention because it can affect
the feedback loop in this application. The snubber has to prevent
overshoot at the drain of the MOSFET that exceeds the
maximum pulse voltage of the MOSFET and ensure that the
oscillation will finish less than 250ns after MOSFET turn off. See

Figure 6 for details.

Two different snubbers configurations can be added externally:

Figure 10: RCD Snubber dimensioning
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Figure 11: Diode-Zener Clamp

6.1 RCD Snubber Dimensioning
After MOSFET switch off the primary inductance energy is
transferred to the secondary and then to the output capacitor,
but the energy stored in the leakage capacitance of the

transformer has to be dissipated before the next cycle starts.

Leakage inductance energy is given by:

1
— 2
ELleak - ELLeakIpripeak

lpripeak is the peak current in the internal MOSFET that is fixed at
1,25A_typ. The resistor R is very important in limiting the
maximum voltage spike. A lower Rclamp will reduce the
maximum admissible overvoltage spike (Vspike) but increases the

power dissipation. This is given by:

4'Vspike

- 2
LLeakIpripeakfsw

The capacitor C needs to be large enough to limit the

overvoltage when all the leakage inductance energy is absorbed.

The Diode should be a superfast or SBD type.
Note 8. For the application with an L. < 1,8uH it's
calculated:

R = 2kOhm

C =220nF

D = 1SS400SM

6.2 Diode Zener Clamp
The Zener voltage of the diode should be calculated to
suppress any voltage that exceeds the maximum MOSFET

Vds pulse voltage

Vzener = VDSmax,pulse - (Vv + Vrefl)

The resistor and capacitor will filter the pulse to reduce EMI
noise. The values should be chosen based on EMI
measurement. The Diode should be a FRD or SBD type.
Z1:KDZ18B

D1: 1SS400SM
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Notes

1) The information confained harein is subject to change without notice.

2) Before you use our Products, please contact our sales representative and verify the latest speciica-
tions :

3) Although ROHM is continuously working to improve preduct reliability and guality, semicon-
ductors can break down and malfunciion due to various factors.
Therelore, in order to prevent personal injury or fire arising from lailure, please take saflely
measures such as complying with the derating characteristics, implementing redundant and
iire prevention dasigns, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

4) Examples of application circuits, circuit constants and any other information contained herein ars
provided only to illusirate the standard usage and operations of the Products. The peripheral
conditions must be taken into aceoun! when designing circuils for mass production,

5) The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise infellectual property or other rights held by ROHM or any ather
parties. ROHM shall have no responsibility whatscever for any dispute arising out of the use of
such technical information.

&) The Products specified in this document are not designed to be radiation tolerant.

7) For use of our Products in applications requirnng a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, fraing), primary eommunication equipment, traffic lights, fira/erime prevention, safaty
equipment, medical systems, servers, solar cells, and power transmission sysiems.

8) Do not use our Products in applications requiring extremely high reliability, such as asrospace
equipment, nuclear power control systems, and submarine repeaters.

9) ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommendad usage conditions and specifications containad herein.

10) ROHM has used reasonable care to ensure the accuracy of the information contained in this
documeni. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

11) Please use the Products in accordance with any applicable environmenial laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or lossas resulting
non-compliance with any applicable laws or regulations.

12) When providing our Products and technologies contained in this document 10 other countries,
you must abide by the procedures and provisions stipulated in all applicable expert laws and
regulations, including without limitation the US Export Administration Regulations and the Forzign
Exchange and Foreign Trade Act.

13) This document, in part or in whole, may nat ba reprinted or reproduced without prior consant of
ROHM.

Thank you for your accessing to ROHM product informations.
More dotail product informations and catalogs aro available, pleaso contact us.

ROHIM ROHM Customer Support System

SEMICONDUCTOR

Attp:/www.rohm.com/contact/
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