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Introduction

A Synchronous rectifier is an essential building block in the secondary side of the Flyback converter for
designing efficient power supplies with high power density as motivated by emerging Energy standards.
The ZXGD3101 controller when used with an appropriate MOSFET offers a higher efficiency than either
a schottky diode or an ultra-fast Silicon rectifier.

However, choosing the optimum Synchronous MOSFET can be difficult if reliant on an experimental
trial-and-error method. Instead a straightforward design flow chart can be used to deal with the many
device characteristics and controller trade-offs. This design note presents a design procedure that will
help to select the best MOSFET for the ZXGD3101 Synchronous rectification controller.

This design note should be used in conjunction with the spreadsheet of ZXGD3101 MOSFET selection

tool.
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Figure 1 — Flyback converter with Synchronous recti fication
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Detailed design procedure

1. Capture system parameters and select
the ZXGD3101 threshold voltage
VDCmin, VDCmax, Dmax, N, Lmy st cht, |cuty VCC,
Vsp, N25%, APss, ta1, mode of operation
lgias, IRer

2. Determine the MOSFET breakdown voltage rating

)

3. Calculate ISYN(pk) & ISYN(vaHey) at both 25% & 100% Ioadings

!

4a. Calculate Rpsonymax

}

4b. Calculate Rps(on)min

|

5. Define Rps(on) range

<6. Ros(on) & Vbsmax design complete>

Figure 2 — Design flow chart for Synchronous MOSFET selection

A design methodology is presented below using the circuit diagram of Figure 1 as a reference. Figure 2
illustrates the design flow chart and the detailed procedure is as follows,

Step 1: Capture system parameters and select the ZX GD3101's threshold voltage

The design process starts with collecting the critical design parameters for the Flyback power supply as
defined below.

Table 1 - Nomenclature

Symbol of system parameter Definition
Vbcmin Minimum rectified input voltage across +In and -In
Vbcmax Maximum rectified input voltage across +In and -In
Dmax Maximum duty cycle of the primary switch at Vpcmin (0.4<Dax<0.5)
fs Switching frequency of the converter at Vpcmin
Lm Primary magnetizing inductance of the power transformer
N Primary-to-secondary turn ratio of the power transformer
Vout Output voltage at +Out
lout Output current flowing from +Out to the load
ta1 Turn on propagation delay time of ZXGD3101 controller
n Power conversion efficiency
DCM Discontinuous Conduction Mode
CrCM Critical Conduction Mode
CCM Continuous Conduction Mode
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Generally, a synchronous rectifier is optimized for high full load efficiency. It is also important to maintain
a reasonably high efficiency at low load, particularly for a product which has to meet energy efficiency
standards such as Energy Star® V2.0. This design procedure addresses the need to optimize the
efficiency at 25% loading to comply with efficiency standard. n.s¢ is the estimation of the power
conversion efficiency at 25%. If no reference data is available, set n,s,=0.8 for low voltage output
applications (<6V) and n2s4,=0.83 for high voltage output applications (=6V) as the initial assumptions.

The duty cycle of the primary side switch at 25% loading is,

'\/2me fo xVOUt XIOUt

VN259% *Vocmin

Dasgsioad =

The duty cycle is used later in the analysis to determine the peak Drain current at a partial load condition.

However, the maximum duty cycle is found at the minimum input voltage and full load as,

—_ \/zme fo ><VOUT XIOUT

D for DCM
o \/H *Vbcmin
Dmax = _ NxVow
Vocmin +N* Vout for CrCM/CCM

where n should be set at 0.84 and 0.87 with a synchronous rectifier for V,,;<6V and V,,26V respectively
if no reference data is available.

Figure 3 shows the recommended Izer and lgas combinations for different operation modes, namely
Continuous Conduction Mode (CCM) and Discontinuous Conduction Mode (DCM). The turn-off
threshold voltage of the controller should be set at ‘-20mV’ for CCM so that the MOSFET can be gated
off sooner to minimize the possibility of simultaneous conduction of MOSFETs. The ‘-20mV’ threshold
value is set by selecting an appropriate resistor pair to source 5mA and 3mA into the BIAS and REF pins
respectively, as shown in Figure 3. For example if the V¢ supply voltage to the controller is chosen to be
10V, resistors Rgjas of 1.8kQ and Rger of 3kQ should be used to achieve the desired threshold voltage.

An alternative turn-off threshold is ‘-10mV’ which is only recommended for both DCM and CrCM where a
higher secondary peak Drain current circulates, in order to ensure the sustained enhancement of a low
resistance MOSFET. Again, this threshold is developed based on the combination for Rgjas of 1.8kQ and
Rrer of 3.9kQ to source 5mA and 2.4mA into the BIAS and REF pins respectively, as shown in Figure 3.

It is worth noting that a greater Igjas is required to achieve shorter turn on propagation delay and gate rise
times while a greater Irer Speeds up the turn-off switching. However, if these two currents are getting too
high, both no load and light load efficiencies will be degraded. Moreover, with reference to Figure 5, if
either Igas is getting too high or Iger is getting too low, the zero point detected offset will become slightly
positive to allow current flow in the reverse direction which could actively discharge the output capacitor
in DCM or cause shoot through in CCM. Consequently, Igas of 5mA has been compromised for all the
operation modes.
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Figure 3 — Optimal | gjas and Irer combinations at two turn off threshold voltages (- 10mV & -20mV)

Step 2: Determine the MOSFET breakdown voltage rati  ng

The MOSFET maximum reverse voltage with a safety design margin is determined as follows, where the
margin is typically 20%~40%. 30% is taken generally,

Vbsmax = 1.3% {vout + Vocmax * Vout (- Dmax)}
Vbemin *Dmax

Step 3: Calculate | synpk) and Isynaiey) at 25% and 100% loadings

This section determines the magnitude of the current flowing through the Synchronous rectifier to
establish the MOSFET's on-resistance requirement. However, as the input voltage and load condition
vary, the converter’s operation mode can switch between CCM and DCM, and the current magnitude
changes as well.

Once the operation mode is determined, its respective maximum peak Drain current of the Synchronous
MOSFET lsyngk) (see Figure 4) is obtained as,

2xNxVout *lout

Isyn(pk) = for DCM

° N*Vbcmin X Dmax
| _ 2%y for CrCM
SYN(pk) —

G Do

VOUT x(l-Dﬂ]

lsynion = — ot 4 fs for CCM

(pk) 1_Dma>( 2Lm

N2
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Figure 4 — MOSFET Drain current and mode of operati  on

And the valley Drain current of the MOSFET in Figure 4 is,

for DCM/CrCM

Isynalley) = O

1-D
e 0
Iout _ S

1-D, . oL, for CCM
NZ

ISYN(vaIIey) =

When the output current drops from full load to 25% load that is 0.8A; the converter transverses from
CrCM to DCM, and the Drain current peak decreases as,

2XNXx Vg Xloye X0.25
N* Vbcmin % D25%ioad

IsyN(pk)@25%load =

Step 4a: Calculate the maximum MOSFET on-resistance  rating

The Synchronous rectifier will be required to achieve a power loss reduction of APss, where AP\ is
typically greater than 50%. The typical forward voltage drop Vg of a 150V diode at elevated temperature
of 100 is around 800mV.

For a given power loss reduction AP, dissipated in the secondary side switch, the required MOSFET
on-state resistance at full load has to be,

(100 - APIoss)

100 Xlout X VE =lsynpk) % Vsp X tar * s

{Lm XISy (pk) iy
} ———— g

RosenaTj=100c < J for DCM
xf,

2 2
N*Vbcmin XDmax X td1 N" % Vou
Lm X (1 - Dmax) 3

IsyN(pk) =
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Rosen@tij=100c <
(100 - APloss) for CrCM/CCM

Xlout X Vi =~ Isyngk) X Vsp X tg1 X fs

100
2
NXVpcmin % Dmax Xt N X Vpcmin % Dmax Xt
1-D —tgy %f | - DCmin max ~tdl |42 +[1 _ DCmin max ” td1 | |
(% X { | 'SYN(pk) Lm x (1 _ Dmax ) SYN(valley) SYN(pk) Lm x (1_ Dmax ) SYN(valley)

The loss within the propagation delay time of the ZXGD3101, t4;, associated with the forward voltage
drop across the intrinsic body diode of the Synchronous MOSFET, Vsp, has been included in the above
analysis.

The corresponding MOSFET on-state resistance at room temperature is deduced as,

1
——*Rps(on)@Tj=100°C

R i= =
DS(on)@Tj=25T 175

Step 4b: Calculate the minimum MOSFET on-resistance  rating

The ZXGD3101 controller features a proportional Gate drive output which adjusts the magnitude of the
Gate voltage as the Drain-Source voltage across the MOSFET varies as shown in Figure 5. This
ensures that the Gate voltage will reach 8.5V when the MOSFET current was high to create the low
resistance path at normal loading. The Gate enhancement then eases off gradually as the Drain voltage
magnitude decreases, so that the Synchronous MOSFET can be turned off with reduced Gate charge at
zero current crossing.

However, inadequate MOSFET enhancement could result at low load condition with the proportional
Gate drive if a MOSFET with too low on-resistance is selected. This effect would be caused as the Drain
current decreases at partial loading. The Drain-Source voltage drop, which is the current multiplied by
the resistance of the MOSFET, might be insufficient to induce the controller to output a high enough
Gate voltage. Therefore, the full capability of the MOSFET is not utilized and the additional resistive loss
reduces the efficiency of the Synchronous rectifier.

In general, MOSFETs are fully enhanced beyond the Gate voltage of 8V. Using the Vp against Vg
relationship in Figure 5, the minimum MOSFET resistance that can be used without compromising the
power supply efficiency at 25% loading is determined from,

__ 0oV for DCM/CrCM
S |VD(VG = BV] _ | lsyN(pr@25%l0ad
Rosen@tij=2s¢ 2 = 0.07V
SYN(pk)@25% load :
(Pl9@25% o2 | for CCM
SYN(pk)@25% load
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_ Womow o = 10v
= 8 e | =3ma — % 8 L =3mas
) N R =1k — o R =ikn —|
o
E G Ny f:-; G
= b =zma = b1 =sma
i df1 —zama F,-*-”" Y & a1 -EEma
-'I,'_B‘ L1 - 3 A F_ﬂ_,_,-r" \\ \ \‘ g L1 -5 A f”x
@w 2flmama T ALY SO zfl mtsma
= Lo =uama ] M AVAY L1, =dma
N MY N N
4.0 -o.08  -0.06 -0.0b 00T 000 -0.10  -0.08 006 00+ 00z 0.00

‘\-"D Drain Yolage (V)

Vp=-0.06V
for DCM/CrCM at -10mV

Figure 5 — Minimum |V p| for full enhancement of Synchronous MOSFET with D
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Design example

The following example makes use of the design procedure to select the Synchronous MOSFET for an
experimental Flyback converter with the parameters listed in Table 2. All the equations below are put
into the spreadsheet in Figure 6 as a user-defined design tool.

Step 1: Capture the system parameters and selectth  reshold voltage

Table 2 — System specification

System and ZXGD3101 controller parameters

Voemin | Vbemax N Lm fs Vout lout Operation mode |V ¢c tar
110V 375V 1:0.18 | 560uH | 60kHz | 19V | 3.2A CrCM 10V | 525ns

The threshold voltage of the ZXGD3101 is selected to be -10mV’. With the Vcc supply voltage to the
controller fixed at 10V, a 1.8kQ and 3.9kQ resistor combination is used for Rgas and Rger to set the
desired threshold voltage. The Synchronous MOSFET is required to reduce the power loss by
AP,,ss=50% to facilitate a smaller heat sinking component. And the duty cycles at 25% and 100%
loadings are,

_ J2x560pHx60kHZ x19V x0.8
D25%Ioad - m <110V

=0.3189  assuming nzsy%=0.83

5.6 x19V

= — =0.4917
110V +5.6 x19V

max

Step 2: Determine the MOSFET breakdown voltage rati  ng

375V x19V x (1-0.4917)
110V x0.4917

Vbsmax = 1.3x{19v + } =111.7V

Hence, a common 150V MOSFET is chosen.

Step 3: Calculate | gyngpky and I syngaieyy at 25% and 100% loadings

_ 2x32A _

2x5.6x19V x0.8A
| = =5.847A
SYN(Pl@25%l0ad = 3 53110V x0.3189

Step 4a: Calculate the maximum MOSFET on-resistance  rating

From above, AP,,ss=50% and the maximum allowable MOSFET resistance value is,

Rosen@Tj=25¢ <
1 L32ax08v --2%32A 1 25y x525ns x 60KHZ
y 2 1-0.4917 i - 106.47m0Q)
1.75 1 5.6x110V x0.4917 x525ns 1-0.4917 - 525ns x 60kHz
— x| 2x3.2A - X
1-0.4917 5600 H 3

Step 4b: Calculate the minimum MOSFET on-resistance rating

0.06V
R = 2 ————=10.26mQ
DS(on)@Tj=25T 5 847A

Step 5: Define R pg(en) range

As aresult, the Rpgon) range is established by combining the two constraints in Steps 4a & 4b as follows,
10.26mQ < Rpsenetj-2sc < 19.47mQ

In this example, a 150V, 79A, 16mQ MOSFET—FDP2532 will satisfy the requirement.
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A E c ] E
1 ZXGD3I1013 MOSFET selection tool issue 1 — T
s DrQOES ZETEX
3 IS o o 6 & uls & —mr® Used in conjunction with ANGE S .
4
5 !-P“ | Units | Description
] Enter converter rariables
7 Wpcaia 1o Minimum rectificd input valtage
S Y bCman 375 W Maximum rectificd input voltage
& f. 60 kHz Ewitching frequency of the converter at Wpeai.and Full load
10 ol 13 Qutput voltage
11 lut 32 A Qtpuk current
12 Jasxiaad 0.53 Expected cfficiency at 25% load with ZXGD301
13 i 0.57 Expected efficiency at full load with 2XG03101
14 AP aan 50 0% Diesired power loss reduction in the rectifier f250%)
15 Operation mode Cricha Operation mode at Vpcw;, and full load
1
17 Enter ZXGDI101 rariables Units | Description
15 B 535 ns Turn on propagation delay kime
13 ZXGE0301: 5250, ZXG031035: 1500
20
a j;:i:bf:s'“ transformer | Usits | Description
22 L. SE60 pH Primary magnetizing inductance
23 ] 5.6 Priﬂarl.l-to-secondarl.l kurn rakio
24
25 Ourpat | Units | Description
26 Calculated parameters
27 [T 50 ma Current sourcing inko the BIAS pin
258 Ieer 24 mA Current zourcing inta the REF pin
o8 Dizexionn 0.3153 Dty cyecle 2k 25% load
30 D.. 0.4317 Maximum duty cycle
b | LTI s v Eynchronous MOEFET maximum drain-source waltagqe
32 LRI 12,53 A Eynchronous MOEFET peak drain currenk
33 [LIT T 0000 A Eynchronous MOEFET valley drain current
G leHppaieesstea 54T A Eynchronousz MOZFET peak drain current ot 25% load
g RoSaelaan Ti-100C 3405 o Maximum PMOEFET an-resistance ab clevated kemperature

1 PbSjaalminiz Tj-257C 1026 @ MAinimum FOEFET on-resistance at room kemperature
37

Choose 3 MOSFET with the . - .
a5 Following parameters s || DD
33 Eos 1500 % Ereakdown valtage rating
40 FiSjaalTj-25c 15 mn On-resistance at ¥gs=10% and room temperature
41

Colfig.re_ZXGDS'lﬂ'l with Units | Dezcription
42 the Following parameters
43 | | Ve 0.0 % Fupply valtage for ZXGOF0L
44 Feas 13 k0 Eiaz resistance
45 Prer 3.9 k0 REF resistance

Figure 6 — Spreadsheet for Synchronous MOSFET desig n
Conclusion

With the new energy saving standards launched out by the EPA, European Code of Conduct and the
increasing adoption of the Energy Star V2.0 standard enforced for external power adaptor, the design of
the power supply is no longer trivial but it can be a very tough challenge for many power supply
designers using only the traditional Schottky technology. Combining both benefits of optimized
MOSFET enhancement and fast turn off speed, the ZXGD3101 controller can be used by power supply
designers as one of their tools to meet the emerging stringent efficiency requirements. This design
procedure for the Synchronous MOSFET selection takes into consideration many critical system
parameters, which aids the optimum selection of a low on-resistance MOSFET to be used with the
ZXGD3101 controller reducing the need for experimentation. The procedure will be helpful to optimize
the PSU performance for both full power and low load condition.
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IMPORTANT NOTICE
Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or
other changes without further notice to any product herein. Diodes Incorporated does not assume any liability arising out of the
application or use of any product described herein; neither does it convey any license under its patent rights, nor the rights of
others. The user of products in such applications shall assume all risks of such use and will agree to hold Diodes Incorporated and
all the companies whose products are represented on our website, harmless against all damages. Diodes Incorporated does not
warrant or accept any liability whatsoever in respect of any parts purchased through unauthorized sales channels.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems
without the express written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:
A. Life support devices or systems are devices or systems which:

1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use

provided in the labeling can be reasonably expected to result in significant injury to the user.
B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected
to cause the failure of the life support device or to affect its safety or effectiveness.
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