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Abstract

Non-isolated buck converters are well-known solutions for producing controllable DC voltage at
medium and high-power levels. Meanwhile, synchronous converters have received a lot of attention due
to the non-dependence of the voltage conversion ratio on the load and the continuity of the inductor
current. But the switching of these converters takes place at higher power levels at lower frequencies.
For this reason, the switching circuit must work with a higher dead time. In this article, an analog
application circuit design without the use of a microcontroller is presented for the switching of the
synchronous buck converter, which, while ensuring that pulses are not sent to the keys at the same time,
the amount of dead time can be It provides a setting that can be changed according to the voltage level
and current of the circuit. After analyzing the conditions at the moment of switching on and off of the
circuit, it was found that at the moment of switching off, a destructive transient current is applied to the
keys, which this article solves this issue by using two fast SSR relays in the path of the input signal to
the gate module. The driver suggests that it has been tested on a prototype device. This article also
mentions the requirements of the switching circuit by analyzing the conditions of the moment when the
circuit is turned on and off, so that the transient damaging current does not pass through the IGBT. The
results of experimental tests on a 15 kW synchronous buck DC/DC converter with an output of 300 V
50 amps show that the well-designed switching circuit creates an adjustable dead time of up to 6
microseconds in the switching of this converter and the continuity conditions It has provided the inductor
current both in no load and under load. Also, the proposed method has well removed the transients of
the circuit turning on and off.
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Figure (5): voltage diagram at the time of shutdown, a) Switching module output, b) LM7812 output, c) LM7805 output
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Figure (6): waveform in the proposed switching circuit, a) S1 gate drive signal, b: S2 gate drive signal, c) Inductor L of full load current, d)
Inductor L of no load current
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Figure (8): Prototype of the proposed system, a) buck converter b) Fast SSR module c) switching module

Table (1): Specifications of the prototype of the proposed system
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Table (2): parameters of proposed system
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Figure (9): Simulation results of the proposed system, a) The current of the HF inductor during shutdown at the negative peak of the current
(right side) and at the time of the positive peak of the current (left side) (200 amps/div), b) The current of the S; switch at the time of

shutdown at the negative peak of the current (right side) and at the time of the positive peak of the current (left side) (200 amperes/div), ¢) S;

switch gate pulse at the time of shutdown at the negative peak of the current (right side) and at the time of the positive peak of the current
(left side) (2V /div), d) The current of the S, switch at the time of shutdown at the negative peak of the current (right side) and at the time of

the positive peak of the current (left side) (200 amperes/div), €) S, switch gate pulse at the time of shutdown at the negative peak of the
current (right side) and at the time of the positive peak of the current (left side) (2VV/div), f) The voltage of the capacitor C; during shutdown
at the negative peak of the current (right side) and at the time of the positive peak of the current (left side) (100 volts/div), g) The voltage of
the capacitor C, during shutdown at the negative peak of the current (right side) and at the time of the positive peak of the current (left side)

(5 V/div)

Slp 1y adS (635,5 Gl (V) S 5 (F710) Ll oy Blam (sl 1) S 99 50 (5995 (b (Y +) S
ol 5o a8 e @l 82 9 St aldsS Baile cdls by g 5lg 58 (VY) S s oo lis (s y0 A0) Wb e iSTos
55 05 wwls> ol YV Lyl b glalisd iy Sy g el 00 51 5508 0S99 52 sl Gl Sy 4 Sy e 2>

%



Y-V N F sl /90 g cuads o lods Jo0 3l Jlo /50 Carro [0 dindign sla o, 4 a0

polie ok 4 S2 oS iy e G,k 5l 0Ly (ml 9 YL 9lS 90 o (LS5l ol 3 00,0 Lo Jleel b >
Vb oS (gl aoyo FO Sozmdsm jloe (295 Gudly (250 b 508 jlae wls o o Shas lg5 o0 (V) US4 4z g5
2 e G e« Szmdae loj 5o 00,0 ploj Jloel g allie ol &l g, (gilwesly boges canlin 1y (b
5 50l OF Sy s Sy g el T2 Ll Vb 0l @ 00 Jloel ()l 2 aiede 5 098 o0d Jlosl oS & (55 015 o)le
g sl ool FA S Sy 5 VALl oy 05 s

Qb s ol poste Sl 50 35800 08 &S jebples ams oo (LA 1) So 0lS (6l (SBgals abixd (L > (OVT) 5B
P Sl TV0 0l Sy (ohgels 5B 29,5 9 Gy @B (loj 40 Grizren S92 aalgS el OV 0l 0l Sy 40 S
4 ol ol el Sl o calio Clliz 352y poe S50 0 45 350 e Jlosl S 4y 4y S V) -0 oy Do
S sy el CoS e (S g laalds

w3 o i ,Baile b 45 55 5 5k ety (lel, Al 4o 1y asys O Ll Lo b HF Gilo o,z OF) S
el o il o5 Ll j1.0g anlym sl $0 51 S o ol o dilos by s 4 Sy ,lie 55 o 0yd a5 sboslen
g solyS jho b ply e b > Jawgie 0gdga 55l0 0 00 )b (2

Y D ++ 0.088s SLor® M G INETEN vew 0,000s SLoPr® ™
- -

. > J -
(
|
f

(- >

@ Sus J EDGE F1 ) @ Sus (H) EDGE J1
7.2392¢8xMz 07.22511kHz
deye e Ll e sSlas () Ao, YO Gulb (oie JBlas ()

(S2 29,9 u.JL" :CH2 S; 599,9 Q.Jlg :CH1) IGBT 6‘@@'5‘;9‘*’ 00 yo dLa} Y o Cons @L.: (V) S
Figure (10): Experimental results for IGBT switches dead-time (CH1: Input pulse of S;, CH2: Input pulse of S,), a) Minimum pulse-width
(3.5%), b) Maximum pulse-width (90%)
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Figure (11): Experimental results for high-side and low-side switches (CH1: input voltage (250 V/div), CH2: input current (25 amps/div)), a)
Higher switch with 45% pulse width, b) Lower switch with 45% pulse width
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Figure (12): Experimental results for low-side IGBT S, current, a) No load current (50 A/div), b) Steady state current (50 A/div)
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Figure (13): Experimental results for HF inductor current, a) no load current (50 A/div), b) steady state current (50 A/div)
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Figure (14): Experimental results for low-side IGBT S, current by implementing the proposed protection method, a) No-load current (25

A/div), b) Steady state current (25 A/div)

Table (3): Performance comparison with other published designs
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