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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

Sy

Lc2mpr

21

Csn 7

Cl Csy

po 38 (@) p9d 3L (2) Jsl 56 ()

O )8 i Jolro ylaw (V) S5
Figure (7): Equivalent power-system circuit, a) first phase, b) second phase, c) third phase

A9)



o8 ol e lol o praldese —(golie Soje /i Jlae Sl o oy 05,

bl oly> (W-0) IS8 ail> o KVL (556 L gilas
dv,

L, ?cz"'Rzicz"'ch:O *)
o] dalg3 Cawsdy (A) adaly (V) alaly (6,135 L

. dv,

oy =C, at )

dZVCZ +& dVCZ + VCZ
d* C, dt L,.C,

0l sl dwlre aastive dolee glaais; (M) dolee J> 5l

2
R R 4
S,=——=%=%| 2| ——— =s :—ai,faz—u)z a
Y22, [sz L,C, 12 0 ®

:QT)octf
2
ot ()

0
.,LZCZ
(R2) WU uilS 3 calus Cunglie jladie jloe oyl yo aS bl 5l ogs asalgs swais wuils )5 4 e cuyo i A @0 gaas
LJ'J‘J)LU Q)LM"(SQ )‘)5;‘ ‘) <o ua)S | g_i>9§ d)an.n
Ve, (1), 6™ (K,Coso, tHk,sino, t) \Y)

o) yoas

mn=,f(o§—a2 av

el algd Cawods (V0) adaly, (VF) (650 polie 6,135 L

Ve, (0),,=
c2\Y)p1=Vo 0
ICZ(O)pl:IO
k,=V,
I,+C,aV, A\ o)
k2:—
szn

9505 Ao 33 1) Lo el ()b, Jlade lei oo odal Cowss polie 4 axgi b g

- =i capt™ (—(xe'm (k,cos(m, t)+k,sin(w, t))+e* (—k,0,sin(o, t)+k,o,c0s(w, t)) ) C, %)

J> slaig, 5l eolatul b ylgs co 1y 1 gms 5B (ol oy o ol dalss Tye 15 by dolas (S Gl a5 Sl )
2,5 dwlo Tamp1=0 ;| eolaiwl b gous

ol oy alad 0,5 o & yg0 trans o 50 56 (al 45 LT 5l oads il Dlomidgi @ az g b i 2y 5 1 adsw Sl -
Ol Ol ) o5 05 s Sl glalad 515 al o5 walys (055, 82 0llS 5 (agels S wlS T 40 45 550 walys oo =0
Dgb g0 oddlice (=F) IS 50 5Bl Jobe jlaw ccnl ool aie 5B )l 5 00,5 s ] Sz 00,5 jee yao
Solaie (g5 polae L () U (V) laddolee I ol valgs aulxs Jgl 5B alen pgo 5B (gl Joil,ns S¥olas
solie gy dalgs =t 10 mg0 51 HLL Hley aS el 4 a4z g b ogy diales e 5B cpl (6l 102(0)p=0 3 Vc2(0)p1=Vo
b disls dsle (VA) 5 (V) Laly) Billae pgo 518 0L 5o Gl 9 58,

Ver (L), =8 (KcOsw, t, +ksino, t, ) \Y)

n-s2

_ (_ae'msz (leOS((,Ontsz )+k25in(0)nt52 ))+ ] C
- 2

A
e (— ko, sin(o,ty,)tk,m cos(o,t,))

|L2(t52)p1_|(32(t52)p1

O+



ANV NFF ol /90 g cuads ol [o03ls Jlo /50 o [0 dinddigr sla b, 4 a0

Lugle jlade STuF) IS8 50 () 5 (@) slojloged s azgi LaS sl S8 @y p5Y 09 dalss pgo 5 loy Gawtpe o) jo a5
Lol 5,5 aalsm joue ool 53 51 aw yo 3l dlwg jebay b, wdl Cude ol hgels alasd (o (Lave) HF cals oL >
Sglaie yolia LA B (V) slodloles Lol ogis cad V5 ol b o calily shie (gels 51 alax) o HF Gl oL > S
D dlem ies dc2(0)

abb 8L UVLO 3l 2eS LMT7805 9,5 5Ldgas o> o t06d co cdalive (z-F) UKo, aS 4elos 1 odgel> 516 -2
S35l 45 058 oo Slml 0 als Sl Sl Al g 009 Gl Sl alS 95 e CuS 4 eud e3liw B (2,5 L
drlio (sl 1) Jod Slislone iS00 508 992 5l sty sz Sy oyl alisd ;5 a5 LT 5108 (o y508 St 0lS Ay
ad,5 b jo coll Ver lade sl Jol5 55l 40 Cr ol 56 cpl jo a8 bl i ogi oo plosil ail> ol jo o)b,a So
gl lg oo KVL dlolas 4y az g5 b .09l o0

L2%+R2icz+vc2:\/01 (\‘\)

\.\J—lsn Cwddy oy Oy q0dy J...Mlj.o.:o aJoles dex=Codveo/dt 6)|Af6l? L

dzvzcz +& chz + ch - VCl(t) (Y+)
d> C, dt L,C, L,.C,

D aieles dpuls dasine Aol slaaty ) (V0) aolee o 5l

2
R R 4
S, =——2+ || —2| — =5 :—aia}az—coz Y
Y22, [sz Lc, 0 ¥

Jtie aS LT 5l sl 56 Slosle b aslive o o s aidlys dnle (V1) 5 (V+) sloalal, b gllas @0 5 00 oo a8

salss (YY) alal, & g0 Co 35 5y S 8 o ol 2 45 L 2091 g <00 oy el Sz g8 HF il caglic
S5 a2l Co o35 sl el 5Ly Ve 45 oy
Ve, (8)5=Ve+e™ (K cosom, t+k, sinyo, t) (Yv)

2,13 §) e polie 5 Il L

{_Icz(tsz)plzlcz(o)ps o
Ve (t) n=Ve, 0) p3

K=V, (t,) pl ¥

k,= —lep (t)p +Co0 Ve, (t) X0
CZ(Dn

9905 dloe 5 1y Lo il by jladie (VF) alaly 4 a5 b (lg8 o0 (raizman o

i, () 03 Zig, (1) 03 =C, [—ae"“ (k,cos(w, )tk sin(w, t))+e™ (— kloonsin((ont)+k2(uncos(oant))} %)

Sldes plasl g calus by ol yao Gloy b plys a5 sgus 516 LG les oles co (YF) alasly y0ls )18 a0 Wlp b i o2
Slewlre 43 4245 b .ol walgs ools ialeitr b oloy cnl 45051 Camwods soue > (slagiy) 5l ool b1 b ol L5gals
0l aled aulre oy ol )8 (5l 5lg Ol s ool ploxl

AV,

. (t)= Ci j C, [—ae’“‘ (k,cos(w, t, )k sin(o, t; )+e™ (—k,0, sin(o, t, )k, 0,cos(w, t, ))} dt, (YY)
2

ey g b -Y

5Ly 2 a, 50 g oad asdas g Fre sl a gyl Gl a5 Cll DlgelSTVO Joe Sl JSCiiie andllas G piicns
boais 2 (V) Jgao 50 s 00l sl el )b ;500 a3 ga Jogos )b Ty el B0 bz 5STa> LDC ey Ve v b ol
(A) S5 0 a5 jghilen aeo oo lis | dslllas cow L Jowe @08 jlae g0i0,S00 (-A) S el ouls (573

(QRAP!



o8 ol e lol o praldese —(golie Soje /i Jlae Sl o oy 05,

6l sl 2By Arasgs 0350 oo ol yad 4y JaSo s (5ol 055 (6l Kizmsioms 31 dll digas et o o0ls L
ol ploxil e 138lp 5 Scdgons 58 i (nl Silwdnd ((Shgels alazd (0 13S0l Sy St JloS g (o2
Sy dawg ool Jlogl 00,0 (Lo sl oolainl b @yad las jo  gi0udS o Slee ol cos Jolis 0ads ploxil (g 3lwacds ol
Oz wol A (ol 5k g 35,09kS VIVE Sz (S 2 g YA+ (5395 515 a0 )0 ¥O by (250 (6Tl & Sazmdom
s 53 gl ol ) el 5 o 3 i 5k o b5 (351 i J (51 (it ol 235
Sl sl el oad Jeloxi 5 (o) (shie S 5l £9,%0 5 Sae S 5 (Shgels alid £9,0 Sl 50 )0 (giluaned (les
el 008 (555 0380 5k 9 s )35 Oz S5, 2 B Sgels alad 13T as ISl

S ab Jolb> axt cpl HE Glo 5> Slla>de (0,5 Bld 5 Gialejl )b uaiz jlam g (0528 &)j90 4 Grizeen
Sl et 5 il oy 3 UL B 55 455,55 13 55,05l VID sgia 3 4l Kizriym oS5 ke
g SIS Gl s Loty RT3 el i ke ol 1 Yl 5 5 Sty S5 il ey 3l
1 o Siazmdge e Ceaglie § o3l ke LRIl (gl 39250 glaaiy 3 bl 2 o @l Dladgs 4 dr g b 2gd o
a5 s Szl e sl 3,25l VITY )15 S8 e e

oo Sy 1052 0lS > 45 > 40 bgels Al 0 (gl  gals e S5 e osaline (1) IS 0 4S5 wisS lan
oo by illae sl ot @) ] gl 5 6 jldrnd sl 428,515 ke Sy 0 ol 45 Ll o 5 g 0yl
Sl s iS5 e S0 o e 4ol sl s S5 gl el ol 5 oS &y g b 5 o
o 0l e B llaz 59 o alols olej cnl 5o Casl oads i85 L5 o0 4l Sea PO b plp jho jlade 4y il
Olyee 3Bl olieS oy cde 4y .l ool plonil ailiy Ko B0 b jo 5B cpl aS 0gd o a8 )5 a5 1o Jol 5B ja0 Jlade 4
3 5 e 5B £9,0 39wl g 40 IV L plp ey cnl )3 Co 35 9 Lo il (g, Sl )0 (29,5 5y Sl pss
Olaats g ol (b alig S ¥ (b 5B cal a5 000 0 Djg0 993 S e 4 G 5 e ke 0l e
g ey Sy AL pln oles cul (b 5o 31 5Ly

GOy o dd gl digod 1(A) S
Sz Joile (@) oy S 4, Usile (2) S Jowe ()
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)
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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

(QREAY)



o8 ol e lol o praldese —(golie Soje /i Jlae Sl o oy 05,

A GWINSTEK vavy -220,5ms Stopr# ™M A GWINSTEK vy -288.0ms Stop @ ™
v L v b - ‘

o, i K i Ly Attt
s V \
o ®2.5ms roLL.  © EDGE fI ®@ 190ns RoLL  © EDGE fI
a = 260ml 0 <20Hz (2] 0 <{28Hz
ekl by () b o9 bz (D

(div / yuol 84) Sz b IGBT by (gl (o952 ol :(1Y) JSCio
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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