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Research of Ultra Wide Input DC-DC Module for Smart Measurement Switch Application
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Abstract: In order to address the issue of large output voltage variation from self-powered current transformer
in smart measurement switch, ultra wide input voltage range post-stage DC-DC module is required to generate
stable system voltage rails. A ultra wide input DC-DC module based on constant on-time control and asynchronous
Buck circuit operating in discontinuous mode was proposed. Accroding to the gap between intput voltage and
output voltage, variable frequency control and quasi-fixed freqency control were combined. With large voltage gap
conversion realized, this DC-DC module also features super fast dynamic response. PSIM software was used to
analyze and verify the characteristics of the propsed DC-DC module. A 5 W hardware prototype was fabricated and
tested to produce key experimental waveforms. The experimental results demonstrate that the proposed DC-DC
module has features of ultra wide input range, super fast dynamic response and high stability.

Key words: smart measurement switch; ultra wide input range; constant on-time; discontinuous conduction
mode ; DC-DC module
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Fig.1 ~ Diagram of self-powered circuit for smart measurement switch

7 785 A0 ) P, B P R A ) ey — U £ B v Y
I AR DR DR 5 B RN B SR e HL FE o B A DB D
P 0% DO 45 L S SR VR A A8 I D T A
B N — 2 BB EL R o AR T P — vk ) £
% b 1 71 A R AL A8 A R A B R, AR R K
TE25: 1, [RIIL, H I L JER A H i e EL A A
N AR A B . X K 5 9 DC-DC BLHRAE
Vi 0 PR A A AR LT RE 8 AR R s RN b
TAE
1.2 DC-DC #&iRFE %

2 JECH I B R S LR S IR R
B2 B3R R 22 DA AR ) i o g 2% TR b e
PR 22 81 A ] 25 3% 0 Buck HL S AE R D R 30 $h .
o R A B RS T A, AN Y
AL DA /N B2 1) Mk A FE AR AR EMIL, fif HLJE 75 9K
B AL . 182 DC-DC R = HL PR 1R B
B, VATV, 43 51 Sk i L R HE EL R S, R D
I3 A O SO A AR AR, Dy ST M
FEIE S Ly 0 C AR B i . Y,
oK A R BRI o R T R U R AR D A 1Y
TC FEL 28 % P O 2 A9 FEIAR B, DR P O L SR —
YA Ay R B DC-DC REH Al 4 A Bt B A
AR T8 ) LR L

DS LB
Y'Y Y\
° 1}1 °
S,
v, D, N Co Vo
o] O

K2 DC-DC ST 540 H fig
Fig.2 Power stage circuit of DC=DC module

R 3CH DC=DC AR e H, % T A 7E H JE e I8 T
SRS, B RRpEENME . DC-DCREHL IR 2
23



AT 2024F F54% FTH

F &, 5 R TR0 IF X 694 5 Hr N DC-DC AL AT 7

HL fi 1) T AR DA =

1)S, Sl D, Wi, L etk BTk, 7 b
Fhid R, Y Ly B /N T R B AT, C e 2
L, R T L iy, C, i o

2)S, Wi D, i, LR P, ETR
R R, Y L R T gk AT, Cy 7e e
Ly LI /INF TR LA, C i

3)S, KW (D, W, L R TR E . CJK
FL T B A £ R Fl

e R T R AR R, DC-DC B ER ()
FEH 25 I TR

Vo 2

MB 27: . (1)
v 1+ /14 8L,/ (R TD)
A
DT.V, 8L
AL =—"(1+ [1+ L) (2)
2L, R.T.D

XA D NS TAER B 52 1 R T B
TR TF KA 3 AL 4 IR S0

2 18 J7 i B ) 4 ) SRk

2.1 EHIRE

V] 3 Ay o 2 A 5 8 s ] 4 il s TR AE A
g R TR V, 2ot BLBH R, RN R, 43R S5 AS 2 V., i
AR AR U, 1 s . [RIE, Vi, 5 5% 36
Us R Vi TELEER o 2 Vi<V B, T, R A 2RI
U it — BT B[R] B e P o X B A I T
S T, kAR AR R LA Ve, BN T
Vigr TR B —DFE R 11 4 25 o A e
P30 s [ 4 ) 1 2 TAR BT .

P 3 o AT s 30 I 1] 2 U AHE ]
Fig.3 Block diagram of quasi fixed frequency

constant on-time control

Vipg =
- - - - <V,
| | | | | | | |<_T()N

Pl 4 i S S - I ) 4 ) 2 TARBOE
Fig.4 Main operation waveforms of quasi fixed

frequency constant on-time control

24

22 EEMINEESS]

DC-DC B4 H HL 8 20 K U8 T L Jk
TLSCE , T HAL B R R SO0 A TR Rk D K
WE(EL 32 24 A R R4 FR R 452, DA T 52 3
TEOCH R [ H2 2 RS o AEASCIY R H b 4
H 2 T Y o PR b, 5 SR 5 o {410 i A AL H
R B AR A FF AT R R o 3 5 43 R L B R,
FIR KI5 AL () A5 4k, Y AHR R R R
22 BRI, SR FH AR A4 1 5 > % A e F Rl
H R 22 RS /N SR FH A S A s il 4
J7 VI g v E S ORI R .
THE R B 2R, 52 DC-DC AR A
F) R 3R ARG 85 22 H A3 B 52 4%, R I AR SR S
{4 7 D B e D04 A, T SO 4 ik . 7
Y fE v, o) Ah— A5 B JE Y ) B2 i o] £
TE S ol 8 D RS s/ et o AR SR R
(GNNERG BN O Wk NG N = i 7
Vi I TAELEAS B ], 4% A HL HAIC T3 28 T BR
Vi B TARTE A il . AR 7,5 28 e oG
F A1) AT I LR R

Vo
fs = VT, (3)
ALE W, ST, 5 VR AR LR, T I A ]
YR E R .

Pl 5 25 Y — i S8 A B A T, R A 4
B . SR —AME IR U b L2 C BT Fe e, 1H
TV AR 1 S5 B E VRE Fe, IR SR

I, =kV, (4)
K ko HUB R B
FIARE A, 15T, 02 N

Rz
- (5)
[, B 25 Co i FEHL A T s
] = .V,
=7 (6)

R (5) (O M AR, i1 R
] B8 5C 2 R 2

C
h=—

- (M

04 o FE ) 5 L V, AR P b
BeT8 U M08 h o B, 455K — 4 7, Bk T
At 980 A r VBRI , B 6 0
WOHLAC, Cy b TR AR I R e 2
Beth. B, T, SR N, RZ AR



F &, 5 R TR I % 694 58 S N DC-DC L3R AT 7T

AT 2024F F54% FTH

VO CT
U, I

B5 e S e s oy s A
Fig.5 Diagram of quasi fixed frequency function implementation

23 HHBERSREHER

MNIET 4 vha] LU 3 A% G2 1 1 T 38 6 [A]
Pl T B0 A AR . PR, Vi BT 1Y 040
it Vigoe TS HRME Ve ZFFAEDR 22, WAL Z UL,
SEBRA R S A 1Y H ARELZ A TR 1R 2% .
R T RIS A, 5| — 8 R 22 TR AR U,
SRR S Bt P R S 22 R A 1Y 12 22
IR 25 28 0 R e fME B 22 B b, BT R
S PR R R AR 2E . XA TR A Y T
AL AP IR FEAT S P PR ], S PR st iy
AT LASRFH PLAME S , 1% 38 BB T s -

M(s)=hE(s)+ E:v(kS) (8)
/E\:':P E(s)= Vier = Visnc

Tk O EE B R B b D BT R BG E () iR
ZI

3 AL ER

A o5 LA B 0 W R AT AR L I S
— A B R IE T . ARSCHE PSIM ) HL IR
B8 v g N7 KL T R AU S T 3 P T A A b
BEAAE R 2D Buck FEBEALHY | X 15 SCHS A3 A ok 72
MEEEIEATIAE . i A B RSN 7~160 V., 43
FLALAERO Vo Y AR KT 80 Vi, R AR
AR 5 R 22 D0 SR FH e s ] o F AR ) 3
BESHANT AR E Vo 7~160 V, LUK L,
3.3 WH, 25 C, ol 68 WF, 25 C, o 1 nF i M e
FEV, ks Vs E Lo 1A TSR JEI 700 10~
20 ws, ZE kN 1566,

6 FE 7 70 25 3 T % A FLH 2 90 VI
120 V B, DC-DC FTH i i 1 HUR TR OCARAET T
IX B LA K LB IR Y o #E 90~160 V X [H] P, F
T HAZIIRE, W5 A5 R 0T LA, PR
B R IF A3 51 49 90 kHz F1 50 kHz., Fifi %5 %
NG ERORN i =T S ST AN N1
INFF A , 3145 DC-DC B e 2k 1555 12 1) A8 46

>%L:
3

6.00
4.00F
2.00f
0.00C

20.00
15.00r

E T

5.20

8.00
6.00F
4,00

2008 |AAMAAARAAAMAAMANAAAMAAMARAAARAAN

4.80 4.90 5.00 5.10 5.20
t/ms

Fl6 A AT N 90 VIS B L 1T AR 9K Sl A R e i I

Fig.6 Waveforms of output voltage , gate drive and

HRHL/A IR E SV RV

inductor current when intput voltage is 90 V

> 6.00
= N
5 400
= 2.00F
ﬁ@ 0.00 L L L
4.80 4.90 5.00 5.10 5.20
>20.00
o 15.00F
{2 10.00|
gl | [ 000l
= 0-00%0 4.90 5.00 5.10 5.20
< 8.00
¥ 6.00r
2 4.00
#2.00)
2 00050 4.90 5.00 5.10 5.20
t/ms

F7 SR 120 VIS Etka LR IR K Sl L R L R
Fig.7 Waveforms of output voltage , gate drive and

inductor current when intput voltage is 120 V

&I 8 FHIEI 9 43l 4t T i AL 8 VIO V

i, DC-DC 58 i1 i H LR T OGRS 1145 9K 5y
DL LR I o E 7~80 VXA PN, i T2 A7
WA 5 I DI RE N FLZE AT LUE Y A
R IF AR N 100 kHz, 4% AT} 8 V
I, b2 o 0.4 55 A 70 VI, 52 L
0.03, Zdm5 i B RS (DIE R 2.

E 4.00

g 3:84880 4.90 5.00 5.10 5.20
z 2000 |
g%@ﬂNWWWMWWWWMWWWWWWWWWN
%%ﬁMMMM@MMMM@MMMM@MMMM@m

t/ms
I8 i A Ry 8 V H 14 Hh RS | T TR K ) i e 38 DT
Fig.8 Waveforms of output voltage, gate drive and inductor

current when intput voltage is 8 V

25



WA 20245 FS54K B TH

X
T

- R TR AR T K 69 A SN DC-DC AL BT R

NY
ki

6.00
4.00f
2.00f

0'04980 4.90 5.00 5.10 5.20
20.00
15.00r
10.00—‘ ‘

Ay H LR/ V

H5IV

5.00F

0'040.80 4.90 5.00 5.

T

6.00F
4.00
2.00
0.0

4.80 4.90 5.00 5.10 5.20
t/ms

PO S AT 70 VI AR T | TR S ) A L

Fig.9 Waveforms of output voltage, gate drive and inductor

AL T/A IR BN

current when intput voltage is 70 V

MIE 6~ &9 1y P57 B 45 R AT LLE B T E
WURN A7 245 G T XL TV A H R 9 T A 2
() DC-DC BB AE 8 v 1 FEl i A B e 5t

e TAE , WTTIE B T A SCRT 3 5 R B 5%
PRI 3B 1 TE A PE

X — & i A LRSI LN 7~160 V, TR K 5 W
() DC-DC AL H SEIRAE ML IEATIN . FE i AR R
120 VIS FEE T 4 R RS0 A L R
P JEFEL A U T, AR 10 IS o BRI AR
50 kHz, DC-DC B3 T_4F 75 i Jg v gt W 22 5 X
oy 1 SO W W 2 5 20 mV ., AT LU Y, 76 A
TAEMES T, 62 TP 7, 29 8 4 ps, DC-
DO TARRESTE

iyt LR S0
- P ™ P TR
/W

ottt i
VY Uy VYV iy VA
- e e b g S e

A1) /s (10 ws/H)
F10 S AR 120 VS, fi AR S00
TR R e JR 3

Fig.10  Waveforms of output voltage ripple , diode voltage and

iy 4 HL R S0E/mV (50 mV /%)
W8 L JE/V (50 V/A%)
H B L i /m A (500 mA/4%)

inductor current when intput voltage is 120 V

XF DC-DC AL HREA 7 7 2 Bk AR S 56 , £ 28 L Uik
T£ 100 mA F1550 mA Z [A] 17 Ik Fn i 4. &
1125 1 % b B R AR 2B T BE o gt
T2 Bl 258 B 1 1] 24 4 30 s, 151 35 0 B2 3l 25 ) 4%
B[] 2498 25 pso AT LAE th, BT R T E & FF
10 A 8] 95 1 5 5, DC-DC R He (1) 5l 25 0 17 AH 24
T

TE 430 [l A R P 3 8 i A\ FL R AEL
X5 DC-DC AL (1) 52 b T S A5 56 1 2350 if

26

i LR
/

>

T~ g

i AL JE/mV (50 mV/%)
AL I/mA (200 mA/H%)

]/ s (50 ps/H%)
11 DC-DC M 2Bk As 52648 1

Fig.11  Load transient experiment results of DC=DC module

AT, B R T PR ER 58 R 100 mV, FF DA %
FAS R R LR I 12 k. 7E80 V LLR I,
TR FHEE A ], FE AR IEA Y I AE 100 kHzo
5 PR H B v R R RN AT S 1) B AR S, T O
RIEA N B, i LAZIE AT, 7E80 VA 120 V
DX R P, FF S 3R 25 hy B i T g, DA AT F ¢
A, 76120 V] 160 V X 0], % &3] H Py
SR AR A B[] (7 LA, R i A
RGN TT AR R 2, B3 45 1 AHDY
iy A\ LRI DC-DC A A 283 . 7E80 V LU
B TR M AR R BE A o S L e
AN ORI R, HRARET SR
80 V DAL, FF SRR I 4f T I o LTy A H AR
XFHEARG, PRI T SR A1 3R 114 B A A Sy i 38 s/ N T
FEOCHHRE , (AR A W i . Bl i AR
JE AR R i, RS I IR AR TR, (A AL
T EHRAZ . NIZEFRE A
A3 B N DC-DC AR ALY 18 T 75% , 1 2 5%
Brtk A2 oK A [ i B AIR T X AR B T A PR A

120
N 100
jas)
= 80
N
= 60
40
= 20
0720 20 60 80 100 120 140 160

ARV
P12 A A IR S A8 S B
Fig.12  Practical switching frequency in the

entire input voltage range

84
82
80
78

0 100 120 140 160
LTPANGENETAY
B3 4 [l A H R R 3R s

Fig.13  Efficiency measurement value in the

/ﬁ;%:i/%

A

20 40 60

entire input voltage range



F &, 5 R TR I % 694 58 S N DC-DC L3R AT 7T

b

AT 2024F F54% FTH

AR SCAY AT R 5T T —F T4 BE 0 T 56
WARAEHL B DC-DC A8 i 8 5 TT 38 I ] 45
il 77 3 X T A A H R F A O 2 B X Y R R 4B
Buck FLFEHEATHE ] o AR A B PR/ R
Y R AT RN AR ARAR 285 45 109 0 b4 743 BEs i, LATE
R TN BEAR T CBAE . 0 T o At
2 ) %) S0 7 9 A 56 L B T 3l A AR
PURFEDLIN K A 7 32 5 UE T #E 434 16 16 5
e SRR Qe NS 1 S )
DC-DC B EAT Hiy A G T8 | sl iy He L R g
EMERE RS . T—2 MR T/EEERFLT
P71 -

1) ¥ 2 897 o) 55 78 4 ] D) e A e B S AL
R[] G R R T 40 BT R i SR A AE

2) TR HL FE AR AL BT LA T DC-DC A
HUBRRIR

S& 30k

(1] FEE,GOR, &), 55l TN A X6k f sk g
IFFIHE DAL EABETE]. AR, 2017(12) 1 167-168.
YAN Lingling, Al Yongle, ZHAO Guangxu, et al. Research on
grid-connected interface equipment for small-scale distributed
PV station[J]. Automation Application,2017(12):167-168.

(2] sk, S A OGR4k o G A e i 20 AT L], P T
A,2022(19):129-131.

ZHANG Yuan. Analysis of relay protection impact for grid-con-
nected distributed photovoltaic generation[J]. Electric Engi-
neering,2022(19): 129-131.

(3] VUG, sk, TR . LT CT MU JC 2k T AR SR T #E 52

BITAEAR]. HATFK,2020,58(5) : 64-66.
FENG Yingjiao, ZHANG Sheng, WANG Liming. Practical tech-
nology of low power consumption of the wireless temperature
measurement system based on CT induction powerlJ]. Electric
Switchgear,2020,58(5) : 64-66.

(4] 2= el e IRCH CT i 1 44 BB 10 52 0 DXL 38 70 BT D). LA
Jefl,2021,41(5) :53-55.

LI Ping. The influence factors of CT's output performance for
power transmission cables[J]. Electromechanical Components,
2021,41(5):53-55.

(51 JEMSE A AR SRR Buck B DC/DC R LR
BBt i TR, 2022,56(8) 1 16-19.

WANG Weibin, GUAN Yue, SHANG Weilin. An interleaved

parallel Buck DC/DC converter micro power module[J]. Power
Electronics,2022,56(8) : 16-19.

(6] T #, PR 2%, I3 e e, 2F L LT PWM+PFM 42 il ) 4 4%

DC-DC ZE e 83 BOR A AL 1] FB IR AR, 2022,46(2) : 197~
200.
XUN Hehui, SHEN Hanxin, SU Jianjian, et al. Efficiency opti-
mization of two-stage DC=DC converter based on PWM+PFM
control[J]. Chinese Journal of Power Sources, 2022, 46 (2) :
197-200.

[7] CHENY,YU B,WANG J,et al. A Buck DC-DC converter with
a novel PWM/PFM hybrid-mode auto-change technique[C]//In-
ternational Conference on Electron Devices and Solid-State Cir-
cuits,2017:22-23.

[8] LI Y, CHEN C, TSAI C. A constant on-time Buck converter
with analog time-optimized on-time control[J]. IEEE Transac-
tions on Power Electronics,2020,35(4) :3754-3765.

(9] ki, sk, TRA, 45 BE TR AL & (19 Z R COT # i

Buck 72 4§t i 107 25 1 RE DL AL L] FL T g REFFT BOR L 2022, 41
(3):1-7.
ZHANG Xi, ZHANG Zhongwei, WANG Tianshi, et al. Tran-
sient performance optimization for multi-loop COT controlled
Buck converter based on weight configuration[J]. Advanced
Technology of Electrical Engineering,2022,41(3):1-7.

[10] LIU Z,ZHAO J, QU K, et al. A new constant on-time control
with ripple compensation and offset cancellation of Buck con-
verter[C]//International Telecommunications Energy Conferen-
ce,2014:30-34.

[11] BARI S, LI Q, LEE F. A new fast adaptive on-time control for
transient response improvement in constant on-time control[J].
IEEE Transactions on Power Electronics, 2018, 33(3) : 2680~
2689.

[12] TING C,LIN J,CHEN C. A quasi-V2 hysteretic Buck convert-
er with adaptive COT control for fast DVS and load-transient re-
sponse in RF applications[J]. IEEE Transactions on Circuits
and Systems II: Express Briefs,2020,67(3):531-535.

[13] HSIA C. Constant-on-time-controlled Buck converter using swi-
tching period estimator| CJ/IEEE TAS Global Conference on
Emerging Technologies, 2022 : 858-862.

[14] SEDHURAMAN K, VENKADESAN A, DHIVAGAR K, et al.
Performance evaluation of smart intelligent circuit breaker[C]//
IEEE International Conference on System, Computation, Auto-
mation and Networking,2019:641-645.

[15] JIA M, SUN Z, SIEK L. A novel zero-voltage-detector for Buck
converter in discontinuous conduction mode (DCM)[C]// IEEE

4th Southern Power Electronics Conference,2018:44-48.

Wk H 3. 2023-05-16
kR H 9 :2023-07-18

27





