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JÑÚ©Û
�«#�m' DC-DC C�ì���{, Äu>6ÄO�óÀS� (current referenced pulse train,
CR-PT) ���{. CR-PT ���{ÏL3z�m'±ÏuÿÚ'�C�ì�ÑÑ>ØÚK1>6, 3õ��?Ø
Ó�ý�óÀ¥À�Ù���T±Ï�k���&Ò. ± Buck C�ì�~é CR-PT ���{�ó��n!¢y�
ª!��5Æ!�Ú]�A5?1
�[ïÄ. ïÄ(JL²: CR-PT ��3äk]��A�Ý¯!�OÚ¢y
{ü´1!½5Ð�`:�Ó�, Ù�5U�`u®k�óÀS���.

'�c: m'C�ì, Äu>6ÄO�óÀS�, ��Eâ, Buck C�ì

PACS: 02.30.Yy, 84.30.Jc

1 Ú ó

Cc5, äkpõÇ�ÝÚp�Ç�5U`
³�m'>3>å>fEâ+���
2�A
^. �Xp5U�?nì!·ÜÄåð��#.
^>��é>5U�¦�ØäJp, ÄuDÚ
óÀ°ÝN� (pulse width modulation, PWM) Úó
ÀªÇN� (pulse frequency modulation, PFM) �>
��Eâ3Ä��AUå!|Z6Uå��¡
�3��k"��5�âÑ [1,2]. �?�ÚJpm
' DC-DC C�ì�XÚ5U, IS	ïÄ<
J
Ñ
�
#���EâÚN��{ [3−10].

óÀª±ÏEâ (pulse skip modulation, PSM)
´�«ÏLÀJªL·�� “ðªð°” óÀ&Ò
¢yC�ìN!���5��üÑ [11−13]. PSM C
�ì3�1�' PWM C�ìäk�p�õÇC
��ÇÚ�¯�]��A�Ý. �´ PSM C�ì
�3ó�ªÇØ�½Úó���Ä�":. óÀS
� (pulse train, PT) ��´ÏLN!p!$Uþó
À�|Ü¢yém'C�ì��� [14−17]. PT �
�m'C�ìäk��XÚò�á!ØI�Ö�
�ä!XÚ½!]��A�Ý¯�`:, 3 DC-
DC, AC-DC, kõÇÏê���Eâ+�þ��
A^ [18], � PSM �', PT ��C�ìó�ªÇ�

½!A^��2, �´Ó���3�ÑÑ>Ø«
Å���": [15]. õ?óÀS� (multi-pulse train,
MPT) ��´�é PSM Ú PT Eâ�3�Ì�"
�JÑ�#.���{, 3äk���Y{ü´
1!]�5U`û�A5�Ó�, k�ü$
C�
ì��ÑÑ>Ø«Å [19,20]. � MPT C�ì3
�1Ú1�ÑÑ>Ø°ÝØp, ��UÑyü«
±þ��óÀ|¤�óÀS�, K�Ù�5U.
PWM-PT V�ª (dual-mode PT/PWM) ��´¦C
�ì��ó�uDÚ�>6. PWM �ª±J
pØ°Ý, ]��ó�u PT �ª±Jp]�5
U [21]. PWM-PT V�ª��3Jpm'C�ì]
��A�Ý�Ó�, �y
C�ì�ÑÑ>Ø°Ý,
� PWM-PT V�ª���ª�3��E,�¯K.

��Ñþã���{�3�":, �©JÑ

�«Äu>6ÄO�óÀS����{ (cur-
rent referenced pulse train, CR-PT), ©Û
m'C�
ì CR-PT ���Ä��n!ó�L§Ú¢y�ª,
¿±ó�u>a>6äY�ª (discontinuous con-
duction mode, DCM) � Buck C�ì�~éÙ��
A5?1
©Û, ïÄ
 CR-PT �� Buck C�ì
��m²þ���.Úëê�O�{, ¿�®k�
���{?1
é'©Û, ��ÏL�ýÚ¢��
y
 CR-PT ���k�5.
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2 CR-PT ���nÚó�L§

CR-PT ��m'C�ì>´Xã 1 ¤«. CR-
PT ���Ä��n�: 3z�m'±Ïå©��,
ÑÑ>Ø vo �ÄO>Ø Vref ?1'�, K1>6 io

�K1>6ÄO� I1, I2 · · · , In (I1 > I2 > · · · , In,
n >1) ?1'�, âd3ý����óÀ PH

1 , PH
2

· · · , PH
n+1, PL

1 , PL
2 · · · , PL

n+1 ¥À��A�k��
�óÀ.

ã 1 CR-PT ��m'C�ì

ã 2 CR-PT ���n«¿ã (a)vo < Vref ; (b)vo > Vref

e¡± n = 3 �~©Ûm'C�ì CR-PT �
�L§. d�, K1>6ÄO�� I1, I2, I3, ý��
��óÀ� PH

1 , PH
2 , PH

3 , PH
4 , PL

1 , PL
2 , PL

3 , PL
4 (é

A�Ó�'©O� DH
1 , DH

2 , DH
3 , DH

4 , DL
1 , DL

2 , DL
3 ,

DL
4 ).

CR-PT ���ó��nXã 2 ¤«. 3z�m
'±Ïå©��, e vo < Vref , ��ìò3 PH

1 , PH
2 ,

PH
3 , PH

4 ¥À�,����óÀ��Tm'±Ï�
k���óÀ; d�, e io > I1, ��ìò± PH

1

óÀ��T±Ï���óÀ; e I1 > io > I2,
� � ì ò ± PH

2 ó À � � T ± Ï � � � ó À;
e I2 > io > I3, ��ìò± PH

3 óÀ��T±
Ï���óÀ; e io < I3, ��ìò± PH

4 óÀ�
�T±Ï���óÀ.

aq/, 3z�m'±Ïå©��, e vo >
Vref , � � ì ò 3 PL

1 , PL
2 , PL

3 , PL
4 ¥ À � , �

���óÀ��T±Ï�k���óÀ; d�,
e io > I1, ��ìò± PL

1 óÀ��T±Ï���
óÀ; e I1 > io > I2, ��ìò± PL

2 óÀ��T
±Ï���óÀ; e I2 > io > I3, ��ìò± PL

3

óÀ��T±Ï���óÀ; e io < I3, ��ìò
± PL

4 óÀ��T±Ï���óÀ.
d CR-PT ���n��, �C�ìó�u�

�, duK1>6��½�, óÀS�òdü«�
�óÀ (PH

j Ú PL
j , j = 1, 2, 3, 4) |Ü¤. 3�

� PH
j óÀ�^�m'±ÏS, ÑÑ>Ø,p; 3

�� PL
j óÀ�^�m'±ÏS, ÑÑ>Øü$. 3

ëY�eZm'±ÏS, ��ìò�)eZ� PH
j

Ú PL
j óÀ|¤��óÀS�, ·�òù���ó

ÀS�±Y�m¡� CR-PT Ì�±Ï. 3XÚ�
ó��, ��ìÌ�uÑ�Ó�óÀS�, ¢yé
C�ì���. �C�ì�ó�G�u)Cz�,
��ìÏLN��� CR-PT Ì�±ÏS��óÀ
�?OÚ|Ü�ª¢ym'C�ì���.

3 CR-PT ��¢y�{

CR-PT ���±éN´/ÏLêi>´½�
[>´¢y. ã 3 ¤«��«(�{ü� CR-PT �
�ì>´, T��ìdÑÑ>Ø�äì!K1>6
�äì!��óÀ�)ìÚ��óÀÀJì|¤.

CR-PT ��ì�ó�L§�: ÑÑ>Ø�ä
ì (Xã 4(a) ¤«) ¥�'�ì AC1 òÑÑ>Ø vo

� Vref ?1'�, ¿ÑÑÜ6&Ò vCV. þn�ç
¸Å&Ò vsaw Óý���½>Ø VPC1 '��)
�¨&Ò vclk. 3z�m'±Ïå©��, �¨&
Ò¦>uì DFF >u, òd��Ü6&Ò vCV D
4�ÑÑ>Ø�äì�ÑÑà, ÑÑ&Ò vQ 3e
��¨5�c�±ØC. e vo < Vref , K vQ �p>
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²; e vo > Vref , K vQ �$>². 3Xã 4(b) ¤«
�K1>6�äì¥, '�ì AC3, AC4 Ú AC5 ©
OòK1>6 io �ý��K1>6ÄO� I1, I2

Ú I3 '�, �)�A�Ü6&Ò vC1, vC2 Ú vC3.
�� NG1, NG2 Ú NG3 ©Oé vC1, vC2 Ú vC3 ?
1��$�.

3Xã 4(c) ¤«���óÀ�)ì¥, '�
ì AC6, AC7, AC8 Ú AC9 ©Oò vsaw �ý���
½>Ø VPC2, VPC3, VPC4 Ú VPC5 '�, �)��
óÀ PH

1 , PH
2 , PH

3 , PH
4 ; AC10, AC11, AC12 Ú AC13

©Oò vsaw ��½>Ø VPC6, VPC7, VPC8 Ú VPC9

'�, �)��óÀ PL
1 , PL

2 , PL
3 , PL

4 . ��óÀÀ
Jì (Xã 4(d) ¤«) �âÑÑ>Ø�äìÚK1
>6�äì�ÑÑ&Ò3 PH

1 , PH
2 , PH

3 , PH
4 , PL

1 ,
PL

2 , PL
3 , PL

4 ¥ÀJÙ���Tm'±Ï�k��
�óÀ. e vo > Vref � I2 > io > I3, vQ Ú vC2 �
$>², vC3 �p>², �� AG6 mÏ, Ù{��þ

�µ£, PL
3 óÀ²½� OG1 Ú OG3 ÑÑ�°Ä>

´. ÑÑ>ØÚK1>6?uÙ¦���, ��ì
ó�L§�þãaq.

��, CR-PT ��=I�'�ì!>uìÚÜ
6�=�¢y, ;�
>6. PWM ��5��¤
7L�$���ì>´Ú�·Ö�>´, �~·Ü
8¤>´¢y��õU.

ã 3 CR-PT ��ì(�µã

ã 4 CR-PT ��ì>´ã (a) ÑÑ>Ø�äì; (b) K1>6�äì; (c) ��óÀ�)ì; (d) ��óÀÀJì

4 CR-PT DCM Buck C�ì�©Û

�â�m²þ��>´ï��{ [22], CR-PT
�� DCM Buck C�ì�m'+Ú�4+�©
O^É�>ØÚÉ�>6��, dd��
Xã 5 ¤«� CR-PT �� Buck C�ì�m²
þ��>´.

b�m'C�ìó�u��, �� CR-PT
Ì�±Ï�¹ µH

j � PH
j (j = 1, 2, 3, 4) óÀÚ µL

j

� PL
j óÀ. �ó��, �m²þ��>´¥�

>a�À�á´, K3�� CR-PT Ì�±ÏS�
3'X:

VS = Vin − Vo, (1a)
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ID =
T (Vin − Vo)2(µH

j (DH
j )2 + µL

j (DL
j )2)

2LVo(µH
j + µL

j )
, (1b)

Iin + ID = IL, (2a)

Io + IC = IL, (2b)

Ù¥ VS �m'+üà�>Ø²þ�, ID �6²�
4+�>6²þ�, IL �>a>6²þ�, Iin �Ñ
\>6²þ�, Vin, T Ú L ©O�Ñ\>Ø!m'
±ÏÚ>a�.

ã 5 CR-PT �� Buck C�ì�m²þ��>´

du�� CR-PT Ì�±Ïå©��Ú(å�
�C�ì�ÑÑ>Ø��, Kd>Ö²ï'X, �
� CR-PT Ì�±ÏS6²>N�>6²þ��",
= IC = 0. Ïdd (2) ª��:

Iin + ID = Io. (3)

�C�ì�=��Ç� η, KC�ìÑ\àÚ
ÑÑà�3Uþ'X:

VinIinη = VoIo. (4)

�â (1b), (3) Ú (4) ª, C�ìó�u��÷v
'X:

TηVin(Vin − Vo)(µH
j (DH

j )2 + µL
j (DL

j )2)
2LVoIo(µH

j + µL
j )

= 1. (5)

d (5) ª�� CR-PT DCM Buck C�ì�>ØO
Ã:

M =
Vo

Vin
=

[√
(RTηK)2 − 8LRTηK(µH

j + µL
j )

−RTηK
]/[

4L(µH
j + µL

j )
]
, (6)

(6) ª¥ K = µH
j (DH

j )2 + µL
j (DL

j )2, R �C�ìK
1>{�.

CR-PT Ì�±ÏSþ� PH
1 óÀÚþ� PL

4 ó
À�4��¹éA�>ØOÃ����Ú���
©O�

Mmax

= DH
1

√
RT (RT (ηDH

1 )2 − 8L) − RTηDH
1

4L
, (7a)

Mmin

= DL
4

√
RT (RT (ηDL

4 )2 − 8L) − RTηDL
4

4L
, (7b)

CR-PT �� DCM Buck C�ì�>ØOÃ��
� Mmin 6 M 6 Mmax.

d (5) ª���C�ì�ó��, �� CR-
PT Ì�±ÏS��óÀ PH

j Ú PL
j �êþ'~'

X:
µH

j

µL
j

=
2LVoIo − VinηT (Vin − Vo)(DL

j )2

VinηT (Vin − Vo)(DH
j )2 − 2LVoIo

, (8)

é (8) ª�k�âK1>6�>6ÄO���é'
X(½ j ���, 2däN�>´ëêé��óÀ
|Ü?1��.

5 CR-PT ��ëê�O

éu CR-PT ���ª, ��óÀÓ�' DH
1

Ú DL
4 ©Oû½
C�ìó����þ�Úe�,

Ïd�ö�ëêÀ�A±C�ìó�����â,
Ù¦��óÀÓ�'ò.u�ö�m.

Buck C�ì�>a>6ëY�ª�äY�ª
��.^�� IP/2 = Imax

[23], ª¥ IP Ú Imax ©
O�>a>6¸�ÚK1>6���. Ïdéuó
�u DCM �ª� CR-PT �� Buck C�ì, 3 PH

1

óÀ�^�m'±ÏS, >a>6¸�÷v^�:

IH
1 6 2Imax, (9)

Ïd PH
1 óÀ�Ó�'I÷v'X:

DH
1 6 2LImax

T (Vin − Vo)
. (10)

�¦C�ì¼�¦�U°�ó���, DH
1 �

Uì�Cu (10) ª¤�å��.^�?1À�.
eK1>6��� Imin �u Imax/m (m > 1), K
d (5) ª��, PL

4 óÀ�Ó�' DL
4 A� DH

1 /
√

m.
�â CR-PT ���n, K1>6ÄO� I1, I2,

I3 ���ò.u Imax Ú Imin �m, ¿±Ì>´ë
êÚó�G��ë�.

eò (5) ª¥�Cþ µH
j , µL

j , Io ©O�� 1, 0,
I1, K�¦�K1>6�uÄO� I1 �C�ìéA
���óÀÓ�':

D1 =

√
2LVoI1

ηTVin(Vin − Vo)
. (11)

e�� DL
1 > D1, K3K1>6� I1 �, C

�ìÑÑ>Øò¬3�� PL
1 óÀ�^�m'±

ÏSþ,. ù¬E¤ÃØ CR-PT ��ì�) PH
1

óÀ�´ PL
1 óÀ, ÑÑ>ØÑò,p, =ÑÑ>

Ø©ªpuÄO>Ø. Ïd PL
1 óÀ�Ó�'A÷

v DL
1 6 D1: XJ�� DL

1 �u D1, KK1>6
� I1 ���óÀS�ò=d PL

1 óÀ|¤; XJ�
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� DL
1 Ñ�u D1, KK1>6� I1 ���óÀS

�òd PH
1 óÀÚ PL

1 óÀ|Ü¤.
e�� DH

2 < D1, K3K1>6Ñ$u I1

�, C�ìÑÑ>Øò�U3�� PH
2 óÀ�^

�m'±ÏSeü, ùòE¤C�ìÑÑ>Ø
©ª$uÄO>Ø. Ïd PH

2 óÀ�Ó�'A÷
v DH

2 > D1.
éAuK1>6�uÄO� I2 Ú I3 ���ó

ÀÓ�' D2 Ú D3 �L«�:

D2 =

√
2LVoI2

ηTVin(Vin − Vo)
, (12a)

D3 =

√
2LVoI3

ηTVin(Vin − Vo)
. (12b)

aq/, ÏL©Û Io = I2 Ú Io = I3 ��C
�ìó�G�, �� DL

2 , DH
3 , DL

3 , DH
4 ��A÷

v: DL
2 6 D2, DH

3 > D2, DL
3 6 D3, DH

4 > D3.
du I1 > I2 > I3, ��óÀÓ�'÷v'X:
DH

1 > DH
2 > DL

1 > DH
3 > DL

2 > DH
4 > DL

3 > DL
4 .

� â þ ã � � ë ê � O 5 K, é u > ´ ë
ê � Vin = 15V, Vo = 8 V, L = 100 µH, >
N C = 800 µF, �½K1>{ R = 16 Ω, T = 50 µs,
η = 0.96 � Buck C � ì, CR-PT � � ë ê �
½ �: I1 = 0.7 A, I2 = 0.4 A, I3 = 0.15 A,
DH

1 = 0.55, DL
1 = DH

2 = 0.46, DL
2 = DH

3 = 0.35,
DL

3 = DH
4 = 0.21, DL

4 = 0.11.

6 ½5©Û

3,� PH
j óÀ½ PL

j óÀ�^�m'±Ï
S, � Ein �C�ìÑ\àuÑ�Uþ, Eo �K1
Â�Uþ, ∆EL �>a;�Uþ3T±ÏS�C
zþ, ∆EC �>N;�Uþ3T±ÏS�Czþ.
K�âUþÅð��:

Einη = Eo + ∆EL + ∆EC. (13)

éuó�3 DCM �ª�m'C�ì, m'±
Ïå©��Ú(å��>a;��Uþþ�",
= ∆EL = 0. ∆EC �L«�e��±Ïå©�
� ((k + 1)T ��, k ��ê) >N;��Uþ�T
±Ïå©�� (kT ��) >N;��Uþ��, =

∆EC = EC,(k+1)T − EC,kT , (14)

K1áÂ�Uþw,÷v'X:

Eo =
∫ (k+1)T

kT

v2
o(t)
R

dt. (15)

duC�ì�m'ªÇþ��u>´�A�
ªÇ, >N>Ø vC (=ÑÑ>Ø) 3��m'±Ï
S�C@��5Cz. d	, >N;��Uþ EC

÷v'X: EC = Cv2
C(t)/2 = Cv2

o(t)/2. d (15) ª
��:

Eo ≈ T
v2
o((k + 1)T ) + v2

o(kT )
2R

= T
EC,(k+1)T + EC,kT

RC
. (16)

Ü¿ (13), (14) Ú (16) ª��:

EC,(k+1)T =
1 − T/RC

1 + T/RC
EC,kT

+
η

1 + T/RC
Ein. (17)

dum'ªÇ��uÑÑÈÅ>´�A�ªÇ,
� (17) ª¥ EC,kT Ú Ein �Xê÷v^�:

0 <
1 − T/RC

1 + T/RC
< 1, (18a)

0 <
η

1 + T/RC
< 1. (18b)

��, e�m'±Ïm©�ÑÑÈÅ>Nþ�
Uþ�uTm'±Ïm©�>NUþ��Ü©�
Tm'±ÏSÑ\àuÑUþ��Ü©�Ú. CR-
PT ��ò�âÑÑà�>ØÚ>6À�·ÜC�
ìó�G¹���óÀ, ÏL��z�m'±ÏS
Ñ\àuÑ�Uþ¦C�ì�±½.

7 CR-PT, PT Ú MPT ��'�ïÄ

éu PT ��C�ì, dupUþóÀÓ�
' DH �u$UþóÀÓ�' DL, �3ü�m'
±ÏS, C�ì�K1D4�UþØ�u��ó
�L§¥D4Uþ�²þ�. du DH Ú DL û½

 PT ��C�ì�ó���, ��Iò DH � DL

�������, ��� PH Ú PL D4Uþ�
ÉòE¤���C�ìÑÑ>Ø«Å.

CR-PT ���âC�ìD4Uþ�õ�òÙ
ó���©�õ�«�, ÏLN�óÀ?OÚ|Ü
�ªü«å»¢y��8�, U
�Ð/·AC
�ìØÓ�ó�G�. Ïd3äk¯��AUå
�Ó�, CR-PT C�ìäk' PT C�ì�Ð�
�A5. ±þã Buck C�ì�~, ��� CR-PT
��ëê÷v: DH

1 > DH > DH
2 > DL

1 > DH
3 >

DL
2 > DH

4 > DL
3 > DL > DL

4 . K1>6 io > I1

� CR-PT óÀS�d PH
1 Ú PL

1 óÀ|Ü¤, d
u DH

1 − DL
1 < DH − DL, PH

1 Ú PL
1 óÀ±ÏS
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D4Uþ��Éò��u PH Ú PL óÀ±ÏS
D4Uþ��É, CR-PT ��U
k�~�ÑÑ
>Ø«Å.

éu�¹o?��óÀ� MPT ��, 3z�
m'±Ïå©��, ��ìuÿÑÑ>Ø vo ¿
�ý��>ØÄO� Vref − eref , Vref , Vref + eref

(eref > 0) '�, l3o?óÀ P1, P2, P3, P4 ¥
À�,����Tm'±Ï�k���óÀ [20].
�C�ìK1��, MPT óÀS�òd P1 Ú P2

óÀ|¤. �âÙ���n, P1 óÀ±Ïå©�
� vo $u Vref − eref , P2 óÀ±Ïå©�� vo ?
u Vref − eref Ú Vref �m, =ÑÑ>ØÑ$uÄO
>Ø. �K1���, MPT C�ìÑÑ>ØòÑp
uÄO>Ø.  CR-PT C�ì3?Ûó�^�e,
ÑÑ>Øþ±ÄO>Ø�¥%.

MPT C�ìó�u,
��, MPT óÀS
�¥�UÑyü«±þ���óÀ, ÑÑ>Ø«Å
Ì�òÉ�K� [20]. �C�ìó�u?��
�, duK1>6ØC, CR-PT óÀS�þdü«
óÀ½ü�óÀ|¤.

d	, �C�ìK1âC�, PT ��Ú MPT
��þ�UÏLÑÑ>Ø�", 36ÄÑy�e�
m'±Ïm©¢�N!.  CR-PT ��äkÑÑ
>ØÚK1>6ü��"þ, �U
3K1âCÑ
y�á=ÏLK1>6�"N!óÀ?O, nØþ
äk�Ð�]�A5.

8 �ýïÄ

��y CR-PT ���nÚA5, ·�é CR-PT
�� DCM Buck C�ì?1
�ýïÄÚé'©
Û. �ýæ^1 5 Ü©¤�ëê. ã 6 � CR-PT �
�C�ì��ó�Å/«¿ã, d� CR-PT Ì�
±ÏdÊ�m'±Ï|¤, ��ì3��Ì�±Ï
SuÑ�óÀS�� PH

2 —PL
2 —PL

2 —PH
2 —PL

2 .
ã 7 ´ K 1 � C (K 1 > 6 3 30 ms � �

d 0.08 A �C� 0.8 A) � CR-PT �� Buck C�
ì�ó�Å/. ��, 6ÄÑy� CR-PT ��ìU

×�N���óÀ�?OÚ|Ü�ª, ¦C�ì
é¯¡E�. K1Czcdu io < I3, ��óÀ
� PH

4 Ú PL
4 , CR-PT óÀS�� PH

4 —PL
4 —PH

4 —
PL

4 —PL
4 , µH

4 /µL
4 = 0.667. K1Cz� io > I1, ó

ÀS�� PH
1 − PL

1 , µH
1 /µL

1 = 1. d (8) ª���O
��� µH

4 /µL
4 = 0.675 Ú µH

1 /µL
1 = 0.964. �ý(

J�nØ©ÛÄ���.

ã 6 CR-PT �� DCM Buck C�ì�ó�Å/ (a) ��
óÀ; (b) >a>6; (c) ÑÑ>Ø

ã 7 CR-PT �� Buck C�ì]�Å/ (a) K1>6;
(b) >a>6; (c) ÑÑ>Ø

ã 8 K1>63 30 ms ��d 0.08 A âC� 0.8 A �
æ^ØÓ���{�C�ìÑÑ>ØÅ/ (a) CR-PT �
�; (b)PT ��; (c) >6. PWM ��

ã 8 ´ CR-PT ��!PT ��Ú>6. PWM
�� Buck C�ì3�Ó�K1�C��ÑÑ>Ø
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Å/. �� CR-PT ��Ú PT ��C�ì3K1â
O�vkÑyÌÝ���>ØOá, ]�5U`u
DÚ� PWM ��. CR-PT ��C�ì�ÑÑ>Ø
«Å3K1Czc�©O� 35 mV Ú 75 mV,  PT
��C�ì�>Ø«Å©O� 90 mV Ú 110 mV.
CR-PT C�ì�>Ø°Ý�`u PT C�ì.

9 ¢�ïÄ

��y CR-PT ���{��15, é CR-PT
�� Buck C�ì?1
¢��y. 3?1¢�ï
Ä�, æ^�nØ©ÛÚ�ý��Ó�ëê. ã 9
´ CR-PT �� DCM Buck C�ì���óÀÚ>
a>6Å/, ����ì3�� CR-PT Ì�±Ï
SuÑ�óÀS�� PH

4 —PL
4 —PL

4 —PH
4 —PL

4 , �
ã 6 ¥��ý(J��.

ã 9 CR-PT �� Buck C�ì�ó�����óÀÚ>
a>6Å/

ã 10 CR-PT �� Buck C�ì�ó���ÑÑ>ØÚ
>Ø«ÅÅ/

ã 10 Úã 11 ©Ow«
 CR-PT ��C�ì

Ú PT ��C�ì�ÑÑ>ØÚ>Ø«Å, ��Ñ
Ñ>Øþ� 8 V, >Ø«ÅÌ�K©O�� 80 mV
Ú 120 mV. ¢�(JL² CR-PT ��EâU
k
�~�C�ìÑÑ>Ø«Å.

ã 11 PT �� Buck C�ì�ó���ÑÑ>ØÚ
>Ø«ÅÅ/

ã 12 CR-PT �� Buck C�ì3K1�C��]�ó
�Å/

ã 12 w«
K1�C� CR-PT ��C�ì�
K1>6!ÑÑ>Ø!��óÀÚ>a>6Å/.
d]�¢�Å/��, 3K1>6�C� CR-PT �
�ìU
×�UCóÀS�¢yN!, C�ìvk
Ñy²w�>ØOá. K1�Cc� CR-PT óÀ
S�©O� PH

4 —PL
4 —PH

4 —PL
4 —PL

4 Ú PH
1 —PL

1 .
¢�(J�y
���n�k�5±9nØÚ�
ýïÄ��(5.

10 ( Ø
�©JÑ
m'C�ìÄu>6ÄO�óÀ

S� (CR-PT) ��Eâ, ¿é CR-PT �� Buck C
�ì?1
�\ïÄ. nØ©Û!�ýÚ¢�(J
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L²: CR-PT ���{ÏLN!��óÀ�?OÚ
|Ü�ª¢ym'C�ì���, äkûÐ���
5U; CR-PT ��=I�{ü�ê/�ì�=�¢
y, ·Ü8¤>´¢y��õU, ���ëê�O

{B´1; �DÚ PWM ���', CR-PT ��ä
k�¯�]��AUå, cÙ·^uK1ª�¯�
CÄ�A^|Ü; � PT ���', CR-PT ��m'
C�ìÑÑ>Ø«Å�!>Ø°Ýp.
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Current referenced pulse train control technique
applied to switching converter∗
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Abstract
A new control technique, current referenced pulse train (CR-PT), applied to switching dc-dc converter is proposed and analyzed

in this paper. By sensing and comparing the output voltage and the load current at each switching cycle, an appropriate pulse is selected
from among several preset pulses as an active control signal of converter. A buck converter is taken as an example to illustrate the
principle, the application, the regulation, the steady state performance and the transient performance of CR-PT control scheme. The
study results show that the CR-PT control enjoys the fast transient response, the convenient implementation and the stability, and the
steady state performance of CR-PT control is much better than that of pulse train control.

Keywords: switching converter, current referenced pulse train, control technique, buck converter
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