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Fig.1 Typical control diagram of DC-DC buck converter
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Fig.2 Schematic of the proposed current-sensing circuit

TR AN R R R 22 15 5 R 6 PWM ik ob
T B T 2 30 o 4 1 e v A 06 PR JRR R O KU SRS
() 422 b 4 ) PWM ik i 5 B . DR I o 3 A 92 o) LA B 47
RIS N BE 1. o8 R 4 T./E#E CCM (continuous-
conduction mode) it & DCM (discontinuous-conduc-
tion mode) 5, , 75 AL IR HEL IR (9 b T B B, RUOT G AE R
T T B s WA 2B AT A 08 FE IR A L R R AR R
MBI E T o0 R U8 (B O 1) R /N DA S 2R 4 1)
AN ) RE 5 T L5 H I P B 1 AR 1k B VDA G

2.2 BBESH

HHIE A B T FES DC-DC 7% # #8751
TRFEH B Z R ZFE, SCHRE3 ] SR A5 H J o B r BHL
1) 77 AT R AE s AN E AR AL A R F R G4 s
BRLS, 610 R I I 18 5 ¥ » SR A Ll S50 R, L H % 52
I B VBT B I SRR A S A5 A A % s SCHER(7 .8
o AT T e R SR O AR O ik H TR
FE LA T3 90N A7 TG vk 3 AR HE R R A I 5 3¢
HR 9T rb I A FeL BH X HE R E AT SR AE . (i F LB S5 MOS-
FET JoikVE e . Rt 25 3 B BE 120 iR B L s A8 Ak
BRMEE AEHESGEG L L BT —Foan g
TR FEH S, R ] MOSFET % 7F 56 45 I U6 v 1 34 47 %
FE T LM B S5 R G V-1 A8 e 20 LB ol SRR
LI SE BT /NI SR A L 81 3 I FR A R R 9 B
[ii) B 388 2t B ] AR A C TR 8 3 AT DL CR RE LB S T
2R R R R AR L IR AR T

Bl 2 fir s VR 3 4 3 i 5L H 3 R A FRL B . MPT,
MNT1 4351 R R P94 AR B T 56 DA I [R) 25 3 3 T 56 . Bk
Y MOSFET F£BX T A% » AR A5 45 /08 1) 538 H BEL » 2 73
B MST, MS2 R RAEAE T8 K AR [R] Bz i /b F 3
FFRE. . QHEBHIKINES . XQ W HMES . Ter N
PR 7 A T R M Ol i R e B A R B L R YR R TR
JC 5 f B U . M3 M4 LA f2 M6, M7, M8 435Il #4) i
M. H(W/ L)y, = 50pm/2pm, (W/L)ys =
10Mm/2um, ( W/L )M6,7 = 80#D’1/5ym, ( W/L )Mg =
10pm/5pm. M1, M2 f RS AR ] M A% 4 b, T4 T4k
PEIX . M3. M4 TAEF A48 A 1X, i1 T W% e A 45 I8
P AR L B B, C 9 e LR A 45 . M5 ) 3 S R OE B R R

FERL I 5 R A R R R & S AR R,
P Voaop s SR (G ST LA TR M5 A4 T R 5
[, {15 H B X B, C A9 HE R 22 {5 58 0% DRk g 1 - B
FERPE . Va BEAREE, Ve BEAG. 31 M5 9 4% i
AR SRR A KL At M1 B AR KL Ve BRR L H
FIRFVH AT Ve = Ve R FRAT 5 78 BRI 37 A
aeb R X R I A SR A B R AT R A A 4
1E 78 HL B Be, Q A IR W oF- 1f, MP1, MS2 & 3,
MN17M51 &Jﬁ?%@%(ﬁ”( VIN - VoUT)/L E‘J?ﬁjr%:gé
P b T B T R R R AT R A . MP1 L, MS2 #4 T
VETELRPEIX I Rux B TAETEZME X S AR MX (X =
S1/S2/P1/«++) iy I 3l W BHL, o] LARIR
L
R Cox W (Vs = Vi) )
H e S pMOS H 25 SRR % 5 Cox N L T BRI
WA JZ L ZE s WAL 4350 2 pMOS B 58K s Vi 4 1
E R . i T ad MS2 1 HeL I AH X B/ (pA g0 . IR I
Tk MPL g HL 3 o] 30 OS5 F U R 3 I AL BL C 4505

AL T LR
Va= Vi = I.Run — 8Irer Rys: (3
Ve = Vin = 8lger + Tsen) Ry D
Ve = Va — 8lger Rue 5
Horb I BRI s Tsen D9 M5 1 U S HL U B SR A HE

it -

BCOW/Liyg = (W/L)ys > (W/L)y, = (W/
Iowe s W Rysi = Ruse<KRwi = Rz . HEE| Vg = Ve, %8
AR 3 AL

Rupi I | 8Rwus: Irer Ry
Tsen = Ru + Ru, ~ R I (6)
H1 (6) AT WL o SR o v AL 5 A P U B B B SR R B 491
H1 pMOS {1458 HL B FE A R 5+ A Wi & A Jmy v i 1
MP1 5 M1.M2 JEFEE 4 AR 4 R A LL i3 UL 5 %
A LAPRUE SR A L 3 H R U R A Y B S R AR
T B VBB | F Y T 7 A B S 7R S S IR R fA 0
A N T D AR DL B A H R BRI SR A O A
KL i M1, M2 A] DL 3E i 2 4~ MOSFET & 3k 52
B AnTE 2 R TR AR AR SV A E T L AT LS
A Trim J8795 75 58, 38 52 08 £ A3 I B0 8 SRR L 4] L
T X6 505 i 1y W (T H i DA Bty 2 ey AT 9 7Y

FE 22 Wi B BE, Q 9 L P i, MPT, MS2 8k
MN1,MS1 i, R UL — Vour /L BIRPRE T
e+ 1H P I 5 of HL JRRH WA B AT R AR MST AR TR X
ZEEOMG) ALK Rust = Russ <Ryt = Rnz s A £
HL s DA SR A HL O AT LR h

Va = Vin = 8lrer Rusi D

_ 8Rusi Irer

SEN = 7RM1

B Vi Va LRSS M3 ~M4,M6~M8 TAEFF
HORA RS (6) 2 i i 22 B AR 55 KT

~ 0 €))



% 8 3 b3

M5

VADD

) lload

2<

B3 Al B iR A R
Fig.3 Schematic of optimized current-sensing circuit
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Fig.4 Simulation result of proposed current-sensing circuit

(a) Sense ratio versus temperature and model; (b) Sense ratio

versus inductor current and supply voltage
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Table 1 Performance summary of the presented chip
Inductor (off-chip) 2.2pH
Input capacitor (off-chip) 22uF
Output capacitor (off-chip) 22pF
Input voltage range 2.5~5.5V
Efficiency 96% (MAX)
Max output current 2000mA
Output voltage ripple 10mV
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An Integrated Current-Sensing Circuit for Current-Mode DC-DC Buck Converters
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Abstract: A novel integrated CMOS current-sensing circuit for current-mode DC-DC buck converters is presented. The circuit is con-
cise and simple to implement,and the power loss is low. Also,the achieved sense ratio is almost independent of temperature, model,
and supply voltage after matching the MOSFETs. Through optimization, the response speed is faster and the minimum input voltage is
lower. A current-mode DC-DC buck converter with the proposed structure has been fabricated in a 0. 5pm CMOS process for valida-
tion. With a 2. 5~5. 5V input range, the chip works steadily in the load current range of 0~2A. It has a good transient response and
the measured maximum efficiency is up to 96%.
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