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R2J20751NP

No.
VIN 17 24
SW 16, 25,31 36
PGND 26 30 GND SGND
SGND 10, 13, 38 GND PGND
VCIN 6 IC 5V
BOOT 15 BOOT +5V
TRK-SS 39
FB 40 FB 3V
(VCIN=5V )

EOQ/CO 2 (

(
Share 3 SiP Share
IREF 5 IREF  SGND 18kQ
CSLP 7 CSLP  SGND
CS 8 Active Current Sensing circuit CS SGND
CT 9
ouT 11 IN
IN 12 ouT
CLK 14 110 CLK
ON/OFF 37 Disable ON/OFF Low Disable
PGOOD Power Good ( No Good
REFIN/POS (

(
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R2J20751NP

(Ta=25°C)
Pt(25) 25 w 1
Pt(100) 8
lout 25 A
VIN(DC) -0.3 +27 V 2
VIN(AC) 30 2,5
VCIN(DC) -0.3 +6 \Y, 2
Vsw(DC) 27 \Y, 2
Vsw(AC) 30 2,5
Vboot(DC) 32 \% 2
Vboot(AC) 36 2,5
ON/OFF Von/off -0.3 VIN Vv 2
PGOOD Vpgood 0 VIN \Y 3
Vic -0.3 (VCIN +0.3) Vv 2
TRK-SS Itrk 0 1 mA 3
IREF Iref -120 0 pA 3
EO lieo 0 2 mA 3
CcO lico 0 1 mA 3,4
CcOo loco 0 1 mA 3,4
Tj-opr —407,+150 °C
Tstg =55 +150 °C
1. Pt(25) 25°C PCB Pt(100), 100°C PCB
2. SGND PGND
3. IC (+), G
4,
5. "ac" 100ns
Safe Operating Area
30
< 25
: \
@)
720 \
2 \
o
5
O 15
E \
o
g \
O 10
(¢
o
s
(]
Z 5 VIN=5V
VOUT =15V
Frequency = 300 kHz
0 | | | |
0 20 40 60 80 100 120 140 160
PCB Temperature Tpcb (°C)
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R2J20751NP

(Ta=25°C, VIN =VCIN =5V, )
Min Typ Max
Supply VCIN start threshold VH 4.1 4.3 4.5 \%
VCIN shutdown threshold VL 3.6 3.8 4.0 \%
UVLO hysteresis duvL — 0.5+ — \Y;
Input bias current lin 15 30 45 mA | Freq = 500kHz,
Duty = 50%
Slave standby current I-sin 2.1 3.5 4.9 mA | Von/off =5V, Vfb =5V
Input shutdown current Isd 31 45 5.9 mA | ON/OFF = 0V
Remote Disable threshold Voff 1.0 1.3 1.6 \%
On/off Enable threshold Von 2.0 2.5 3.0 \Y
Input current lon/off 0.5 2.0 5.0 pA | Von/off = 1V
Reference | IREF pin voltage Viref 1.75 1.80 1.85 \% Riref = 18kQ
current
generator
Oscillator CT oscillating frequency Fct — 500 — kHz..CT = 180pF
CT higher trip voltage Vhct — 1.8+ — \v4 CT = 180pF
CT lower trip voltage Vict — 1+ — Vv CT = 180pF
CT source current Ict-src -176 -160 —144 pA | CT=0.5V
CT sink current Ict-snk 144 160 176 pA | CT=2.3V
Error Feedback voltage Vb 588 600 612 mV | TRK-SS =1V
amplifier FB input bias current Ifb -0.1 0 +0.1 HA
REFIN input bias current Irefin 0.5 2 5 pA
Output source current leo-src 150 200 250 pA | EO=4V,FB =0V
Output sink current leo-snk 35 7.0 14.0 mA | EO=1V,FB=0.7V
Voltage gain Av w 80 ** — dB
Band width BW — 15 — MHz
Share pin resistance Rshare 35 50 65 kQ | EO=0V. Ishare = 1V
Phase Output source current Ico-sre -3.0 -2.0 -1.0 mA | Share =0V, POS =1V,
control CO =45V
comparator | Qutput sink current Ieo-snk 2.0 3.0 4.0 mA | Share =1V, POS =0V,
CO=0.5V
Input bias current Ipos 0.5 2 5.0 pA | POS =1.0V
Current CS current accuracy. Idh/Ics — 13700 ** — —
sense Leading edgerblanking time TLD — 60 ** — ns
CS comparator delay to output | Td-cs — 65 ** — ns
OCP comparator threshold on | Vocp 14 15 1.6 \%
CS pin
Hiccup interval Tocp 1.85 2.05 2.26 ms | CT = 180pF
RAMP offset voltage Vramp-dc 70 100 130 mV | CT = 180pF
CS offset current Ics-dc — 300 — pA | CS=0V
Power Rising threshold on FB Vgood 0.855 0.9 0.945 \% REFIN = 1.0V
good Power good hysteresis dVgood — 50 ** — mV
indicator Power good output low voltage | Vpglow 0.6 1.0 1.4 V | Ipgood = 2mA
1.
( )
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R2J20751NP

(Ta=25°C, VIN =VCIN =5V, )
Min Typ Max
Over- OVP trip voltage Vtovp 1.19 1.25 1.31 \% REFIN = 1.0V
voltage Pre-OVP trip voltage Vpovp — 1.67 — \Y;
protection
Slope Slope current ISLP 7 10 13 pA | VSLP =0V
generator
Clock Clock frequency Fclk 450 500 550 kHz | CT = 180pF
generator OUT high voltage Vh-out 4.0 5.0 — \% Rout = 51kQ to GND
OUT low voltage VI-out 0 — 1.0 \% Rout = 51kQ to VCIN
IN input bias current Ibin 0.5 2.0 5.0 pA | V-in=1V
IN input threshold Vth-in — 2.2 — \%
IN input hysteresis Vth-hys — 0.25 — \%
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R2J20751NP

R2J20751INP  PWM IC DC/DC
MOS FET MOS FET Active
Current Sensing circuit (ACS) MOS FET 1/13700
ACS CS Current Sense
Comparator (Positive ) CS (EO) NPN
RES MOS FET
CS
( ) MOS FET
MOS FET RES
DC/DC
RES 60ns
SR
MOS FET
Max. duty = 1 — 60 ns x Fsw
OCP Hiccup
CS 15 8 OCP Hiccup IC MOS
FET TRK-SS SGND IC
RES 1024
UVLO ON/OFF
VCIN (UVLO ) |IC
MOSIFET TRK-SS SGND
ON/OFF IC MOS FET
CT Fsw
Phase N CT Fct
CT :Fct=160 uA/ (2 x (CT(F) x 0.8 V) x N (Hz)
:Fsw=Fct/N (Hz)
CT
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R2J20751NP

TRK-SS

CR
TRK-SS

CR
Tss=-C-R-Ln(L—REF/VCIN)  (s)
REF  REFIN 0.6V

Power Good Indicator

DC/DC / Power Good
FB Power Good FB 90%
Power Good 85% 125%
Power Good SGND Power Good N MOS FET
2mA

Overvoltage Protection

125% MOS FET
SW  GND ON/OFF VCIN OVP

Pre-Overvoltage Protection

IC UVL
SW 167V MOS FET VCIN
SW  GND

Multi Phase Operation

R2J20751NP  scalable solution FB VCIN
CLK CT
Share
SW IN
1
ouT Phase Control Comparator

50%

D =Vout/ VIN x 100 (%)
CS
CSLP 10uA

( ) Cslp

Cslp = 70uA x 13700 x Toff / (2 x Ipp x Rcs x M)

Toff Ipp Rcs CS
M M 05 1.0

R07DS0240JJ0100 Rev.1.00 Page 10 of 25
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R2J20751NP

0.6V
REFIN FB 0.6V
Vout=0.6 V x (R1+R2)/R2
REFIN VCIN
0.6V
R H VCIN
Vout
REFIN
cT FB R1
1 l
< X
2 PWM
( 1~ ( 2
A A
. ;40 dB/dec . —20 dB/dec
Gain N Gain 2
(dB) & (dB)
> >
, freq. (Hz) freq. (Hz)
A A
0 0
Phase Phase
(deg) (deg) -90-
-180 > -180 >
freq. (Hz) freq. (Hz)
1l EZaL—4+1\T—XF—D 2 EZSaL—42+1NT—XF—D
R—770y kb (BEEHIEAR) R—F70vy b (E—=YERFIEAR)
PWM
—20dB/dec, 90°
( 2 1 0°
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R2J20751NP

Amp-out to current-sense comparator

40k
3
; 4
: L =470nH, Co = 600uF, Fsw = 500kHz, Vin =5V, Vout = 1.5V, R1 = 1.5kQ, R2 = 1kQ, RCS = 820Q
1. Rf

. Af=Rf/ (R1//R2) x 415 x {R2 / (R1 + R2)}
Rf=5/4 x Af x (R1//R2) / {R2/ (R1 + R2)} ......(1)

DC/DC Fsw 1 (0dB)
Fsw (Asw)
Af

Af=Asw x 2t x Fswx Cox RCS/Nt...... (2)
Nt = Idh / lcs = 13700

Asw 0.1 05
Asw
Asw 0.2

Af=0.2 x 2 1t x 500 kiz x 600 uF x 820 Q / 13700 = 22.564
Rf=5/4 x 22.564{x 056 KQ / (2 / 3) = 25.385 kQ

Rf 24kQ

Cf Rf 10
DC (A0)

A0 = Nt/RCS x L x Vin x Fsw .
SORT {Vin2— 8 x L x Vin x Fsw x (VCSO x Nt/RCS)}

VCS0 cS VCS0
VCSO =0.5 x RCS x (Vin — Vout) x Vout / (L x Vin x Fsw) / 13700 ......(4)

=0.5x820Qx (5V—1.5V)x1.5V/ (470 nH x 5 V x 500 kHz) / 13700
=0.134V

R07DS0240JJ0100 Rev.1.00 Page 12 of 25
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R2J20751NP

3) A0

AO = Nt/RCS x L x Vin x Fsw .
SORT {Vin? — 8 x L x Vin x Fsw x (VCSO x Nt /RCS)}

_ 13700/ 820 Q x 470 nH x 5 V x 500 kHz
SQRT {5 V2 - 8 x 470 nH x 5 V x 500 kHz x (0.134 V x 13700 / 820 Q) }

19.63
SQRT {3.955}

9.871
FO=Nt/(2nxCoxRCS xAO0) ...... (5)

FO = 13700/ (2 1t x 600 uF x 820 Q) x 9.871) = 448.967 Hz

Cf Rf Cf ;
Fzero =10 x FO = 4.489 kHz

Cf = (2 n x Fzero x Rf) ™= (2 nt x 4.489 kHz x 24 kQ)™" = 1477 PF

cf 1500pF
cf

Gain (dB)

/L/ Converter open [0ep

~40 dB/dec

Compensated error amp.

BW/Af
Error amp. unity gain
Af 1 frequency
: BW
: : ‘ >
‘ ‘ Freq. (Hz
> FO Fzero a-(H2)
Power and modulator
4
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R2J20751NP

Vout = VFB x (R1 + R2) / R2

...... (6)
VFB FB 0.6V (Typ)
R H VCIN
Vout
REFIN
cT FB R1
T !
s .
Vout VFB, R1 R2 VEB, 2%
K1, K2 ® (@
R1 x K1 + R2 x K2
Vout =
R2 x K2
R1 xK1/K2 + R2
= xFB ......(7)
R2
K1, K2 1.00
(6) R1 ;
Vout (typical
voutypical 1 1 Ro s Ne)
VFB (typical)
(1) R1 8 ;
Vout (typical
Vout = VFB x w - xﬁ+1 ...... 9)
VFB (typical) K2
Vout ;
Vout VFB Vout (typical
- . (ypicah 1 KL 00 11100 (%) .....(10)
Vout (typical) Vout (typical) VFB (typical) K2

R07DS0240JJ0100 Rev.1.00
2011.01.19
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R2J20751NP

(10) Vout
: Vout (typical) = 1.5V, 1% (K1, K2 = 1.01, 0.99), VFB = 588mV  612mV
Vout VFB Vout (typical K1
. . (typicah 1 KL 0L 11100 ©6) .....(10)
Vout (typical) Vout (typical) VFB (typical) K2
612 mV 15V 1.01
= x -1 |x +1 ) —1|x100 (%)
15V 600 mV 0.99
= 3.23%
or
588 mV 15V 0.99
= x -1 |x 1o 2 1 [ x 100 (%)
15V 600 mV 1.01
= -3.16%
Vout +3.2%
5 0.6V 3.3V Vout 3%
0.5%
4 F
3 W A
o A
S
& Lt R = +0.5%
E N
3 40+
SOt R=+1%
= -1
=] r
S o
r v
3T = v
4k
0.5 1.0 15 2.0 2.5 3.0 3.5
Vout (typical)
5
R07DS0240JJ0100 Rev.1.00 Page 15 of 25

2011.01.19 RENESAS




R2J20751NP
Max. Duty
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R2J20751NP

18V -

CT

5V -1

CLK
(IN)
0

Max. Duty
(REBES)

RES
(REYE=)

10V -

v -1

60 ns (typ.) | 1 | 1 | 1 |

[(X] EEOGMEERRIFIERL TRELTVET,

160 pA
2 x (CT(F) +20 pF) x 0.8 V x N

(Hz)

: 200kHz 1MHz
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R2J20751NP

OCL Hiccup
TRK-SS i
oCL#gH |
15V oo
cs

L

+—r
Skipped 1024 pulses
o L pped 1024 p

Skipped 1024 pulses | | |

\_v_) LYJ N J
g
\ /
\ TR ,
UE] ESOEHEERMITEFE L TRERELTWETD, , ;
OVPH&H
FB
vosrer ||| |[[[[[III[IT . | LLLLLLELLLLLLL
gnal v
vosrer [ [|||][{[{]{}] [
gnal | :
PGOOD *?
— 1 _/
ON/OFF
(UVL)
Output current signal
[iX] 2. PGOOD—VCINFEZ51kQiE#ERE
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R2J20751NP

CLK Share
ouT IN
REFIN/POS IN
VOUT | Eorco
FB Device 1 sw { Y Y Y \
CLK (Master)
Share
I cT ouT
VCIN l
|
REFIN/POS IN
EO/CO
FB DSeIwcelZ W
° CLK (Slavel) VOUT
@ Share
| G o
LOAD
| <~ ~
REFIN/POS IN
EO/CO
FB Device 3 Sw { Y Y Y \
CLK (Slave2)
Share
cT ouT
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R2J20751NP

(3 Phase)

! Fclk !
4P

Phasel switching

Device 1 OUT1
(Master)  (IN2) -

BLCLKOAA I T kYA
Device 2 OUT2 EEAHTRZICIEE

(Slavel) (IN3)

Device 3 OUT3 v
(Slave2) (IN1)

3Phase® ¥ R T LIZH L TSlavel, 2MOPOSHHFEEASharelfi FEE & U ELMEE, MasterDABIELET, o> ¥ /LPhaseBN{ERF,
KSlavelFR A v F T M) HIESZINIEFNDANEShETA, Slavel, 2(IDisableDIREEE L > TLET DT, ZDIESZOUTIHF
ARLCCLKA A 224 THAL, Master®INLIFFITIRESEET,

: 2Fclk : » N
4P £ o

Phasel switching  Phase2 switching gy, " 4

Device 1 OUT1
(Master)  (IN2) @ |
Device 2 OUT2 M \

(Slavel) (IN3) 15098 D 7:
EEEL

Device 3 OUT3
(Slave2) (IN1)

Slavelh'EnableiREEDEF, DF U Slave2dPOSHiFEEMH MShareBE & Y B VEE, 2PhaseBfF &Y F,
CLKOBERBMIZCTIHFICEIMS B EfiA Slaveld YMasterE R L2 1 S VU THIEShFETOT2UEITHY ET,
A2AYFUT ) HESZEZF=SlavellF1y 0y JRICAA v F oI M) HESZHEALET,

& o TSlavelMSWH > & A = >4 [EMaster &k U{90°f\i7|‘EiE7rLt TYES,

V 4 ' N Phasel switching Phase2 switching Phase3 switching
Devicel OUT1 7
(Master)  (IN2)

Device 2 0OUT2
(Slavel) (IN3)

Device 3 OUT3
(Slave2) (IN1)

Slavel, 2/ EnablefREEDEF, CLKDEKRHILCTIHFICEMEI BB Slavel, 2& YMasterEF L2 4 2 U THBSNFETOT
MEIZHYET, CLKDA A S VT TARA v FHEET S1=0H3PhaseB)ER DA IL120°E Y BB THMEL 7 FLET,
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R2J20751NP

Phase

FB VCIN

(EO) (CO)
+ (REFIN) + (POS)
Share

; : L =470nH, Fsw = 500kHz, Vin = 5V, Vout = 1.5V, RCS = 8200,
Phase switching level: lout = 10A, hysteresis = 3.48A

1. Share
lout =10A  2Phase 3.48A 1Phase (lout = 6.52A) Share

lout = 10A
Ipp (10 A) = (VIN —Vout) /L x Vout / VIN / Fsw/ 2 + lout (10 A) = 12.23 A
lout = 6.52A 2Phase DC 3.26A
Ipp (3.26 A) = (VIN —Vout) / L x Vout/ VIN / Fsw / 2 + lout (3.26 A) = 5:49 A

MOS FET MOS FET 1:13700 CS 300pA
CS

Ves (10 A) = (Ipp (10 A) / 13700 + 300 pA) x Rcs = 978 m\
Vs (3.26 A) = (Ipp (3.26 A) / 13700 + 300 pA) x Res =575 mV
0.2V

40kQ  10kQ
Share

Vshare (10 A) = (Vcs (10 A) + 0.2 V) x84 4= 1.473 V ......(11)
Vshare (3.26 A) = (Vcs (3.26 A) + @.2W) x 5/4=0.969 V ......(12)

VCIN R5 EO/CO:

Current Sense
comparator Sense
current

R3

] o
L

R4 ; Phase control :
! comparator

i Share  Share

Slave chip R A Ry :

Master chip
RCS
6 Phase switching control
R07DS0240JJ0100 Rev.1.00 Page 21 of 25
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R2J20751NP

Vpos
VIHR —— oo e
[ Al ALDEEDEEDEELEES
Vshare
2.
(CO) Low
2 (ll) VTHR = 1473V, VTHF = 0969\/ POS
VTHR Ve
Share 1.379V Cco 100pA
R5
R5 = (VCIN — 1.379) / 100 pA = 35.27 kQ
R4 R3
R4 =R5 x (VTHR = VTHF) / (VCIN — VTHR) = 5.04 kQ
R3=R4 x R5/ (R4 + R5) x (VCIN — VTHF) / VTHF = 18.34 kQ)
E24 R5 =36k, R4 = 5.1kQ, R3 = 18kQ
R07DS0240JJ0100 Rev.1.00 Page 22 of 25
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R2J20751NP

VH vs. Temperature VL vs. Temperature
4.7 4.2
4.6 4.1
45 4.0
4.4 3.9
S S
- 4.3‘ —— B 3.84 ——
> >
4.2 3.7
4.1 3.6
4.0 3.5
3.9 3.4
-50 -25. 0 25 50 75 100 125 150 -50 -25 0 25 B0 75 100 125 150
Temperature (°C) Temperature (°C)
Viref vs. Temperature Vfb vs. Temperature
1.90 620
1.88 515
1.86
610
1.84
~ 605
E 1.82 E -
« 1.80 = 600 A
-; 17 4/ 2 4
.78 > 595
1.76
590
1.74
1.72 585
1.70 580
-50 25 025,50 75 100 125 150 -50 -25. 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
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R2J20751NP

Fsync vs. Temperature

Von vs. Temperature

440 2.70
430 2.65
420 260 =
410
= 255 /
T 400 2 —
= - 2.50
E 390 S
2.45
380
370 2.40
360 2.35
350 2.30
-50 =25 0 25 50 75 100 125 150 -50 =25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
Voff vs. Temperature Fswvs. CT
1.45 10000
1.40
1.35
130 ( 3
b ’/0"‘4' ’/ E \\
& 125 1000 ™
o = AN
>
1.20 2 BN
AN
1.15 \\
N
1.10
1.05 100
-50 =25 0 25 &0 75 100 125 150 10 100 1000
Temperature (°C) CT (pF)
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R2J20751NP

JEITA Package Code | RENESAS Code | Previous Code [ MASS[Typ] |
— | PVQNO040KD-A | — | o077 |
HD
(0]
7\/0\7 HD/2 D2 2.250 2.250
& -
) 9 1pin 4-C0.50 1pin
e\ o TTTIOIToo
40 = =
E\( i} o -] — §
0 I = o3 | o &
195 1 o :' =
. AN
¥ ——8- = =
o % S — | 2250 2250 | | 2
T Jan =] = o
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