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R2J20701NP

MOS FET SiP
RJJ03G1193-0400
Rev.4.00
2008.06.30
R2J20701NP QFN
MOS FET, MOS FET MOS
FET
2
e 3
° (35A)
° -8V 14V
e 0.6V,1%
. : 200kHz 1MHz
[ ]
. ( 5 )
o 2
° SBD
e ON/OFF
° Hiccup
[ ]
. : QFN-56 (8mm x 8mm)
[ ]
[ ]
[ ]
[ ]
e POL
£ VIN =12V
2 VOUT =1.8V
= L =440 nH
o) CO =600 pF
g Frequency = 500 kHz
No airflow
‘ ‘ ‘ ‘ ‘ ‘ Ta=27°C
0 5 10 15 20 25 30 35
lout (A)
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

VIN (8 V to 14 V)

T t T 3
________ | S U A S U SO l
: b L L W W oz =X
' > = >
Ltswmc® 2 & O Q 3
: -z @ 0 @ !
REGS5 : & — 5
i ' SW
 TRK-SS Controller Chip :
|FB i !
{1 —{+EO0 I 4 %
; T = '
H < < o0 '
©» (&) !

]

VOUT (1.8 V)

RJJ03G1193-0400 Rev.4.00 2008.06.30
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R2J20701NP

a4
aleys|
(OF |
434l
GO3d
aNos
NIOA
1004
MS
NIA
NIA
NIA
NIA
NIA

[54 | RAMP
[53] Cs
[52| SGND
[57| DRV5
[50 | ON/OFF
[49 ] SYNC
[48] sw
[47 ] sw
[46 | sw
[45 | SW
[44 | SW
[43] sw

[55] CT

(56 | TRK-SS

SGND

SW

VIN

THEIN I AT
B 0 FF AR E R R A

VIN [15]
VIN [16]
VIN [17]
VIN [18]
VIN [19]
VIN [20]
SW [21]
PGND [22]
PGND [23]
PGND [24]
PGND [25]
PGND [26 ]
PGND [27]]
PGND [28]

MS

MS

MS

aNoSd
aNOd
aNoSd
aNOSd
aNod
aNOSd
aNOSd
aNoSd
aNOSd
aNod

aNOSd

(Top view)
RENESAS

Package: 56-pin QFN (8 mm x 8 mm, 0.5-mm pin pitch)

RJJ03G1193-0400 Rev.4.00 2008.06.30
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R2J20701NP

No.
VIN 10 20
SW 9,21,40 48
PGND 22 39 GND SGND
SGND 6, 52 GND PGND
VCIN 7 IC VIN
BOOT 8 BOOT SW SBD +5V
REG5 5 +5V GND 0.1uF
ON/OFF 50 Disable ON/OFF Low Disable
IREF 4 IREF  SGND 27kQ
CT 55 CT v 4V
SYNC 49 1/0
TRK-SS 56
FB 1
EO 3 CR
Ishare 2 SiP  Ishare
RAMP 54 PWM RAMP
CS 53 Active Current Sensing circuit CS SGND
DRV5 51 MOS FET +5.25V GND 0.1uF 1pF
RJJ03G1193-0400 Rev.4.00 2008.06.30 REN ESNS
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R2J20701NP

(Ta=25°C)
Pt(25) 25 w 1
Pt(100) 8 1
lout 35 A
Vin (dc), Vcin (dc) -0.3 +16 \Y; 2
Vin (ac), Vcin (ac) 20 2,4
Vsw (dc) 16 \Y, 2
Vsw (ac) 20 2,4
Vboot (dc) 22 \% 2
Vboot (ac) 25 2,4
ON/OFF Von/off -0.3 VIN Vv 2
SYNC Vsync -0.5 +55 Y, 2
Vic -0.3 (REG5 +0.3) Y, 2
REG5 Ireg5 -10 O mA 3
Ishare Ishare -500 0 A 3
TRK-SS Itrk 01 mA 3
IREF Iref -120 0 pA 3
EO leo 0 2 mA 3
Tj-opr —40 +150 °C
Tstg -55 +150 °C
1. Pt(25) 25°C PCB Pt(100) 100°C PCB
2. SGND PGND
3. IC (+), -
4. “ac” 100ns
Safe Operating Area
40
—~ 35
<
= w AN
C
o \
5 25
O
5 20
o
S \
O 15
5 \
& 10
e \
Z s5LVIN=12V
VOUT = 1.3V \
0 Il
0 25 50 75 100 125 150 175

PCB Temperature (°C)

RJJ03G1193-0400 Rev.4.00 2008.06.30
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R2J20701NP

(Ta=25°C, VIN =VCIN =12V, )
Min Typ Max
Supply VIN start threshold VH 6.8 7.2 7.6 \%
VIN shutdown threshold | VL 6.45 6.85 7.25 Vv
UVLO hysteresis duvL — 0.35* — v
Input bias current lin 36 73 110 mA | CT =68 pF,
Duty cycle = 50%
Input shutdown current Isd 3.0 4.5 6.0 mA | On/off=0V
5-V Output voltage Vreg 4.8 5.0 5.2 \%
regulator Line regulation Vreg-line -5 0 +5 mV | VIN=10to 16V
Load regulation Vreg-load -8 -3 +2 mV | Ireg =0 to 10 mA
5.25-V Output voltage Vdrv 5.04 5.25 5.46 \%
regulator
Remote Disable threshold Voff 1.0 1.3 1.6 Vv
On/off Enable threshold Von 2.0 25 3.0 \Y
Input current lon/off 0.5 2.0 5.0 pA | Von/off=1V
Reference | IREF pin voltage Viref 2.6 2.7 2.8 \% Riref = 27 kQ
current
generator
Oscillator CT oscillating frequency | Fct — 930 ** — kHz | CT =68 pF
SW switching frequency | Fsw 418 465 512 kHz | CT =68 pF
CT higher trip voltage Vhet — 3+ R V | CT=68pF
CT lower trip voltage Vict — 2+ — \% CT =68 pF
CT source current Ict-src -170 -160 -150 pA | CT=15V
CT sink current Ict-snk 150 160 170 pA | CT=35V
CT threshold for Vct-two 3.6 4.0 4.4 \%
two-phase operation
CT threshold for Vct-one 0.8 1.0 1.2 \Y
synchronous operation
SYNC and | SYNC frequency Fsync 418 465 512 kHz | CT =68 pF
pulse SYNC high voltage Vh-sync 4.0 5.0 — \Y, Rsync = 51 kQ to GND
generator | SyNC low voltage VI-sync 0 — 1.0 V | Rsync = 51 kQ to REG5
SYNC input threshold Vsync 1.0 2.0 3.0 \Y, CT=0Vor5V
Error Feedback voltage Vib 594 600 606 mV | TRK-SS=1V
amplifier Input bias current Ifb -0.1 0 +0.1 pA | FB=0.6V
Output source current lo-src 150 200 250 pA | EO=4V,FB=0V
Output sink transient lo-snk 5.0 10.6 19.0 mA |EO=1V,FB=1V
current
Voltage gain Av — 80 * — dB
Band width BW — 15 ** — MHz
Resistance connected to | Rshare 70 100 130 kQ |EO=0V.Ishare=1V
the Ishare pin
1.
( )
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

(Ta=25°C, VIN = VCIN = 12V,

Min Typ Max
Current CS current ratio Idh/lcs — 18500 ** — —
sense Leading edge blanking TLD — 55 *! — ns
time
CS comparator delay to | Td-cs — 50 * — ns
output
OCP comparator Vocp 1.43 15 1.57 \%
threshold on CS pin
Hiccup interval Tocp 1.98 2.20 2.42 ms | CT =68 pF
RAMP offset voltage Vramp-dc 77 92 107 mV
CS offset current lcs-dc — 490 ** — pA | CS=0V
1.
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

R2J20701INP  PWM IC DCDC
MOSFET MOS FET Active
Current Sensing circuit (ACS) MOSFET 1/18500
(54ppm) ACS Cs RAMP
RAMP (EO)  NPN
RES MOSFET
RAMP
( ) MOSFET
MOS FET RES
DCDC
RES 50ns
SR
MOS FET
Max duty =1 — 50 ns x Fsw
OCP Hiccup
Cs 15v OCP hiccup IC MOS FET TRK-SS
SGND IC RES 1024
UVLO ON/OFF
VIN (= Vcin) (UVLO ) IC
MOS FET TRK-SS SGND
ON/OFF IC MOSFET
RJJ03G1193-0400 Rev.4.00 2008.06.30 REN ESNANS
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R2J20701NP

CT
172

:Fct =160 pA /{2 x (CT(F) + 18 pF) x 1 V} (Hz)
: Fsw = 0.5 x Fct (Hz)

CT
SYNC
CT SGND REG5
SYNC
CT 0.8v SYNC 4.2V
2 2 CT 4.4V
-0°C -180°C
CT <0.8vV > 4.4V
SYNC
SYNC _ _
RES
12 SYNC
(Ishare )
5
TRK-SS
3 2
CR TRK-SS
CR
Tss=-C-R-Ln(1-0.6 V/REGb5) (s)
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

Casel)
CR TRK-SS

ON/OFF
R REGS5 :
TRK-SS |
TRK-SS
c

TSS=-CRxLn(1-06V/5V) (s)

Case2) Coincident tracking

2 TRK-SS 1
1 2
R REG5
Channel 1 Vout1
TRK-SS SW
¢ FB R
L Vout! (&5 1E) = 0.6 V x (R1 + R2) / R2
Vout1 &Y R2
|
R3 REG5
Channel 2 Vout2
TRK-SS SW
R4 EB R3
L Vout2 (EX7E1E) = 0.6 V x (R3 + R4) / R4
R4
Vout1
HABE Vout2
—P Time
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

Case3) Radiometric tracking

TRS-SS
R REG5
Channel 1 Vout1
_L TRK-SS SW
C
FB R1
L Vout! (BE1E) = 0.6 V x (R1 + R2) / R2
R2
R REG5
Channel 1 Vout2
_T_ TRK-SS SW
¢ FB R3
L Vout2 (% 7EfE) = 0.6 V x (R3 + R4) / R4
R4
Vout1
HHEE Vout2
—Pp Time
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

Case 4) 2
TRS-SS
FB REG5
(
)
R REG5
Channel 1 Voutd
ou
t TrRe-gs MasteN) gy
c Ishare Vout (3% 1E) = 0.6 V x (R1 + R2)/ R2
cT FB R1
I J
R2
R Rﬁ REG5
Channel 2
SI
_L TRe-ss &) g m
Ishare
c CT FB
L
SGNDA~ i (REEEDIZS)
REG5~E#H: 27 T —AEEDIHH)
CSs
Cs MOS FET 1/18500 CSs 490pA
DC DC/DC ( ) CS
15v CS
Specification: L = 360nH, Vin = 12V, Vout = 1.8V, Fsw = 500kHz, lout(max) = 25A
ILpp = (Vin — Vout) x Vout/ (L x Vin x Fsw) = 8.5 A (p-p)
| out(max) ;
llImax = lo(max) + 0.5 x ILpp=25A+4.25A=29.25 A
CS ;
Icsmax = llmax / 18500 + Ics-dc = 29.25 A/ 18500 + 490 pA = 2.071 mA
CSs ;
RCS =Vcl/Icsmax =15V /2.071 mA =724 Q
Cs 7500
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

0.6V
FB 0.6V

Vout=0.6 V x (R1 + R2) / R2

R REG5
Vout
TRK-SS SwW
C
cT FB R1
i J
- N
2 PWM
A A
. —-40 dB/dec ! —-20 dB/dec
Gain 2 Gain 2
(dB) \ (dB)
> >
freq. (Hz) freq. (Hz)
A A
0 0
Phase Phase
(deg) (deg) -90-
~180 > -180 >
freq. (Hz) freq. (Hz)
B1 EDaLb—32+1RT—XF7—20 K2 EDaL—2+N\T—XT7—20
R—FFay kb (BEFHEA) R—7T 70y~ (E—Y ERHIEARN)
PWM
—20dB/dec, 90°
( 2 1 0°
11
3
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

0.6 V reference 50 kQ
Amplifier output: to current-sense comparator
50 kQ
3
; 4
: L =360nH, Co = 600uF, Fsw = 500kHz, Vin = 12V, Vout = 1.8V, R1 = 2kQ, R2 = 1kQ, RCS = 7500
1. Rf

;Af=Rf/(R1//R2)/2x {R2/(R1+ R2)}
Rf =2 xAfxR1...... Q)

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

Af=Asw x 2t x Fsw x Co x RCS/Nt ...... (2)
Nt = Idh / Ics = 18500

Asw 0.1 05
Asw
Asw 0.2

Af=0.2 x 2 © x500 kHz x 600 uF x 750 Q3 / 18500 = 15.283
Rf =2 x 15.283 x 2 kQ2 = 61.132 kQ

Rf 62kQ2

DC (AO)

AO = 2 x Nt/ RCS x L x Vin x Fsw -
SQRT {VinZ — 8 x L x Vin x Fsw x (VCSO x Nt/RCS)}

VCSO cs VCS0
VCSO =0.5x RCS x (Vin — Vout) x Vout / (L x Vin x Fsw) / 18500 ......(4)

=0.5x 750 QO x (12 V- 1.8 V) x 1.8 V/ (360 nH x 12 V x 500 kHz) / 18500
=0.172V

RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
Page 15 of 27




R2J20701NP

©) AO
2 x Nt/ RCS x L x Vin x Fsw
SQRT {VinZ — 8 x L x Vin x Fsw x (VCS0 x Nt / RCS) }

A0 =

|
Py
w
—~

2 x 18500 /750 Q x 360 nH x 12 V x 500 kHz
SQRT {12 V2 -8 x 360 nH x 12 V x 500 kHz x (0.172 V x 18500/ 750 Q) }

106.56
SQRT {70.687}

12.674
FO =Nt/ (2 x Co x RCS x AQ) ......(5)

FO = 18500 / (2 1t x 600 pF x 750 Q x 12.674) = 516 Hz

cf Rf Cf ;
Fzero =10 x FO =5.16 kHz

Cf = (2 n x Fzero x Rf) ™= (2  x 5.16 kHz x 62 kQ)™ = 497 pF

Cf 510pF
Cf
A
Gain (dB) /V Open loop converter
—40 dB/dec
W/ error amp. compensation
BW/Af
Error amp. unity gain
Af 1 frequency
! BW
‘ >
‘ ‘ Freq. (Hz
> FO Fzero a. (Hz)
Power stage and modulator
4
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

Vout = VFB x (R1+ R2)/R2 ......(6)

VFB FB 0.6V (Typ)
R REG5
Vout
TRK-SS S
C
CT FB R1
J_ L
< -
Vout VFB, R1 R2 VFB 1%
K1, K2 (6) ©)
R1 x K1 + R2 x K2
Vout = x VFB
R2 x K2
R1x K1/K2 +R2
= xVFB ...... (7)
R2
K1, K2 1.00
(6) R1 ;
Vout (typical
Ri= |outltypical) g @)
VFB (typical)
(7 R1 (8) ;
Vout (typical K1
Vout=VEB x 4| woutypicah = K1 b 9)
VFB (typical) K2
Vout ;
Vout VFB Vout (typical
_ Veut | Moutltypical) - KL L 100 (%) (10)
Vout (typical) Vout (typical) VFB (typical) K2
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

(10) Vout
: Vout (Typ) = 1.8V, 1% (K1, K2 = 1.01, 0.99), VFB = 594mV  606mV
— e 3 ~
Vout VFB Vout (typical
_ Vout . ut (typical) « K U %100 (%) . (10)
Vout (typical) Vout (typical) VFB (typical) K2
N— \ J -
— e 3 ~
606 mV 1.8V 1.01
= x x +1 p —1 x 100 (%)
1.8V 600 mV 0.99
N— \ J -
= 2.36%
BV
594 mV 1.8V 0.99
= - x +1 -1 x 100 (%)
1.8V 600 mV 1.01
= -2.31%
Vout +2.3%
5 0.6V 3.3V Vout 2%
0.5%
3 E
2 = ]
g | %/A
. W R = +0.5%
® £
5 01
& f R=+1%
R
> g \\V
B — v
_3 £
0.5 1.0 1.5 2.0 25 3.0 3.5
Vout (typical)
5
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

KlshareZE#HE L E 9,
SYNC VOUT
Device 1 I L
Ishare CT REG5
SYNC NN
Device 2
Ishare CT REG5
Device N SYNC (YYY\
(up to 5) Ishare CT REG5
CTimF%SGNDIZ#E L FET,
SEo oy
5V |_| |_| |_| . SYNC [YYY\ VOUT
oV Ishare CT REG5
SNEoavy
JEli% $e&EE: 200 kHz to 1 MHz
&/ SJLRBE: 100 ns
BRKT1—T1:90%
RJJ03G1193-0400 Rev.4.00 2008.06.30 RENESAS
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R2J20701NP

£ T4 RlshareifiF, SYNCIiFFZEHE LET .

VOUT
Device 1 SYNC JYL
(Master) Ishare CT REG5
I
SYNC A
Device 2 >
Ishare CT REG5
———]SYNC 3
Device N (YYY\ |
(up to 5) —— Ishare CT REG5
2
KT /NA RlshareifF, SYNCirFEiEHLET, L1
—>
Device 1 SYNC R VOUT
(Master) Ishare CcT REG5
i IL2
—>
SYNC
Device 2 (YYY\
(Slave) Ishare CT REG5

2.4 kQ

RJJ03G1193-0400 Rev.4.00 2008.06.30
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R2J20701NP

uexow | | | | |

sy, | | | |
1 ‘ 1 ‘ — —

50 ns (typ.) ! !

TLD

+, 50 ns (typ.)

(EO-Vbe) /2
(Internal signal)

Max. Duty signallZ & Y/ H A F
MOS FETHAA 7 LET,
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R2J20701NP
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R2J20701NP
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R2J20701NP
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R2J20701NP
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Standard Foot Print

Dimension in Millimeters

Symbel | "Min [ Nom | Max
D [7.90]8.00]8.10
E [7.90]8.00]8.10
Ay | — | — | —
A|— | — 1080
A1 0 — 1 0.05
b [0.18]/0.23]0.28
by | — | — | —
B | — [050] —
Lp [ 0.30]0.40] 0.50
X — | — 10.10
y — | — 1 0.08
y1 | — | — 10.10
t — | — 1 0.15
Hb | — | — | —
He | — | — | —
Zp | — | — | —
Ze | [ —
¢ [— 020 —
ct | — | — [ —
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