BU90002GWZ

ROHM Datasheet
. , : - o . ‘ o
Single-chip Type with Built-in FET Switching Regula  tor Series P Pb ;\;@%"
Step-down Switching regulators _Xree RoHS
with Built-in Power MOSFET
BU9000OXGWZ series
@General Description @ Applications
The BU9000xGW?Z are a high efficiency 6MHz Smart phones, Cell phones, Portable applications and
synchronous step-down switching regulator with ultra Micro DC/DC modules, USB accessories
low current PFM mode.
It provides up to 1.0A load current and an input voltage @Package(s) W(Typ.) x D(Typ.) x H(Max.)
range from 3.0V to 5.5V, optimized for battery powered UCSP35L1 1.30mm X 0.90mm x 0.40mm

portable applications.

BU9000xGWZ has a mode control pin that allows the
user to select Forced PWM(Pulse Width
Modulation)mode or PFM(Pulse Frequency Modulation)

@ Typical Application Circuit(s
and PWM auto change mode utilized power save b PP (©)

operation at light load current.
1.0uH
VIN LX
@Features o
B Fast transient response 23~55V 47uF
H  Automatic PFM/PWM operation EN FB 47uF
B Forced PWM operation l
B [nternal Soft Start
B Under voltage lockout f GND MODE 7
B Over current protection
B Thermal shutdown
Figure 1. Typical Application Circuit(s)
@Lineup
Operating mode
Part No. Output Input voltage Switching frequency P 9
voltage MODE=L MODE=H
BU90002GWZ 3.30V 4.0V to 5.5V 5.4MHz to 6.6MHz
Automatic
BU90003GWZ 1.20V 2.3V to 5.5V 3.6MHz to 4.4MHz PEM/PWM
BU90004GWZ 1.80V 2.3V 10 5.5V 4.8MHz to 6.0MHz
Forced PWM
BU90005GWZ 2.50V 2.3V 10 5.5V 5.4MHz to 6.6MHz Forced PFM
BU90006GWZ 3.00V 2.3V to 5.5V 5.4MHz to 6.6MHz Automatic
BU90007GWZ 1.25V 2.3V t0 5.5V 3.6MHz to 4.4MHz PFM/PWM
@Pin Configuration(s) @Pin Description(s)
(BOTTOM VIEW) . .
Pin No. Symbol Function
B1 B3 Al VIN Power supply input pin
MODE FB A2 EN Enable pin
A3 GND GND pin
@ e @ B1 MODE | Forced PWM mode pin
B2 LX Inductor connection pin
B3 FB Feedback voltage input pin
Figure 2. Pin Configuration(s)
(_)Product structure : Silicon monolithic integrated circuit QThis product is not designed protection against rad ioactive rays
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BU9000xGWZ series Datasheet

@Block Diagram(s)

L : PWM/PFM MODE
| H: PWM MODE

MODE
B|1 VIN
Al 2.3~55V
TSD UVLO PWM/PFM T
FB control /J;
vouT— B3
F—<}— EN
—E
— Switching 1.5~0.47uH
+ Control Logic B2 —’W“—l— VOouT
ERROR COMP and LX I 4.7uF
Gate Driver
VREF =
EN
H: ON _| A2 SHUTDOWN Frequency
L: OFF control GND
A

Figure 3. Block Diagram(s)

@ Description of Block(s)
The BU9000xGW?Z are a synchronous step-down DC/DC converter that achieves fast transient response from light load to
heavy load by hysteretic PWM control system and current constant PFM control system.

OPWM control
BU9000xGWZ operates by hysteretic PWM control. This scheme ensures fast switching, high efficiency, and fast transient
response.
When the output voltage is below the VREF voltage, the error comparator output is low to high and turning on P-channel
MOSFET until above the VREF voltage and minimum on time.

OPFM control
At light load the regulator and MODE=low, the regulator operates with reduced switching frequency and improves the
efficiency.During PFM operation, the output voltage slightly higher than typical output voltage.

-\/ V V V \ output PWM mode voltage
1

PFM (constant current)Threshold. turn off Pch FET

PFM Threshold. turn on PFET

PFM Mode at Light Load

PWM Mode at Moderate to Heavy Loads

Figure 4. Operation of PFM mode and PWM mode
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BU9000xGWZ series Datasheet

@Description of operations

1) Shutdown
If the EN input pin set to low (<0.4V), all circuit are shut down and the regulator is standby mode. Do not leave the EN pin

floating.

2) Soft start function
The regulator has a soft start circuit that reduces in-rush current at start-up.Typical start up times with a 4.7uF output

capacitor is 120usec.

3) Current limit
The BU9000xGWZ has a current limit circuit that protects itself and external components during overload condition.

4) UVLO
The BU9000xGWZ has a Under Voltage Lock Out circuit that turn off device when VIN>2.05V(typ.)

5) FORCED PWM MODE
Setting MODE pin high (>1.4V) places the regulator in forced PWM.This control provides noise reduction and output
stability.Do not leave the MODE pin floating.

6) FORCED PFM MODE ( BU90005GWZ2)
Setting MODE pin low (<0.4V) places the regulator in forced PFM. It is effective in light load mode.

7) TSD
The BU9000xGWZ has a thermal shutdown feature to protect the device if the junction temperature exceeds 150°C.
In thermal shutdown, the DRIVER is disabled.
This circuit is only to cut off the IC from thermal runaway, and has not been design to protect or guarantee the IC.
Therefore, the user should not plan to activate this circuit with continued operation in mind.

@ Absolute Maximum Ratings (Ta=25°C)

Parameter Symbol Rating Unit
Maximum input power supply voltage VIN 7 \%
Maximum voltage at EN, FB, LX, MODE V\I_/E,N\’/RA/Z%E 7 Vv
Power dissipation Pd 0.39(*1) W
Operating temperature range Topr -40 to +85 °c
Storage temperature range Tstg -55to +125 °c
Junction temperature Tjmax +125 °c

(*1) When mounted on the specified PCB (55mm x 63mm), Deducted by 3.9m W/c when used over Ta=25c

@Recommended Operating Rating(s)

Rating ) )
Parameter Symbol - Unit Serise
Min. Typ. Max.
4.0 - 55 BU90002GWZ
Input voltage VIN \%
2.3 - 5.5 BU90003~BU90007GWZ
www.rohm.co
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BU9000xGWZ series

Datasheet

@Electrical Characteristic(s)

(unless otherwise specified VIN=5.0V, Ta=25°C)

Rating . o
Item Symbol Min. ‘ Tvp. | Max. Unit Condition
[ Switching regulator]
-2 - +2 MODE:H(PWM Operation)
Output voltage accuracy VOUTA % -
-2 - +3 MODE:L(PFM Operation)
loutMAX1 - - 1.0 A 3.0V=VIN<5.5V
) loutMAX2 - - 0.8 A 2.7V=VIN<3.0V
Maximum load current loutMAX3 - - 0.6 A | 23V=VIN<2.7V
} ) MODE:L(PFM Operation)
loutMAX4 0.1 A (BU900O5GWZ,)
[Soft start]
Soft start time Tss 65 ‘ 120 ‘ 240 ‘ usec ‘
[Frequency control]
No load, MODE:H
5.4 6.0 6.6 MHz | (BU90002GWZ,BU90005GWZ,
BU90006GWZ)
Switching frequency fosc No load, MODE:H
4.8 54 6.0 MHz (BU9O004GWZ)
No load, MODE:H
3.6 4.0 4.4 MHz (BU90003GW2)
[Driver]
. RonP1 - 250 400 mOhm | VIN=5.0V
PChFET on resistance RonP2 300 450 | mOhm | VIN=3.6V
NChEET on resistance RonN1 - 220 350 mOhm | VIN=5.0V
RonN2 250 380 mOhm | VIN=3.6V
[Control]
EN pin control | Operation VENH 1.4 - VIN \
voltage Non Operation VENL 0 - 0.4 \Y
MODE pin Operation VMODEH 1.4 - VIN \% Forced PWM
control voltage ; Automatic PFM/PWM
9€ | Non Operation | VMODEL 0 - 0.4 \% (BUSD00SGWZ:Forced PFM)
[uvLO]
Protect threshold voltage Uvth 1.95 2.05 2.15 \%
Hysteresis Uvhy 50 100 150 mV
[Current limit]
Current limit threshold ILIMIT 15 1.7 1.9 A (P)MOS current detect,
pen loop
[Output discharge]
Output discharge resistance | DRES 55 | 1120 | 220 | ohm | EN=0V
[Circuit current]
EN:H, MODE:L,
VOUT=3.6V forced
IINS1 - 45 65 uA Not switching
(BU90003GWZ,BU90004GWZ,
Operating quiescent current BU90005GWZ,BU90007GWZ)
EN:H, MODE:L,
Not switching
(BU90002GWZ,BU90006GWZ)
Shutdown current SHD - 0 1 uA EN=0V
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BU9000xGWZ series

Datasheet

@Electrical characteristic curves (Reference data)
BU90002GW?Z (3.3V OUTPUT)

Parts

L:LQM21MPN1RONGO (2.0mm X 1.6mm X 1.0mm Murata)
COUT:GRM155R60J475M(1.0mm X 0.5mm X 0.5mm Murata)

Tek  Stopped Single Seq 1 heig 17 Degc 10 10:01:19 Tek  Stopped Single Seq 1 fi0s 17 De 10 10:03:37
EN L : : I : 1 EN L ]
2Vidiv [ I T 2vidv C ‘]
1 f— S EEAREERERERES ] 1
vour L L T ]
2V/div . . +
e R A S e
L T 4 vour ]
20us 2V/div
IL :
500mA/div. | r ] s ]
100us -
S I PPN I I WP R IV R BT AP U NI P N ST B N NN N
Chl  zo¥ By Chz  20¥ By M 200ps B25MSE  1Bnsit Chl  20¢ By Che 2o Eigy M A00ps 125M5  8.0nsht
O EDmA Q & Ol By 4 Chil . 340my
Figure 5. Start up Figure 6. Shut down
Tek  Gtopped Single Seq 1hG05 17 Des 10 09:22:07 Tek  Stopped Single Seq 1615 17 Dec 10 08:08°11
HELELE L AL UL L N L L B B I AL L BN L L L L B R I IR B
Vout Vout
50mV/div 50mV/div
ac coupled ac coupled
IoUT IoUT
50mA/div 200mA/div
Lo b b b b T b o B b b i I T T T T N T I
Ght - 500mY % Sn M 1D0ps 125655 B00psht e M40p 2565 400psiht
Chd  50.0mA @ & Chd s 45.0mA che  Z00mb 0 il s 112
Figure 7. Load transient response 5mA to 50mA Figure 8. Load transient response 50mA to 350mA
tr=tf=100ns, MODE : Low tr=tf=100ns, MODE : Low
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BU9000xGWZ series Datasheet
Tek  Stopped Single Sey 1 beys 17 Deg 10 09:08:45 Tek  Btopped Single Seq 1 hoigs 17 Dec 10 10:26:11
T T T T T T T T T T T T T BRRE SRR Sn s e e e A e e e ma
T Lo oo
Vout 20mvidiv -
50mV/div ac coupled
ac coupled
LX
5V/div
I0UT
200mA/div
IL
500mA/div [
4
Lo b b b by T b b e v 0 Lo b b b by T by b s by e 100
ch1  S00RY 4 Bw M4Dps 25655 4D0psht ol 50Y he  Z00mY 4 Bw M 400ns B2EMEE 1. nsipt
che  200mb @ b O s T12mA Chd  S00mé ©Q & Ch . 800mY
Figure 9. Load transient response 150mA to 500mA Figure 10. PFM mode Operation
tr=tf=100ns, MODE : High lout=40mA
Tek Stopped Single Seq 14605 17 D 10 10:27.08 Tek  Blopped Single Sy 1 his 17 Deg 10 102010
_ll‘ll‘||‘Y|‘||‘||‘||‘||‘__|‘||||‘||‘||‘||‘||‘||‘|_ _I\||‘I\IIYI\II'I\I\'I\I\__I\I\|\|\||||\|\II\|\II\_
Vout 3 - + . . 4us -
20mvidiv - oo el e ST S d
ac coupled " T v - 1 - :
L : : —— : '
¢ e ” AAMSAMALAAM M 4 i
5V/div . i hﬂ I L : 20mV/div NI U I hh} Y { HATLT LY Ahh‘hhih}hlkhhk
=+ I d 3 s E
. ac couple WW TR WW\[ \M!
IL
500mA/div IL
44 500mA/div
Lo b b b b T b b b b 14 Lo b b by b T b b b 10
chi  50v thz  z200mY % Bw I 60.0ns 1.25G545 1T 320psdt chl  20v By Che  20.0mY % Bw M 40ps 125654 1T 400pskt
ché  S00m4 O & Chl s 17Y Chd  SO0Mmé O A Ch = S40m
Figure 11. PWM mode Operation Figure 12. Mode Change Response
lout=100mA MODE : High to Low
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BU9000xGWZ series

Datasheet

Stopped Single Seq

1 fieis

17 Oe 10 10:19:57

T e et g e 100
: ' :
<= -
MODE [ cAus ] %
2V/div C ] , L
s ] 90 \» \
Lo I . T 85
b ) I =
v UMM ]
mV/div A i Q
ac coupled WW\NWWW WWW“ I 1 ‘g
Eoo . T} 75
- T . 70
IL t
500mA/div 4 ! il 65
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ohl 2oy By chz  200mY % Bw 1 4.0ps 125654 T 400psit 60
Ch4  S00mA Q A Ch1 s G40mY
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Load current[mA]
Figure 13. Mode Change Response Figure 14. Efficiency vs Load current
MODE : Low to High VIN=5V PWM/PFM Auto mode
3.38 30
3.37 l 95
336 >
= k £ 2
(] ()]
g 335 g \
= (@]
2 Z 15
::;: 3.34 §
3 = 10
3.33 2
™ —
3.32 S
3.31 0
0 200 400 600 800 1000 0 200 400 600 800 1000
Load current[mA] Load current[mA]
Figure 15. Load regulation Figure 16. Vout Ripple Voltage
VIN=5V PWM/PFM Auto mode VIN=5V PWM/PFM Auto mode
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BU9000xGWZ series Datasheet

@Electrical characteristic curves (Reference data)
BU90003GWZ(1.2V OUTPUT)

Tek  Stopped Single Seq 1 hogs 08 Jan 11 20:01:06 Tek  Preview Single Seq 1 hogs 06 Jan 11 10:06:26
EN I T g EN T -
2Vidiv : ; ST L] 2vmdiv g
14k I ]
VOUT | | | |
500mV/div -
E_ L . —
[ VOUT : :
500m/div T R N
IL 100us’
200mA/div . )
4*-
P R P PP U S I A DU B P S T T TS I I A B ST
Chi 20 By Ch2  S00mY M 40.0ps 125035 80.0nsipt Chi 20y Eyy Ch2  S00mY By I 100ps 125MSk B.0nsdt
Chd  200md O & Chl » 1E4Y & Ch1 + 1BY
Figure 17. Start up Figure 18. Shut down
Tek  Stopped Single Seq 1 i 05 Jan 17 18:29:45 Tek  Stopped Single Sey 1Ay 05 Jan 1118:18:14
Vout [ : : : I
. L . . . 1 Vout
50mV/div _ ' ARERAET, _mm 50mV/div
1.2V offset ! :.- —-: ] 1.2V offset
IV INETININS ANINININE ANEFINErI S AT ATATE ARRETAT A A A A A
R
Lo ] Lo B ]
[ ) ) ) : T ) ) " 4us | ]
[ pebmeerhpoirkeeedediidy 00 ewd  [OUT
r . . T . . . +  200mA/div
1ouT r e e
200mA/div - L : : T ) Lo ]
4 AU U o o 4 -
_I\I\|III\|‘l‘ll‘l‘l‘llll__l‘l‘ll‘l‘l‘llll‘l‘l‘ll‘l_ _I\I\|\I\I|IIII‘I\I\|\I\I_-IIII‘I\I\'\I\I'IIII‘I\I\-
Chl  S00mY B M 4.0ps 125M3k &.0nsit Ch1  500mY¥  Bw I 10 0ps S0.0MSSE 20 Onsépt
Chd  200mé & Chd r 172mé Chd  200m& Q & Chd # 240mb
Figure 19. Load transient response 5mA to 200mA Figure 20. Load transient response 50mA to 350mA
tr=tf=100ns, MODE : Low tr=tf=100ns, MODE : Low
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BU9000xGWZ series Datasheet
Tek  Stopped Single Seq 1h05 05 Jan 11 18:21:45 Tek  Gtopped Single Seq 1405 06 Jan 11 11:26:45
Vout [
20mv/div  [ER
L ac coupled
Vout [ 11
50mV/div
ac coupled
LX
2Vidiv
1
IoUT 3
500mA/div
IL
F 500mA/div
dM— T — 4
P I B I IV S W W N P Lol b b b Townn bewnn bewnn bwn i e
Ch1  500m¥  Bw 14 4 Ops 12055 .0nsdt Chl  zov Chz  200mY % Bw M 400ns 125654 G00psAnt
Ch4  500mé 0 4 Chd + B804 Ch4  S00mA © A Chl ~ 28V
Figure 21. Load transient response 400mA to 1000mA Figure 22. PFM mode Operation lout=50mA
tr=tf=100ns, MODE : Low
Tek _ Stopped Single Seq 1 his 0fi Jan 1111:27:56 Tek  Stopped Single Seq 1 fo1s 05 Jan 11 214702
Vout [ . . T . . . ] 2us
20mV/div BB Ao 10 i s i [ Y st st MODE T r
ac coupled [ . . 1 . - : 1 2vidiv ]
_ I ... . 80ns ]
Vout L T
LX 50mV/div r T
2Vidiv ac coupled IERRRRRHORRTHIRTRTA
IL
500mA/div IL
200mA/div
I I S ST EE T NS ST ST FE e S AR T N BT NS SRR P P ST SR
Chl  zov Chz  200m¥ % Bw W 0.0ns 12565k 1T 160paht Ch1  20% By Ch2  500mY  Bw M 208 25005 4 Onsht
Chd  S00m& O & Ch1 28V Chd  200mé Q &l s TEY
Figure 23. Fig.23 PWM mode Operation lout=100mA Figure 24. Mode Change Response
MODE : High to Low
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Tek  Stopped Single Sey 1 hcus 05 Jan 11 21:46:15
(I T T Ty T e e [ T 100
r 2us . . [ . . . ]
2V/div E . . . L 4 ;=—-‘
! 80 > — NN
1 : 8 Z VIN=2.7V
: 70 — VIN=3.6V ——-
L o I . — VIN=4.2V
S S, 60
Vout - . =
SOmv/div [Pttt Pad - e S
ac coupled ) ‘ "‘Vﬂ =y i w|w " ' : " ‘ 1 Q 50
L I . T 40
1|‘ 30
IL - p
200mA/div i 20
i
L i 10
(PP I I NP T P P D P BT 0
chl 2oy By Chz  S00mY  Bw M2 0ps 250Kk 4.0nst
Chd  200mé4 © A Chl o« 18 01 1 10 100 1000
Load currentimA]
Figure 25. Mode Change Response Figure 26. Efficiency vs Load current
MODE : Low to High PWM/PFM Auto mode
1.236
1.224
VIN=4.2
> VIN=3.6
> VIN=2.7
8
S 1212
= (T
=3
]
o
1.200
1.188
0 200 400 600 800 1000
Load currentimA]
Figure 27. Load regulation
PWM/PFM Auto mode
www.rohm.co
© 2012 ROHM Cao., Ltd. All rights reserved. 10/21 TS202201-0F2FO0AG00010-1-2

TSZ22111 - 15 - 001

04.Jul.2012 Rev.001



BU9000xGWZ series Datasheet

@Electrical characteristic curves (Reference data)
BU90004GWZ(1.80V OUTPUT)

Tek  Stopped Single Sey 1hogs 13 Jan 11 14 4607 Tek  Stopped Single Seq 1463 13 Jan 11 14:57:45
A R e e s e L S s n e R LR SR B B s o e e e e e R E s R
EN [ : : : :
: L : : I . . + EN [ . . . I : ]
SVidiv [ . ‘ . I ‘ . . ‘ 1 swvidiv i : i i I : ]
1 T L .
VOUT F T 7
1V/div
3_“"5""5” ;
1 vour 7
1Vv/div
IL
200mA/div
;! : . 1 .
e b b by b Mo e b b B N N T N T N
th 50V 140 0ps 125MSt  B0.0nst ol S0y MA00ps 50MSE  200nsipt
th 10V Che  200m4 @ b ohl s 22v e 1o B & Chi 23V
Figure 28. Start up Figure 29. Shut down
Tek  Stopped Single Seq 1o 12 Jan 11 21:21:04 Tek  Stopped Single Seq 1 dis 12 Jan 11 21074
R A R B B R I R R R IR RN R ISR L o L S
Vout : Vout
50mv/div - ER- R J‘\ 50mV/div
ac coupled [ . T ac coupled
A AR N N SR S SR SR S
A
L I .. .= ]
T . . ~4us ]
ouT R ETEERTRERERY " our
200mA/div I : : 1 200mA/div
Lo b b b b T s b b e By 00 N N N N T N T e
Chl  S00mY 1 Bw Il 4.0ps 12505k 8 Onat Chi S00mY 4 Bw 1 4.0ps 125054 3 0nsht
Chd  200md Q & Chd r 148mé Chd  200ma © & Chd -~ 199mA
Figure 30. Load transient response 5mA to 200mA Figure 31. Load transient response 50mA to 350mA
tr=tf=100ns, Mode : Low tr=tf=100ns, Mode :Low
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Tek  Stopped Single Seq 1hoos 12 Jan 11212034 Tek  Slopped Single Seq 1 fegs 13 Jan 11 15:33.40
L R <. _' Lo I 1
Vout L I S 4us . ] [ I . ]
50mv/div [ . . . T . . . ] Vout [ . ) . "y .
ac coupled { Pradbariy | ity - M, 20mV/div. g R T,
[ : : : T : : : . ] accoupled [ ’ . . I : ]
- T co I I <= ]
L 1 r T 400ns! ]
: i) R NN T RSl | ]
IouT = I g oo Y
200mA/div - L = 2vidiv e ]
- . S [ R P
e 1 SRR AUURESURUE RS SR SRR SUUUE SRS NURNS ]
(AP IR IS PRI NPT EUPTE INTE NI U [ ! | ! | ! ! ]
BT SIOME A B s @ Ml 120I5s - Bnsh ot zov W 400ns 125655 00nsipt
Ch3  200mY ‘% Bw A Ch1 w32V
Figure 32. Load transient response 200mA to 600mA Figure 33. PFM mode Operation llout=50mA
tr=tf=100ns, MODE : Low
Tek  Stopped Single Seq 1 hss 18 Jan 11 16:32:1 Tek  Stopped Single Seq o) 13 Jan 11 14582
L. I <= .. ... ] L. <= .
Vout _ ] - 80ns’ 1 MoDE ’ S o1 A
L . . . 4 . . 4 - L . . . 4 . . . . +
20MVIAN. e apapratitin e b g b st s svid oL : ; R S : : T
ac coupled ~ R S ] ' '
1 Vout r " : : : ]
LT 50mV/div L i j \i.uun."l\\r\lK}A.:mim-..liu:\i}..uiu .:u'
e ac coupled T .- ' V ‘Hj N fw"r N"’, W\va“r ]
LX 1 2 T ]
2V/div 1
[ 1+ I
T LX
I 200mA/div
Ch1 2oy MB0.0ns 25655 1T 160psht Chi 50% M 4.0ps 125055 B.0ns/pt
Ch3  200mY U Bw & Chi o 372¢ Ch3  500mY¥ % Bw Chd  200mé& Q & Ch1 ~ 22v
Figure 34. PWM mode Operation lout=100mA Figure 35. Mode Change Response
MODE : High to Low
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1 hogs 13 Jan 11 14:52:08
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Figure 36. Mode Change Response Figure 37. Efficiency vs Load current
MODE : Low to High PWM/PFM Auto mode
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Figure 38. Load regulation
PWM/PFM Auto mode
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BU9000xGWZ series Datasheet

@Electrical characteristic curves (Reference data)
BU90005GWZ(2.50V OUTPUT)

Tek  Etopped 236 Acys Tek  Stopped 46 Aot
EN 1 ]
1V/div EN [ ]
2Vidiv r ]
4=
L I <= ]
VOUT 100us
1v/div
......... — VOUT
L 1v/div
200mA/div
4+
Lo b b by b T B s by by Iy a0 oo b b b by T b by b w w1010
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Figure 41. Load transient response 5mA to 100mA Figure 42. Load transient response 50mA to 350mA
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Figure 43. Load transient response 200mA to 600mA Figure 44. PFM mode Operation lout=50mA
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Figure 45. PWM mode Operation lout=100mA Figure 46. Mode Change Response
MODE : High to Low
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BU9000OXGWZ series
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Figure 47. Mode Change Response Figure 48. Efficiency vs Load current
MODE : Low to High PFM mode
100
90 P aatlll
VIN=2.7V
80 —- VIN=3.6V —
VIN=4.2V /
70 /
S 60
=
: /. /
o %0 / /
L
T 40 / /
30 /' /
20 /
10 — 72 |
0
0.1 1 10 100 1000
Load currentimA]
Figure 49. Efficiency vs Load current
PWM mode
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@PC Board layout
The suggested PCB layout for the BU9000XxGWZ are shown in Figure. The following guidelines should be used to ensure a
proper layout.
1) The input capacitor CIN should be connect as closely possible to VIN pin and GND pin.
2) From the output voltage to the FB pin line should be as separate as possible.

3) COUT and L should be connected as closely as possible. The connection of L to the LX pin should be as short as
possible.

‘ VIN
Ol 9
) CIN EN
O] L
]t

GND

Figure 50. PCB layout

@External parts selection
Inductor selection

The inductance significantly depends on output ripple current. As shown by following equation, the ripple current decreases
as the inductor and/or switching frequency increase.

(VIN-VOUT) x VOUT

A=
LXVIN X f

f: switching frequency L: inductance Al inductor current ripple

As a minimum requirement, the DC current rating of the inductor should be equal to the maximum load current plus half of
the inductor current ripple as shown by the following equation.

Al
2

ILpEak= louTtmax +
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BU9000xGWZ series Datasheet

1) Recommended inductor selection

- lout=1A
LQM21MPN1RONGO (2.0mm X 1.6mm X 1.0mm Murata)
DFE252012C 1RO (2.5mm X 2.0mm X 1.0mm TOKO)

 lout=0.6A
LQM21PN1RONGC (2.0mmx1.2mmx1.0mm Murata)
MLP2012H1ROM(2.0mmx1.2mmx1.0mm TDK)
CKP2012N1RON(2.0mmx1.2mmx1.0mm Taiyo Yuden)

2) Recommended input capacitor(CIN) selection
GRM155R60J225M(1.0mm X 0.5mm X 0.5mm Murata)
GRM155R60J475M(1.0mm X 0.5mm X 0.5mm Murata)
GRM155R60G106M(1.0mm X 0.5mm x 0.5mm Murata)

3) Recommended output capacitor(COUT) selection
GRM155R60J225M(1.0mm X 0.5mm X 0.5mm Murata)
GRM155R60J475M(1.0mm X 0.5mm X 0.5mm Murata)
GRM155R60G106M(1.0mm X 0.5mm X 0.5mm Murata)
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@Caution of use
1) Absolute maximum ratings

An excess in the absolute maximum rating, such as supply voltage, temperature range of operating conditions, etc., can
break down the devices, thus making impossible to identify breaking mode, such as a short circuit or an open circuit. If any
over rated values will expect to exceed the absolute maximum ratings, consider adding circuit protection devices, such as
fuses.

2) GND voltage
The potential of GND pin must be minimum potential in all condition. As an exception, the circuit design allows voltages
up to -0.3 V to be applied to the IC pin.

3) Thermal design
Use a thermal design that allows for a sufficient margin in light of the power dissipation (Pd) in actual operating conditions.

4) Inter-pin shorts and mounting errors
Use caution when positioning the IC for mounting on printed circuit boards. The IC may be damaged if there is any
connection error or if pins are shorted together.

5) Actions in strong electromagnetic field
Use caution when using the IC in the presence of a strong electromagnetic field as doing so may cause the IC to
malfunction.

6) Mutual impedance

Power supply and ground wiring should reflect consideration of the need to lower mutual impedance and minimize ripple as
much as possible (by making wiring as short and thick as possible or rejecting ripple by incorporating inductance and
capacitance).

7) Thermal shutdown Circuit (TSD Circuit)

This model IC has a built-in TSD circuit. This circuit is only to cut off the IC from thermal runaway, and has not been design
to protect or guarantee the IC. Therefore, the user should not plan to activate this circuit with continued operation in mind.

8) Regarding input pin of the IC
This monolithic IC contains P+ isolation and P substrate layers between adjacent elements in order to keep them isolated.
P-N junctions are formed at the intersection of these P layers with the N layers of other elements, creating a parasitic diode
or transistor. For example, as shown in the figures below, the relation between each potential is as follows:
When GND > Pin A and GND > Pin B, the P-N junction operates as a parasitic diode.
When GND > Pin B, the P-N junction operates as a parasitic transistor.

Parasitic diodes can occur inevitable in the structure of the IC. The operation of parasitic diodes can result in mutual
interference among circuits, operational faults, or physical damage. Accordingly, methods by which parasitic diodes operate,
such as applying a voltage that is lower than the GND (P substrate) voltage to an input pin, should not be used.

Status of this document
The Japanese version of this document is formal specification. A customer may use this translation version only for a reference
to help reading the formal version.

If there are any differences in translation version of this document formal version takes priority
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@Ordering Information

B U 9 0 0 0 x G W Z E2
|
Part Number Package Packaging and forming specification
GWZ: UCSP35L1 E2: Embossed tape and reel
(UCSP35L1)

@Physical Dimension Tape and Reel Information

UCSP35L1
g
M\ % Tape Embossed carrier tape
i1 Quantity | 3,000pcs
. . E2
1.30= 006 gL Direction The direction is the 1pin of product is at the upper left when you hold
of feed ( reel on the left hand and you pull out the tape on the right hand. )
G
[ - E)
[=[005 5] O O O 0O O O 0O 0O O 0o 0o o
(] [ ] [ ] (] [ ]
6-¢ 020z 006
\ % 1234 ||| 1234 ||| 1234 (||| 1234 f|| 1234 ||| 1234
3
s[5 0SB \
Al o —= Direction of feed
3 ; irection of fee
' ! Reel 1pin
0252006 P42
( Unit : mm ) * Order quantity needs to be multiple of the minimum quantity.
@Marking Diagram(s)(TOP VIEW)
UCSP35L1
(TOP VIEW)
~__—1PINMARK
O / Series Part Number Marking
L~ Part Number Marking BU90002GWZ AB4
/ BU90003GWZ AB6
BU90004GWZ AB7
1 LOT Number BU90005GWZ ABS
BU90006GWZ AB9
BU90007GWZ ACM
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@Revision History
Date Revision Changes
04.Jul, 2012 001 New Release
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Datasheet

Notice

@General Precaution

1)

2)

Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM'’s Products against warning, caution or note contained in this document.

All information contained in this document is current as of the issuing date and subject to change without any prior
notice. Before purchasing or using ROHM’s Products, please confirm the latest information with a ROHM sales
representative.

@Precaution on using ROHM Products

1)

Our Products are designed and manufactured for application in ordinary electronic equipments (such as AV equipment,
OA equipment, telecommunication equipment, home electronic appliances, amusement equipment, etc.). If you
intend to use our Products in devices requiring extremely high reliability (such as medical equipment, transport
equipment, traffic equipment, aircraft/spacecraft, nuclear power controllers, fuel controllers, car equipment including car
accessories, safety devices, etc.) and whose malfunction or failure may cause loss of human life, bodily injury or
serious damage to property (“Specific Applications”), please consult with the ROHM sales representative in advance.
Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any
damages, expenses or losses incurred by you or third parties arising from the use of any ROHM’s Products for Specific
Applications.

ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety

[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

Our Products are designed and manufactured for use under standard conditions and not under any special or
extraordinary environments or conditions, as exemplified below. Accordingly, ROHM shall not be in any way
responsible or liable for any damages, expenses or losses arising from the use of any ROHM’s Products under any
special or extraordinary environments or conditions. If you intend to use our Products under any special or
extraordinary environments or conditions (as exemplified below), your independent verification and confirmation of
product performance, reliability, etc, prior to use, must be necessary:
[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents
[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust
[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including Cl2,
H2S, NH3, SO2, and NO2
[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves
[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items
[f] Sealing or coating our Products with resin or other coating materials
[g] Use of our Products without cleaning residue of flux (even if you use no-clean type fluxes, cleaning residue of
flux is recommended); or Washing our Products by using water or water-soluble cleaning agents for cleaning
residue after soldering
[h] Use of the Products in places subject to dew condensation

The Products are not subject to radiation-proof design.

Please verify and confirm characteristics of the final or mounted products in using the Products.

In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse) is applied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

De-rate Power Dissipation (Pd) depending on Ambient temperature (Ta). When used in sealed area, confirm the actual
ambient temperature.

Confirm that operation temperature is within the specified range described in the product specification.

ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.
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@Precaution for Mounting / Circuit board design

1) When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

2) In principle, the reflow soldering method must be used; if flow soldering method is preferred, please consult with the
ROHM representative in advance.

For details, please refer to ROHM Mounting specification

@Precautions Regarding Application Examples and External Circuits
1) If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the

characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2) You agree that application notes, reference designs, and associated data and information contained in this document
are presented only as guidance for Products use. Therefore, in case you use such information, you are solely
responsible for it and you must exercise your own independent verification and judgment in the use of such information
contained in this document. ROHM shall not be in any way responsible or liable for any damages, expenses or losses
incurred by you or third parties arising from the use of such information.

@Precaution for Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

@Precaution for Storage / Transportation
1) Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including CI2, H2S, NH3, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2) Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3) Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent leads
may occur due to excessive stress applied when dropping of a carton.

4) Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

@Precaution for Product Label
QR code printed on ROHM Products label is for ROHM’s internal use only.

@Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

@Precaution for Foreign Exchange and Foreign Trade act

Since our Products might fall under controlled goods prescribed by the applicable foreign exchange and foreign trade act,
please consult with ROHM representative in case of export.

@Precaution Regarding Intellectual Property Rights
1) All information and data including but not limited to application example contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data. ROHM shall not be in any way responsible or liable
for infringement of any intellectual property rights or other damages arising from use of such information or data.:

2) No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the information contained in this document.
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@ Other Precaution
1) The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.

2) This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

3) The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

4) In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

5) The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.
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