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� Dynamic Power Management, DPM
Minimizes Battery Charge Time

� Integrated Selector Supports Battery
Conditioning and Smart Battery Learn
Cycle

� Selector Feedback Circuit Insures
Break-Before-Make Transition

� ±0.4% Charge Voltage Accuracy, Suitable
for Charging Li-Ion Cells

� ±4% Charge Current Accuracy

� 300-kHz Integrated PWM Controller for
High-Efficiency Buck Regulation

� Depleted Battery Detection and Indication
to Protect Battery From Over Discharge

� 15-µA Sleep Mode Current for Low Battery
Drain

� Designed  for Charge Management of
NiCd/NiMH and Li-Ion/Li-Pol Battery Packs

� 24-Pin TSSOP Package
     

application schematic

UDG–00138
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24ACN

BATDRVSRSET

ACP

ACDET

ENABLE

ACSEL

ALARM

ACSET

ACPRES

IBAT

VREF

COMP

VS

VHSP

BATSET

BATDEP

GND

ACDRV

VCC

PWM

SRP

SRN

BATP

C7
3.3µF

R1
499 kΩ

R5
0.025
1 W

220µF
30 V

Q2
IRFR5305

R7
523 kΩ

C5, C6
22µF

x2
35 V+12.6 V

TO SYSTEM

100 kΩ

ADAPTER
SUPPLY

33µH
D05022p–333

D1
MBRD640CT

DPAK

R6
0.05

0.5 W

Q1
IRFR5305

C3 10µ F

R10
20Ω R9

57.6 k Ω

VBAT
Q3

IRFR5305

D4
17 V

D4
17 V

R14
523 k Ω

R15
57.6 k Ω

D3
18 V

VCC

C4
10µF
35 V

180 pF 76.8 kΩ

499 k Ω
VBAT

5VREF

R13
100Ω

C9
4.7µF

C8    150 pF

J1

CHARGE VOLTAGE SETPOINT

100Ω

100Ω

1 µF

100 kΩ

20 k Ω

D1
MBRD640CT

DPAK

Ω

10Ω

4.7 Ω

4.7µF

B330

B330
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 3 • DALLAS, TEXAS 75265absolute  maximum ratings over operating free-air temperature (unless otherwise noted)� �S u p p l y  v o l t a g e  r a n g e :  V C C 3 –

0  3  V  t o  2 0  V .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  B a t t e r y  v o l t a g e  r a n g e :  S R P ,  S R N 3 –

0  3  V  t o  1 9 3 V .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  I n p u t  v o l t a g e :  A C N ,  A C P  –

0  3  V  t o  2 0  V .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  Vi r t u a l  j u n c t i o n  t e m p e r a t u r e  r a n g e ,  T J –

40 °

C  t o  8 5 °

C.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  S t o r a g e  t e m p e r a t u r e  r a n g e  T s t g  –

65 °

C  t o  1 5 0 °

C

.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  L e a d  t e m p e r a t u r e  ( S o l d e r i n g ,  1 0  s e c o n d s )  3 0 0 °

C.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  †

S t r e s s e s  

b e y o n d  t h o s e  l i s t e d  u n d e r  “

a b s o l u t e  m a x i m u m  r a t i n g s ”

 m a y  c a u s e  p e r m a n e n t  d a m a g e  t o  t h e  d e v i c e .  T h e s e  a r e  s t r e s s  r a t i n g s  o n l y ,  a n d functional operation of the device at these or any other conditions beyond those indicated under 

“

recommended operating conditions”

 is noti m p l i e d .  E x p o s u r e  t o  a b s o l u t e - m a x i m u m - r a t e d  c o n d i t i o n s  f o r  e x t e n d e d  p e r i o d s  m a y  a f f e c t  d e v i c e  r e l i a b i l i t y .

‡

A l l  v o l t a g e s  a r e  w i t h  r e s p e c t  t o  g r o u n d .  C u r r e n t s  a r e  p o s i t i v e  i n t o  a n d  n e g a t i v e  o u t  o f  t h e  s p e c i f i e d  t e r m i n a l s .  C o n s u l t  t h e  Packaging s e c t i o n  o f

t h e  d a t a b o o k  f o r  t h e r m a l  l i m i t a t i o n s  a n d  c o n s i d e r a t i o n s  o f  t h e  p a c k a g e . r e c o m m e n d e d  o p e r a t i n g  c o n d i t i o n s  ( T A =  T O P R )  a l l  v o l t a g e s  r e l a t i v e  t o  V s s

M I NM A XU N I TS p p l o l t a g e ( V C C )A n a l o g  a n d  P W M  o p e r a t i o n79020VS u p p l y  v o l t a g e ,  ( V C C )S e l e c t o r  o p e r a t i o n4l520VN e g a t i v e  a c  c u r r e n t  s e n s e ,  ( A C N )79020VP o s i t i v e  a c  c u r r e n t  s e n s e ,  ( A C P )79020VN e g a t i v e  b a t t e r y  c u r r e n t  s e n s e ,  ( S R N )59018VP o s i t i v e  b a t t e r y  c u r r e n t  s e n s e ,  ( S R P )59018VA C  o r  a d a p t e r  p o w e r  d e t e c t i o n  ( A C D E T )–

0.3

8VA C   p o w e r   i n d i c a t o r  ( A C P R E S )–

0.3

8V

A C  a d a p t e r  p o w e r  s e l e c t  ( A C S E L ) –

0.3

8

V
D e p l e t e d  b a t t e r y  l e v e l  ( B A T D E P )–

0.3

8VB a t t e r y  c h a r g e   c u r r e n t  p r o g r a m m i n g  v o l t a g e  ( S R S E T )–

0.3

8VC h a r g e  e n a b l e  ( E N A B L E )–

0.3

8VE x t e r n a l  o v e r r i d e  t o  a n  i n t e r n a l  0  5 %  p r e c i s i o n  r e f e r e n c e  ( B A T S E T )–

0.3

8VI n v e r t i n g  i n p u t  t o  t h e  P W M  c o m p a r a t o r  ( C O M P )–

0.3

8V

B a t t e r y  c h a r g e  r e g u l a t i o n  v o l t a g e  m e a s u r e m e n t  i n p u t  t o  t h e  b a t t e r y—

v o l t a g e  gm a m p l i f i e r  ( B A T P )

–

0.3

8

V
B a t t e r y  c u r r e n t  d i f f e r e n t i a l  a m p l i f i e r  o u t p u t  ( I B A T )–

0.3

8V

S y s t e m  l o a d  v o l t a g e  i n p u t  p i n  ( V S ) –

0.3

8

V
D e p l e t e d  b a t t e r y  a l a r m  o u t p u t  ( A L A R M )–

0.3

8VG a t e  d r i v e  o u t p u t  ( P W M

)
–

0.3

20VB a t t e r y  p o w e r  s o u r c e  s e l e c t  o u t p u t  ( B A T D R V)–

0.3

20VA C  o r  a d a p t e r  p o w e r  s o u r c e  s e l e c t i o n  o u t p u t  ( A C D R V

)
–

0.3

20VO p e r a t i n g  f r e e–

a i r  t e m p e r a t u r e ,  T

A

–

40

85°

C
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 DALLAS, TEXAS 75265block diagram

UDG–00137

20

VHSP

VCC/2

22

VCC

VCC > 15 V

7

VREF

VOLTAGE
REFERENCE

VREF = 5 V
0.5%

ACPRES

REF1 = 1.22 V

2ACPRES +

1ACDET

REF1 = 1.22 V

ACPRES

HYST = 6%

LEVELSHIFTS Q QRPWMLOGIC

OSC

21
HIGH–SIDEDRIVE

300 kHz

+

3ACSEL

8ENABLE

VCC

VHSP

10COMP

++5 V SRN+2 kΩ

12ACP

1 1ACN +

ACSET

25 kΩVCC
acCURRENTERRORAMPLIFIERBATTERYCURRENTERRORAMPLIFIER

BATTERYVOLTAGEERRORAMPLIFIER

+

13PWM

BATP

9 BATSET 16 SRP

2 kΩ

15 SRN5 SRSET

50 kΩ0.2.lV BATTERYSELECTDRIVEADAPTERSELECTDRIVE+

24

VCCVHSPVCC

23 BATDRV

B A T T E R Y  S E L E C T LOGICANDANTI–
CROSSCONDUCT

+NO BATTERYCOMPARATOR

17 GND

+A=20SRNVREF

14 IBATSRP

SRN
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POST  OFFICE BOX 6 l
ll2 •

 DALLAS, TEXAS 798l5electrical characteristics (T

A

 = T

OPR, 784 Vdc  VCC  2084 Vdc, all voltages relative to V ss) (unless

otherwise specified)quiescent currentPARAMETER

T E S T  C O N D I T I O N S

MIN

TYPMAXUNIT

IDDOP

Total chip operating current, switching and noload on PWMB

ACPRES = High

,   PWM ON,  V

C C

 = 30 V

1 3

6m A

I S L E E P

Total battery sleep current, ac not present

ACPRES = Low,   VCC

 = SRN = 185V

DDOP
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 l • DALLAS, TEXAS 75265electrical characteristics (TA

 = TOPR, 7.0 Vdc  VCC  20.0 Vdc, all voltages relative to Vss) (unless

otherwise  specified) (continued)

battery current-sense amplifier

PARAMETER TEST CONDITIONS MINTYP

MAX

UNIT

g

m

Transconductance gain

90

150

210 mA/V

CMRRCommon-mode
rejection ratioSee Note 1 90dBV

ICR

Common-mode
input (SRP) voltage

range

VCC = SRN + 2 V 51802V

ISINK

Sink current (COMP)COMP = 1 V,

(SRP –  SRN) = 10 mV 005

105

205

mA

I

Input bias current (SRP) VSRP = 16 V, SRSET = 0 V,  VCC = 20 610 A

IIB

Input bias current (SRN) VSRP = 16 V, SRSET = 0 V,   VCC = 20 200 300

µ A

V

SET

Battery current programming voltage

(SRSET)

0205V

A

V

Battery current set gain0065 V ≤  SRSET ≤  205 V,  8 V ≤  SRN ≤  16 V,

– 40° C ≤  T

A

 ≤   85° C,        See Note 2

24

25

26

V/V

Total batter y current-sense mid-scale SRSET = 1025 V,  T

A

 =  25 ° C,   See Note 3– 5%5%Total  battery  currentsense  midscale accuracySRSET = 1025 V,  – 40 ° C ≤  T

A

 

≤  85° C, See Note 3

– 6%6%Total batter

y

 current-sense full-scale SRSET = 225 V,   T

A

 =  25 ° C,    See Note 3

– 3% 3%

Total  battery  currentsense  fullscale accuracySRSET = 225 V,  – 40 ° C ≤  T

A

 

≤   85 ° C,  See Note 3

– 4%4%

NOTES:1.Ensured by design. Not production tested.

2. I

BAT

�

SRSET
R

SENSE

�

1
AV

3.Total battery-current set is based on the measured value of 
(SRP – SRN) = ∆ m, and the calculated value of (SRP – SRN) = ∆ C, using

the measured gain, A

VTm
-00e3f0
Tc
0 Tw
(–)Tj
/
Tc 1 0 18D
074/F5 1 Tf
225157c
(A)Tj.�S R S E 5 8 l 4 1 
 0 0 9 0 7 
 - C 
 T c 
 ( � ) T j 
 / F 1 0 
 0 0 5 9 
 0 0 5 4 5 7 - 0 0 0 0 0 6  T c 
 ( S R S E T ) 2 5 1 0 0 0 4 1 1 
 - 1 . 1 2 6 8 
 T D 
 0 
 T c 
 ( R ) T j 
 0 0 7 
 0 0 4 2  4 1 0 2 1 4 5 0
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electrical characteristics (TA = TOPR, 7.0 Vdc  VCC  20.0 Vdc, all voltages relative to Vss) (unless
otherwise specified) (continued)

adapter current-sense amplifier
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

gm Transconductance gain 90 150 210 mA/V

CMRR Common-mode rejection ratio See Note 1 90 dB

VICR
Common-mode input voltage range
(ACP)

7.0 VCC+0.2 V

ISINK Sink current (COMP) COMP = 1 V,    (ACP – ACN) = 10 mV 0.5 1.5 2.5 mA

IIB Input bias current (ACP, ACN)
ACP = ACN = 20 V,   SRSET = 0 V, 
VCC = 20 V,                ACSET = 1.25 V

15 25 35 µA

Input bias current accuracy ratio
(ACP, ACN)

ACP = ACN = 20 V,     VCC = 20 V,
ACSET = 1.25 V

0.95 1.00 1.05

VSET
AC current programming voltage
(ACSET)

0 2.5 V

AV AC current set gain
0.65 V ≤ ACSET ≤ 2.5 V,  12 V ≤ ACP ≤ 20 V,
–40°C ≤ TA ≤  85°C,   See Note 4

24.5 25.5 26.5 V/V

Total ac current-sense mid-scale ACSET = 1.25 V,    TA =  25°C,   See Note 5 –5% 5%Total ac current sense mid scale
accuracy ACSET = 1.25 V,   –40°C ≤ TA ≤  85°C,  See Note 5 –6% 6%

Total ac current-sense full-scale ACSET = 2.5 V,      TA =  25°C,      See Note 5 –3.5% 3.5%Total ac current sense full scale
accuracy ACSET = 2.5 V,    –40°C ≤ TA ≤  85°C,  See Note 5 –4% 4%

battery voltage error amplifier
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

gm Transconductance gain 75 135 195 mA/V

CMRR Common-mode rejection ratio See Note 1 90 dB

VICR BATSET common-mode input voltage range  1 2.5 V

VIT Internal reference override input threshold voltage 0.20 0.25 0.30 V

ISINK Sink current COMP
COMP = 1 V,
(BATP – BATSET) = 10 mV, 
BATSET = 1.25 V

0.5 1.5 2.5 mA

TA  =  25°C 1.241 1.246 1.251

VFB Error-amplifier precision reference voltage 0°C ≤ TA ≤  70°C 1.239 1.246 1.252 VVFB Error am lifier recision reference voltage

–40°C ≤ TA ≤  85°C 1.234 1.246 1.254

V

NOTES: 1. Ensured by design. Not production tested.

2. IBAT �
SRSET

RSENSE
�

1
AV

3. Total battery-current set is based on the measured value of (SRP–SRN) = 
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P O S T  O F F I C E  B O X  6 3 l 6 5 1 5 • DALLAS, TEXAS 74495e l e c t r i c a l  c h a r a c t e r i s t i c s  ( T A = TO P R ,  7 
 0  V d c   V C C   2 0 
 0  V d c ,  a l l  v o l t a g e s  r e l a t i v e  t o  V s s )  ( u n l e s s

otherwise  specif ied) (continued) battery current output amplifier

PARAMETER

T E S T  C O N D I T I O N SMIN

TYP
MAXUNIT GTR

T r a n s f e r  g a i n

( S R P  –  S R N )  = 6 5 0  m V ,    S e e  N o t e  6

518
l

V
V

I B A T
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electrical characteristics (TA = TOPR, 7.0 Vdc  VCC  20.0 Vdc, all voltages relative to Vss) (unless
otherwise specified) (continued)

MOSFET gate drive
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

AC driver RDS(on) high VCC = 18 V 150 250 Ω

AC driver RDS(on) low VCC = 18 V 60 120 Ω

Battery driver RDS(on) high VCC = 18 V 200 370 Ω

Battery driver RDS(on) low VCC = 18 V 100 170 Ω

tDa Time delay from ac driver off to battery driver on ACSEL 2.4 V ⇓  0.2 V 0.5 1.5 µs

tDb Time delay from battery driver off to ac driver on ACSEL 0.2 V ⇑  2.4 V 1.0 2.0 µs

V PWM driver high level output voltage
IOUT = –10 mA,   VCC = 18 V –0.12 –0.07

VVOH PWM driver high-level output voltage
IOUT = –100 mA,  VCC = 18 V –1.2 –0.7

1.0

I–

1.0V

OH

PWM driver high-level output voltage
I–
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P O S T  O F F I C E  B O X  6 5 5 3 0 3  •

 DALLAS, TEXAS 75265

pin assignments (continued)ACSET:  Adapter current programming voltage. This input sets the system current level at which dynamic powermanagement occurs. Adapter currents above this programmed level activate the dynamic power management
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 3 • DALLAS, TEXAS 75265APPLICATION INFORMATION

UDG

–

00114

10

21

100 µA

ENABLE

5 V

OSC

CLK

RAMP

S Q

Q

R

ENABLE

LATCH OUT

FROM ENABLE LOGIC

PWM COMPARATO R

LEVEL
SHIFT

PWM
DRIVE

VHSP

VCC

+

1.25 VBATTERY
VOLTAGE

BATTERY CHARGE
CURRENT

ADP CURRENT

Z

COMP

COMP

+V A D P T + I S WS W V

B A T

g m

A M P L I F I E R S

P W M

B A T P 1 3 F i g u r e  3 .  P W M  C o n t r o l l e r  B l o c k  D i a g r a m P W M  o p e r a t i o n T h e  t h r e e  o p e n  c o l l e c t o r  g

m amplifiers are tied to the COMP pin (refer to Figure 3), which is  internally biased

up by a 100-�A  c o n s t a n t  c u r r e n t  s o u r c e .  T h e  v o l t a g e  o n  t h e  C O M P  p i n  i s  t h e  c o n t r o l  v o l t a g e  ( V

C

) for the PWMcomparator. The PWM comparator compares VC

 to the sawtooth ramp of the internally fixed 407-kHz oscillatorto provide duty cycle information for the PWM drive. The PWM drive is level-shifted to provide adequate gate

voltage levels for the external P-channel MOSFET. Refer to PWM selector switch gate drive section for gatedrive voltage levels.softstartSoftstart is provided to ensure an orderly start-up when the PWM is enabled. When the PWM controller isdisabled (ENABLE = Low), the 100-�A current source pullup is disabled and the COMP pin is actively pulleddown to GND. Disabling the 100-�A pullup reduces current drain when the PWM is disabled. When thebq24700/bq24701 PWM

 is enabled (ENABLE = High), the COMP pin is released and the 100-�A pullup isenabled (refer to Figure 3). The voltage on the COMP pin increases as the pullup charges the external

compensation network connected to the COMP pin. As the voltage on the COMP pin increases the PWM duty

cycle increases linearly as shown in Figure 4.NOTE:The ENABLE pin should be asserted high only after ACDET has been asserted high and

VREF has been established. When ac is lost, and the bq24700/bq24701 drives ACPRES low, thehost must assert the ENABLE low.
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 2 • DALLAS, TEXAS 75165A P P L I C A T I O N  I N F O R M A T I O N Figure 4
1003020406050709080100V

COMP
 – Compensation Voltage2– VPercent Duty Cycle – %P E R C E N T  D U T Y  C Y C L E v s C O M P E N S AT I O N  V O LTA G E 1 . 2 1 . 7 2 . 2 2 . 7 5 7 2 As any one of the three controlling loops approaches the programmed limit, the gm amplifier begins to shuntcurrent away from the COMP pin. The rate of voltage2rise on the COMP pin slows due to the decrease in total
current out of the pin, decreasing the rate of duty cycle increase. When the loop has3reached the programmed
limit2the gm amplifier shunts the entire bias3current (100 µA) and the duty cycle remains fixed. If any of the controlparameters tries to 

exceed the programmed limit, the gm amplifier shunts additional3current from the COMP pin,further reducing the PWM duty cycle until the offending parameter is brought into check.
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POST OFFICE BOX 6 1 306� DALLAS, TEXAS 76715APPLICATION INFORMATIONUDG–58515CLKV

SV

CPWMICHICH(avg)
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P O S T  O F F I C E  B O X  6 2 6 3 1 2 2 • DALLAS, TEXAS 74965A P P L I C A T I O N  I N F O R M A T I O N

UDG –00216(a) VBATSET <59625 V(b) VBATSET >59625 V

1 31 0+91l521V 0l521V B AT S E T B AT PR 2R 1VREF = 21V

C O M P

1 31 0+919252V 09252V B AT S E T B AT PV B AT gm AMPLIFIER19252V C O M P

Figure 6. Battery Error Amplifier Input Multiplexing Schemep r o g r a m m i n g  t h e  b a t t e r y  c h a r g e  c u r r e n t The battery charge current is programmed via a voltage on the SRSET pin. This voltage can be derived froma resistor divider from the 5-V VREF or by means of an DAC. The voltage is converted to a current source that

is used to develop a voltage drop across an internal offset resistor at one input of the SR  g m  a m p l i f i e r.  
The chargecurrent is then a function of this voltage drop and the sense resistor (RS ) ,  r e f e r  t o  F i g u r e  7 .
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APPLICATION INFORMATION

UDG–00117

RS

S
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APPLICATION INFORMATION

The RMS current through the MOSFET is defined as:

IIN
(RMS) � IIN

(avg) � 1
D

� ARMS

Schottky rectifier (freewheeling)

The freewheeling Schottky rectifier must also be selected to withstand the input voltage, VIN. The average
current can be approximated from:

ID1
(avg) � IO � (1 � D) A

choosing an inductance

Low inductance values result in a steep current ramp or slope. Steeper current slopes result in the converter
operating in the discontinuous mode at a higher power level. Steeper current slopes also result in higher output
ripple current, which may require a higher number, or more expensive capacitors to filter the higher ripple
current.

In addition, the higher ripple current results in an error in the sensed battery current particularly at lower charging
currents. It is recommended that the ripple current not exceed 20% to 30% of full scale dc current.

L �

�VIN � VBAT
� � VBAT

fs � 0.2 � IFS � VIN

Too large an inductor value results in the current waveform of Q1 and D1 in Figure 8 approximating a

�
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 
 • DALLAS, TEXAS 75265A P P L I C A T I O N  I N F O R M A T I O N compensating the loopFor the bq24700/bq24701 used as a buck converter, the best method of compensation is to use a Type II

compensation network from the output of the transconductance amplifiers (COMP pin) to ground (GND) as

s h o w n  i n  F i g u r e  8 .  A  T y p e  I I  c o m p e n s a t i o n  a d d s  a  p o l e - z e r o  p a i r  a n d  a n  a d d i t i o n  p o l e  a t  d c . UDG
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 4 •

 DALLAS, TEXAS 75265A P P L I C A T I O N  I N F O R M A T I O N selector operationThe bq22700/bq22701 allows the host controller to manually select the battery as the system’s main powersource, without having to remove adapter power. This allows battery conditioning through smart battery learn cycles. In addition, the bq22700/bq22701 supports autonomous supply selection during fault conditions oneither supply. The selector function uses low R

DS(on) P-channel MOSFETs for reduced voltage drops and longer battery run times. Note: Selection of battery power whether manual or automatic results in the suspension of battery charging.UDG–00119

(bq22700)BATTERYSELECTORCONTROLBATDRV2423

ACDRVBATTERYSELECTSWITCHADAPTER SELECT SWITCH
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P O S T  O F F I C E  B O X  6  l 
 l 
 2

•

 DALLAS, TEXAS 79 l5A P P L I C A T I O N  I N F O R M A T I O N s m a r t l e a r n  c y c l e s  w h e n  a d a p t e r  p o w e r  i s  p r e s e n tSmart learn cycles can be conducted when adapter power is present by asserting and maintaining the ACSEL
pin low. The adapter power can be reselected at the end of the learn cycle by a setting ACSEL to a logic high,
provided that adapter power is present. Battery charging is suspended while selected as the system power
source.
When selecting the battery as the system primary power source, the adapter power select MOSFET turns off,
in a  break-before-make 

fashion, before the battery select MOSFET turns on. To ensure that this happens under

all load conditions, the system voltage (load voltage) can be monitored through a resistor divider on the VS pin.

This function provides protection against switching over to battery power if the adapter selector switch were

shorted and adapter power present. This function can be eliminated by grounding the VS pin. During the

transition2period from battery to adapter or adapter to battery,  power is supplied to the system through the body
diode of the battery select switch. battery depletion2detectionThe bq24700/bq24701 provides the host controller with a battery depletion2discrete, the ALARM pin, to  alert

the host when a depleted battery condition occurs. The battery depletion2level is set by the voltage applied to
the BATDEP pin through a voltage divider network. The ALARM output asserts high and remains high as long
as the battery deplete condition exists regardless of the power source selected.
For the bq24700, the host controller must take appropriate action during a battery deplete condition to select
the proper power source. The bq24700 remains on the selected power source. The bq24700, however,
automatically r everts over to adapter power, provided the adapter is present, during a deep2discharge state. The
battery is considered as being in a deep2discharge state when the battery voltage is less than (0.8 ×  depleted

level).
The bq24701 automatically switches back to adapter power if a battery deplete condition exists, provided that
the adapter is present. Feature sets for the bq24700 and bq24701 are detailed in Table 1.Table 1. Available Options

Condition Selector Operation Condition
– 40C  T A   85C bq24700PWbq24701PWBattery as Power Source

Battery removal

Automatically selects ac

Automatically selects ac

Battery reinserted

Selection based on selector inputs

Battery is selected when ac is
removed

ac as Power Source

AC removal

Automatically selects battery

Automatically selects battery

AC reinserted

Selection based on selector inputs

Selection based on selector inputs

Depleted Battery Condition

Battery as power source

Sends ALARM signal

Automatically selects ac
Sends ALARM signal

AC as power source

Sends ALARM signal

Sends ALARM signal

ALARM Signal Active Depleted battery condition

Depleted battery condition

Selector inputs do not match selector outputs
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APPLICATION INFORMATION

PWM selector switch gate drive

Because the external P-channel MOSFETs (as well as the internal MOSFETs) have a maximum gate-source
voltage limitation of 20 V, the input voltage, VCC, cannot be used directly to drive the MOSFET gate under all
input conditions. To provide safe MOSFET-gate-drive at input voltages of less than 20 V, an intermediate gate
drive voltage rail was established (VSHP). As shown in Figure 11, VSHP has a stepped profile. For VCC
voltages of less than 15 V, VSHP =  0 and the full VCC voltage is used to drive the MOSFET gate. At input
voltages of greater than 15 V, VSHP steps to approximately one-half the VCC voltage. This ensures adequate
enhancement voltage across all operating conditions.

The gate drive voltage, Vgs, vs VCC for the PWM, and ac selector P-channel MOSFETs are shown in Figure 11.

0 4 10 15 20 25 30
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TYPICAL CHARACTERISTICS

Figure 12
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P O S T  O F F I C E  B O X  6 5 5 3 0 3 f •

 DALLAS, TEXAS 75225PARAMETER MEASUREMENT INFORMATION

Figure 20. PWMB Rise and Fall Times

V C C  = 1 lVC L  = 1 nF T J  = 25

� C

Figure 21. PWMB Rise and Fall Times

V C C  = 20lVC L  = 1 nF T J  = 25

� C

Figure 22. Power Source Select Output Break Before Make

B A T D R V

A C D R V

A C S E L

V C C  = 1 lVT J  = 25

� C Figure 23. Power Source Select Output Break Before Make

B A T D R VA C D R VA C S E L

V C C  = 20lVT J  = 25

� C



PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

BQ24700PW OBSOLETE TSSOP PW 24 TBD Call TI Call TI

BQ24700PWR OBSOLETE TSSOP PW 24 TBD Call TI Call TI

BQ24700PWRG4 OBSOLETE TSSOP PW 24 TBD Call TI Call TI

BQ24701PW OBSOLETE TSSOP PW 24 TBD Call TI Call TI

BQ24701PWG4 OBSOLETE TSSOP PW 24 TBD Call TI Call TI

BQ24701PWR OBSOLETE TSSOP PW 24 TBD Call TI Call TI

BQ24701PWRG4 OBSOLETE TSSOP PW 24 TBD Call TI Call TI

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI
to Customer on an annual basis.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:
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