














Expand menu







Hello, Sign inMy Account 



0
Cart






















	Home
	
Products
	Sensors
	
	Semiconductors
	
	Passive Components
	
	Connectors
	
	Power
	
	Electromechanical
	
	Optoelectronics
	
	Circuit Protection
	
	Integrated Circuits - ICs
	
	Main Products



	Manufacturers
	Blog
	Services
	
About OMO
	About Us
	
	Contact Us



	Check Stock
















LTC4000EGN#PBF

P1-P3P4-P6P7-P9P10-P12P13-P15P16-P18P19-P21P22-P24P25-P27P28-P30P31-P33P34-P36P37-P39P40-P40














LTC4000

16

4000fb

For more information www.linear.com/LTC4000


Input Ideal Diode PMOS Selection

The input external PMOS is selected based on the expected 

maximum current, power dissipation and reverse  volt-

age drop. The PMOS must be able to withstand a gate to 

source voltage greater than V

IGATE(ON)

 (15V maximum) or 


the maximum regulated voltage at the IID pin, whichever 

is less. A few appropriate external PMOS for a number of 

different requirements are shown at Table 1.

Table 1. PMOS

PART NUMBER


R

DS(ON)

 AT  

V

GS

 = 10V  

(Ω)

MAX ID 

(A)

MAX VDS 

(V) MANUFACTURER

SiA923EDJ 0.054 4.5 –20 Vishay

Si9407BDY 0.120 4.7 –60 Vishay

Si4401BDY 0.014 10.5 –40 Vishay

Si4435DDY 0.024 11.4 –30 Vishay

SUD19P06-60 0.060 18.3 –60 Vishay

Si7135DP 0.004 60 –30 Vishay

Note that in general the larger the capacitance seen on 

the IGATE pin, the slower the response of the ideal diode 

driver. The fast turn off and turn on current is limited to 

–0.5mA and 0.7mA typical respectively (I


IGATE(FASTOFF)


 and 


I

IGATE(FASTON)

). If the driver can not react fast enough to a 

sudden increase in load current, most of the extra current 

is delivered through the body diode of the external PMOS. 

This increases the power dissipation momentarily. It is 

important to ensure that the PMOS is able to withstand 

this momentary increase in power dissipation.

The operation section also mentioned that an external 10M 

pull-up resistor is recommended between the IGATE pin 

and the CSP pin when the IN pin voltage is expected to 

be out of its operating range, at the same time that the 

external input ideal diode PMOS is expected to be com-

pletely turned off. Note that this additional pull-up resistor 

increases 

the forward voltage regulation of the ideal diode 

function (V

IID,CSP

) from the typical value of 8mV.

The increase in this forward voltage is calculated according 


to the following formula:

 ∆V


IID,CSP REG

 = V

GSON

 • 20k/R


IGATE

where V

GSON

 is the source to gate voltage required to 

achieve the desired ON resistance of the external PMOS 

and R

IGATE

 is the external pull-up resistor from the IGATE 

applicaTions inForMaTion


pin to the CSP pin. Therefore, for a 10M R

IGATE

 resistor 

and assuming a 10V V

GSON

, the additional forward voltage 

regulation is ∆V

IID,CSP REG

 = 20mV, and the total forward 


voltage regulation is 28mV (typ). It is recommended to 

set the R

IGATE

 such that this additional forward voltage 

regulation value does not exceed 40mV.

Input Current Limit Setting and Monitoring

The regulated input current limit is set using a resistor at 

the IL pin according to the following formula:

 

 


R

IS

=

V

IL

20 • I

ILIM

where V

IL

 is the voltage on the IL pin. The IL pin is internally 

pulled up with an accurate current source of 50µA. Therefore 


an equivalent formula to obtain the input current limit is:

 

 


R

IL

=

I


LIM

• R



IS

2.5µA

⇒ I


ILIM

=

R


IL

R

IS

• 2.5µA


The input current through the sense resistor is available 

for monitoring through the IIMON pin. The  voltage on 

the IIMON pin varies with the current through the sense 

resistor as follows:

 

 


V

IIMON

= 20 • I


RIS

• R


IS

= 20 • V


IN

– V

CLN

( )


The regulation voltage level at the IIMON pin is clamped 

at 1V with an accurate internal reference. At 1V on the 

IIMON pin, the input current limit is regulated at the fol-

lowing value:

 

 


I

ILIM(MAX)

(A) =


0.050V


R

IS

(Ω)

When this maximum current limit is desired, leave the IL 

pin open or set it to a voltage >1.05V such that amplifier 

A4 can regulate the IIMON voltage accurately to the internal 


reference of 1V.

If the input current is noisy, add a filter capacitor to the CLN 


pin to reduce the AC content. For example, when using a 


buck DC/DC converter, the use of a C


CLN

 capacitor is strongly 


recommended. Where the highest accuracy is important, pick 


the value of C


CLN

 such that the AC content is less than or 

equal to 50% of the average voltage across the sense resistor.
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The voltage on the IIMON pin can be filtered further by putting 


a capacitor on the pin (C


IIMON

). The voltage on the IIMON 


pin is also the feedback input to the input current regulation 


error amplifier. Any capacitor connected to this pin places 


a pole in the input current regulation loop. Therefore, this 


filter capacitor should NOT be arbitrarily large as it will slow 


down the overall compensated loop. For details on loop 


compensation please refer to the Compensation section.


Charge Current Limit Setting and Monitoring

The regulated full charge current is set according to the 

following formula:

 

 


R

CS

=

V


CL

20 • I

CLIM

where V

CL

 is the voltage on the CL pin. The CL pin is 

internally pulled up with an accurate current source of 

50µA. Therefore, an equivalent formula to obtain the input 

current limit is:

 

 


R

CL

=

I

CLIM

• R


CS

2.5µA

⇒ I


CLIM

=

R

CL

R

CS

• 2.5µA


The charge current through the sense resistor is available 

for monitoring through the IBMON pin. The voltage on 

the IBMON pin varies with the current through the sense 

resistor as follows:

 

 


V

IBMON

=


20 • I

RCS

• R


CS

=


20 • V

CSP

– V

CSN

( )


Similar to the IIMON pin, the regulation voltage level at 

the IBMON pin is clamped at 1V with an accurate internal 

reference. At 1V on the IBMON pin, the charge current 

limit is regulated to the following value:

 

 


I

CLIM(MAX)

(A) =


0.050V

R

CS

(Ω)

When this maximum charge current limit is desired, leave 

the CL pin open or set it to a voltage >1.05V such that 

amplifier A5 can regulate the IBMON pin voltage accurately 


to the internal reference of 1V.

When the output current waveform of the DC/DC converter 

or the system load current is noisy, it is recommended that 

a capacitor is connected to the CSP pin (C

CSP

). This is to 

applicaTions inForMaTion


reduce the AC content of the current through the sense 

resistor (R

CS

). Where the highest accuracy is important, 

pick the value of C

CSP

 such that the AC content is less 

than or equal to 50% of the average voltage across the 

sense resistor. Similar to the IIMON pin, the voltage on the 

IBMON pin is filtered further by putting a capacitor on the 

pin (C

IBMON

). This filter capacitor should not be arbitrarily 


large as it will slow down the overall compensated charge 

current regulation loop. For details on the loop compensa-

tion, refer to the Compensation section.

Battery Float Voltage Programming

When the value of R


BFB1


 is much larger than 100Ω, the final 


float voltage is determined using the following formula:

 

 


R

BFB1

=

V

FLOAT

1.136V

– 1













R

BFB2

When higher accuracy is important, a slightly more ac-

curate  final  float  voltage  can  be  determined  using  the 

following formula:

 

 


V

FLOAT

=

R

BFB1

+R


BFB2

R

BFB2

• 1.136V














–

R

BFB1

R

BFB2

• V


FBG













where  V

FBG

  is  the  voltage  at  the  FBG  pin  during  float 

voltage  regulation,  which  accounts  for  all  the  current 

from all resistor dividers that are connected to this pin  

(R

FBG

 = 100Ω typical).

Low Battery Trickle Charge Programming and Bad 

Battery Detection

When charging into an over-discharged or dead battery 

(V

BFB

 < V


LOBAT

), the pull-up current at the CL pin is reduced 


to 10% of the normal pull-up current. Therefore, the trickle 

charge current is set using the following formula:

 


R

CL

=

I


CLIM(TRKL)

• R



CS

0.25µA

⇒ I


CLIM(TRKL)

= 0.25µA •


R

CL

R

CS

Therefore, when 50µA•R

CL

 is less than 1V, the following 

relation is true: 

 

 


I

CLIM(TRKL)

=

I


CLIM

10
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Once the battery voltage rises above the low battery voltage 


threshold, the charge current level rises from the trickle 

charge current level to the full charge current level.

The LTC4000 also features bad battery detection. This 

detection is disabled if the TMR pin is grounded or tied 

to BIAS. However, when a capacitor is connected to the 

TMR pin, a bad battery detection timer is started as soon 

as trickle charging starts. If at the end of the bad battery 

detection time the battery voltage is still lower than the 

low battery threshold, charging is terminated and the part 

indicates a bad battery condition by pulling the F LT  pin low 


and leaving the CHRG pin high impedance. 

The bad battery detection time can be programmed ac-

cording to the following formula:

 

 


C

TMR


(nF) = t

BADBAT


(h) • 138.5

Note that once a bad battery condition is detected, the 

condition is latched. In order to re-enable charging, re-

move the battery and connect a new battery whose voltage 

causes BFB to rise above the recharge battery threshold 

(V

RECHRG(RISE)


). Alternatively toggle the ENC pin or remove 


and reapply power to IN.

C/X Detection, Charge Termination and Automatic 

Recharge

Once the constant voltage charging is reached, there are 

two ways in which charging can terminate. If the TMR pin 

is tied to BIAS, the battery charger terminates as soon as 

the charge current drops to the level programmed by the 

CX pin. The C/X current termination level is programmed 

according to the following formula:


 

R

CX

=

I

C/X

• R


CS

( )

+ 0.5mV


0.25µA

⇒I


C/X

=

0.25µA • R

CX

( )

− 0.5mV


R

CS



where R

CS

 is the charge current sense resistor connected 

between the CSP and the CSN pins.

When  the  voltage  at  BFB  is  higher  than  the  recharge 

threshold (97.6% of float), the C/X comparator is enabled. 

In order to ensure proper C/X termination coming out of 

a paused charging condition, connect a capacitor on the 

CX pin according to the following formula:

  C

CX

 = 100C

BGATE

where C

BGATE

 is the total capacitance connected to the 

BGATE pin.

For example, a typical capacitance of 1nF requires a capaci-


tor greater than 100nF connected to the CX pin to ensure 

proper C/X termination behavior.

If a capacitor is connected to the TMR pin, as soon as the 

constant voltage charging is achieved, a charge termina-

tion timer is started. When the charge termination timer 

expires,  the  charge  cycle  terminates.  The  total  charge 

termination time can be programmed according to the 

following formula:

 

 


C

TMR


(nF) = t

TERMINATE


(h) • 34.6

If the TMR pin is grounded, charging never terminates and 

the battery voltage is held at the float voltage. Note that 

regardless of which termination behavior is selected, the 

CHRG and F LT  pins will both assume a high impedance  


state as soon as the charge current falls below the pro-

grammed C/X level.

After the charger terminates, the LTC4000 automatically 

restarts another charge cycle if the battery feedback voltage 


drops below 97.1% of the programmed final float voltage 

(V

RECHRG(FALL)

). When charging restarts, the CHRG pin 

pulls low and the F LT  pin remains high impedance.

Output Voltage Regulation Programming

The output voltage regulation level is determined using 

the following formula:

 

 


R

OFB1

=

V

OUT

1.193

−1
















• R


OFB2

As in the battery float voltage calculation, when higher 

accuracy is important, a slightly more accurate output is 

determined using the following formula:

 

 


V

OUT

=

R

OFB1

+R


OFB2

R

OFB2

• 1.193V
















–

R

OFB1

R

OFB2

• V


FBG















where V

FBG

 is the voltage at the FBG pin during output 

voltage regulation, which accounts for all the current from 

all resistor dividers that are connected to this pin.
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